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Acronym and Meaning
Abbreviations
AAPA Aboriginal Areas Protection Authority
AAPowerLink Australia-Asia Powerlink Project
ACCUs Australian Carbon Credit Units
AFANT Amateur Fishermen’s Association of the Northern Territory
AHD Australian Height Datum
AIMS Australian Institute of Marine Science
AlS Automatic Identification System
ALAN Artificial Light At Night
ALARP As Low As Reasonably Practicable
AMSA Australian Marine Safety Authority
ANC Acid Neutralising Capacity
ANZG Australian and New Zealand Guidelines
ASS Acid Sulfate Soils
ASSDMP Acid Sulfate Soil and Dewatering Management Plan
AUV Autonomous Underwater Vehicles
AWNT Arnhem-west Northern Territory
AWTI Above water tie in
BHD Backhoe dredger
BIAs Biologically Important Areas
BOM Bureau of Meteorology
BTEXN Benzene, Toluene, Ethylbenzene, Naphthalene
CCS Carbon Capture and Storage
CEMP Construction Environmental Management Plan
Cd Cadmium
CHARM Chemical Hazard Risk Management
Chl-a Chlorophyll-a
CM&C Department of the Chief Minister and Cabinet
Co Cobalt
CR Critically Endangered
Cr Chromium
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CsD Cutter Suction Dredgers
CSIRO Commonwealth Scientific and Industrial Research Organisation
csv Construction support vessel
Cu Copper
°C Degrees Celsius
DAHs Dissolved Aromatic Hydrocarbons
DAWE Department of Agriculture, Water and Environment
DENR Department of Environment and Natural Resources
DEPWS Department of Environment, Parks and Water Security
DGV Default Guideline Value
DHAC Darwin Harbour Advisory Committee
DIPL Department of Infrastructure, Planning and Logistics
DITT Department of Industry, Tourism and Trade
DLNG Darwin Liquefied Natural Gas
DoD Department of Defence
DoEE Department of Environment and Energy
DHAC Darwin Harbour Advisory Committee
DPD Darwin Pipeline Duplication
DP Dynamically Positioned
DSDMP Dredging and Spoil Disposal Management Plan
EAAP Environmental Assessment Administrative Procedures
ECNT Environment Centre Northern Territory
EEDI Efficiency Design Index
EIA Environmental Impact Assessment
EIS Environmental Impact Statement
EN Endangered
ENSO El Nifio Southern Oscillation
EP Environment Plan
EP Act Environment Protection Act 2019 (Northern Territory)
EPA NT Environment Protection Authority
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Abbreviations
EPBC Act Environment Protection and Biodiversity Conservation Act 1999
(Commonwealth)
EPL Environment Protection Licence
ERF Emissions Reduction Fund
ESD Ecologically Sustainable development
FCGT Flood, clean, gauge, testing
FID Final investment decision
FLNG Floating Liquid Natural Gas
FME Full Moon Equivalents
FPSO Floating Production Storage and Offloading
FPV Fall Pipe Vessel
GA Geoscience Australia
GEP Gas Export Pipeline
GHG Greenhouse Gas
HAT Highest Astronomical Tide
Ha Hectare
Hg Mercury
IAP2 International Association for Public Participation
IEA International Energy Agency
ILT In-line Tee
ISO International Organisation for Standarization
IMMRP Integrated Marine Monitoring and Research Program
IMR Inspection, Maintenance and Repair
IMS Invasive Marine Species
LAT Lowest Astronomical Tide
LNG Liquefied Natural Gas
LoR Limit of Reporting
m Metre
MA Management Action
MDO Marine Diesel Oil
MFE Mass Flow Excavation
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Abbreviations
MFO Marine fauna observer
MNES Matters of National Environmental Significance
MBES Multi-beam echosounder
MEG Monoethylene Glycol
MMNMP Marine Megafauna Noise Management Plan
MNES Matters of National Environmental Significance
MSL Mean sea level
Mt Million tonnes
MTPA Million tonnes per annum
NAGD National Assessment Guidelines for Dredging
NDCs Nationally determined contributions
NDE Non-destructive evaluation
NEMP Nearshore Environmental Monitoring Program
NESP National Australian Science Program
NGER Act National Greenhouse and Energy Reporting Act 2007
Ni Nickel
NL Not Listed
NOECs No Observable Effect Concentrations
NOI Notice of Intent
NOPSEMA National Offshore Petroleum Safety and Environmental Management
Authority
NORMs Naturally occurring radioactive materials
NSESD National Strategy for Ecologically Sustainable Development
NT Northern Territory
NTDPIR NT Department of Primary Industry and Resources
NT EPA NT Environment Protection Authority
NTG Northern Territory Government
OCNS Offshore Chemical Notification Scheme
OECD Organisation for Economic Cooperation and Development
OEMP Operations Environmental Management Plan
OFoV Orientation Field Of View
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OPP Offshore Project Proposal
oTP Onshore Tie-in Point
PAH Polynuclear Aromatic Hydrocarbons
PAR Photosynthetic Active Radiation
PASS Potential Acid Sulfate Soil
PCB Polychlorinated Biphenyls
PLET Pipeline End Termination
PLRs Pig launcher/receivers
PCBs Polychlorinated biphenyls
pig Pipeline Inspection Gauge
PMST Protected Matters Search Tool
PNEC Protected No Effect Concentration
PSD Particle size distribution
PTS Permanent Threshold Shift
QRA Quantitative Risk Assessment
Referral Darwin Pipeline Duplication (DPD Project NT EPA Referral (December
2021)
RBI Risk-based inspection
RL Relative Level
RFFHMP Recreational Fishing and Fish Health Monitoring Program
RFPA Reef Fish Protection Area
RPA Reef Protection Area
ROVs Remotely Operated Vehicles
SDG Sustainable Development Goals
SDS Safety Data Sheet
SEEMP Ship Energy Efficiency Management Plan
SEP Stakeholder Engagement Plan
SER Supplementary Environmental Report
SHB Split Hopper Barges
SIMAP Spill Impact Mapping and Analysis Program
SKM Sinclair Knight Merz
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Acronym and Meaning
Abbreviations
SPL Sound pressure level
SSC Suspended sediment concentrations
SSS Side scan sonar
SWPLB Shallow water pipelay barge
TBT Tributyl Tin
TIS Traffic Impact Statement
TKN Total Kjeldahl Nitrogen
TOC Total Organic Carbon
TP Total Phosphorus
TPWC Territory Parks and Wildlife Conservation Act 1976 (Northern Territory)
TRH Total Recoverable Hydrocarbons
TSHD Trailing suction hopper dredger
TSS Total suspended solids
TSDMMP Trenching and Spoil Disposal Management and Monitoring Plan
TTS Temporary Threshold Shift
TWAF Total water accommodated fraction
UNESCO United Nations Educational, Scientific and Cultural Organization
UNFCCC United Nations Framework Convention on Climate Change
USBL Ultrashort base line
UXxo Unexploded Ordnance
VU Vulnerable
WAMSI Western Australian Marine Science Institute
WET Whole Effluent Testing
WHO World Health Organisation
Zn Zinc
Zol Zone of Influence
ZoHI Zone of High Impact
ZoMI Zone of Moderate Impacts
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1 Introduction

1.1 Project Overview

The Darwin Pipeline Duplication (DPD) Project will extend the Barossa Gas Export Pipeline to the
Santos-operated Darwin Liquified Natural Gas (DLNG) facility and allow for the repurposing of the
existing Bayu-Undan to Darwin pipeline to facilitate carbon capture and storage (CCS) options. It will
effectively be a ‘duplication’ of a portion of the Bayu-Undan to Darwin pipeline to allow gas from the
Barossa field to be transported to and processed at the existing DLNG facility.

Importantly, duplicating, rather than tying into the existing Santos Bayu-Undan to Darwin pipeline,
allows continued supply of gas to the DLNG facility and preserves the existing Santos Bayu-Undan to
Darwin pipeline for CCS at Bayu-Undan, subject to all regulatory approvals. The Bayu-Undan CCS
project (Figure 1-1) has the potential to capture and store up to 10 million tonnes of carbon dioxide
(CO,) per annum, equivalent to about 2 per cent of Australia’s carbon emissions each year (or four
times the Barossa Development’s estimated annual Scope 1 emissions), from other projects,
customers and other hard to abate industries and has the potential to be the largest CCS project in the
world. Importantly the DPD Project acts as a key enabler for the Barossa Development to reach net
zero reservoir CO, emissions as per the stated intention of the recently amended Safeguard
Mechanism. Bayu-Undan CCS would be able to manage the reservoir CO, emissions from the Barossa
gas field. The regulatory approvals for the Bayu-Undan CCS project will be subject to separate
regulatory approval processes. The Bayu-Undan CCS project is not being assessed in this DPD Project
SER and is provided for context.

CO, Capture

Darwin CCS
Processing Hub

Darwin

BAYU -UNDAN

Dehydrate

Compress

CO, transmission

3 party CO, pipeline

P |

Figure 1-1 Proposed Bayu-Undan CCS project (uses the existing Bayu-Undan to Darwin gas pipeline)

CCS is the process where CO; is captured from an emission source, then dehydrated and compressed
for transportation via pipeline to a storage site. The CO; is then injected into a geological formation
that provides safe and permanent storage deep underground. This process applies technology that has
been used in the industry for decades, injecting the gas back into the depleted underground reservoirs.

CCS is proven technology, with more than 27 commercial CCS facilities operating around the world
today, with a storage capacity of over 36 million tonnes of CO2 per year (Global CCS Institute, 2021).

The International Energy Agency (IEA) Roadmap to Net Zero by 2050 (IEA, 2021b) envisages carbon
capture, utilisation and storage growing to 7.6 billion tonnes of CO2 per year by 2050 from around
40 Mt per year today. CCS is recognised by the IEA, the Intergovernmental Panel on Climate Change,
and the Australian Government as technology to achieve the world’s climate goals.
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The DPD Project that has been referred to the Northern Territory (NT) Environmental Protection
Agency (EPA) includes the construction, operation and decommissioning of the ~100 km section of
DPD Project pipeline in NT jurisdiction. Approximately 23 km of the pipeline in Commonwealth waters
is outside of the scope of the referral.

The DPD Project referral, which was accepted by the NT EPA on 14 January 2022, presented a central
and northern route option for the pipeline. Since the submission, the northern pipeline route option
has been selected as the preferred route, with minor deviations, including two pipeline crossings over
the Bayu-Undan to Darwin pipeline implemented after stakeholder consultation, to avoid
encroachment into the Darwin Harbour shipping channel. Figures presented in this SER show the
northern alignment option only (refer to Figure 2-1). Further details on the option selection process
and optimisation of the pipeline route are provided in Section 3.

1.2 Assessment process

The NT Environment Protection Act 2019 (EP Act) environmental impact assessment process allows the
NT EPA to analyse the potential significant environmental impacts of a development proposal, and
make recommendations to the Minister about the acceptability, or otherwise, of those potential
environmental impacts.

Given this proposal also has the potential for significant impact to matters protected under the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), a referral for this project
was submitted to the Commonwealth Department of Climate Change, Energy, Environment and Water
(DCCEEW) for assessment under the EPBC Act. The referral was assessed as a Controlled Action
meaning the proposal was considered to have the potential for significant impacts to matters of
national environmental significance (MNES). Santos is preparing to submit Preliminary Documentation
as directed by DCCEEW for further assessment under the EPBC Act. This assessment is ongoing and
separate to the NT EPA process under the EP Act, the subject of this Supplementary Environmental
Report (SER).

Both the NT EP Act and the Commonwealth EPBC Act processes provide the community the
opportunity to make written comments on the project proposals at various stages of the assessment
process.

The initial step of the NT EPA process, or first tier of assessment, is undertaken through the referral in
which the NT EPA determines if further assessment is required based on the referral information. The
referral is made available on the NT EPA website for a public comment period of 20 business days,
providing opportunities for affected or interested parties to comment on the referral. If the NT EPA
determines further assessment is required, the NT EPA can request the submission of either a SER or
an Environmental Impact Statement (EIS), or recommended assessment by inquiry. Each of these
assessment pathways provide additional opportunities for affected or interested parties to comment
on the environmental assessment document.

The construction, operation and decommissioning of the DPD Project pipeline in NT jurisdiction (i.e.
~100 km of the ~123 km long pipeline) was referred to the NT EPA on 10 December 2021. The NT EPA
accepted the referral for the DPD Project on 14 January 2022. The NT EPA invited public comment on
the referral between 18 January and 15 February 2022. A total of 318 submissions were received
during the public comment period. This included group public submissions by 284 individuals with the
same wording.
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The NT EPA provided a Notice of Decision and Statement of Reasons on 7 April 2022 determining that
the DPD Project required assessment under the EP Act at a Tier 2 level of assessment — assessment by
Supplementary Environmental Report (SER). This SER responds to the Direction to Provide Additional
Information provided on 12 January 2023 to supplement the DPD Project referral. The purpose of this
SER is to:

+ Provide sufficient information as requested by the NT EPA to facilitate its environmental
impact assessment of the DPD Project; and

+ Address submissions received from Government authorities and the public in relation to the
referral information.

The NT EPA will invite public and Government agency submissions on the SER within a 25-business day
consultation period following submission of the SER. Following public display of the SER and any
subsequent NT EPA request for further information and the NT EPA’s review of Santos’ response to
submissions, the NT EPA will complete its assessment of the proposal and prepare an assessment
report, draft conditions and environmental approval for the Minister. This is required to occur within
40 days of the end of the submission period, or the outcome of any NT EPA direction to provide
additional information in relation to the SER.

Table 1-1 summarises the additional information requested by the NT EPA to be included in the SER
and identifies the section(s) in this SER where the information is provided. The additional information
request is provided in full in Appendix 1. The issues raised during public display of the referral and
Santos’ response to these issues are provided in Appendix 2 and summarised in Table 5-1.
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Table 1-1  Additional information required to address potential significant environmental impacts

Environmental Factor

Additional Information Requested by NT EPA

Santos

Section of SER

General

Provide the rationale for duplication of the existing Bayu-Undan pipeline,
given that the potentially significant environmental impacts of the proposal
could be avoided through use of the existing pipeline.

Provide a detailed analysis of the potential significant environmental
impacts of alternative approaches, methodologies or technologies for the
action, demonstrating how the decision to proceed with the preferred
option has been made with consideration of section 42(c) of the EP Act, and
application of the environmental decision-making hierarchy, waste
management hierarchy and principles of ecologically sustainable
development. The analysis of alternatives must include the option of
repurposing the existing Bayu-Undan pipeline for transport of gas to DLNG.

Provide an update to demonstrate how the general duty requirements have
been met in relation to information in the SER.

The duplication of a section of the Bayu-Undan to Darwin
pipeline is required to enable the existing pipeline to be
utilised for carbon capture and storage (CCS) at the Bayu-
Undan facility, subject to all regulatory approvals. Refer to
Section 3.2 for further explanation.

Three options for the pipeline’s route in the Darwin Harbour
area were considered during the project design phase.
These were onshore pipelines through Gunn Point or Cox
Peninsula or a subsea pipeline through Darwin Harbour
itself. Further information is available in Section 5.2 of the
EPA Referral.

Further analysis of the pipeline route options ruled out the
onshore pipeline through the Cox Peninsula for reasons
including environmental and cultural heritage constraints.

A detailed analysis of the potential environmental impacts
of alternative approaches, methodologies or technologies,
including the alternative Gunn Point pipeline route and re-
purposing the existing Bayu-Undan pipeline are set out in
Table 3-1, with discussion on route selection and
optimisation in Section 3.3 and 3.4

Table 15-2 provides reference to the sections of the SER to

demonstrate how the general duty requirements have been
met.

Marine Environmental
Quality

Provide interpreted outcomes of proposal-specific sediment dispersion
plume modelling. The model must be developed using relevant
contemporary modelling methodology and should address all proposal
activities that have the potential to generate turbid plumes.

Revise the impact assessment for sedimentation in the context of:

Section 8.5.1.1 and Appendix 3 provides sediment
dispersion plume modelling and interpreted outcomes for
trenching and spoil disposal operations.

The modelling indicates that there are no sensitive receptors
(seagrass, hard corals or mangroves) located within or near
zones of influence from trenching and spoil disposal
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Environmental Factor Additional Information Requested by NT EPA Section of SER

+  proposal-specific data; activities. A draft Trenching and Spoil Disposal Management
and Monitoring Plan is provided in Appendix 4. This includes
for baseline condition studies, monitoring parameters,
guantitative trigger levels for relevant parameters and
adaptive management actions.

+ sediment dispersion/plume modelling outputs; and
+ updated habitat data (see below).

Provide a draft trenching/dredging and spoil disposal management plan
(DSDMP) for sub-sea trenching activities that includes:

+ baseline (pre-construction) condition of habitats within the zone of
influence of the proposal (as required above) and relevant
parameters to be monitored to detect impacts;

+ quantitative trigger levels for relevant parameters (and description
of their derivation) corresponding to investigative and/or adaptive
management actions that must be taken in the event that
monitoring indicates trenching/dredging activities are likely to
impact sensitive receptors; and

+ quantitative limit values relevant parameters (and description of
their derivation) corresponding to stop work, recommencement
and/or investigative actions if sensitive receptor monitoring results
exceed limit values.

Marine Environmental Provide details of any infrastructure and methods required for construction Temporary causeways will be required for construction of
Quality of the pipeline at the shore crossing. the pipeline at the shore crossing to assist with the pre-lay
Identify and map potential impacts (including cumulative impacts) and trenching. This is discussed in Section 2.3.4.
proposed measures that would be applied to ensure construction impacts The equipment and methods for trenching, including at the
are not significant. shore crossing, are discussed in Section 2.3.1 and Section
8.5.1.2 with sediment dispersion modelling outlined in
Section 8.5.1.

The potential impacts and proposed management measures
for construction of the shoreline crossing are presented in
Section 8.5.1, Section 9.5.1, Section 12 and Section 13.2

Marine Environmental Demonstrate how Marine Environmental Quality would be protected in the An assessment of the potential impact of contingency
Quality event of discharge of hydrotest water in NT waters. discharges of treated seawater has been undertaken and
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Environmental Factor

Additional Information Requested by NT EPA

Santos

Section of SER

Demonstrate that any discharge of hydrotest water in Commonwealth
waters would not cause an exceedance of the 99% species protection level
in any NT waters e.g. if a discharge were to be near the jurisdiction
boundary.

Describe the proposed mitigation measures to manage potential impacts of
hydrostatic test water discharges to the marine environment. Include detail
about hydrostatic test water discharge characterisation, dispersion
modelling, physical and toxicity impacts, marine fauna impacts, chemical
selection and dosing, discharge volume and rate, and criteria for toxicant
concentrations in discharge water. Include consideration of how the 99%
species protection concentration (ANZG) would be met for high
conservation ecosystems or chemicals that have a tendency to
bioaccumulate.

the findings are discussed in Section 8.5.2 with the
modelling report provided as Appendix 5.

Treated seawater discharges (planned and unplanned)
within Commonwealth waters, including any potential for
impacts in NT waters, are assessed in Section 8.5.2.

Mitigation measures are described in Table 12-1.

Marine Ecosystems

Provide the outcome of additional benthic habitat surveys of the proposal
footprint and the zone of influence in Darwin Harbour, at the proposed spoil
disposal site, and on knolls and rocky/mixed sedimentary environments
within the zone of influence outside of Darwin Harbour. Surveys should use
appropriate methods, with sufficient sampling intensity to provide robust
understanding of baseline extent and composition of benthic primary
producer habitats (see submission from the Department of Environment,
Parks and Water Security). Survey design should be developed in
consultation with the Flora and Fauna Division of Department of
Environment, Parks and Water Security.

Revise the assessment of potential impacts to benthic habitats (including
seagrass meadows in Fannie Bay, Shoal Bay and Casuarina Coastal Reserve)
using the benthic habitat survey data and sediment dispersion model
outputs.

Additional benthic habitat surveys have been undertaken
and potential impacts to benthic habitats are provided in
Section 8.5.1 and 9.5.1. The benthic habitat survey report is
provided in Appendix 6 and the sediment dispersion
modelling report used to inform the assessment is provided
in Appendix 3. Impacts within a Zone of Influence are
assessed in Section 8.5.1. The assessment found that the
zone of influence does not reach seagrass meadows at
Fannie Bay, Shoal Bay or Casuarina Coastal Reserve and
therefore impacts to these seagrass habitat areas are not
predicted.

Marine Ecosystems

Provide an underwater noise assessment conducted using contemporary
best practice, including interpreted outcomes of underwater noise
modelling, and modelling of cumulative noise resulting from the proposal
and existing activities at sensitive receptors.

An assessment of underwater noise impacts, including
interpreted outcomes of modelling, is provided in Section
9.5.1.8 and considers cumulative noise from the proposal
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Environmental Factor Additional Information Requested by NT EPA Section of SER
Provide a detailed draft marine megafauna management plan for and existing activities. The underwater noise modelling
construction activities that includes: reports are provided in Appendix 8 and Appendix 9.
+ Baseline (pre-construction) cumulative noise within the zone of A draft Marine Megafauna Noise Management Plan is in
influence of the proposal and relevant parameters to be monitored Appendix 7.
to detect impacts; It includes for the monitoring of management zones (fauna
+ Noise trigger levels for relevant parameters (and description of observation and exclusion zones) and management actions,
their derivation) corresponding to actions that must be taken in the in accordance with the environmental decision-making
event that monitoring indicates that construction activities are hierarchy, that are triggered if marine megafauna enter
likely to impact protected species; and these zones.

+ Management actions to be applied if noise triggers are exceeded in
accordance with the environmental decision-making hierarchy.

Marine Ecosystems Provide an assessment of potential impacts to important subsea structure/s The assessment of potential impacts to Charles Point Reef
within the Charles Point Reef Fish Protection Area and the measures that Protection Area is provided in Section 9.5.1.3.
would be applied to ensure impacts are not significant. The Charles Point Reef Fish Protection Area contains a fish

aggregation area that is associated with seabed structure. In
comparison, the seabed along the pipeline route is flat and
relatively featureless.

This aggregation area is ~2.5 km in distance from the DPD
Project pipeline route. Based on the modelling and impact
assessments undertaken, the project will not have any
potential impacts to this subsea structure and associated
fish aggregation.

Marine Environmental The monitoring program for the draft DSDMP must provide for the The monitoring program in the draft Trenching and Spoil
Quality and Marine assessment of cumulative impacts associated with trenching/dredging and Disposal Management and Monitoring Plan (TSDMMP) (see
Ecosystems spoil disposal, including from the addition of concurrent or consecutive Appendix 4) and adaptive management process were
dredging programs not related to the proposal. The DSDMP should include: developed in consideration of the potential for cumulative
+ acommunications strategy for engaging with government impacts of concurrent or consecutive dredging programs.
authorities and other proponents undertaking or proposing to The potential for cumulative impacts from concurrent or
undertake dredging in the harbour; and consecutive dredging programs is considered to be low

(Section 13.2 and 13.3).
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Additional Information Requested by NT EPA

Santos

Section of SER

+ aproposed approach to managing dredging in coordination with
other proponents/dredging projects to avoid significant cumulative
impacts to Darwin Harbour from dredging activities.

The TSDMMP includes a communications strategy for
engaging with stakeholders to minimise and manage the
potential for cumulative impacts from dredging activities in
Darwin Harbour. A draft of this plan is provided in Appendix
4

Atmospheric Processes

Provide details of the proposed greenhouse gas emissions over the life of
the proposal (from extraction from the reservoir through to completion of
liquefaction) including:

+ estimates of annual and total scope 1, scope 2 and scope 3
emissions over the life of the proposal;

+ abreakdown of scope 1, scope 2 and scope 3 emissions according
to the emission source locations within the NT and / or elsewhere
in Australia and / or outside of Australia;

+ abreakdown of emissions by source, including but not limited to
stationary energy, fugitives and transport; and

+ acomparison of estimated emissions from the proposal against the
proponent’s emissions across its entire business, and Northern
Territory and Australian greenhouse gas emissions as reported in
Australia’s National Greenhouse Accounts.

Demonstrate how the proposal will be implemented to meet the NT EPA’s
objectives for the Atmospheric Processes environmental factor and the NT
Government’s goal of achieving net zero greenhouse gas emissions by 2050.

Provide an overarching long-term emissions target trajectory and proposed
interim targets, and the measures and methods that will be used to meet
the targets.

Demonstrate application of the decision-making hierarchy (part 2 of the EP
Act), and that all reasonable and practicable measures would be applied to
avoid and/or reduce emissions, including through best practice design,
technology and management.

A breakdown of Scope 1, 2 and 3 greenhouse gas emissions
estimates (from extraction from the Barossa reservoir
through to completion of liquefaction), including those
specific to the DPD Project, have been provided in Section
10.2.1.

Scope 1 emissions from the DPD Project (0.08 Mt CO2-e) are
primarily from vessel-based construction activities (0.05 Mt
COz-e) and represent:

+  <0.2% of the total lifecycle Barossa Development
Scope 1 GHG emissions (51.6 Mt COz-¢e)

+ 1.68% of Santos’ Equity Corporate annual
(2021/2022) GHG emissions;

+ 0.02% of Australia’s annual (2022) GHG emissions;
and

+  0.46% of NT annual GHG (2020) emissions.

Barossa Development estimated annual (Scope 1 and 3)
GHG emissions inclusive of onshore processing at the DLNG
facility would equate to ~0.86% of the 2022 annual
Australian emissions and 0.042% of 2022 global emissions.

Overarching long-term emission trajectory and interim
targets, together with measures and methods to meet
targets, are outlined in Section 10.2.3.

In addition to the Barossa-DPD emissions baselines set by

the Safeguard Mechanism, Santos has industry leading
emissions targets across its portfolio which include:
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Environmental Factor Additional Information Requested by NT EPA Section of SER
Provide a description of any regulatory frameworks, including any licences, +  Net-zero Scope 1 and 2 emissions by 2040;
approvals or permits required, for greenhouse gas emissions within the NT, + A 30% reduction in absolute Scope 1 and 2 emissions by

elsewhere in Australia or outside of Australia. 2030;

+ A 40% reduction in Scope 1 and 2 emissions intensity by
2030; and

+  Reducing customer emissions (Santos Scope 3) by 1.5 MT
CO2-e per annum.

The Project will meet the NT EPA’s objectives for
Atmospheric Processes and the NT Government’s net zero
2050 goal. Information on this is provided in Section 10.7.

Reasonable and practicable measures to avoid and/or
reduce emissions from the DPD Project and application of
the decision-making hierarchy are detailed in Section 10.2.4.

A description of regulatory GHG frameworks has been
presented in Section 10.2.5.
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2 Project Description Updates

2.1 Project summary

The DPD Project pipeline will effectively be a ‘duplication’ of a portion of the existing Bayu-Undan to
Darwin pipeline to allow gas from the Barossa field to be transported to and processed at the existing
Darwin Liquified Natural Gas (DLNG) facility.

Importantly, duplicating, rather than tying into the existing Santos Bayu-Undan to Darwin pipeline,
allows continued supply of gas to the DLNG facility and preserves the existing Santos Bayu-Undan to
Darwin pipeline for potential carbon capture storage (CCS) at Bayu-Undan. CCS is recognised by the
International Energy Agency, Intergovernmental Panel on Climate Change, and the Australian
Government as technology to achieve the world’s climate goals, and this Project would allow Santos
to be part of this Global initiative.

The DPD Project that has been referred to the NT EPA includes the construction, operation and
decommissioning of the ~100 km section of DPD Project pipeline in NT jurisdiction.

The DPD Project referral, which was accepted by the NT EPA on 14 January 2022, presented a central
and northern route option for the pipeline. Since the submission, the northern pipeline route option
has been selected as the preferred route, with minor deviations, including two pipeline crossings over
the Bayu-Undan to Darwin pipeline implemented after stakeholder consultation, to avoid
encroachment into the Darwin Harbour shipping channel. Figures presented in this SER show the
northern alignment option only (refer to Figure 2-1). Further details on the option selection process
and optimisation of the pipeline route are provided in Section 3.

There have been no significant updates to the DPD Project since the referral was submitted to the NT
EPA. Santos has further progressed some elements of the design and methodology and where there
have been updates to key components of the DPD Project, these are described in Table 2-1.
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Table 2-1 Updates to the key components of the DPD Project since referral submission

Submitted as part of referral

Updates since referral submission

Component Summary of referral elements

Construction Elements

Pipeline and route
selection

The DPD Project pipeline and pipeline route are detailed in
Section 3, Section 5.2 and Section 5.3 of the referral. Key
aspects of the pipeline and route are:

+ The pipeline will be ~100 km in NT waters;

+ The pipeline diameter from the Commonwealth/NT
waters boundary is 26 inches up to an in-line tee
(ILT) (located approximately 60 km offshore), after
which the pipeline increases to 34 inches;

+ The Darwin Harbour corridor has been selected as
the preferred route over a Gunn Point or Cox
Peninsula corridor;

+  Within Darwin Harbour corridor a central (between
existing Ichthys and Bayu-Undan to Darwin pipeline)
and northern route (north-east of the Bayu-Undan
to Darwin pipeline) are preferred options; and

+ Pipeline will extend to the proposed beach valve at
the DLNG facility but not connect into the process
plant as part of this referral.

Discussions with key stakeholders, including the Darwin
Harbourmaster, have assisted to inform the final alignment
of the pipeline through Darwin Harbour. Of the options
presented in the referral, the northern route has been
selected and optimised to avoid encroachment into the
Darwin harbour shipping channel. This route option
requires the DPD pipeline to cross the existing Bayu-Undan
to Darwin pipeline twice necessitating the installation of
concrete mattresses to support the pipeline over the
crossings.

Further detail on the route selection and optimisation is
provided in Section 3.

Project area

The Project area is described and presented in Section 3.3
and Figure 3-1 of the referral.

A minor update to the onshore Project area at the DLNG
facility has been made which results in a widening of the
Project area to the south of the previous defined area but
still within the DLNG disturbance footprint. This widening
was to allow for a temporary access road to be constructed
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Submitted as part of referral
Updates since referral submission
Component

Summary of referral elements

within the previously cleared area which will assist with
vehicle and equipment access to the shore crossing site
(refer Figure 2-8).

Project Schedule

An indicative Project schedule has been provided in Section
3.4 of the referral which includes indicative timing for
construction commencement in Q3 2023 subject to all
regulatory and joint venture approvals. Construction is
estimated to take approximately 15 months to complete.

The indicative Project schedule has been updated for
construction commencement in Q1 2024 subject to all
regulatory and joint venture approvals. The construction
activities will span a nominal cumulative period of 15-
months in the field. Further detail on the DPD Project
scheduling is provided in Section 2.9.

Surveys

Surveys to be undertaken as part of the DPD Project include
pre-lay surveys, surveys during pipeline trenching and
installation, routine inspection surveys during operations
and post decommissioning surveys. Detail is provided in
Section 3.5.1 of the referral.

Site investigation works (e.g. geophysical, geotechnical and
environmental surveys) required to inform detailed
engineering were excluded from the referral given the
potential environmental impacts and risks were considered
insignificant in nature and scale (Section 1.6 of the referral).

Santos will continue to conduct low impact onshore and
offshore site investigation works for Project planning and
approval prior to the commencement of construction
activities. These surveys are excluded from the scope of
the referral and SER and include:

+ Environmental benthic habitat condition and
water/sediment quality surveys (e.g. using remote
operated vehicle, water/sediment
sampling/monitoring equipment)

+ Underwater heritage surveys (e.g. using sonar
equipment and remote operate vehicle) including
recovery/movement of maritime heritage objects
in accordance with Heritage Branch requirements.

+ Geophysical/ geotechnical surveys (e.g. using
sonar, sub bottom profiler, sediment cores,
onshore excavation equipment and cone
penetration tests)
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Submitted as part of referral

Component

Summary of referral elements

Santos

Updates since referral submission

+ Unexploded ordinance (UXO) surveys and removal
(e.g. using sonar, remote operated vehicles, divers,
and magnetometer)

The results from these studies have further informed the
baseline information on the existing environment and the
potential impacts that may occur from the Project.

Pre-lay trenching and span
rectification

Pre-lay trenching activities (including trenching at shore
crossing) and span rectification activities are detailed in
Section 3.1, Section 3.5.2.1 and Section 3.5.2.3 of the
referral. Nominal trenching locations are presented in
Figure 3-1 of the referral. Key aspects of pre-lay trenching
and span rectification provided in the referral are:

+ Trenching in Darwin Harbour is required in shallow
waters for pipeline stabilisation and protection from
third-party activities (i.e. anchors);

+ Trenching is proposed via dredging vessels including
Trailer Suction Hopper Dredge (TSHD) and Cutter
Suction Dredge (CSD), used further from shore, and
Backhoe Dredge (BHD) used closer to shore;

+ Excavators may be used onshore to dig the trench
at the shore crossing at the DLNG facility which may
be supported by a temporary rock groyne;

+ Seabed features (e.g. sand waves) may be rectified
to prevent pipeline spanning using a TSHD or BHD;
and

Pipeline route selection and optimisation has resulted in
the pipeline route no longer encroaching into the shipping
channel resulting in a reduction of approximately 4 km of
trenching (refer Section 3.3). Approximately 12.5 km of
trenching is now proposed. A revised trenching location
map is provided in Figure 2-4.

Additional detail on the trenching activity has been
developed since the referral, including further detail on
trench design, sand wave rectification, the use of two
temporary causeways at the shore-crossing site and a
description of potential for maintenance trenching,
including use of a towed plough, is provided in Section 2.3.

Further detail on onshore trenching for the installation of
the pipeline between the end of the shore pull and the
proposed beach valve location at the DLNG facility has
been developed since the referral and is provided in
Section 2.4.3.

Mass Flow Excavation (MFE) was not previously mentioned
in the referral and this equipment may now be used in
limited sections to remove high spots and reducing the
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Updates since referral submission

Component

Summary of referral elements

+ Installation of concrete mattresses or grout bags
may also be used to act as a ‘bridge’ for the pipeline
to preventing spanning.

need for mattress supports for pipeline span correction
(refer Section 2.3.5).

Spoil disposal

Spoil disposal (from pre-lay trenching) at a spoil disposal
ground is described in Section 3.1, Section 3.5.2.2 and
Figure 1-1 of the referral. Key aspects of spoil disposal are:

+ Spoil that is collected during the trenching activities
will be disposed of in a location north-east of
Darwin Harbour.

+ The area of the spoil disposal ground is 6.25 km?2,
This includes a 100 m buffer around the perimeter
of the spoil ground area.

+ The maximum volume of spoil is anticipated to be
~750,000 m? pending over-trench and contingency
trenching. The anticipated volume is expected to be
~250,000 m?.

Further assessment of the anticipated and maximum spoil
volumes has been undertaken following finalisation of
pipeline routing.

A reduced maximum volume of 500,000 m3of spoil (down
from ~750,000 m?) has been allowed for, which still
conservatively covers maintenance trenching, if this is
required. However, a smaller volume of ~255,000 m3 is
expected based on the trenching design volume multiplied
by an expected over dredge of 60%. This anticipated
volume is within the modelled spoil volume of 306,000 m3.

There has been no change to the location or area of the
spoil disposal ground. There will be no re-use of spoil
collected during offshore trenching or span rectification for
trench filling.

Side casting will be used with onshore excavators at the
shore-crossing location only to ensure the spoil remains
wet as a mitigation for potential acid sulfate soils in the
intertidal area.

Pipeline and cable
crossings

Section 3.5.2.4 of the referral details the approach for
installing concrete mattresses to support potential crossing
of the Bayu-Undan to Darwin Pipeline should a central
pipeline route for the DPD Project be chosen and for
crossing of existing cables. Rock installation could also be

A northern pipeline route has been selected, with two
confirmed crossings of the Bayu-Undan to Darwin pipeline
(refer Figure 3-10). The crossing locations have been
selected in regions where the Bayu-Undan to Darwin
pipeline is covered by a rock berm.
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Submitted as part of referral
Updates since referral submission
Component

Summary of referral elements

required to protect crossings from anchor drag or over-
trawling by commercial fisheries.

Pipeline installation

Pipeline installation, including offshore pipelay and shore

pull activities are described in Section 3.5.2.7 of the referral.

Key aspects of these activities are:

+ Seabed disturbance from pipelay will be within a
50 m disturbance corridor along the Project
pipeline, with additional disturbance closer to shore
due to vessel anchoring;

+ Pipelay will be via both a dynamically positioned
vessel in deeper waters (laying 2 km/day for ~65
km) and an anchored pipelay barge in shallow
waters (laying 300-400 m/day for ~34 km);

+ The pipe will be pulled ashore from the pipelay
barge, using a winch spread located onshore,
through the pre-constructed trench, and winched
up to ~2 m above Highest Astronomical Tide (HAT);
and

+ The pulling arrangement will allow for the shore
pull to be completed as a continuous operation,
which may take approximately two weeks.

The pipeline installation approach remains consistent with
the descriptions in the referral. Further detail is available
on proposed onshore construction of the pipeline from the
end of shore pull (~2 m above Highest Astronomical Tide)
to the proposed beach valve location at the DLNG. Refer to
Section 2.4.2.

Additional detail is also provided on potential consecutive
shallow water pipelay using a shallow water pipelay barge
and deep water pipelay using a deep water pipelay vessel
requiring an above water tie-in Section 2.4.1.

Counteracts may be used along the pipeline route within
Darwin Harbour where tight radius bends are required to
facilitate the pipeline crossings.

Trench backfill / rock
installation

Trench backfill, including the potential use of engineered fill
from a borrow ground and rock installation, is described in
Section 3.1, Section 3.5.2.1 and Section 3.5.2.7 of the
referral.

Engineered backfill has now been assessed as not being
required and therefore collection of material from a
designated borrow ground has been removed from the
DPD Project scope (refer to Section 2.5).
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Submitted as part of referral
Updates since referral submission
Component

Summary of referral elements

The referral presents two options for trench backfill as a
rock installation and engineered backfill.

The referral describes that engineered backfill (sediment)
from a borrow ground may be required to provide backfill
for trenching. This borrow ground will be located in the
sand wave region at the mouth of the harbour. The
indicative volume of the borrow ground has been estimated
to be greater than 1,500,000 m3.

The referral detailed that rock installation will likely be via
fall pipe vessel (FPV) or side dump vessel (SDV) with support
barges to transport rock. In shallow water at the shore
crossing a BHD may be used to install rock. The expected
volume of rock is estimated to be 200,000 tonnes with a
maximum of no more than 500,000 tonnes.

Since the referral further definition of rock requirements
has been developed. Rock will be sourced locally from Mt
Bundey quarry for pipeline protection/stabilisation. Rock
material may also be installed for scour protection around
subsea structures, and protection at pipeline/cable
crossings.

Local quarried rock from Mount Bundey is planned to be
transported by road logistics to the Project area and
transferred to vessels for trench backfill. Up to 30,000
tonnes of rock material will be stored within the Project
area at the DLNG facility. Further detail on the source of
rock, rock transport and rock installation is provided in
Section 2.5, Section 11.2.5.2 and Appendix 10.

Up to 30,000 tonne of additional rock may be required at
the crossing locations over the Bayu-Undan to Darwin
pipeline subject to detailed pipeline design.

Post-lay trenching

Post-lay trenching is detailed in Section 3.5.2.7 of the
referral. Post-lay trenching is a contingency activity only
that may be required to mechanically lower local areas of
the pipeline using a plough or mechanical rock trencher.

No post-lay trenching activities will be undertaken as part
of the DPD Project.

Flood/Clean/Gauge/Testing
(FCGT) and
dewatering/pre-
commissioning

FCGT activities are detailed in Section 3.5.2.7 of the referral
with key points summarised below:

+ Following pipe lay a series of pipeline inspection

gauge (PIGs), used to manage liquid accumulation,
will be pushed through the pipeline to clean the

Filling and pigging of the pipeline with treated seawater
will occur from the onshore end within the DLNG facility
footprint only and dewatered in Commonwealth waters.
Further detail on this process is provided in Section 2.6.1.
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Submitted as part of referral
Updates since referral submission

Summary of referral elements

Component

pipeline, gauge the pipeline and ensure all air is
removed during the flooding process;

+ Piglauncher/receivers will be installed on the
pipeline end termination point in Commonwealth
waters and at the shore crossing;

+ The pigs are pushed using chemically treated
seawater with water sourced from either Darwin
Harbour (if the pig will be pushed from onshore to
offshore) or offshore in Commonwealth waters (if
the pig will be pushed from offshore to onshore);

+ The chemically treated seawater is typically a
mixture of biocides (to prevent biofouling and
bacterial corrosion on the internal surfaces), an
oxygen scavenger (to control corrosion of the
pipeline) and a dye (for leak detection during
hydrotest); and

+ Inthe unlikely event of a wet buckle during pipelay,
contingency filling of the pipeline may be required
to preserve the pipeline prior to repair; discharge of
treated seawater may occur within NT waters.

Further detail on the contingency filling and dewatering
process, in the event of a wet buckle incident, is detailed in
Section 2.6.3.

Hydrotesting of onshore DPD pipeline (between the
onshore tie-in point (OTP) and the beach valve) is now
further detailed within Section 2.6.1.

Onshore construction and
facilities

A description of onshore construction and facilities is
described in Section 3.5.2.6 of the referral. All onshore
temporary facilities including shore pull, laydown and
ancillary facilities will be on NT land within the existing
DLNG disturbance envelope.

Further detail and indicative site layouts associated with
shore pull and pre-commissioning activities are provided in
Section 2.4.2. Since submission of the referral, a temporary
access road is now planned to be constructed within the
existing DLNG facility disturbance footprint to allow vehicle
and equipment access to the shore-crossing area. This has
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Updates since referral submission

Component

Summary of referral elements

resulted in a slight widening of the Project area within the
DLNG facility disturbance footprint.

Further detail on the construction of the pipeline between
the end of the shore pull OTP and the proposed beach
valve at the DLNG facility is provided in Section 2.4.3.

Where the referral referred to the potential construction
of a temporary groyne, the SER details the construction of
two temporary causeways (Section 2.3.4).

Vessel activities

Section 3.6.1 of the referral provides detail on the types of
vessels required for the DPD Project and key vessel
activities.

Broad vessel requirements remain the same as at the time
of the referral. However, further details are now known on
the types of the vessels and likely duration of use, as
detailed in Section 2.8.

Operations Elements

Pipeline operation

Section 3.1 and Section 3.5.3 of the referral provides a
summary of pipeline operations and associated activities.

Once constructed and commissioned the DPD Project
pipeline will transport dry hydrocarbon gas from the
Barossa field to the DLNG Facility for processing. First gas is
expected to flow through the pipeline in first half of 2025
with an operation of ~25 years.

Pipeline operations will include inspection, maintenance
and repair (IMR) activities by vessels and Remotely
Operated Vehicles (ROV)/ Underwater Autonomous
Vehicles (UAV). Operations and maintenance of the DPD
Project pipeline is expected to follow the same, or very

There has been no change to details of pipeline operation
or IMR requirements since the referral.
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Submitted as part of referral

Updates since referral submission

Component Summary of referral elements

similar management procedures and risk-based approach
currently used by Santos to operate and manage the Bayu-
Undan to Darwin pipeline.

Decommissioning Elements

Proposed decommissioning Section 3.1 and Section 3.5.4 of the referral provides There has been no update to the proposed
proposed decommissioning approach. At end of Project life decommissioning approach since the referral.
(>2050) it is expected that pipeline hydrocarbons will be
displaced to the DLNG facility and the pipeline will be
flushed with either raw seawater, air or nitrogen. The DPD
Project pipeline and associated facilities will then be
decommissioned in accordance with regulatory
requirements at that time.

Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 36 of 455



Santos

2.2 Project area
The Project area continues to consist of the three distinct areas (Figure 2-1), being:

+ Offshore NT waters (i.e. NT waters outside Darwin Harbour Region Management Area). Note
that this includes the proposed location for spoil disposal;

+ Darwin Harbour (i.e. waters within the Darwin Harbour Regional Management Area); and

+ Shore crossing and onshore location (where the pipeline crosses the shoreline within the
existing DLNG disturbance footprint).

The locations for activities along the Project pipeline are described using ‘kilometre points’ (KPs),
where KPO is the beginning of the Project pipeline from the “pipeline end termination” (PLET) at the
connection point with the Barossa GEP in Commonwealth waters. For the purposes of this SER, the
Project begins at the boundary of NT waters at approximately KP23 and terminates at the proposed
pipeline beach valve location at approximately KP122.69 within the DLNG facility disturbance
footprint.

The DPD Project area within Offshore NT waters and Darwin Harbour has not been amended since the
referral. There has been a minor widening of the onshore Project area to allow for construction of a
temporary access road (refer Figure 2-8), part of which would have previously fallen outside of the
Project area as included in the referral. However, this occurs within the existing DLNG facility
disturbance footprint.

2.3 Pre-lay trenching and span rectification

Pre-lay trenching of the seafloor and shoreline will be required for the following reasons:
+ Maximising pipeline stability;
+ Pipeline free span rectification;

+ Maintaining free water clearance between pipeline and vessel hulls within the Darwin
Harbour shipping fairways;

+ Protection of the pipeline from anchor drag, vessel impact and grounding or other third-party
impacts which may lead to pipeline damage; and

+ Maintenance trenching if trenched areas accumulate sediments prior to pipelay.
2.3.1 Planned trenching operations

It is anticipated that approximately 12.5 km of trenching (including sand waves and pre sweep areas)
will be required in sections within Darwin Harbour (YKP91.5 to KP121.6) and a further 300 m at the
shore crossing up to the shore pull termination point (KP121.484 to KP122.690 respectively).
Additional trenching between the shore-pull termination point and the beach valve (approximately
200 m) will be undertaken to facilitate laying of the onshore section of pipeline.

Trench design, including trench depth and presence/type of rockfill will vary across trenching locations
dependent upon trench objectives. The DPD Project has optimised each trench length resulting in
reduced trenching, and thereby reducing the extent of environmental impact from seabed disturbance
and reducing potential turbidity effects from trenching. The trench designs have an approximate width
of 3 m at the base, but vary in width at the top of the trench, up to a maximum of ~40 m. Indictive
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trench designs are shown in Figure 2-2 and Figure 2-3, however specifications may alter slightly as
designs are finalised.
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The offshore trenching operations for the pipeline route in Darwin Harbour have been divided into
eight sections made up of four trenching zones, three pre-sweep areas and a sand waves area as
outlined in Table 2-2 and shown in Figure 2-4.

The three pre-sweep areas and single sand waves area only require sediments to be removed, while
the seven trenching sections require the removal of both sediment and rock material. Two trench
zones are located onshore up to the beach valve.

The trenching in Trench Zones 1 to 4 will be completed using a variety of trenching vessels (refer Table
2-2) which include a backhoe dredge (BHD), a trailing suction hopper dredge (TSHD) and a cutter
suction dredge (CSD) (which is used to crush harder material). Pre-sweep sediment removal and sand
wave rectification will occur is applicable areas (Table 2-2).

The BHD will be used for trenching in the shallow water sections, such as the shore crossing, while the
CSD will be used to cut the harder material further offshore. For hard material in the shallow water
section, the BHD Xcentric Ripper (preferred) or hydraulic hammer may be required for mechanical rock
breaking. A TSHD is used to remove CSD rubble and soft sediments, such as in the pre-sweep and sand
wave sections. An excavator will be used to carry out trenching activities onshore from the intertidal
area through to the beach valve. Indicative quantities of each material type required to be trenched
are provided in Table 2-2.

Material trenched by BHD, TSHD or CSD will be disposed of at a designated offshore spoil disposal
ground. The designated spoil disposal ground for trenched material is located adjacent to the previous
INPEX Ichthys spoil disposal ground to the north of Darwin Harbour, within Beagle Gulf, approximately
12 km north-west of Lee Point (refer Figure 2-1). In order to mitigate against acid sulfate soil risks,
material removed within the inter-tidal zone by excavators will be placed near the low tide mark to
keep material wet and there will be dispersion of this material with tidal movement. Trenched material
within the onshore zone between the shore pull termination point and the beach valve will be
stockpiled and used to backfill the trench once this section of pipeline has been installed.

Trenching and disposal operations are proposed to take place over an indicative six-week period, but
potentially up to 12 weeks, with concurrent operations of the TSHD, CSD and BHD, and onshore
excavators.
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Table 2-2  Provisional outline of proposed trenching activities including trenching of shore
crossing

Trenching Trench Approximate Location End Equipment Approximate
Activity Areas Design Location Start (KP) (KP) Material to
be Trenched
(m?)
Trench Onshore ~122.5 ~122.7 Excavator 5,000
Zone On-
shore
Shore pull
termination
point to
beach valve
Trench D1 ~122.4 ~122.5 Excavator 5,000
Zone to
shore pull
termination
point
Trench D2 ~122.4 ~121.9 BHD and 17,000
Zone 1l Barge
Trench D3 ~121.9 ~121.2 BHD and 6,000
Zone 2 Barge
Pre-sweep N/A ~121.2 ~120.6 TSHD 4,000
Areal
Trench E ~120.7 ~119.3 TSHD and 48,000
Zone 3 CSD
Pre-Sweep N/A ~116.4 ~113.2 TSHD 35,000
Area 2
Pre-Sweep N/A ~106.5 ~106.8 TSHD 3,000
Area 3
Trench ClA ~106.6 ~103.6 TSHD and 117,000
Zone 4 CSD
Sand N/A ~94.4 ~92.2 TSHD 15,000
Waves
Area
Total 255,000
Volume

*BHD — Backhoe Dredge; TSHD — Trailer Suction Hopper Dredge; CSD — Cutter Suction Dredge
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Important note: this file is an indicative representation of the current design of this element of
the project only. Changes may be necessary from time to time to ensure that the engineering
design is efficient, practical and within the land disturbance requirements at the time of
construction. Final design drawings will be forwarded to the relevant Government authorities on
request following construction / execution.

Figure 2-4  Proposed pipeline route with trenching, pre-sweep and sand waves sections and the proposed trenching vessel
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2.3.2 Maintenance trenching

Depending on the final construction schedule, a maintenance trenching campaign may be required to
ensure the trench remains in specification for pipe lay. Due to sediment mobility within the harbour
over the wet season, material may deposit within the bottom of the trenches whilst they lay open for
pipelay to commence. Bathymetry surveys will be undertaken following any cyclone events or prior to
the pipelay campaign to determine the level of sediment build up and will indicate if maintenance
trenching is required. This is typically completed with a multi-beam echosounder (MBES) which will be
passed over the trench zones. As the bulk of the trenching will have been completed, including the
removal of all hard material, it would be expected that only a TSHD and/or BHD would be utilised to
carry out the maintenance trenching. It is anticipated that the primary vessel for maintenance
trenching would be the TSHD, with the BHD only used if the shore crossing site was impacted. A towed
plough may be deployed to remove any localised high spots from sediment infill prior to pipelay. The
plough will be surface deployed and towed from a suitable vessel and only be used within areas that
have been previously trenched minimising impact to benthic habitats.

Maintenance trenching may be required due to the mobility of the sediment within Darwin Harbour.
Sediment mobility is difficult to determine, however, conservative estimates indicate that up to 20%
of the primary trenching campaign may need to undergo maintenance trenching, resulting in no more
than 80,000 m? of additional trench material to be removed. The maintenance works are likely to be
isolated pockets along the entire trench corridor that require clean-up to ensure the pipeline is
installed and buried correctly. This would be completed over a short timeframe due to the likelihood
of only soft material being present post wet season, with an expected timeframe of no longer than
two weeks. If maintenance trenching is required, this would likely occur at the end of the cyclone
season around the months of April/May.

2.3.3 Onshore trenching

The route of the onshore pipeline section lies within the existing DLNG facility disturbance footprint
and was cleared of native vegetation during construction of the Bayu-Undan to Darwin Gas Export
Pipeline. The vegetation that is present consists of naturally regenerated native grasses and weeds.
The grasses and topsoil will be stripped, and the trench will be excavated to approximately 2.5 m deep
and up to 3 m wide at the base.

The onshore trenching works will be undertaken during wet and/or dry seasons. The trenching of the
onshore works may require dewatering due to rainwater, if undertaken in the wet season. The
management of the dewatering activities is detailed in the Onshore CEMP (Appendix 11). While
considered unlikely, there may be some dewatering of groundwater required, and is included in the
ASSDMP (Appendix 12) to ensure management of any acidic groundwater.

Excavated material from the trenches will be placed on the non-working side of the trench or
stockpiled within the onshore Project area within the DLNG disturbance envelope for future reuse as
backfill. Surplus material will be removed offsite. If any excavated material from onshore trenching is
suspected to be potential acid sulfate soil, testing and treatment will be undertaken as per the ASSDMP
(Appendix 12).

The construction works for the onshore trenching will be undertaken simultaneously with intertidal
construction works. Therefore, trenching will initially be completed from the upstream weld of the
beach valve location to the extent of the DPD site pad used for pipeline installation through the shore
crossing (shore pull). This section will be approximately 130 m in length. Once the shore crossing
facilities have been removed, the onshore trench will extend to the onshore termination point. This
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trench will be approximately 70 m in length and up to a maximum of 40 m wide. The onshore
construction site and onshore trenching area can be seen in Figure 2-8.

2.3.4 Temporary causeways

Temporary causeways will be constructed to assist with pre-lay trenching of the shore crossing.

The construction of the causeways will require up to 1,600 m3 of rock sourced locally from revetement
rock or imported from the Mount Bundey quarry. The upper portion of the causeway will have a layer
of smaller gravel or rocks applied to make the causeways suitable for machinery access to facilitate
trenching.

Rock will be placed on the seabed by dump trucks and flattened out by a wheel loader until the
causeway has reached the required distance from the shoreline. An excavator will be used where
required to shape the causeway to ensure the width is suitable for access by the heavy machinery.
Causeway design is shown in Figure 2-6.

The maximum area required for the temporary causeways has been estimated to be no greater than
200 m by 25 m, with a height up to ~¥4 m but an average height of ~2 m.

The causeways will be removed following use to return the intertidal area back to its natural grade.
Recovered rock will be disposed offsite.

The causeways will be removed by excavators following completion of construction activities with
recovered rock disposed of offsite in line with regulatory requirements.
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Figure 2-5 Proposed onshore and intertidal trench locations
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2.3.5 Span rectification and foundation installation

Pre-lay span rectification will be required in some areas to reduce pipeline spanning. The use of a TSHD
to rectify sand waves along with other sites outside of the planned trench zones by removal of
sediment between KP92.2 and KP94.4 is detailed in Section 2.3.1. Additional areas may also require
the use of the TSHD to prepare the benthic substrate prior to pipelay, and these will be assessed as
works commence and progress. Pre-lay span rectification may also be performed using concrete
mattresses, grout bags or mass flow excavation (MFE) subject to the seabed topography and benthic
conditions.

An MFE tool works by accelerating a mass flow of water to blow away sediments within a localised
area and can be used to accurately remove sediment high points and reduce pipeline spanning. MFE
is an alternative to the installation of numerous concrete mattresses or grout bags. Where concrete
mattresses or grout bags aim to support a spanning pipeline, the MFE will remove the span entirely
limiting the exposure of the pipeline over its operational life and remove potential integrity concerns.
The MFE would be deployed by a construction vessel using dynamic positioning and therefore no
additional seabed disturbance due to the absence of anchoring is predicted other than within the
localised area where the MFE operates.

The use of MFE has been identified as a potential method to reduce sediment high points at eight
locations within two areas along the offshore pipeline route in NT waters. The first area is between
KP51 to KP53 (consisting of four sites), approximately 40 km offshore from the Darwin Harbour
boundary; the second area is between KP72 and KP81 (consisting of four sites), approximately 12 km
from the Darwin Harbour boundary. At each location it is expected that typically less than 100 m of
excavation, to a nominal width of 3 m at the bottom of the excavation, would be required along the
pipeline route.

The use of MFE would occur during pre-lay activities and is expected to take an indicative 7-14 days to
complete, with an estimated six hours of operation at each site.

The MFE tool will generate localised turbidity at the seabed during the excavation process. At the
locations identified for MFE use, sediment characteristics, as identified by DPD Project sediment
sampling (Appendix 6), indicate a high proportion of sand/gravel (70-90%), with a lesser contribution
of fine sediments (silt/clay) (10-30%). Given the localised method and area of operation and the type
of sediments observed at the excavation sites, turbidity created by the MFE tool is predicted to be
localised and temporary. The lower fines content will also help mitigate large plume generation and
limit turbidity.

The installation of concrete mattresses or grout bags may be used in addition to MFE where MFE
proves unsuitable (e.g. if consolidated sediments are encountered that cannot be removed by MFE) or
as an adjunct to MFE if there is residual spanning requiring further rectification. Each concrete mattress
footprint is ~18 m? and may be installed in groups and stacked on top of each other to reach the desired
height.

Post-lay span rectification, if required, is likely to be performed using grout bags aided by a remotely
operated vehicle (ROV). The likely disturbance footprint, at each site, is approximately 25 m2. Grout is
an inert substance and will be used to fill the grout bags in-situ. Following grout bag filling, grout lines
will be flushed resulting in small discharges of grout to the marine environment.

In addition to concrete mattresses for span rectification, for the in-line tee, a steel pre-lay foundation
may be installed, complete with scour protection using mattresses or grout filled mats, with an
approximate footprint of 375 m2.
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2.3.6 Cable crossings

The DPD pipeline will intersect with telecommunication and power cables at four locations within
Darwin Harbour. The locations of the telecommunication and power cables are well known and are
highlighted on maritime charts as ‘no anchoring zones’. These locations are expected to be the crossing
points however the cables are dynamically stable so they may shift slightly prior to the construction of
the crossing. Telecommunications and power cables will be protected during pipelay operations using
concrete mattresses if required. Supports either side of the individual cables will be provided, and it is
likely that concrete mattresses will also be used to provide clearance between the Project pipeline and
cables.

Detailed survey will be undertaken prior to any activities performed in the vicinity of the power and
telecommunication routes. Furthermore, anchoring associated with pipelay activities in this area will
include appropriate pull-on and pull-off separation distances to ensure no interaction with the cables
present.

2.3.7 Pipeline crossings

The DPD pipeline crosses over the Bayu-Undan to Darwin pipeline at two locations in order to avoid
encroaching into the Darwin shipping channel. The crossing locations have been selected in regions
where the Bayu-Undan to Darwin pipeline is covered by a rock berm. The DPD pipeline is supported
by concrete mattresses over the crossings to manage spanning and to ensure a minimum separation
between the DPD pipeline and the Bayu-Undan to Darwin pipeline rock berm.

There is the potential to install approximately 30,000 tonnes of rock at the crossing locations subject
to pipeline detailed design.

2.4 Pipeline installation

The DPD pipeline will extend from the point where the Barossa GEP reaches the existing Bayu-Undan
to Darwin pipeline in Commonwealth waters, to the DLNG plant at Wickham Point in Darwin Harbour
(refer Figure 2-1). The DPD pipeline will be located parallel to the existing Bayu-Undan to Darwin
pipeline, with the exception of where it crosses the Bayu-Undan to Darwin pipeline in two locations,
to minimise potential environmental and social impacts. Approximately 12.5 km of the pipeline route
within Darwin Harbour will be trenched with the remainder of the pipeline laid on the seabed. Rock
sourced from the local Mount Bundey quarry will be used to backfill the trench within nominated
sections (refer Section 2.5).

2.4.1 Offshore pipelay

The DPD pipeline will be laid using a continuous assembly pipe-welding installation method. This
involves assembling single pipe joints (approximately 12 m in length) in a horizontal working plane on-
board the pipelay vessel. The pipes are welded together, inspected and then the welded area is coated
on-board before being lowered behind the pipelay vessel. The pipelay process uses an ‘S-lay’ method
(with the S notation referring to the shape of the pipeline catenary as it is lowered to the seabed). As
the pipeline is lowered, it is supported on-board the pipelay vessel using a curved steel structure fitted
with rollers known as a stinger. Pipelay in shallow water will be conducted using an anchored pipelay
barge; while pipelay in deeper water will be conducted using a dynamically positioned deep water
pipelay vessel. KP91.5 is the nominated handover point between the anchored pipelay barge and deep
water pipelay vessel in approximately 20 m of water, but the actual handover point where the deep
water pipelay vessel will take over will depend on operational requirements.

Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 49 of 455



Santos

24.1.1 Dead-man anchoring

A dead-man anchor may be used during a midline start up with the dynamically positioned pipelay
vessel. The dead-man anchor will ‘dig’ into the seabed to provide stability for the dynamically
positioned pipelay vessel during pipelay initiation.

The base case is to sequentially install the shallow water section of the DPD pipeline followed by the
deep-water section. However, subject to vessel availability and other operational drivers the deep-
water vessel could commence pipelay requiring the need for a mid-line start-up.

If a mid-line start-up of the DPD pipeline is required, then a dead man anchor assembly shall be used
to initiate pipelay and allow the pipeline to be tensioned. The dead man anchor assembly is essentially
a drag anchor connected to nominally 1,500 m of wire cable.

If required, the dead-man anchor shall be installed adjacent to the DPD pipeline route and shall be
removed on the completion of pipeline initiation.

2.4.1.2 Above water tie-in

The base case is for the Project pipeline to be sequentially laid, beginning at the shore crossing, moving
through Darwin Harbour and progressing offshore through NT waters to the PLET in Commonwealth
waters. For this to occur the last section of pipe laid by the shallow water pipelay barge will have a
recovery head arrangement installed which will include a submersed pennant buoy, allowing this and
the pipe to be recovered by the deep water pipelay vessel. Once retrieved the recovery head will be
removed and recovered pipe welded to the new section of pipe to commence the deep water
pipelaying process. The base case handover point will be at KP91.5 in approximately 20 m of water, in
this case the shallow water pipelay barge will have laid approximately 31 km of pipe and the deep
water pipelay vessel will lay approximately 69 km of pipe in NT waters.

An alternative to pipelaying sequentially from onshore to offshore may be to install the deep water
portion of the DPD pipeline ahead of the shallow water portion, or to install both portions
concurrently. In this scenario, the shallow water vessel would still commence at the shore crossing to
facilitate the shore pull and an above water tie-in (AWTI) would be performed where the two sections
of pipeline meet. The AWTI would occur using the shallow water pipelay barge and would involve
recovery of pipeline end sections using davits and subsequent welding from a temporary work
platform. This activity would involve the installation of buoyancy modules on the pipe tails to support
the pipeline end sections and facilitate correct alignment for welding.

2.4.2 Shore pull

The DPD Project will utilise the shore pull method to bring the pipeline onshore.
The shore pull will be undertaken as follows:

+ A large wire will be connected onto the front end of the pipeline via a pullhead. The large
wire could be pulled out to the vessel from shore along the seabed using a smaller pull-wire,
or conversely it could be pulled from the vessel to the shore subject to the selected
installation methodology. In either scenario the wire will be pulled along the seabed within
the pipeline route disturbance corridor;

+ Pipeline will be assembled on the shallow water pipelay barge;
+ Pipeline will be pulled ashore from the shallow water pipelay barge using the winch spread

located onshore through the pre-constructed trench to the onshore target box;
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+ The pipe will be winched up to the shore pull onshore termination point, approximately 2 m
above HAT which is the end of the shore pull; and

+ The pulling arrangement will allow for the shore pull to be completed as a continuous
operation, which will take approximately two weeks.

2.4.3 Onshore pipeline installation

The installation of the pipeline between the shore pull onshore termination point and the upstream
weld of the beach valve (approximately 200 m) will follow a different process to the offshore pipelay
and shore pull. Pipe sections will be strung out alongside the trench, lifted onto temporary pipe
supports and cut to length as required, end preparation works completed and aligned for welding. This
will be followed by butt welding of the joint and non-destructive evaluation (NDE) until the sub-
assembly is completed. The sub-assemblies will be lifted onto temporary pipe supports in the trench,
aligned for welding and joints butt welded. The final NDE and coating will be completed after
hydrotesting.

2.5 Rock installation

The primary method of maintaining pipeline stability on the seabed will be through the concrete
weighted pipeline coating. However, rock installation is required for secondary stabilisation and/or
protection for pipeline sections within Darwin Harbour where the concrete weighted coating alone is
not considered sufficient to provide stability and/or protection.

The material that is removed from the trench is not considered to be viable for use as ‘fill’ back to the
pipeline trenches. The seabed along the offshore pipeline route (KPO to KP91) is predominantly sand.
The seabed along the northern end of the pipeline route is gravelly silty sand (16% gravel; 9% silt),
which becomes less gravelly and much siltier (39% silt; 0.2% gravel), with higher proportions of clay,
towards the southern end of the offshore pipeline route. The pipeline route sediments within Darwin
Harbour (KP91 to KP122.5) are composed of varied particle sizes. At the northernmost end of the
pipeline alignment a very high proportion of silt (46%) and clay (10%) exists, similar to the southern
offshore pipeline route. The sand wave area (refer Table 2-2) has very high proportions of sand (up to
93%),while the southern end of the pipeline route consists of gravelly silty sand (Appendix 6).

Trenched material is incompatible with re-use in pipeline stability and protection, therefore will be
placed at the spoil ground. Using this trenched material would also require considerably more
trenching (i.e. deeper trenches would be required) to guarantee stability and protection of the
pipeline. This would increase the dredged volume considerably, resulting in a greater potential impact
to the environment. The process and requirements of backfill must be to a minimum specification in
order to ensure the pipeline is suitably protected and will not suffer any damage from installation
activities. The process to provide the level of guarantee of the material would require significant
qualification and testing. Furthermore, contingency rock sourcing and installation methods would be
required to address the scenario where the required trench depth cannot be achieved to guarantee
sufficient pipeline protection using backfill material.

In the referral, Santos had considered using material excavated from borrow grounds adjacent to the
pipeline, this option is no longer being pursued as there is a lack of supporting evidence that the
borrowed sand material would be adequate to address the technical requirements of backfill as
discussed above. Instead, this Project will follow previous projects in Darwin Harbour that have used
rock material for the required backfill.
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The rock material required for subsea rock installations will be obtained from suppliers from the Mount
Bundey quarry located about 115 km south-east of Darwin. Rock will be transported from Mount
Bundey to East Arm Wharf, where it will be stored within the DLNG site, until it is then transported by
truck for load out to vessels. Rock installation vessels will include a fall pipe vessel and BHD for rock
installation at the shore crossing. Rock installation by BHD at the shore crossing will be supported by
rock barges and onshore plant.

2.6 Flooding, cleaning, gauging and testing
2.6.1 Planned flood, clean, gauge and testing operations

Once installed, the Project pipeline internal surfaces will need to be cleaned, tested and preserved in
preparation to carry hydrocarbons. Key activities involved with Flood/Clean/Gauge/Testing (FCGT)
operations will include:

+ Pigging undertaken to clean and prepare the pipeline using pipeline inspection gauges (pigs);

+ Pig launcher/receivers installed on the Commonwealth waters PLET and at the shore
crossing; and

+ Pigs pushed using chemically treated seawater with water ‘won’ (extracted) from Darwin
Harbour;

+ Pipeline subjected to a hydrostatic pressure test; and
+ Pipeline dewatered, conditioned with monoethylene glycol (MEG) and purged with nitrogen.

In the marine environment, due to the corrosive nature of seawater, maritime industries use and rely
on a range of chemicals including corrosion inhibitors, biocides, and oxygen scavengers to protect the
integrity of assets and infrastructure and prevent microbial growth. For the DPD Project, such
chemicals are required to be used to treat seawater (treated sweater) that will be used during pigging
and to hydrotest the pipeline (i.e. confirm its integrity) prior to commissioning the pipeline and
introducing hydrocarbons.

Treated seawater is typically a mixture of biocides (to prevent biofouling and bacterial corrosion on
the internal surfaces), an oxygen scavenger (to control corrosion of the pipeline) and a dye (for leak
detection during hydrotest). The planned chemical for treating seawater will be ‘Hydrosure’ or ‘Hydro
3’ or similar (for more detail on Hydrosure, refer to Section 8.5.2), however all chemicals will require
assessment and be approved by Santos. The chemical concentration of the hydrotest water will be
dependent on the required preservation period, which is the period of time the pipeline will be left
filled with the chemically treated seawater before being dewatered for tie-in and commissioning (or
repair in the case of a wet buckle event). Typically, a concentration of up to 550 ppm of the hydrotest
package will be used for the planned duration.

Treated seawater will be used to separate each pig (during flooding) and will be discharged as each pig
completes a run. A slug of filtered and chemically treated forewater will be injected ahead of the first
pig to lubricate the polymer (typically polyurethane) sealing discs on the pig and control pig speed.
There is potential that some debris remaining from pipeline installation activities within the pipeline
may be discharged with this water.

There will be nominally five pigs separated by 500 m treated sea water slugs, plus 500 m of forewater
in front of the first pig as shown in Figure 2-7. The total volumes are summarised in Table 2-3. These
reflect an over-pump contingency of up to an additional 10% of the total volume of the pipeline.
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Figure 2-7 Schematic showing five pigs separated by 500 m

Once the pigging operations are completed and integrity tests met, the pipeline will be subjected to a
hydrostatic pressure test (hydrotest). An additional volume of treated water is pushed into the line to
raise the pressure of the pipeline. The hydrotest pressure will be held for a period as per the relevant
standard to test the pipeline integrity. There will be small, localised discharges at the pipeline end
termination (PLET) in Commonwealth waters as that infrastructure is tested and the GEP is
depressurised.

Upon completion of FCGT activities, to dewater the pipeline, treated seawater will be discharged at
the pipeline end termination (PLET) of the DPD pipeline, in Commonwealth waters, approximately 16
km west of the Commonwealth/NT waters boundary. The pipeline will be conditioned with 1000 m?* of
monoethylene glycol (MEG) and purged with nitrogen. The GEP will be dewatered using a train of
dewatering pigs separated by MEG slugs. Approximately 1000 m3 of MEG will be discharged at a final
purity of >92%.

While activities in Commonwealth waters are out of scope for this assessment, the potential impact to
NT waters from discharges related to FCGT operations in Commonwealth waters are considered and
assessed for completeness (refer Section 8.5.2.4).

Dewatering is expected to take one week. Dewatering discharge will be at the seabed through a
diffuser attached to the DPD pipeline PLET in Commonwealth waters.

The MEG could be discharged at the seabed or the surface, subject to the methodology adopted to
sample the MEG in order to confirm that the pipeline has been correctly preconditioned.

Table 2-3 presents the estimated discharge volumes for each stage of FCGT.

Table 2-3  Estimated Volumes of Discharge at the Commonwealth waters PLET During the FCGT

26-inch Length  34-inch Length Treated Seawater Discharge volume (m?3)

Pipe Diameter

(m) (m) Pre-hydrotest* Hydrotest Dewatering

26/ 34 inch 61,800 60,684 4,183 2,000 50,117
hybrid

*Pre-Hydrotest - (5 off 500 linear metre slugs) +10% overpump
Each of the discharges (Table 2-3) will occur at separate times at the DPD pipeline PLET.

The pig train should typically travel at a rate of 0.5 to 1.0 m/s for efficient dewatering and operation
Resulting in indicative discharge rates as presented in Table 2-4.
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Table 2-4  Discharge rates [m3/hr] at the Commonwealth waters PLET based on pig speed and
pipeline diameter

Pipeline Size Pig Speed
0.5 m/s
26-inch 543 m3/hr 1086 m3/hr
34-inch 934 m3/hr 1867 m3/hr

Hydrotesting of the onshore DPD pipeline (between the onshore tie-in point (OTP) and the beach
valve) will be done separately to the offshore DPD pipeline, whereby the hydrotest medium for the
section between the OTP and the beach valve will need to be disposed of either within the DLNG
facility, or through an external waste disposal site.

In the instance that the offshore DPD pipeline is hydrotested and pre-commissioned through tying into
the onshore pipeline downstream of the beach valve, all hydrotest medium up to the point where the
pipeline is tied in will be disposed of offshore. In this circumstance, the pipeline between the OTP and
the beach valve, may have already been hydrotested (due to changes in design codes requiring higher
test pressures), so therefore as above, the hydrotest medium will have been disposed of within the
DLNG facility, or through an external waste disposal site.

2.6.2 Water extraction and filter flushing

To provide water for FCGT activities, water will be extracted (water winning) from Darwin Harbour.
The current concept is that water winning will be via a pumping spread comprising four mesh-
screened, submersible pumps supported on an anchored pontoon, with a water discharge manifold
and hoses, power supply cables and a winch. It is anticipated that the pontoon and extraction hose will
be positioned approximately 600 m from shore in approximately 15 m of water at LAT. Alternatively,
water winning may occur through a similar spread located along the DLNG jetty or jetty head.

The total volume of water required will be dependent upon the nature of the FCGT and any
contingency requirements (for example pipeline filling associated with responding to a wet buckle
event). Planned FCGT water winning requirements are expected to require approximately 56,000 m3
of water. Pumping rates are expected to be approximately 9-16 m3/minute and water winning for FCGT
activities is expected to take place over approximately three days (not including any contingency
activities).

Water extracted from Darwin Harbour will be filtered prior to chemical treatment. In order to ensure
the effectiveness of filters, regular backflushing is required. While the number of backflushes and
volume of water associated with backflushing may vary depending upon the effectiveness of filters
and level of clogging by suspended solids, it is estimated that approximately 580 backflush cycles will
need to take place over three days, with each unit/cycle discharging 0.5 m? of backflush water. In total,
approximately 300 m® of backflush water is expected to be discharged. Backflush water will have a
higher suspended solids loading compared to water extracted (i.e., higher than ambient Darwin
Harbour water suspended solid concentration). The concentration of total suspended solids (TSS)
within backflush water will depend upon the ambient concentration within Darwin Harbour, which will
vary with tidal state and season. Water during spring tides and over the wet season are expected to
be more turbid (higher TSS concentration) than water during neap tides and over the dry season.
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Backflush water will be discharged onto the existing disturbed shore crossing construction site, where
it will then drain into the intertidal area and solids will disperse with tidal movements. Where possible,
and dependent on the progress of shore crossing rock installation at time of FCGT activities, backflush
water will be discharged onto installed rock, to baffle the flow of the discharged backflush water.

2.6.3 Contingency wet buckle operations

During pipelay activities, it is possible that an event may occur that requires remedial (pipeline)
construction work, or in an unlikely, worst-case scenario, a pipeline wet buckle (i.e., failure in the
pipeline) may occur resulting in raw/untreated seawater entering the pipeline.

Should raw seawater enter the pipeline during installation, it will need to be removed to prevent
corrosion of the pipeline. To remove the raw seawater, a contingency pig would be launched with
filtered seawater to flush the pipeline, followed by a second contingency pig which is pushed with
compressed dry air. The pipeline end is then recovered from the seabed and pipelay can continue.
Given only filtered seawater would be used to flush the pipeline, impact to the environment from this
type of flushing is not expected. In this instance, a pig may be launched from either the DLNG facility
or Commonwealth waters PLET to remove/flush the water from the pipeline, dependent on the
location of where the raw sea water entered the pipeline.

In the event of an extended period before pipelay or rectification can recommence, the pipeline would
need to be flushed with raw filtered seawater and then filled (from the DLNG facility end) with treated
seawater in the intervening period before pipelay is recommenced. In this instance the seawater would
need to be treated with a preservation chemical consisting of a biocide, corrosion inhibitor and oxygen
scavenger to preserve the pipeline as described in Section 2.6.1 for planned FCGT activities. If this is
required, there is the potential for some of the treated seawater to be discharged as a result of
overpump, which is required to make sure the entire previously laid pipeline is preserved to prevent
corrosion. Once pipelay activities are ready to be recommenced, the treated seawater would need to
be discharged (dewatering of the pipeline). The volume of discharge would depend upon the pipeline
location where the wet buckle (or other pipeline breach) occurs, which would dictate the length of the
pipeline that would require dewatering. This type of contingency discharge could occur in either
Commonwealth or NT waters.

While this is an unlikely event, it has occurred elsewhere so is being carried as a contingency activity
and the potential for impacts has been assessed.

2.7 Onshore site set-up

Site works within the onshore portion of the Project area will be required to support the DPD Project
construction activities up to the beach valve location (Figure 2-8). Earthworks will be required to
facilitate the set-up of the onshore site and allow positioning of equipment including removal of rock
associated with an existing marine offloading facility (rock groyne), construction of a shore pull/ FCGT
site pad and the creation of a temporary access road. The construction of the onshore site and onshore
component of the shore crossing shall allow for shore pull activities, FCGT activities, limited rock
placement, onshore trenching and pipelay activities, and equipment layout for contingency
operations, including but not limited to allowing for wet buckle dewatering to be performed whilst the
pull head is attached to the winch wire.

To facilitate parallel activities at the site pad and shore crossing areas during trenching and pipeline
installation of the onshore section, a temporary road will be built through the DLNG site. This will allow
access to the shore crossing from the south side of the proposed pipeline route. Approximately 200 m
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(from KP122.484 to KP122.69) of the onshore pipe will be installed once the offshore and intertidal
sections of the DPD are complete (Figure 2-8). If the onshore portion of the pipeline is connected prior
to completion of the offshore portion of the DPD pipeline, the combined onshore/offshore sections of
the DPD could be FCGT in one event.
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2.8

Table 2-5 shows the types of vessels proposed for the DPD Project, and their attributes relevant to
potential environmental impacts. The number of transits and nominal transit speeds are estimates of
what will occur during construction of the DPD pipeline, noting that all vessels will comply with harbour
speed limits in accordance with the Darwin Harbour Handbook.

Vessel activities

A comparison between predicted DPD Project vessel movements with historical Darwin Harbour
commercial vessels visits is provided in Figure 2-9. This includes both ‘harbour visits’ (movements of
DPD Project vessels infout of Darwin Harbour) and ‘intra-harbour’ movements (movements of DPD
Project vessels between locations within Darwin Harbour).

The use of vessels for pipelaying and trenching is predicted to increase the activity within the harbour
area through an additional nominal 57 and 54 harbour visits respectively, during the construction
period for the DPD Project. For 2020/2021 the number of recorded commercial vessel harbour visits
was 1,416 so Project vessels would increase harbour visits by <8% from that year, or <5% based on the
past 10 years (Figure 2-9). Within Darwin Harbour, DPD Project vessels are predicted to make an
estimated nominal 243 movements between locations over the construction period. The scale of DPD
vessel movements is within the range of annual variation seen in Darwin Harbour across the past 10
years (Figure 2-9).
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Figure 2-9 Annual harbour visits FY2011-12 to FY20-21
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Table 2-5 Vessel description/summary

Vessel Type Self- Lighting ‘

Nominal

Nominal # of

Santos

propelled Work P —— Work speed (in field) transit transits Expected Duration
speed*

Trenching
Backhoe Dredge (e.g. No v v Stationary (shift) 3 Kn 2 4 months
Peter de Groote)
Split Hopper Barges Yes V4 V4 Stationary (shift) 10 Kn 17 4 months
(SHB) (e.g. Sloeber)
Cutter Suction Dredge Yes V4 V4 Stationary (shift) 12 Kn 5 5 weeks
(CSD) (e.g. Amazone)
Trailer Suction Hopper Yes N4 N4 2 Kn 14 Kn 50 5 weeks
Dredge (TSHD) (e.g.
Bonny River)
Pipelay and rock installation
Pipelay Barge - No v v 300 m / day 3 Kn 2 4 months
Shallow water pipelay
barge (SWPLB) e.g.
Sandpiper + Tug)
Pipelay vessel — deep Yes V4 V4 3 km / day 16 Kn 1 30-45 Days
water pipelay vessel
(e.g. Audacia)
Pipe Supply Vessels Yes v v Stationary (1hr, 3/week) 10 Kn 54 4 months
(e.g. Alegria)
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Vessel Type Self- Lighting ‘ Nominal Nominal # of
propelled Work P —— Work speed (in field) transit transits Expected Duration
speed*
Construction support Yes V4 V4 Stationary (shift) 14 Kn 2 4 months
Vessel/Survey (CSV)
(e.g. Fortitude)
Nearshore CSV/Survey Yes N4 N4 Stationary 14 Kn 4 4 months
(Span Rectification)
Rock Installation No N4 N4 Stationary 5Kn 2 2 months
(BHD)
Fall Pipe Vessel (FPV) Yes V4 V4 <3Kn 12 Kn 14 7 weeks
(pipeline route to
wharf)
Rock Barge (pipeline No V4 V4 Stationary 5 Kn ** Unknown at 2 months
route to wharf) this stage

Support Operations

Multicat (shallow Yes N4 N4 0.5Kn 9 Kn N/A 6 months
water anchor handling
for SWPL barge and
CSD)

Supply boat — Yes v v Stationary (1hr, 3/week) 10 Kn 27 Every 2 weeks
trenching and rock
installation

Crew Boat (Crew Yes No v Stationary (30 min, 18 Kn 119 6 months
change for BHD, CSD, 2/day)
laybarge)
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Vessel Type Self- Lighting ‘ Nominal Nominal # of
propelled Work P —— Work speed (in field) transit transits Expected Duration
speed*
Survey vessel Yes No V4 <3Kn 10 Kn 180 3 months
Environmental Yes No Vv Stationary 1 hr, 4/day) 10 Kn 57 As required
Monitoring

*Vessels shall keep within nominated harbour speed limits in accordance with Darwin Harbour Handbook

** 5 Kn is the typical towing speed
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2.9 Project schedule

Santos is anticipating that all DPD regulatory approvals will be in place by Q4 2023 to ensure
construction activities do not delay Barossa Development’s first gas in the first half of 2025. A nominal
DPD construction sequence and schedule is shown in Figure 2-10 representing a start of construction
activities at the beginning of the construction window. The construction activities will span a
cumulative period of 15-months in the field.

The actual construction sequence and schedule will be subject to the timely receipt of all regulatory
approvals and drivers such as vessel availability, operational matters, and weather.

Santos’ regulatory approvals and stakeholder consultation consider construction activities may occur
at any time between Q1 2024 to the end of Q2 of 2025.
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Figure 2-10 DPD Project execution schedule (Indicative)
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3 Alternatives

3.1 Background: the Barossa Development

The Barossa Development involves the development of the Barossa gas field through the construction
of subsea wells and infrastructure tied into a new offshore floating petroleum storage and offloading
facility (FPSO) and the construction of a gas export pipeline to transport gas from the FPSO to the DLNG
facility.

An Offshore Project Proposal (OPP) for the Barossa Area Development (ConocoPhillips, 2018) was
submitted under the Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations
2009 and accepted by NOPSEMA in March 2018. The OPP outlined options for the development and
commercialisation of the Barossa gas field. The options considered for the development of the gas
resources in the Barossa area included:

+ An offshore FPSO located in the Barossa Development area with a gas export pipeline to tie
into the existing Bayu-Undan to Darwin gas export pipeline to deliver the gas to the existing
onshore liquefaction facilities at DLNG;

+ Anoffshore fixed platform facility (processing and wellhead platforms with a floating storage
and offloading facility) with a gas export pipeline to tie into the existing Bayu-Undan export
pipeline to deliver the gas to the existing onshore liquefaction facilities at DLNG; and

+ Anew floating LNG (FLNG) facility located in the Barossa Development area, with integrated
in-field hydrocarbon processing and gas liquefaction and export of LNG directly to LNG ships
from this offshore facility.

These options were evaluated against a range of criteria including technical feasibility and safety,
environmental impacts and risks, social and heritage, commercial and sustainability. Upon comparison
of the FPSO and platform facility options, the FPSO option was preferred based on the advantages it
provided, including the lower risk to people and the environment associated with drilling, the smaller
seabed footprint and the increased operational flexibility associated with greater liquids storage.

While the new FLNG facility option had some environmental benefits, primarily due to not requiring
the construction, installation, and operation of a gas export pipeline from the field, there were also
challenges associated with this option. These included a larger underwater noise footprint during
operations, higher atmospheric emissions due to greater power demand to support the offshore
processing and liquefaction facilities, and the potential for greater operational discharges, e.g. larger
volume of cooling water. The FLNG was deemed uneconomic early in the project development phase
with the required liquification facilities adding cost to the development. In conjunction with the above
factors and the imperative for the project to provide replacement gas for the DLNG facility, as the most
appropriate gas route to market, the FLNG option was screened out.

During ongoing assessment planning for the project, the first option utilising the FPSO and a gas export
pipeline to the DLNG facility was further refined to enable the opportunity for CCS storage at Bayu-
Undan to be developed. The extension of the proposed gas export pipeline all the way to the DLNG
facility, rather than tying into the existing Bayu-Undan to Darwin pipeline would allow for the existing
Bayu-Undan pipeline to be re-purposed for the transport of carbon dioxide (CO,) from Darwin to the
Bayu-Undan field to be injected into the reservoir for storage.
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3.2 Justification for DPD Project

Santos has assessed options to use the existing Bayu-Undan to Darwin pipeline for either the Barossa
Development’s gas (i.e. tying into the Bayu-Undan to Darwin pipeline as shown in Figure 3-1 (A)) or
future CCS service (i.e. preserving the Bayu-Undan to Darwin pipeline and constructing a new
duplicated pipeline, the DPD Project pipeline, as shown in Figure 3-1 (B)) with the preferred option
being preservation of the existing pipeline for potential future CCS and creating a duplicated pipeline
for the purpose of carrying the Barossa Development’s gas. The option to preserve the existing pipeline
for CCS offers a range of potential environmental and other benefits as detailed below and summarised
in Table 3-1.
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Figure 3-1 Options for the use of the existing pipeline for Barossa gas (A) or CCS service (B)

CCS is the process where CO; is captured from an emission source, then dehydrated and compressed
for transportation via pipeline to a storage site. The CO; is then injected into a geological formation
that provides safe and permanent storage deep underground. This process applies technology that has
been used in the industry for decades, injecting the gas back into the depleted underground reservoirs.

The Bayu-Undan CCS project (Figure 1-1) would store CO, in the depleted Bayu-Undan field and,
subject to all regulatory approvals, would offer safe and permanent storage of up to 10 million tonnes
(Mt) of CO, per annum, equivalent to about 2 per cent of Australia’s carbon emissions each year (or
four times the Barossa Development’s estimated annual Scope 1 emissions). Once approved, the
project would be one of the largest CCS projects in the world and one of the many that will be critical
to assist in meeting the world’s climate goals. The International Energy Agency (IEA) Roadmap to Net
Zero by 2050 (IEA, 2021b) envisages carbon capture, utilisation and storage growing to 7.6 billion
tonnes of CO; per year by 2050 from around 40 Mt per year today.

Santos’ Barossa Development is one of several potential CO, sources for Bayu-Undan CCS, but
importantly the Bayu-Undan CCS project offers a ‘whole of region’ carbon solution delivered through
a Darwin CCS Processing Hub (Figure 1-1). Potential CO; sources could also include existing and/or
future NT industry along with international imports.

The Bayu-Undan CCS project is operated by Santos on behalf of the Darwin LNG joint venture: Santos
(43.4%), SK E&S (25%), INPEX (11.4%), ENI (11.0%), JERA (6.1%) and Tokyo Gas (3.1%). The CCS project
is currently working towards final investment decision (FID), with key activities including:

+ Front End Engineering & Design (FEED) studies, which will further define the scope of the
Project along with the plan which will be used to deliver it; and
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+ Engaging with a range of stakeholders (including the Timor-Leste, Commonwealth and NT
Governments, as well as the various Joint Venture partners) to establish the necessary
agreements and regulatory framework required for the Project.

CCS is proven technology, with more than 27 commercial CCS facilities operating around the world
today, with a storage capacity of over 36 million tonnes of CO, per year (Global CCS Institute, 2021).
The Bayu-Undan CCS project proposes to re-use existing infrastructure, which combined with
economies of scale is expected to make the project highly competitive in terms of cost.

The Bayu-Undan reservoir is well understood and has the capacity to store large volumes of CO..
Santos has a strong understanding of both reservoir seal and injectivity, supported by over 18 years of
production data at Bayu-Undan. At Bayu-Undan Project start-up, over 1 bcf of gas a day was injected
into these high permeability reservoirs.

As part of the FEED activities the Bayu-Undan pipeline is being assessed for feasibility in CCS service.
These activities are being independently verified by De Norske Veritas (DNV), an independent
verification body, who will be issuing a Statement of Conformity which Santos expects will confirm:

1. The design verification and requalification studies have been conducted in compliance with the
correct and applicable Australian and International codes and standards;

2. The pipeline design along with the operating and maintenance strategies are suitable to maintain
the safe operability of the pipeline in CO; service conditions until 2050; and

3. There are no impediments to the pipeline aspects of the project progressing from FEED to the
Execute Project Phase.

Santos continues to work closely with the Timor-Leste regulator, ANPM, the National Petroleum and
Minerals Authority (ANPM), towards the necessary agreements and regulatory framework that will be
required for the Bayu-Undan CCS project, with a Memorandum of Understanding (MOU) having being
signed between the two parties. With the signing of the MOU the ANPM President Florentino Soares
Ferreira said: “Despite Timor-Leste being one of the lowest emission countries in the world, and that
the Paris Agreement provides waiver or concession to the developing and less developed nations such
as Timor-Leste; we understand that carbon trading or carbon credits market is an integral part of our
future economy. We don’t want to miss this opportunity.”

Santos is firmly committed to CCS, with the DPD Project representing a commitment in excess of US
S600M towards the CCS development.

A CO; transmission pipeline is a key piece of infrastructure required for the Bayu-Undan CCS project.
By constructing the DPD pipeline to export gas from the Barossa gas field, the Bayu-Undan to Darwin
pipeline (approximate 502 km) is left intact and preserved for future use in the potential Bayu-Undan
CCS project. The key benefits of this include:

+ Earlier realisation of the CO; storage benefits from CCS (up to two years earlier), compared
to having to construct a new CO; pipeline;

+ Health, safety and environmental risks associated with the subsea tie-in of the Barossa
Development pipeline to the Bayu-Undan to Darwin pipeline are eliminated. This would
typically be a high-risk activity involving the use of subsea saturation divers; and

+ The cost competitiveness of the Bayu-Undan CCS project is improved, strengthening the
likelihood of future CCS environmental benefits being realised. This is largely due to the costs
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associated with the subsea tie-in being eliminated along with eliminating future costs to
construct a pipeline from the DLNG facility to a tie-in point.

3.3 Pipeline route environmental assessments

As part of the project design phase for the DPD Project, multiple pipeline routes were assessed against
environmental, socio-economic and cultural heritage criteria as described in the DPD Project referral.
A Darwin Harbour pipeline route was selected over a Cox Peninsula route or a Gunn Point route for a
number of reasons, including that it eliminates the requirement for a long onshore pipeline which has
the potential for additional environmental, culture and heritage, social, community and economic
impacts. The Cox Peninsula route required a 116 km onshore pipeline and the Gunn Point route a 71
km onshore pipeline, including passing through the outer suburbs of Darwin.

The Cox Peninsula route was not considered suitable as the northern part of the peninsula, which
belongs to the Kenbi Aboriginal Land Trust, has numerous sacred sites where access is not permitted,
including some areas where there is no beach access, and anchoring or other seabed disturbance Is
not permitted, e.g. at Charles Point. Consequently, further evaluation of potential pipeline routes was
only conducted for the proposed Darwin Harbour route and the alternative Gunn Point route.

Table 3-1 provides a response to the NT EPA’s direction to provide a detailed analysis of the potential
significant environmental impacts of alternative approaches methodologies or technologies for the
action, demonstrating how the decision to proceed with the preferred option has been made with
consideration of section 42(c) of the EP Act, the values associated with the NT EPA factors, principles of
ecologically sustainable development, application of the environmental decision-making hierarchy and
waste management hierarchy.

Table 3-1 provides a detailed comparative analysis of the DPD Project using the Darwin Harbour
pipeline route option (i.e. the option that was chosen and is the subject of this SER), the Gunn Point
pipeline route option, the Bayu-Undan pipeline tie-in option. The table also sets out an evaluation of
all options against section 42(c) of the EP Act and the outcomes of the application of the environmental
decision-making hierarchy, waste management hierarchy and principles of ESD for each option.

The potential for significant environmental impacts for the Darwin Harbour and Gunn Point route
options are associated primarily with the short-term construction phase of the projects. In comparing
the two route options, the Gunn Point route is considered to have greater potential for significant
environmental impacts to Marine Environmental Quality, Marine Ecosystems and Coastal Processes
due to greater disturbance to coastal morphology, sensitive habitats (including seagrasses) and
associated fauna and turtle nesting. The Gunn Point route also has greater potential for significant
impacts to the NT EPA Factor of Terrestrial Environmental Quality and Terrestrial Ecosystems, with
over 70km of the pipeline being constructed underground across land. By comparison, the Darwin
Harbour route requires less than 1km of pipeline to be constructed onshore and its alignment allows
the pipeline to cross the shoreline within the existing disturbance footprint of the DLNG facility. The
Gunn Point route is also considered to have greater potential for significant impacts to Community and
Economy through the required installation of underground pipeline through the Darwin suburban
area.

On the basis of the assessment, which includes for the environmental benefits of the Bayu-Undan CCS
project, the socio-economic benefits of continued gas supply to the DLNG facility, consideration of
potentially significant environmental impacts to NT EPA factors in pipeline routing selection and
consideration of section 42(c) of the EP Act, the DPD Project Darwin Harbour pipeline route is
considered the optimal solution.
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Further detail on how the DPD Project meets the requirements of section 42(c) of the EP Act, the
environmental decision-making hierarchy, the waste management hierarchy and principles of
ecologically sustainable development is provided in Section 15.
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Table 3-1 Comparative assessment of potential environmental impacts, risks, benefits and adherence to EP Act principles from the proposed DPD
Project Darwin Harbour pipeline route, the Gunn Point pipeline route, the Bayu-Undan pipeline tie-in option

Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)
Construction phase
Marine Environmental | Trenching and rock installation + This route has greater potential for + Localised seabed disturbance
Quality required in NT waters to stabilise impacts and risks to water quality associated with subsea equipment
and protect the pipeline with and sediment quality in NT waters used for pipeline cutting, tie-in and
associated impacts and risks to both along the pipeline route and at pre-commissioning activities in
water quality and sediment the spoil disposal site on the basis Commonwealth waters. No
quality. of: disturbance in NT waters.
+ Risk of impacts from treated - Trenching is required to allow + Impacts in Commonwealth waters
seawater discharge in NT waters pipelay vessel access given the from the discharge of treated
in the unlikely event of a pipeline shallow waters on the approach seawater during pipeline
wet buckle event. to Gunn Point shore crossing. commissioning activities.
+ Impacts in Commonwealth waters - Shallower water requires longer | + As no construction activities in NT
from the discharge of treated open cut trenching for shore waters, lower risk of IMS
seawater during pipeline approach. introduction.
commissioning activities. - Asignificantly greater volume + Lower risk to Darwin Harbour
+ Vessel activities in NT waters has of sediment would need to be shorelines and sensitive areas from
risk of IMS introduction. removed and disposed of a construction vessel hydrocarbon
compared to the Darwin spill.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)
+ Vessel based construction Harbour trenching
activities in NT waters with risk requirements (assessed at
(albeit low) of hydrocarbon spill. approximately three times the
volume)

+ Risk of impacts in NT waters from
treated seawater discharge in the
unlikely event of a pipeline wet
buckle event.

+ Impacts in Commonwealth waters
from the discharge of treated
seawater during pipeline
commissioning activities.

+ Vessel activities in NT waters has
risk of IMS introduction.

+ Vessel based construction activities
in NT waters with risk (albeit low) of
hydrocarbon spill.

Marine Ecosystem + Trenching required so seabed + Given the greater amount of + Localised seabed habitat associated
disturbance along the pipeline trenching and longer open cut with tie-in activities in
trenching for the shore approach, Commonwealth waters only.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Darwin Harbour pipeline route (i.e.
the option chosen and the subject of

DPD Project using Gunn Point pipeline
route

Bayu-Undan to Darwin pipeline tie-in
option

this SER)

route and at the spoil ground will
occur.

Impacts to sensitive benthic
habitats such as seagrass and hard
coral are not predicted and
<0.12% of the macroalgae habitat
found in Darwin Harbour may be
impacted.

Vessel based construction
activities in NT waters and within
Darwin Harbour which may pose
risk to marine fauna from light
and noise emissions, or unplanned
interactions.

Darwin Harbour overlaps dolphin
BIAs (Australian snubfin, Indo-
pacific humpback and spotted
bottlenose dolphins).

greater impact to the seabed and
benthic habitats is predicted, both
along the pipeline route and at the
spoil ground.

Habitat mapping by NT Government
(Palmer and Smit, 2020) identifies
seagrass beds in the shallow water
which may be impacted from
dredging. Similarly, hard coral
present and may be impacted.

Dugongs also present in the area
and may be impacted by any loss of
seagrass.

Avoids the dolphin BIAs (Australian
snubfin, Indo-pacific humpback and
spotted bottlenose dolphins), but
dolphins still present.

Greater potential for impact to
flatback turtle nesting than Darwin
Harbour route with turtle nesting at
Gunn Point beaches.

Smaller disturbance footprint to
seabed habitat than pipeline
options.

+ Vessel based construction activities

which may pose risk to marine
fauna from light and noise
emissions, or unplanned
interactions in Commonwealth
waters.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)

+ Vessel based construction activities
which may pose risk to marine
fauna from light and noise
emissions, or unplanned
interactions in NT waters.

+ The intertidal flats present act as
shorebird feeding grounds which
may be impacted.

+ Shoal Bay site of Conservation
Significance is adjacent to the
pipeline route.

+ The Tree Point Conservation Area is
located to the south of pipeline
route and has mangrove habitat,
tidal creek and coastal vine thicket
and numerous bird species.

Atmospheric + Vessel-based construction + Vessel-based construction activities + Vessel-based construction activities
Processes activities will increase emissions in will increase emissions in NT will increase emissions in
NT jurisdiction. jurisdiction. Commonwealth jurisdiction.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project
Darwin Harbour pipeline route (i.e.

the option chosen and the subject of

this SER)

DPD Project using Gunn Point pipeline

route

Bayu-Undan to Darwin pipeline tie-in
option

Coastal Processes

+ Not considered in NT EPA Notice

of Decision/ Statement of Reasons
to have potential significant
impact to Coastal Processes.

+ Shoreline movement analysis

(Geoscience Australia, 2020)
demonstrates the coastline in the
shore crossing area has remained
net stable (no significant trend of
growth or retreat of shoreline
material) between 1988 and 2020,
suggesting that no significant
changes in coastal processes have
been observed as a result of the
construction of either the Bayu-
Undan to Darwin pipeline or
Ichthys pipelines and shore
crossing works.

Given the greater amount of
trenching and longer open cut
trenching for the shore approach,
there is greater potential to impact
coastal processes than Darwin
Harbour route.

Pockets of Monsoon Rainforest are
present onshore and may need to
be cleared which is not required for
Darwin Harbour route.

Mangrove and salt flats are also
present and may need to be
cleared.

+ No potential for impact to coastal

processes.

Community
Economy

and

+ Not considered in NT EPA Notice

of Decision/ Statement of Reasons
to have potential significant

Project activities, e.g. physical
presence of vessels and
infrastructure, noise and seabed

+ Lower potential for impacts and

risks given construction further
offshore in Commonwealth waters
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)
impact to Community and disturbance may impact other
Economy. users.
+ Project activities, e.g. physical + Reduces activity in high vessel
presence of vessels and traffic area (Darwin Port).

infrastructure, noise and seabed
disturbance may impact other
Darwin Harbour users.

+ Unplanned project events, e.g. IMS,
marine fauna interactions and a
hydrocarbon spill may have

+ Unplanned project events, e.g. impacts.

IMS, marine fauna interactions

+ Potential impacts and risks
and a hydrocarbon spill may have

associated with installing the

Impacts. pipeline though the suburbs of
Darwin, including land access.
Culture and Heritage + Not considered in NT EPA Notice + No known Indigenous sacred sites + Low potential for impact to heritage

of Decision/ Statement of Reasons (though the area is under a values
to have potential significant perpetual lease to the Northern
impact to Culture and Heritage. Land Council).

+ Pipeline route through Darwin + Only one shipwreck is present at
Harbour is in proximity to a some distance from the possible
number of maritime and heritage route into Gunn Point.

values, e.g. shipwrecks.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project
Darwin Harbour pipeline route (i.e.

the option chosen and the subject of

this SER)

DPD Project using Gunn Point pipeline
route

Bayu-Undan to Darwin pipeline tie-in

option

+ Project area is in vicinity of Darwin
Harbour Indigenous sacred sites
however compliance with AAPA
Certificate will ensure the risk of
potential impacts to cultural

values associated with sacred sites

will be appropriately minimised.

Terrestrial
Environmental Quality

+ Low potential for significant
impact (short section of onshore
pipeline within existing DLNG
facility disturbance footprint).

+ Potential for significant impact (71

km of onshore pipeline) including
coastal vegetation at Gunn Point.

No potential for impact.

Terrestrial Ecosystems

+ Low potential for significant
impact (short section of onshore
pipeline within existing DLNG
facility disturbance footprint).

Potential for significant impact (71
km of onshore pipeline) including
coastal vegetation at Gunn Point.

No potential for impact.

Operation phase

Marine Environmental
Quality

Marine Ecosystem

+ Operational risks associated with
a new natural gas conveyance
through pipeline.

Operational risks associated with a
new natural gas conveyance
through pipeline.

No additional operational impacts
or risks in NT waters beyond those
related to the current and ongoing
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project
Darwin Harbour pipeline route (i.e.

the option chosen and the subject of

DPD Project using Gunn Point pipeline

route

Bayu-Undan to Darwin pipeline tie-in
option

Atmospheric
Processes

Coastal Processes

Community and
Economy

Culture and Heritage

this SER)

+ Ongoing operation of the DLNG

facility with associated emissions.

+ Pipeline inspection, maintenance

and repair activities required on
both existing Bayu-Undan to

Darwin pipeline and DPD pipeline.

+ Additional although infrequent

vessel activities in NT waters.

Ongoing operation of the DLNG
facility with associated emissions.

Pipeline inspection, maintenance
and repair activities required on
both existing Bayu-Undan to Darwin
pipeline and DPD pipeline.

Additional although infrequent
vessel activities in NT waters.

Additional pipeline inspection
activities required for 71 km
onshore section.

operation of the Bayu-Undan to
Darwin pipeline.

Ongoing operation of the DLNG
facility with associated emissions.

Ongoing pipeline inspection,
maintenance and repair activities
required on existing Bayu-Undan to
Darwin pipeline only.

Decommissioning phase

Marine Environmental
Quality

Marine Ecosystem

Atmospheric
Processes

+ Decommissioning activities would

be required for both existing
Bayu-Undan to Darwin pipeline
and DPD pipeline.

Decommissioning activities would
be required for both existing Bayu-
Undan to Darwin pipeline and DPD
pipeline.

No additional impacts or risks in NT
waters beyond those that may
occur when the existing Bayu-
Undan to Darwin pipeline is
decommissioned.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)
Coastal Processes + Additional decommissioning
activities required for land-based
section.
Community and
Economy

Culture and Heritage

Other impacts and + Safety risks associated with + Safety risk associated with long, + Safety risks associated with offshore
risks offshore construction and working land-based construction and construction.
in vicinity of existing live pipelines. operation of gas pipeline in the

+ Safety risk through use of saturation

suburbs around Darwin. .
divers.

+ Delays Bayu-Undan CCS
progressing.

+ Impacts viability of Bayu-Undan CCS
through increased costs (e.g. tie-in
+ additional CO; pipeline).

+ No capacity within existing 26”
diameter Bayu-Undan pipeline for
gas additional to that from Barossa
Development, limiting potential
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Darwin Harbour pipeline route (i.e.
the option chosen and the subject of

this SER)

DPD Project using Gunn Point pipeline
route

Bayu-Undan to Darwin pipeline tie-in

option

expansion capacity for DLNG
facility.

Environmental
benefits

Allows Bayu-Undan pipeline to be
re-purposed for CO, transmissions
and therefore progresses Bayu-
Undan CCS project.

Potential for Bayu-Undan CCS to
store up to 10 million tonnes (Mt)
of COz per annum (~2% of
Australia's emissions per year).

Enable future expansion of DLNG
capacity through increased
pipeline capacity (34") and
installation of in-line tee.

Greater economic and local
employment benefits than tie-in
option.

Allows Bayu-Undan pipeline to be
re-purposed for CO; transmissions
and therefore progresses Bayu-
Undan CCS project.

Potential for Bayu-Undan CCS to
store up to 10 million tonnes (Mt)
of COz per annum (~2% of
Australia's emissions per year).

Enable future expansion of DLNG
capacity through increased pipeline
capacity (34") and installation of in-
line tee.

Greater economic and local
employment benefits than tie-in
option

Bayu-Undan CCS has the potential
to be one of largest CCS projects in
the world.

Removes impacts and risks
associated with the DPD Project
pipeline construction in
Commonwealth and NT waters over
~15-month period and associated
supply chain activities.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)
+ Bayu-Undan CCS has the potential | + Potential additional CO, sources for
to be one of largest CCS projects CCS could also include existing
in the world. and/or future NT industry along

+ Potential additional CO, sources with international imports.

for CCS could also include existing | + Economic benefits and job creation
and/or future NT industry along associated with low carbon
with international imports. industry development.

+ Economic benefits and job
creation associated with low
carbon industry development.

EP Act - principles + Enables the long-term abatement + Enables the long-term abatement + Reduces the risk of a negative
of ecologically of CO; from Barossa gas of CO, from Barossa gas processing impact within NT waters from
sustainable processing and future industries. and future industries. construction activities.
development N
+ Promotes low carbon industry / + Promotes low carbon industry / + Delays or prevents the ability for
fuels development. fuels development. storage of up to 10 million tonnes

(Mt) of CO, per annum by the Bayu-

+ Refer Section 15.1 for DPD )
Undan CCS project.

Project ESD assessment.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project
Darwin Harbour pipeline route (i.e.

the option chosen and the subject of

DPD Project using Gunn Point pipeline

route

Bayu-Undan to Darwin pipeline tie-in
option

EP Act -
environmental
decision-making
hierarchy

this SER)

+ Avoids sensitive features in NT

waters and land through pipeline
route selection and construction
design.

+ Enables mitigation of GHG

emissions through Bayu-Undan
CCs.

+ Refer Section 15.2 for DPD

Project environmental decision-
making hierarchy assessment.

Avoids sensitive features in Darwin
Harbour but does overlap other
sensitive receptors in NT waters
and land.

Enables mitigation of GHG
emissions through Bayu-Undan
Ccs.

+ Avoids infrastructure and
construction disturbance within NT
waters/ Darwin Harbour.

EP Act - waste
hierarchy

+ Enables Bayu-Undan CCS to

reduce GHG emissions going to
atmosphere from Barossa gas
processing (and potentially other
industries).

+ Enable re-use of existing

infrastructure (Bayu-Undan
pipeline and facilities) for CCS.

Enables Bayu-Undan CCS to reduce
GHG emissions going to
atmosphere from Barossa gas
processing (and potentially other
industries).

Enable re-use of existing
infrastructure (Bayu-Undan
pipeline and facilities) for CCS.

+ Avoids trenching requirements
(spoil disposal).

+ Reduces construction requirements

and associated waste.

+ Re-use of existing infrastructure
(Bayu-Undan pipeline and facilities)
for Barossa gas.
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Options for transmission of Barossa Development gas to Darwin LNG

DPD Project

Assessment topic Darwin Harbour pipeline route (i.e. DPD Project using Gunn Point pipeline  Bayu-Undan to Darwin pipeline tie-in
the option chosen and the subject of route option
this SER)

+ Refer Section 15.3 for DPD
Project waste management
hierarchy assessment.
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3.4 Options for Darwin Harbour route alignment

Santos considered various routes (a northern, central and southern route) for the alignment of the
DPD pipeline within Darwin Harbour, factoring in the positioning of existing pipelines and landfall
locations. Other selection criteria included stakeholder risks, safety, constructability, avoidance of
listed heritage areas and geotechnical conditions.

The selected route option is a hybrid of the northern and central routes and predominately lies parallel
and north of the existing Bayu-Undan to Darwin pipeline and makes landfall immediately north of the
Bayu-Undan to Darwin pipeline within the DLNG facility disturbance footprint. This route centreline is
offset by approximately 100 m from the existing Bayu-Undan to Darwin pipeline for the majority of the
route through Darwin Harbour, with a single, short section between the existing Bayu-Undan to Darwin
Pipeline and Ichthys pipelines to avoid encroachment of the DPD pipeline into the Darwin Harbour
shipping channel. The alternative options through Darwin Harbour consisted of routes wholly north
of the Bayu-Undan to Darwin pipeline (northern route), between the Bayu-Undan to Darwin and
Ichthys pipelines (central route) as well as a route to the south-west of the Ichthys pipeline (southern
route). These options come with challenges associated with additional pipeline crossings within Darwin
Harbour and outside the harbour, shore crossing challenges and constructability and safety challenges.
The central route requires additional safety controls due to pipe handling and construction operations
being required adjacent to two operational gas pipelines.

These other routes through the harbour were assessed as alternative options to the route presented
herein, with the wholly northern route being favoured over the central route and the central route
being favoured over the southern route due to the reduced number of pipeline crossings (up to four
pipeline crossings for the southern route), reduced trenching requirements and a favourable shore
crossing approach.

In conjunction with stakeholder engagement, the following factors were considered in finalising the
route selection to ensure the impacts to stakeholders were minimised:

+ Consultation with DIPL and Darwin Port;

+ Shipping channel location (i.e., minimising/ avoiding channel encroachment as far as
practicable);

+  Minimising route length;

+ Minimising the need for pre and post lay seabed intervention;

+  Minimising the number of pipeline free spans and span lengths;

+ Pipeline install-ability and trench constructability;

+ Environmental approvals requirements;

+ Avoidance of shallower waters with sensitive benthic habitats;

+ Limiting seabed disturbance to within or near pre-disturbed areas;

+ Crossing the shoreline within a previously cleared/disturbed area (DLNG facility disturbance
footprint);

+ Avoidance of known heritage and native title areas;

+ Avoidance of dumping grounds and designated dangerous zones (e.g. military areas, UXOs);
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+ Minimising the impact from unfavourable geotechnical conditions, rocky seabed, sand
waves, seabed mobility;

+ Avoiding existing infrastructure, subsea equipment and wrecks;
+ Minimising crossings of other pipelines and cables;

+ Minimising third party interaction (e.g. existing pipelines, fishing/fish farms/oyster beds,
military, shipping (Darwin Port), mining, recreational, tourism, etc.); and

+ Metocean conditions (both during construction and operation).
The preferred route selection was primarily driven by the following:

+ Maintaining sufficient separation from existing pipelines and minimising the impact to
installation activities and the risk of dropping a pipe joint onto a live pipeline;

+ Avoiding shipwrecks and their associated protection zones;
+ Minimising the level of seabed intervention due to pipeline free spans;
+ Avoiding encroachment into the Darwin shipping channel;

+ Reduction of pipeline crossings to minimise cost and risk to other stakeholders, both during
construction and operations; and

+ Minimising mangrove and marine flora disturbance at the shore crossing.

3.5 Pipeline route optimisation

The initial northern route design was the preferred route and applied a consistent offset of 100 m from
the existing Bayu-Undan to Darwin pipeline, resulting in approximately 8.5 km of pipeline encroaching
into the shipping channel.

Consultation with DIPL and Darwin Port across 2021 and 2022 has influenced and optimised the
preferred pipeline route with the objective of minimising encroachment within the Darwin Harbour
shipping channel and reducing the potential for future impacts of the route on Darwin Harbour
development and shipping. An optimised northern route was proposed to DIPL and Darwin Port in
October 2021 based on a reduced overall encroachment length into the shipping channel of 4 km with
a maximum encroachment into the channel of 49 m, including the requirement to lower the pipeline
below the seabed within the Shipping channel. Increased trenching was also agreed to by Santos across
the Middle Arm Channel, at the request of DIPL, to ensure clearwater of 16 m across the entire channel
width. Options for the pipeline route alignment are shown in Figure 3-3 through to Figure 3-10.

Further consultation with DIPL through 2022 into 2023 focussed on options to mitigate the potential
for third-party interaction with the DPD pipeline within the sand ensure the DPD pipeline does not
limit future plans for the shipping channel. The optimum solution was to reroute the 4km section of
the DPD pipeline that remained in the shipping channel up to approximately 135 m to move the route
fully outside the shipping channel. The route adjustments are within the areas assessed in the referral
as part of the central route assessment. This resulted in the route being moved to within
approximately 30m of the Bayu-Undan to Darwin pipeline at the outer harbour and the inclusion of
two crossings over the Bayu-Undan to Darwin pipeline in the inner harbour. Additional optimisation
may include possible localised rock placement for pipeline stability and/or protection at the pipeline
crossing locations. While additional rock may be placed over the pipeline, any requirements to trench
within the areas where the pipeline originally encroached within the shipping channel has now been
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removed, reducing the trenching scope by 4 km, resulting in an overall reduction of trenching,
subsequent spoil disposal and seabed disturbance.

Minor changes to the selected route may be made in line with ongoing detailed design to optimise
pre-lay and post lay span rectification requirements. Any changes to the proposed route will lie within
nominally 30 m of the selected route, within areas already assessed.

Counteracts may be used along the pipeline route within Darwin Harbour where tight radius bends are
required to stabilise the bends during installation and operation. The counteracts could be constructed
from concrete blocks, rock gabions, mattresses, steel structures or similar.

The risk of a pipeline damage event to existing pipelines within Darwin Harbour during construction
and operation has been assessed for the selected and alternative routes with no differentiation when
considering the implementation of construction controls with respect to the likelihood or consequence
of credible pipeline failure events. Santos have engaged other pipeline operators and stakeholders
during consultation to address the additional interfaces with other pipeline operators.

History of the DPD pipeline route optimisation from the preferred northern route detailed in the
referral through the selected DPD pipeline route assessed herein is detailed in Figure 3-3 to Figure
3-10.
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Original Route

The original northern route was based on a 100 m offset to the Bayu-Undan to Darwin pipeline. This
route encroached the shipping channel in two areas as marked below with a combined length of

~8,500 m.
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Figure 3-3  Section of the original DPD pipeline northern route, as described in the referral, showing
shipping channel encroachment
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Close-up of the two shipping channel encroachment areas, showing ~8,500 m length of shipping
channel encroached and a maximum penetration of ~¥95 m into the channel.
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Figure 3-4  Sections of the original DPD pipeline northern route showing encroachment into shipping
channel in two areas
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Revised Routing Option 1

A revised northern route option was considered following DIPL engagement which maintained where
possible a 100 m offset to the Bayu-Undan to Darwin pipeline, however this could be offset ~50 m when
in the shipping channel to minimise encroachment. Additional risk mitigation was considered necessary
during construction for this option to ensure the Bayu-Undan to Darwin pipeline would not be
impacted.
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Figure 3-5 Section of the revised DPD pipeline northern route, following stakeholder engagement
(option 1), showing reduced shipping channel encroachment
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Close-up of the two shipping channel encroachment areas of revised northern route (Optionl). Total
encroachment reduced to ~4,000 m length of shipping channel (a reduction of 4,500 m) and a
maximum penetration of ~¥49 m into the channel (a reduction of 46 m).
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Figure 3-6  Sections of the revised DPD pipeline northern route (option 1) showing reduced
encroachment into shipping channel in two areas
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Revised Routing Option 2

A revised northern route option (option 2) was considered following DIPL engagement which removed
shipping channel encroachment in the north (outer harbour) and reduced encroachment in the
shipping channel in the south (inner harbour). This option assessed installation of the DPD pipeline on
the seabed and within a trench with rock protection where it remained within the shipping channel.
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Figure 3-7  Section of the revised DPD pipeline northern route, following stakeholder engagement
(option 2), showing reduced shipping channel encroachment
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Revised Routing Option 2

Close up of revised northern route (option 2) showing removal of the shipping channel encroachment
in the north (outer harbour) and reduced encroachment in the shipping channel in the south (inner
harbour). The encroachment length in the inner harbour is based on the pipeline being placed on the
seabed. The inclusion of trenching and rock-dump requires the pipeline to be offset further from the
Bayu-Undan to Darwin pipeline resulting in an encroachment of approximately 1.3km. This option was
not preferred due to additional environmental impacts of trenching/rock dump, schedule impacts and
cost impacts.
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Figure 3-8 Sections of the revised DPD pipeline northern route (option 2) showing removed
encroachment into shipping channel in the north and reduced encroachment in the south
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Revised Routing Option 3 — Selected final route

Removal of the outer harbour shipping channel encroachment and avoidance of the inner harbour
shipping channel encroachment (pipeline crossing option). This forms the selected route for the DPD
pipeline.

|

Figure 3-9  Section of the revised DPD pipeline northern route, following stakeholder engagement
(option 3), showing removal of all shipping channel encroachment. This represents the
final selected route.

Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 90 of 455



Santos

Revised Routing Option 3 — Selected final route

Close up of the removal of the outer harbour shipping channel encroachment and avoidance of the
inner harbour shipping channel encroachment (pipeline crossing option). This forms the selected route
for the DPD pipeline.
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showing removal of all shipping channel encroachment. This represents the final selected
route.

DETAIL

1:20000

Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 91 of 455



Santos

4 Stakeholder Engagement

The purpose of this section is to provide details and outcomes of the stakeholder engagement
undertaken by Santos since submittal of the DPD Project referral to the NT EPA on 8 December 2021,
as per the requirements of section 43 of the EP Act.

This section also includes information on Santos’ planned approach to engagement during the
remainder of the assessment period, and in the lead-up to and during the execution of the proposed
activities.

The stakeholder engagement approach is in accordance with Santos’ corporate standards and
practices and aligned with the NT EPA’s Guidance for Proponents — Stakeholder Engagement and
Consultation (NT EPA 2021a) and Guidance for Preparing a Supplementary Environmental Report (NT
EPA 2021b) and the International Association for Public Participation’s (IAP2) Quality Assurance
Standard for Community and Stakeholder Engagement (IAP2 2015).

The Stakeholder Engagement Plan, including details of all engagement undertaken to date and planned
future engagement, is provided as Appendix 13.

4.1 Engagement objectives

Stakeholder engagement is an open dialogue that continues through the full project lifecycle. It is an
essential process supporting environmental impact assessment as it provides stakeholders with
information about the Project’s potential impacts and benefits on their activities, supports the early
identification of issues and concerns in order to achieve better decision-making and outcomes.

The objectives of the engagement strategy used for the DPD Project are to:

+ Maintain an ongoing dialogue with stakeholders, keeping them informed of the Project
details and impacts;

+ Update stakeholders on changes to the Project during each stage of engagement;

+ Notify stakeholders of commitments being made by Santos as part of the Project approval
process;

+ Encourage stakeholders to provide comments and raise issues or concerns about the Project;
+ Identify new stakeholders during the engagement process;

+ Respond to stakeholder comments through the formal assessment process and directly as
required; and

+ Continue to build on existing stakeholder relationships and trust to inform Santos’ longer
term-activities and community involvement.

4.2 Stakeholders

Santos has a long-standing presence in Darwin and the NT and has developed close relationships with
a wide range of government, industry and community stakeholders. As Operator of the existing DLNG
facility and the Bayu-Undan to Darwin pipeline, Santos has a strong understanding of the stakeholders
and issues involved with developing and operating similar infrastructure.
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Table 4-1 lists the stakeholders engaged to date, prior to and during the preparation of the referral
and SER. The detailed engagement process undertaken is described in the Stakeholder Engagement
Plan in Appendix 13. Stakeholders were initially identified based on Santos’ knowledge and history of
engagement in the Darwin area, their activities within the Project’s footprint area, potential to be
positively or negatively impacted by the Project or their general interest in the Project.

This stakeholder list was updated following the initial public comment period and during the
engagement process. The number of stakeholders will continue to be updated as the Project
progresses, recognising the SER will also be released for public comment and further stakeholders may
be identified. The Stakeholder Engagement Plan (SEP) is treated as a live document that will be
reviewed and updated by Santos on an ongoing basis throughout the life of the Project.

Table 4-1 Stakeholders groups and organisations

Sector Stakeholder

Commonwealth + Department of Climate Change, Energy, the Environment
Government and Water (formerly Department of Agriculture, Water
and the Environment)

+ Department of Defence (including Australian
Hydrographic Office and HMAS Coonawarra, Darwin)

NT Government + Aboriginal Areas Protection Authority

Regulators / Agencies + Department of Environment, Parks and Water Security
+ Department of Chief Minister and Cabinet

+ Department of Industry, Tourism and Trade (Fisheries)
+ Department of Industry, Tourism and Trade (Energy)

+ Department of Industry, Tourism and Trade (Tenure)

+ Department of Industry, Tourism and Trade (Tourism)

+ Department of Infrastructure, Planning & Logistics
(Planning)

+ Department of Infrastructure, Planning & Logistics
(Middle Arm Sustainable Development Precinct Project)

+ Department of Infrastructure, Planning & Logistics
(Darwin Ship Lift Project; Mandorah Ferry Project)

+ Department of Infrastructure, Planning & Logistics
(Transport)

+ Department of Territory Families, Housing and
Communities (Heritage)

+ NT Environment Protection Authority
+ NT Power and Water

+ Tourism NT

Indigenous Groups / + Aboriginal Areas Protection Authority (also noted as
Representative Bodies agency above)
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Sector Stakeholder

+ Larrakia Nation (including Larrakia Sea Rangers)
+ Northern Land Council
+ Tiwi Land Council (including some Clan Groups)
+  Wickham Point Deed Reference Group
Environmental Group + Australian Marine Science Association
Representatives + Australian National University (individual)
+ Environment Centre NT
+ Sea Turtle Foundation
Fishing Representative + Amateur Fishermen’s Association of the NT
Bodies + NT Seafood Council (commercial)
Other Community + Darwin Harbour Advisory Committee
Organisations
Industry / Tourism + Darwin Aquaculture Centre
Operators + Darwin Port
+ Darwin Port
+ DLNG Pty Ltd
+ Eni Australia
+ INPEX
+ NT Guided Fishing Industry Association
+ NT Chamber of Commerce and Industry
+ Paspaley Pearling
+ Sea Darwin
+ Sun Cable
+ Telstra
+ Top End Tourism
+ Woodside
4.3 Engagement prior to referral submission to NT EPA

The first stage of the engagement process was undertaken from 8 October to 20 December 2021, prior
to the initial submission of a Project referral to the NT-EPA.

During this period, Santos proactively sought meetings with a range of government agencies, private
organisations and businesses that Santos had identified as key stakeholders with activities that would
be relevant to the proposed activities in Darwin Harbour.

A total of 33 meetings were held with stakeholders during this period. Feedback was used to inform
the referral and identify issues and concerns to be considered by Santos as part of the management
framework and subsequent preparation of approvals documentation.

Details of the engagement undertaken during this period is provided in the SEP (Appendix 13).
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Prior to the start of the formal consultation which commenced in late 2021, Santos identified the need
to engage with other organisations proposing to undertake future benthic disturbance activities on an
ongoing basis throughout the planning and assessment periods. The aim of this specific engagement
was to share information and seek collaboration across a range of aspects including the undertaking
of environmental studies, data sharing, spoil disposal and re-use, contracting of vessels and equipment
and project schedule. The organisations are the NT Department of Infrastructure, Planning and
Logistics (covering three projects), INPEX and the Commonwealth Department of Defence. This is
further discussed in Section 12.3 of the draft TSDMMP (Refer to Appendix 4).

4.4 Engagement following referral of submission to NT EPA

Following submission of the referral, Santos continued to proactively engage with stakeholders to
discuss their issues and concerns as well as the assessment process. From 12 January to 4 April 2022 a
further 21 meetings were undertaken.

On 18 January 2022, the NT EPA published the referral and invited public comment until 15 February
2022. On the same day, Santos distributed information, via email, to government departments,
community organisations and businesses that had been engaged by Santos to that date as stakeholders
relevant to the DPD installation activities proposed to occur in NT waters.

Santos’ email advised that the referral would be publicly available on the NT EPA website and explained
how to provide formal comment to the NT EPA as well as offering further opportunity to discuss the
Project directly with Santos.

An accompanying fact sheet provided an overview of the Project, a location map and information on
the proposed works and timeframe and Santos’ approach to environmental management, the
statutory environmental approvals involved and the consultation process.

On 3 March 2022, the NT EPA provided Santos with the submissions on the referral that had been
received from the public by the NT EPA’s closing date of 15 February 2022. The overwhelming majority
of the 318 public submissions were from environmental Non-Government Organisations and
individuals using a pro-forma response.

On 7 April 2022, the NT EPA provided a Notice of Decision and Statement of Reasons determining that
the DPD Project requires assessment under the EP Act at a Tier 2 level of assessment — assessment by
Supplementary Environmental Report (SER).

On the same day, the EPA provided Santos with the submissions on the referral that had been received
from NT Government departments.

Engagement by Santos during preparation of the SER, from 7 April 2022 to 31 January 2023, has
focused on the following areas:

+  With specific government agencies or organisations to gather additional information and/or
hold further discussion on matters raised in submissions on the referral;

+  With specific government agencies or organisations during preparation of information for
the SER, e.g. development of Environmental Management Plans and monitoring programs;

+ With specific government agencies or organisations during execution of environmental
studies/surveys providing information for the SER;
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+ With proponents of other planned projects also involving dredging activities — NT
Department of Infrastructure, Planning and Logistics, Department of Defence and INPEX;

+  With previously identified and/or new stakeholders to share information on the project, e.g.
representative tourism groups, to understand their concerns and discuss how issues raised
in submissions are/will be addressed; and

+  With specific Indigenous Groups and Representative bodies, e.g. Wickham Point Deed
Reference Group, to share information and ensure two-way dialogue, and via the Aboriginal
Areas Protection Authority’s statutory, independent consultation process.

In preparing the SER, Santos has considered and assessed each submission individually and taken into
consideration the issues raised.

A further 68 stakeholder meetings were undertaken between 7 April 2022 and 31 January 2023. A full
list of the meetings is provided in the SEP (Appendix 13).

Section 5 provides a summary of the key issues raised in the submissions and the outcomes from
engagement between Santos and key relevant stakeholders (after 7 April 2022), including matters
raised in the submissions. A full register with all submissions and responses is provided in Appendix 2.

4.5 Ongoing and future engagement

Following the submittal of the SER, the SER is published in full by the NT EPA on its website and a
further public comment period is held. As it did with the original referral submission, Santos will
directly advise its stakeholder base via email when the SER is available for comment. Santos will also
provide the opportunity for meetings with external stakeholders who have been actively involved in
the engagement process for the SER to provide further opportunity for discussion on issues raised.

Following the public comment period, Santos will respond to any questions raised by the NT EPA and
all issues and concerns raised in submissions provided by the public. In the meantime, and throughout
the remainder of the NT EPA’s assessment period, Santos will ensure stakeholders continued to be
informed and have opportunity to raise and discuss their interests, issues and concerns. This will allow
Santos to take this regular feedback into account in the finalisation of Environmental Management
Plans, decision-making and project execution.

Santos is committed to continue with the engagement process throughout the life of the Project.

Prior to the commencement of construction, Santos will conduct meetings with external stakeholders
to explain the activities and schedule, and how other users of the marine environment will be kept
informed while the activities are occurring and how their impacts and concerns are being addressed.

Communication will occur via a combination of direct meetings, regular emails, public advertising and
via organisations that have advised they are willing to also provide information or links to information
on the activities via their dedicated communication channels to their own stakeholder databases.

Leading up to and during construction activities, all identified stakeholders will be kept regularly
informed and aware of progress on current activities, pending activities, timeframes, how
issues/concerns have been mitigated/are being managed, how complaints are being handled and
ongoing communications process and contact points.

Further detail of the planned engagement following the assessment period, including leading up to
and during the construction period, is provided in the Stakeholder Engagement Plan (Appendix 13).
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5 Responses to Submissions

A total of 318 submissions were received in response to the publication of the referral. This included
submissions from environmental organisations and/or research/volunteer groups, submissions from
individuals and submissions from multiple government agencies. The public submissions included
group public submissions by 284 individuals with the same wording (submissions 18-301).

Key issues raised during the public submission process can be summarised under the following themes:

+ Increasing GHG/air emissions from the DPD Project and associated Barossa Development,
and impacts to climate change;

+ Feasibility of Carbon Capture and Storage (CCS);
+ Impacts and supporting evidence used to assess impacts to the marine ecosystem, including:
- Benthic habitats (including seagrass and hard coral habitats);
- Protected marine megafauna (including dolphins, dugongs and turtles);
- Fish and fisheries; and
- Mangroves.
+ Reliance on INPEX Ichthys data and the lack of evidence around long-term impacts;

+ Impacts to Coastal Processes and Marine Environmental Quality, associated with trenching
and rock placement;

+ Assessment of potential impacts to cultural heritage;
+ Industrialisation of Darwin Harbour and cumulative impacts;

+ Santos’ engagement with potentially affected communities and request for further details
on the ongoing engagement plan;

+ Impacts to recreational fishers (including use of the spoil ground) and existing shipping
traffic; and

+ Impacts to the broader community including job security, tourism and overall health impacts.

Key issues identified from each submission have been collated into a summary table (Table 5-1)
identifying the stakeholder(s) who raised the issue and the most relevant NT EPA Environmental Factor
associated with the issue. Corresponding responses have been provided with links where appropriate
to sections of the SER for further detail. Where similar issues have been raised by multiple stakeholders
these have all been addressed in the response.

There were a number of submissions that provided comment on the regulatory approvals process or
on matters that were outside of the responsibility of Santos to address as part of its proposed activities.
These comments have not been specifically addressed in the SER. They include the following matters:

+ The level of assessment and nature of the assessment process under the NT EP Act;
+ Comments directed to the NT EPA or other NT Government departments;

+ Comments not related to the DPD Project activities, including activities related to the Barossa
Development in Commonwealth waters (unless specifically requested by the NT EPA in Table
1-1);
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+ Comments directed at the quality of historical monitoring programs not undertaken by
Santos, unless information from these programs has specifically been used by Santos to
inform its impact assessment; and

+ Comments calling for improvement to ongoing monitoring program/s not run by Santos, to
monitor and assess biodiversity and ecosystem health across Darwin Harbour.

The majority of submissions did not raise concerns around the onshore works associated with the DPD
Project within the DLNG facility footprint. Given that the onshore elements of the Project are located
within the existing DLNG facility footprint, construction and operation of the Project has been assessed
as posing a low risk to biodiversity and environmental values.

A submission from DIPL was received requesting further assessment on the implication of the DPD
Project on vehicle traffic, with respect to vehicle movements associated with the Project but not
included in the Project area (e.g. movement of personnel, equipment and material to the Project area).
A Traffic Impact Statement (TIS) to assess the road traffic impacts has been undertaken in consultation
with DIPL (Appendix 10).

All submissions received on the referral have been categorised by key issue and tabulated in Appendix
2.
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Table 5-1 Summary table of submissions and responses.

Relevant Environmental
Factor addressed in SER

Summary of key issues raised in submissions Stakeholder Santos’ response and actions taken

Project description

+  No detail is provided on the source of rock for
infill of the trench or the quantity needed

Environment Centre NT (ECNT)

The Project design has been further progressed since publication of the referral and the SER now includes details for the
proposed rockfill, including source of rock. Refer to Section 2.5 for further details on these. The rock material will be
obtained from suppliers from the Mount Bundey quarry.

Not Environmental
Factor related

+ No detail is provided on the proposed
cofferdam.

Environment Centre NT (ECNT)

The Project design has been further progressed since publication of the referral and the proposed cofferdams have been
deemed unnecessary and since been removed from the Project design.

Not Environmental
Factor related

+  Alternative pathway options need to be
assessed, particularly for the nearshore areas
once further benthic habitat survey is available.

Environment Centre NT (ECNT)

An assessment of possible alternative pipeline routes (pathways) was previously presented in the NT referral (Refer
Section 5 of referral) which was published on 18 January 2022. Consultation with DIPL and Darwin Port across 2021, 2022
and into 2023 has progressed and optimised the final pipeline route, avoiding encroachment within the Darwin Harbour
shipping channel and reducing the potential for future impacts of the route on Darwin Harbour development and
shipping. Since the referral, Santos has undertaken engagement with DIPL and the Port of Darwin to discuss the basis for
the nearshore pipeline route selection within Darwin Harbour with the intent to minimise environmental impacts with
consideration of multiple engineering challenges. Potential impacts on seabed habitat as a result of the revised pipeline
activities has been assessed in this SER (refer to Section 8.5 for potential impacts and Section 8.6 for proposed
management measures). Refer to Section 3 for further details on alternative route options, including route optimisations
and the final route selection.

Not Environmental
Factor related

+  More information about how trenching will
cover the pipeline in rocky substrate habitats
could be more explicitly explained to determine
whether the pipeline will provide suitable
artificial habitat

Environment Centre NT (ECNT)

The Project design has been further progressed since publication of the referral and the SER now includes details for the
proposed trenching and rockfill. Refer to Section 2.5 for further details on trenching activities.

It is likely that the pipeline will provide artificial habitat in the same way as other operating gas pipelines in Darwin
Harbour. This view is shared by a range of stakeholders consulted by Santos, including the NT Department of Fisheries,
the Amateur Fisherman’s Association of the NT (AFANT), the NT Guided Fishing Industry Association and marine-based
tourism operators. As a result of consultation with AFANT on issues raised in its submission, Santos is discussing support
for a potential study into the benefits of artificial habitats, including pipeline infrastructure, in the Darwin Harbour.

Not Environmental
Factor related

+ More detail should be provided about the
suitability of the proposed proximity to the
Mauna Loa WW?2 shipwreck (a good fishing
area/habitat for jewfish) with consideration
given to improving the buffer zone, and
assurances given that side-casting will not be
allowed in this immediate area.

Amateur Fisherman’s Association of
the Northern Territory (AFANT)

The proposed pipeline route has been designed to limit interaction with maritime heritage sites, other users and existing
port and shipping activities. Santos has engaged with DIPL and the Port of Darwin to discuss the basis for the nearshore
pipeline route selection within Darwin Harbour and the balancing of impacts with multiple engineering challenges. For
further details on potential impacts to maritime heritage and proposed controls refer to Section 11.3.4.

The pipeline route has been deliberately routed to avoid the Mauna Loa shipwreck and Santos confirms that there will be
no side casting in proximity to the Mauna Loa shipwreck. The pipeline route is 15 m away from a 100 m exclusion zone,
which is based on a 100 m radius around the centre of the Mauna Loa wreck.

Culture and Heritage

+ Inshallower waters, the Project pipeline may
require stabilisation due to exposure to waves,
currents and tidal movement. Surely anchoring
devices will suffice and trenching along with the
associated blasting and dredging can be
abandoned.

Grusha Leeman

No blasting is proposed for the DPD Project. Trenching is required for stability and to ensure that the pipeline plus any
required rock protection has sufficient clearwater (depth of water above the pipeline and rock protection) so as not to
restrict or interfere with current or future vessel use in Darwin Harbour (as determined in consultation with Darwin Ports
and DIPL). Therefore, it is not possible to avoid trenching entirely. The amount of rock protection and the location of
sections requiring rock protection, has been informed by a quantitative risk assessment which sought to understand the
risk of potential external impact to the pipeline and required protection requirements. This has restricted rock protection
to those areas where risk has dictated it is required. As a result, this has reduced the amount of trenching required to
enable the pipeline and rock protection to meet clearwater requirements. Refer to TSDMMP (Appendix 4).

Not Environmental
Factor related

+  No firm decommissioning plan

Bruce Robertson — Institute for
Energy Economics and Financial
Analysis

It is expected that advancements in pipeline decommissioning will be made by the time the DPD Project is due to be
decommissioned (i.e. >2050). Santos will decommission the Project in accordance with regulatory requirements at that
time. Current industry best practice would be to leave the inert, stabilised pipeline in place. Furthermore, a

Not Environmental
Factor related
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Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental

Factor addressed in SER

Decommissioning Plan will be developed and will define closure objectives and agreed criteria, in consultation with all
relevant stakeholders prior to commencement of any decommissioning activities.

+ The referral Document expressly states (p 17) Environment Centre NT (ECNT) Santos notes that the DLNG Extension was considered under the EA Act through the Notice of Intent (NOI) approvals Not Environmental
that processing gas from the Barossa field at the pathways by the NT EPA. Factor related
Facility is “excluded” from the referral and that Santos acknowledges the NT EPA’s decision on the Statement of Reasons — ConocoPhillips Pipeline Australia Pty Ltd
the DLNG Extension was “approved by the NT Darwin Liquefied Natural Gas Transition Work Program where the proposed action, which was referred to the NT EPA by
EPA” under the previous Environmental ConocoPhillips Pipeline Australia Pty Ltd, has been examined by the NT EPA and preliminary investigations and inquiries
Assessment Act 1982 (NT) (EA Act). This is conducted. Based on the NOI, and additional information provided, the NT EPA decided that the potential environmental
incorrect. The NT EPA decided not to assess the impacts and risks of the proposed action were not so significant as to warrant further environmental impact assessment
DLNG Extension, which is not the same as a by the NT EPA under provisions of the EP Act at the level of a Public Environmental Report or Environmental Impact
completed assessment under the EA Act. Statement.

This decision was published within a Statement of Reasons, date 6 May 2020, and was made in accordance with clause
8(2) of Environmental Assessment Administrative Procedures 1984 (EAAP).
Baseline information

+ The proponent should undertake a dedicated Department of Environment, Parks Santos commissioned further survey work, using a remotely operated vehicle (ROV) in June 2022 to build on previous Marine Ecosystems
benthic survey for the pipeline corridor in and Water Security (DEPWS) benthic survey work of the pipeline route undertaken in October 2021 (and presented in the DPD Project referral). The
Darwin. objectives of the June 2022 survey were to obtain further benthic habitat coverage of the pipeline route, including within

the Charles Point Reef Protection Area, ground-truth potential cultural heritage targets (as identified from maritime
archaeological assessment) and to verify the presence of benthic habitats identified from AIMS 2021 Darwin Harbour
habitat mapping (Udayawer et al. 2021) along and adjacent to the pipeline route. The survey targets within the Charles
Point Wide RFPA was informed by engagement with the Department of Industry, Tourism and Trade (DITT) — Fisheries
Division and as a result, included a fish aggregation area approximately 2.5 km from the pipeline route. Santos has made
available raw benthic survey data collected during the October 2021 and June 2022 surveys to both DITT-Fisheries and
DEPWS. Refer to Section 9.4.3 for results of the additional benthic habitat survey and Appendix 13 for details of
consultation undertaken since publication of the NT referral.

+  Geotechnical investigations should occur to Environment Centre NT (ECNT) A geotechnical survey of the pipeline route was completed in January 2022 and sediment sampling was also completed Marine Environmental
address uncertainties in the sediment during that survey within Darwin Harbour. The survey results provide contiguous surfaces and sub-bottom profiles along Quality
characteristics the corridor with sediment sampling used to determine sediment characteristics. The laboratory analysis of the sediment

samples has now been completed (refer Appendix 6 for pipeline benthic survey report) and the results have been used to
update the SER (refer Section 8.4.2). Sampling and analysis of sediments was done in accordance with principles within
the Australian Government National Assessment Guidelines for Dredging (NAGD; CoA 2009). Sediment characteristics
following the laboratory analysis have informed the dispersion modelling completed for the DPD Project.

+  Full characterisation of the contamination of Environment Centre NT (ECNT) Laboratory results from the water and sediment sampling program undertaken in January 2022 as part of the Marine Environmental
marine sediments in the Project area is required geotechnical survey were not available to be included in the referral. These results are now presented in Section 8.4 to Quality
to obtain a greater understanding of recently provide a more complete characterisation of water quality and sediment quality within the Project area. The sampling
accumulated sediments, and to assess the methods used during the survey were in line with the Australian Government National Assessment Guidelines for
impact of proposed trenching on Marine Dredging (NAGD; CoA 2009).

Environmental Quality (i.e., geotechnical
investigations).

+ Updated data on marine megafauna Environment Centre NT (ECNT) Santos considers that the level of existing data/information on marine megafauna distribution/abundance and benthic Marine Ecosystems
populations, coral extent and seagrass health Karen Edyvane — Australian National habitats within the Project area, supplemented with additional Project-specific studies, is adequate to inform the impact
are essential to understand impacts University assessment and management measures represented in this SER. Additional studies have been undertaken using a risk-

+ Data/information/advice from non-government based approach, and consider NT EPA and NT Government feedback on the referral, focussing on receptors/activities
sources, marine species experts or data from with the greatest potential for impact. Additional data presented in the SER includes benthic survey habitat, sediment

dispersion modelling, underwater noise modelling, treated seawater modelling and hydrocarbon spill modelling.
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Relevant Environmental
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should be sought

major NESP Hub activities (e.g. sawfish, sharks)

Data/information/advice from both government and non-government sources has been used within the impact

assessment sections of this SER.

+ Lack of baseline, ecosystem, understanding of
Darwin Harbour with concerns that monitoring /
management has not included the use of
conceptual models, collation/integration of
datasets and ecosystem modelling.

+  Concerns with reliance on information from the
NT Government’s Darwin Harbour Integrated
Marine Monitoring and Research Program
(IMMRP) — both, in assessing the medium and
long-term impacts of the INPEX Ichthys Project
and also, assessing the potential impacts of the
current DPD Project.

Karen Edyvane — Australian National
University

Santos has sought and reviewed a number of available data and information sources to improve the understanding of the
existing environment within the Darwin Harbour, including the long-term Northern Territory-run offset program, the
Integrated Marine Monitoring and Research Program (IMMRP). The IMMRP is a monitoring program run by the NT
Government and INPEX Operations Australia Pty Ltd. Santos utilised information from the IMMRP to inform the impact
assessment presented in the referral, and real time environmental monitoring undertaken during the construction phase
of the INPEX Ichthys project considered relevant on the basis of similarity in types of activities conducted. In addition,
Santos has engaged a number of technical studies since the referral to inform assessment of the DPD Project. Santos has
further reviewed the INPEX Ichthys environmental monitoring reports to better understand conclusions drawn and the
potential for longer term impacts to inform the DPD Project environmental monitoring program (refer to Section 8.5 and
Section 11.1.4 for further detail on information utilised to inform the SER and additional impact assessment presented).
The TSDMMP provided in Appendix 4 provides details on the water quality and benthic habitat monitoring program
developed for the DPD Project.

Santos is committed to making all of its impact assessment study and monitoring data available to relevant NT
Government agencies and the Darwin Harbour Advisory Committee (DHAC) as requested to support a greater
understanding of the Darwin Harbour marine environment.

Marine Environmental
Quality
Marine Ecosystems

+ Deficiencies in the historical studies undertaken
through the Darwin Harbour Integrated Marine
Monitoring Research Program (IMMRP) and low
level of NT Government support/ investment of
the IMMRP.

Karen Edyvane — Australian National
University

The studies previously undertaken as part of the Darwin Harbour Integrated Marine Monitoring Research Program
(IMMRP) and NT Government support of that program are outside of Santos’ control and therefore this issue is not
responded to further in the SER.

Marine Environmental
Quality
Marine Ecosystems

+ There are currently gaps in baseline information
for understanding the potential biological and
biodiversity impacts of development, including:

- Estuarine (and land-sea) ecosystem processes
and function

- Soft sediment communities, sessile epifauna
(including shell-life)

- Coral reef & seagrass communities

- Fish nursery and feeding areas (particularly for
commercial, recreational species (including
crayfish))

- Movements and critical habitat (i.e., feeding,
nursery, calving, breeding areas) of key marine
megafauna (sharks/rays, sea snakes, turtles,
saltwater crocodiles, dugongs, cetaceans)

Karen Edyvane — Australian National
University

Robin Knox

Santos considers that the project specific data collected and studies completed for the DPD Project, in conjunction with
the existing information collected for similar projects such as the INPEX Ichthys project and the original Bayu-Undan to
Darwin pipeline is adequate to inform the impact assessment which covers the potential biological and biodiversity
impacts raised in the submissions. Further data has been collected specific to the DPD Project on a risk basis where there
is a known impact or where there is the highest potential for impact (e.g. benthic habitat data).

Information on potential biological and biodiversity impacts as a result of the Project activities are provided as follows:
+ Estuarine (and land-sea) ecosystem processes and function — Refer to Sections 8.5.1 and 9.5.1
+ Soft sediment communities, sessile epifauna — Refer to Sections 8.5 and 9.5
+ Coral reef & seagrass communities — Refer to Sections 8.5 and 9.5
+  Fish nursery and feeding areas (particularly for commercial, recreational species) — Refer to Section
11.2.5
+ Movements and critical habitat of key marine megafauna — Refer to Section 9.5.7

Santos has sought additional sources of data and reviewed the information available in the Commonwealth’s
Conservation Atlas (e.g. biologically important areas (BIAs), habitat critical to marine species, etc.) and revisited existing
monitoring data and reports on key marine megafauna to improve the understanding of the existing environment within
the Project area.

Santos has continued to engage with stakeholders including the AFANT and DITT — Fisheries Division, to further
understand popular recreational fishing locations within the Project area and broader surrounds including potential
impacts to a fish aggregation area within the Charles Point Wide RFPA.

Santos sought expert advice from Pendoley Environmental, a SME, to determine the presence and significance of marine
turtle nesting activity on beaches within and surrounding Darwin Harbour and the potential impact of Project lighting. A
technical note was prepared which considers regional marine turtle nesting and assesses the likely level of impact the

Marine Ecosystems

Community and
Economy
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Stakeholder

Santos’ response and actions taken

DPD Project will have on the Arafura Sea genetic stock of flatback turtles (Natator depressus). A summary of the
importance of turtle nesting beaches is provided in Section 9.4.6 and the technical note is provided in Appendix 14.

Santos commissioned further survey work in June 2022 to build on previous survey work (October 2021 and January
2022) and to verify the presence of benthic habitats in certain sensitive areas that could potentially be impacted by the
DPD Project (refer Appendix 6). This work included the Charles Point Wide RFPA and Weed Reef which are considered
key areas for commercial and recreational species.

Santos

Relevant Environmental

Factor addressed in SER

Water and sediment quality

+ The proponent should rely on its own plume and Department of Environment, Parks Santos has completed sediment dispersion modelling (refer to Appendix 3) to further understand the potential indirect Marine Environmental
sediment transport models to inform risk and Water Security (DEPWS), impacts to Marine Environmental Quality from increased turbidity and sedimentation associated with trenching and spoil Quality
assessment including the Flora and Fauna disposal activities. The sediment dispersion modelling approach, use of source terms and technical report was reviewed
+ The proponent should undertake sediment Division by AIMS and been informed by feedback, including that provided within an expert review report. Modelling was used to
transport modelling to establish the zone of Environment Centre NT (ECNT) inform thresholds to establish a zone of influence along the pipeline and at the spoil disposal site. The sediment
influence of project activities to assess direct dispersion modelling considered multiple trenching scenarios during both wet and dry periods to capture different
and indirect impacts against published prevailing currents and conditions. The approach of applying thresholds to interpret sediment dispersion modelling has
thresholds/trigger values and inform been done in consultation with DEPWS.
management of activities Section 8.5.1.1 presents the approach taken and method used for the sediment dispersion modelling, the results and
+  The proponent should clarify/ describe whether subsequent impact assessment to evaluate if trenching and spoil disposal could have a significant impact on Marine
dredging is continuous or occurs in pulses Environmental Quality.
+ The Project/dredge disposal can have a Trenching will be a continuous operation throughout an expected campaign of 2-3 months. Depending on the final
significant impact on Marine Environmental construction schedule, a maintenance trenching campaign may be required to ensure the trench is in specification for
Quality pipe lay. If required, it is expected that the works would be completed within a two-week period and would not
commence until after the cyclone season in 2024. Further details on trenching activities are provided in Section 2.3.1 and
Section 2.3.2.
+ Reliance on previous INPEX assessments to Department of Environment, Parks At the time of the referral, Santos had not completed modelling studies to inform a more detailed impact assessment of Marine Environmental
inform impact from this project and Water Security (DEPWS) the DPD Project. Consequently, the approach taken was to draw on the extensive studies and monitoring conducted for Quality
Environment Centre NT (ECNT) similar projects in Darwin Harbour, including construction of the original Bayu-Undan to Darwin pipeline and DLNG
facility, and the more recent INPEX Ichthys project. In particular, the INPEX Ichthys project was used as a proxy to assess
impacts on the basis that it undertook similar work activities within a similar area (including spoil disposal) but on a
greater spatial and temporal extent. Santos has now completed a range of technical modelling studies since the referral
to further understand the potential direct and indirect impacts to the environment from the DPD Project activities.
Sediment dispersion modelling (Appendix 3), treated seawater modelling (Appendix 5), underwater noise modelling
(Appendix 8 and Appendix 9), hydrocarbon spill modelling (Appendix 15), additional benthic habitat surveys(Appendix
6), maritime heritage studies (Appendix 16), a lighting impact technical study (Appendix 14) and a traffic impact
assessment (Appendix 10) have been completed and the results have been used to inform the updated impact
assessment presented in the SER for each of the key factors. The impact assessment is presented against the relevant NT
EPA factors in Sections 8 to Section 11.
+  The proponent should provide a Dredging and The Flora and Fauna Division Santos has engaged technical specialists to prepare the TSDMMP for the DPD Project as provided in Appendix 4. The Marine Environmental
Dredge Spoil Placement Management Plan for Department of Environment, Parks TSDMMP along with the suite of management plans prepared of the DPD Project have been reviewed and endorsed by Quality
review by appropriate experts before any and Water Security (DEPWS) third-party technical specialists.
dredging commences
+ Modelling the discharge of treated seawater and Environment Centre NT (ECNT) Treated seawater modelling (Appendix 5) was undertaken to consider the potential impacts to Marine Environmental Marine Environmental
hydrocarbon spills is essential to understand Quality in the unlikely scenario of a wet buckle event occurring during construction that required treated seawater to be Quality
impacts dewatered from the pipeline in NT waters, including Darwin Harbour. Refer Section 8.5.2 for further details of the
discharge modelling and subsequent impact assessment.
Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 102 of 455




Summary of key issues raised in submissions

Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental

Hydrocarbon spill modelling (Appendix 15) was also undertaken to predict the potential impacts to the marine/coastal
environment from the accidental release of marine diesel during Project activities. Refer to Section 8.5.5 for further
details of the spill modelling and subsequent risk assessment of how a spill may impact the Marine Environmental
Quality.

Factor addressed in SER

+ Assessment and monitoring protocols for
sediment should consider the Australia & NZ
WQ Framework (ANZG, 2018) and apply
‘multiple lines of evidence’ (Simon & Batley
2016).

Karen Edyvane — Australian National
University

The environmental monitoring program will focus on real-time measurements of turbidity for the protection of sensitive
receptors, as turbidity is the primary indirect stressor resulting from trenching activities. Other parameters including
Photosynthetic Active Radiation (PAR), salinity and water temperature will also be collected to provide environmental
context and evidence to trenching activity attributability assessment (Section 7.5.4 of Appendix 4). Baseline and
responsive habitat monitoring will also be undertaken to assess the health of sensitive receptors. Prior to the
commencement of trenching activities monitoring will be completed to develop/confirm an environmental baseline for
water quality and benthic habitat condition. If appropriate, trigger values identified by INPEX will be updated to align with
this baseline data. Post construction monitoring may be completed based on analysis of construction monitoring and any
trigger exceedances.

Marine Environmental
Quality

+ Impacts from gas leakage along the pipeline

Alice Nagy

Anonymous (submission 17)

A quantitative risk assessment (INTECSEA, 2021) completed for the DPD Project pipeline was used to inform the SER with
respect to the risk of pipeline rupture during operations from external impact and the release of dry gas. The risk
assessment of dry gas release from the DPD Project Pipeline has been presented in Section 9.5.8 and 11.2.5.1.7.

Marine Environmental
Quality

Conservation areas

+  Potential impacts to Charles Point Wide reef fish
protection area — important zone to the
overfished stocks of Golden Snapper and
Northern Mulloway

Environment Centre NT (ECNT)

Anonymous (submission 14)

The Charles Point Wide RFPA is a temporary spatial enclosure established in 2015 by the NT Department of Primary
Industry and Resources (NTDPIR) (now DITT) to aid recovery of stocks of golden snapper (Lutjanus johnii) and black
jewfish (Protonibea diacanthus). The Charles Point Wide RFPA is approximately 88 km? and the DPD Project area overlap
within the Charles Point Wide RFPA is approximately 0.06 km? based on an approximately 11.5 km long section of
pipeline with a 5 m wide disturbance footprint, i.e., 2.5 m either side of the pipeline alignment (noting there is no pipelay
vessel anchoring required to lay the pipeline through this area). Further survey work (Appendix 6) has been conducted
within the Charles Point Wide RFPA to further characterise the benthic habitats under the pipeline route and at a jewfish
aggregation site provided by DITT, over 2.5 km away from the pipeline route. The surveys of the pipeline route through
the RFPA do not show presence of any habitat similar to that at the known aggregation area, nor any area of raised/
significant habitat, i.e. the pipeline route is a relatively featureless bare sand habitat. Refer to Section 9.4.2 for further
details on habitat mapping within the Charles Point Wide RFPA.

Sediment dispersion modelling was completed (Appendix 3) to further understand the potential indirect impacts to the
RFPA from trenching and spoil disposal activities. Section 8.5.1.1 presents the approach taken and method used for the
sediment dispersion modelling. The results show that the RFPA is not impacted by turbidity or sedimentation.

Treated seawater modelling was undertaken (Appendix 5) to consider the potential impacts in the unlikely scenario of a
wet buckle event occurring during construction that required treated seawater to be dewatered from the pipeline. Refer
Section 8.5.1.5 for further details of the discharge modelling and Section 8.5.1.6 for the subsequent impact assessment.

Hydrocarbon spill modelling was undertaken (Appendix 15) to predict the potential impacts to the marine/coastal
environment from the accidental release of hydrocarbons during Project activities. Refer to Section 8.5.5 for further
details of the spill modelling and Section 9.5.9 for subsequent impact assessment, including potential impacts to the
Charles Point Wide RFPA.

Santos has been engaging with the DITT — Fisheries Division to better understand the issues and potential impacts related
to the RFPA. Prior to submittal of the DPD referral, Santos was advised by DITT-Fisheries that the new pipeline route to
not be laid over, or in very close proximity to, an identified Jewfish Aggregation Area. Following the referral, In February
and March 2022, Santos provided coordinates to DITT-Fisheries to show that the pipeline route and all pipelay activities
would occur a significant distance from the aggregation area (over 2.5 km from the pipeline route). Santos has provided
DITT Fisheries with benthic survey data from along the pipeline route and at the fish aggregation area. Refer to Appendix
13 for details of consultation undertaken since publication of the referral.

Marine Ecosystems

Marine Environmental
Quality
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Santos

Relevant Environmental

+  The pipeline will pass through the Oceanic
Shoals Marine Park, through the Charles point
reef fish protection zone and within 6 km of the
Tiwi Islands’ western coast.

+  The Tiwi Islands western coastline is a
biologically significant area for Olive Ridley
turtles and green turtles.

Dina Rui - Jubilee Australia Research

Centre

Anonymous (submission 17)

Santos notes that the DPD Project pipeline will not pass through the Oceanic Shoals Marine Park and the section in NT
Waters is ~27 kms from the Tiwi Islands at its closest point and therefore not within 6 km proximity to the Tiwi Islands.

The DPD Project does transit the Charles Point Wide RFPA and Santos has completed further survey work and modelling
studies to inform an updated assessment of the potential impacts to this area. Refer to Section 9.5 and Section 11.2.5.

Factor addressed in SER

Marine Ecosystems

Benthic habitats

+  The project should establish the zone of
influence of project activities to assess direct
and indirect impacts

+ Sediment transport modelling needs to be
undertaken to determine if:

- Suspended sediments and light availability will
impact on neighbouring seagrass meadows

- Whether the spatial extent of the declined water
quality will impact availability of habitat for
marine fauna

- Whether sediment is likely to move from the
dredge spoil ground into neighbouring areas (e.g.
Lee Point) and to what extent this could impact
benthic fauna (infauna) and conservation
significant areas, like seagrass meadows

Department of Environment, Parks
and Water Security (DEPWS)

Sediment dispersion modelling was completed (Appendix 3) to further understand the potential direct and indirect
impacts to benthic habitats from trenching and spoil disposal activities. This included applying thresholds in consultation
with DEPWS to establish a zone of influence along the pipeline and at the spoil disposal site. The sediment dispersion
modelling considered multiple trenching scenarios during both wet and dry period to capture different prevailing currents
and conditions.

Section 8.5.1.1 presents the approach taken and method used for the sediment dispersion modelling. The benthic habitat
and marine fauna impact assessment is presented in Section 9.5.

Marine Ecosystems

+  The most recent habitat mapping should be
used to inform ecosystem values, e.g.
completed by AIMS in 2021, including:

- (i) Recent research mapping benthic communities
in Darwin, which predicts a very high probability
of extensive hard coral habitat in Darwin
Harbour, including in the areas to be traversed by
the Pipeline.

- (ii) The referral Document suggests instead that
Darwin Harbour comprises largely sand-mud and
soft sediment communities, which is contradicted
by the above research;

- (iii) The baseline survey provided in the referral
Document (Appendix D) is restricted to the
Project area only, and does not refer to marine
habitat studies of Darwin Harbour, or outer
Darwin Harbour, which is the potential zone of
influence of the Pipeline’s construction and
operation;

+ The described environmental values do not refer
to, nor reflect the latest available studies

Department of Environment, Parks
and Water Security (DEPWS)

Environment Centre NT (ECNT)

Karen Edyvane — Australian National
University

Kelly Lee Hickey

Anonymous (submission 17)

Santos has reviewed and used the latest available environmental information to inform its impact assessment. This
includes the latest benthic habitat mapping undertaken by AIMS (Udyawer et al., 2021) which focused on
nearshore/intertidal areas (including East Point) and the previous AIMS 2019 mapping (Galaiduk et al., 2019) which
included mapping habitats in the deeper water inside and outside Darwin Harbour which were not mapped in the 2021
outputs. Other habitat mapping data, including substrate mapping produced by Geoscience Australia (Siwabessy et al.,
2021; Siwabessy et al., 2018) and habitat mapping undertaken by INPEX Browse Ltd (2011) and other published data have
also been incorporated into the impact assessment. Santos also commissioned further survey work (completed in June
2022) to supplement the benthic survey work completed in October 2021. The benthic survey results were used to better
understand the distribution of benthic habitats along and near the pipeline route and trenching locations, and to verify
whether the habitats predicted by AIMS 2021 modelling (Udyawer et al., 2021) were present or not. As stated in AIMS
2021 report, the mapping outputs, “...represent the potential fundamental ecological niche for the habitats analysed
based on environmental suitability derived from the model covariates, however, do not represent the realised ecological
niche (i.e., whether a habitat will or will not be found at any location at any point in time).” (Udyawer et al., 2021, p.70).
Consequently, the dedicated benthic survey was used to verify whether the habitats that AIMS 2021 mapping predicted
might be present, were actually present or not.

Refer to Section 9.4.3 for a description of the benthic habitats (including predicted areas of hard coral) based on the
available information and the results of the additional survey work. Refer to Section 9.5.1 for impact assessment related
to benthic habitats.

Marine Ecosystems
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Relevant Environmental
Factor addressed in SER

Summary of key issues raised in submissions Stakeholder Santos’ response and actions taken

+  Referral maps do not show areas of hard coral,
such as those in the reserve in East Point

+ Potential impacts to Weed Reef — is regarded by Environment Centre NT (ECNT) No tourist operators raised this issue through the submission process. Santos has consulted on the DPD Project with Marine Ecosystems
Traditional Owners and eco tour operators as Traditional Owners through the Wickham Point Deed Reference Group, the Northern Land Council, the Tiwi Land Council,
the primary location for Dugongs in Darwin Larrakia Nation tourism organisations and relevant government departments (DEPWS and DITT-Fisheries). No specific
Harbour. issues with Weed Reef have been raised during any of these consultations.

Santos has also reviewed and used the latest available environmental information to inform its impact assessment and
undertaken an additional field survey work in June 2022 to build on previous survey work undertaken in October 2021 to
verify the presence of benthic habitats, including those at Weed Reef.

Refer to Section 9.5.7 for impacts to marine mammals (including dugongs) and to Section 9.5.1 for reef habitat and other
primary production areas (including Weed Reef).

+ Up to date research and surveys must be Australian Parents for Climate Action Santos considers that the level of existing information collected for similar projects such as the INPEX Ichthys project and Marine Ecosystems
undertaken by an independent expert in order Darwin and NT — volunteer group the original Bayu-Undan to Darwin pipeline in conjunction with additional technical studies specifically conducted by
to determine what the anticipated impacts will subject matter experts for the DPD Project is adequate to inform the impact assessment. Further data has been collected
be on the animals themselves and their critical specific to the DPD Project on a risk basis where there is a known impact or where there is the highest potential for
habitat areas (including mangroves). impact (e.g. collection of benthic habitat data).

As per Section 7.2.3.3 of the referral, data was collected for mangroves at the shore crossing location adjacent to the
DLNG facility to confirm the presence of mangroves and their condition. The survey confirmed only one species of
mangrove in proximity to the Project pipeline, Sonneratia alba, of which there were only a handful of mangrove regrowth
individuals within the existing disturbance footprint (i.e. less than 5 within 20 m either side). This species of mangrove is a
common species that is well represented and characterised as part of the mangrove monitoring programme at DLNG.
Santos considers this level of information adequate to support the impact assessment of the DPD Project.

Santos sought expert advice from Pendoley Environmental to determine the presence and significance of marine turtle
nesting activity on beaches within and surrounding Darwin Harbour. A technical note was prepared which considers
regional marine turtle nesting and assesses the likely level of impact the DPD Project lighting will have on the Arafura Sea
genetic stock of flatback turtles (Natator depressus). A summary of the importance of turtle nesting beaches is provided
in Section 9.4.6 and the technical note is provided in Appendix 14.

Santos collected project specific water, sediment quality and benthic habitat data during across two separate surveys in
October 2021 and January 2022 (Appendix 6). Santos commissioned further survey work in June 2022 to build on
previous survey work and to verify the presence of benthic habitats in sensitive areas that could potentially be impacted
by the DPD Project. Further details on the results of these surveys and impact assessment is provided in Section 9.5.7 and
Section 11.2.5.1.9.

Santos considers the level of data collected for the DPD Project to be sufficient given the high volume of existing data
available for Darwin Harbour following the extensive studies and monitoring conducted for similar projects including
INPEX Ichthys project and the original Bayu-Undan to Darwin pipeline.

+ Concerns around impacts to important Alice Nagy As per Section 7.2.3.3 of the referral, data was collected for mangroves at the shore crossing location adjacent to the Marine Ecosystems

mangrove habitat, including dieback issues. DLNG facility to confirm the presence of mangroves and the condition of health. The survey confirmed only one species
of mangrove in proximity to the Project pipeline; Sonneratia alba, of which there were only a handful of mangrove
regrowth individuals within the existing disturbance footprint (i.e. less than 5 within 20 m either side). This species of
mangrove is a common species that is well represented and characterised as part of the mangrove monitoring
programme at DLNG. Santos considers the level of information in Section 9.5.1.6 and Section 9.5.9.2 adequate to support
the impact assessment of the DPD Project and does not consider the Project will significantly impact mangrove
communities. The temporary and localised works at the shore crossing are unlikely to result in a elevated heat conditions
sufficient to cause or exacerbate dieback in the nearby mangrove community.
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+

The impact risk assessment should take into
account:

The function of benthic habitats (infauna,
epifauna and flora) rather than just a biodiversity
perspective and consider seagrass meadows in
Shoal Bay and Casuarina Coastal Reserve

The availability of habitat that are important for
feeding or life stages of listed fish species
(Environment Protection and Biodiversity
Conservation Act 1999 or Territory Parks and
Wildlife Conservation Act 1976) and important
commercial and/or recreational species

Whether the pipeline could destroy habitats of
threatened species including whales, dugongs
and turtles

Stakeholder

Department of Environment, Parks
and Water Security (DEPWS)

Dina Rui — Jubilee Australia Research
Centre

Santos’ response and actions taken

Santos has reviewed and used the latest available environmental information to inform its impact assessment. This
includes the latest benthic habitat mapping undertaken by AIMS (Udyawer et al., 2021) which focused on
nearshore/intertidal areas (including Shoal Bay and Casuarina Coastal Reserve) and the previous AIMS 2019 mapping
(Galaiduk et al., 2019) which included mapping habitats in the deeper water inside and outside Darwin Harbour which
were not mapped in the 2021 outputs.

When identifying and describing the environmental values present within the Project area that may be impacted by
Project activities, Santos recognises that in addition to being a value in its own right, benthic habitats play an important
function and contribute to wider ecosystem processes. Consequently, the impact assessment has considered these values
of different environmental receptors in conjunction with listed species and their habitat and has identified where DPD
Project activities may result in an impact.

Section 9.4 identifies the environmental values present within the Project area and Section 9.5 presents how Project
activities may impact these values.

Santos

Relevant Environmental

Factor addressed in SER

Marine Ecosystems

Trenching and spoil disposal:

Could impact seagrass and other seabed
biodiversity as well as reef and pelagic fish
habitat

Will further damage delicate marine plants and
creatures and interfere with feeding and breeding
grounds.

Is unacceptable as it is an area [Lee point] that
has substantial areas of bottom structure where
reef and pelagic species dwell

Grusha Leeman
Anonymous (submission 14)

Brooke Ah Shay — Doctors for the
Environment Australia

Anonymous (submission 17)

Kelly Lee Hickey

Santos commissioned further survey work in June 2022 to build on previous survey work and to verify the presence of
benthic habitats in certain sensitive areas that could potentially be impacted by the DPD Project, including at the spoil
disposal ground. Refer to Section 9.4.3 for details on the benthic habitat mapping results.

Sediment dispersion modelling was completed (Appendix 3) to further understand the potential indirect impacts to
benthic habitats from trenching and spoil disposal activities. This included applying thresholds in consultation with the
DEPWS to establish a zone of influence along the pipeline and at the spoil disposal site. The sediment dispersion
modelling considered multiple trenching scenarios during both wet and dry period to capture different prevailing currents
and conditions. Section 8.5.1.1 presents the approach taken and method used for the sediment dispersion modelling. The
subsequent benthic habitats and marine fauna impact assessment is presented in Section 9.5.1.

Marine Ecosystems

Marine fauna

+

The project should consider the following
mitigation measures for incorporation into EMPs
in relation to vessel traffic, dredging, pile driving
and lighting:
Implementation of vessel speed limits during the
construction and operation phase

Marine megafauna observation zones and
exclusion zones

That the observation period for marine
megafauna prior to commencing dredging and
pile driving is 20 minutes and that the observer is
solely dedicated to the task of sighting and
recording marine megafauna interactions prior
to, and during, dredging and pile driving
operations

Lighting specifications follow national guidelines

Flora and Fauna Division of
Department of Environment, Parks
and Water Security (DEPWS)

Vessels will keep within nominated harbour speed limits (Section 2.8) and comply with Part 8 of the EPBC Regulations
2008.

Standard management for Marine Fauna includes Observation Zones (150 m) and Exclusion Zones (50 m) zones for
marine megafauna during trenching operations. A 10-minute observation period for megafauna prior to commencing
routine trenching was considered sufficient for an observation zone of 150 m; an MFO will be solely committed to this
task during the pre-trenching observation period. In the event that a hydraulic hammer is required to be used for rock
breaking, larger Observation and Exclusion zones will be implemented, and a 30-minute observation period has been
proposed. These underwater noise management measures are further detailed in Section 12 and in the draft Marine
Megafauna Noise Management Plan (Appendix 7).

Pile-driving is not proposed for the DPD Project.
Lighting modelling, impacts and management are covered in Section 9.5.3 and Section 12.

Lighting on vessels with be directional and have shielding to reduce impacts to the surrounding environment. The
predicted impact to marine fauna is considered to be temporary and minor, and the mitigation measures to be employed
on the DPD Project are considered to reduce impacts to as low as practicable.

Marine Ecosystems

+ The list of threatened species is inaccurate and Environment Centre NT (ECNT) Santos has revisited the likelihood of occurrence assessment for threatened species presented in the referral and Marine Ecosystems
is a significant underestimate. Only 7 marine updated the likelihood of occurrence rating. In addition, supplementary sources of data and information has been sought
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Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental

species;

threatened species are listed, and 2 migratory

and reviewed to improve the understanding of the existing environment within the Project area. This included publicly
available papers and reports, including some prepared as part of the National Australian Science Program (NESP). Refer to
Section 9.4.4 for further details of the updated likelihood of occurrence assessment.

Factor addressed in SER

Australian snubfin dolphins and Bottlenose
Dolphins are well documented in Darwin
Harbour and yet the referral only mentions the
presence of Australian humpback dolphins.
Other assertions about absence of whales from
the Project area are also incorrect with recent
sightings of Humpback Whales recorded along
the west coast of Bathurst Island and Van
Diemen Gulf

Environment Centre NT (ECNT)

Section 7.2.4.2 of the referral and Section 9.4.5 of this document, considers all three dolphin species (Australian
humpback (Sousa sahulensis), Australian snubfin (Orcaella heinsohni) and spotted bottlenose (Tursiops aduncus)) and
that these are known to have resident populations within Darwin Harbour and surrounding waters.

Since the referral, Santos has revisited the likelihood of occurrence assessment for threatened species presented in the
referral and updated the likelihood of occurrence rating for seven species along with the inclusion of an additional eight
species, including humpback whales. In addition, supplementary sources of data and information has been sought and
reviewed to improve the understanding of the existing environment within the Project area. This included publicly
available papers and reports, including some prepared as part of the National Australian Science Program (NESP). Refer to
Section 9.4.4 for further details of the updated likelihood of occurrence assessment. Humpback whales make an annual
migration north from Antarctica to calve during the southern winter before heading back to Antarctica for a summer
feeding period. The sighting near Van Diemen Gulf is seen as a rare circumstance and is likely to be one of 70,000
humpback whales spread across two large groups that migrate along the east and west coasts of Australia.

Marine Ecosystems

Comprehensive marine megafauna population
assessments and applied research into the
causes of population decline are required along
with ongoing biodiversity monitoring.

Environment Centre NT (ECNT)

Santos considers that the level of existing survey data collected on marine megafauna within the Project area is adequate
to inform the impact assessment. Further studies have been conducted specific to the DPD Project on a risk basis where
there is a known impact or where there is the highest potential for impact (e.g. underwater noise modelling). Santos
considers the risk to marine megafauna to be primarily from vessel activities associated with the temporary construction
phase.

Dolphin monitoring surveys in Darwin Harbour were conducted between 2011-2019, looking at population dynamics of
three species: Australian humpback dolphin (Sousa sahulensis), Australian snubfin dolphin (Orcaella heinsohni) and
spotted bottlenose dolphin (Tursiops aduncus). Initial surveys were conducted between 2011 and 2015 to cover the
construction phase of the Ichthys LNG Project. This initial monitoring program was extended once construction was
completed as part of a voluntary offset agreement between the Ichthys LNG Project and the Northern Territory
Government. This second program commenced in 2016 and ended in 2019 (Griffiths et al. 2020). The surveys used
capture-recapture methods to estimate population parameters for each of the three species. Individual animals were
identified by unique markings on their dorsal fins and fluke markings.

Final reporting for the monitoring program (Griffiths et al. 2020) found that all three species were shown to occur at low
densities, exhibit substantial temporary emigration and have fluctuating population size. Results from the monitoring
program highlight a negative trend in abundance for all three species over time. The monitoring program did not relate
declining abundance to a particular anthropogenic event and ultimately the study was unable to explain the reasons for
the observed year to year variation and overall decline. The conclusion from the final report (Griffiths et al. 2020) was the
monitoring was unlikely to be suitable for long term surveillance monitoring due to the mobility of species and lack of
reasons that could be attributed to changes in abundance. Santos has therefore not attempted to collect further baseline
data for dolphins, and it is considered that the information collected as part of the Ichthys LNG project is adequate for
use by the DPD Project.

Santos sought expert advice from Pendoley Environmental to determine the presence and significance of marine turtle
nesting activity on beaches surrounding Darwin Harbour. A technical note was prepared which considers regional marine
turtle nesting and assesses the likely level of impact the DPD Project lighting will have on the Arafura Sea genetic stock of
flatback turtles (Natator depressus). A summary of the importance of turtle nesting beaches is provided in Section 9.4.6
and the technical note is provided in Appendix 14.

Marine Ecosystems

+

An assessment of underwater noise impacts
during construction and operation are required

Environment Centre NT (ECNT)

Underwater noise modelling has been undertaken (Appendix 8 and Appendix 9) to better understand the potential
impacts to marine fauna from noise associated with DPD Project construction activities. Operational noise (infrequent
vessel visits for pipeline surveys) is considered far less of an issue than construction noise (which was assessed as having
only a minor impact) and has not been subject to specific modelling. Noise impact and effective ranges have been

Marine Ecosystems

Santos Ltd
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Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental

Factor addressed in SER

identified based on published thresholds for different marine fauna, to determine the potential scale of impacts and
appropriate management measures.

Refer to Section 9.5.2 for further details of the noise modelling and impact assessment.

Management actions for marine fauna are presented in Section 12 and in the draft Marine Megafauna Noise
Management Plan (Appendix 7).

indirect impacts and need to establish the zone
of influence for project activities.

marine environment from the DPD Project activities including sediment dispersion modelling, underwater noise
modelling, treated seawater discharge modelling and hydrocarbon spill modelling. Sediment dispersion modelling
includes relevant thresholds for impact assessment analysis and establishes a zone of influence along the pipeline and at
the spoil disposal site (refer Section 8.5.1).

+  Potential impacts to sensitive Marine Grusha Leeman Santos has revisited the likelihood of occurrence assessment for threatened species presented in the referral and Marine Ecosystems
Ecosystems and threatened and vulnerable Alice Nagy updated the likelihood of occurrence rating. Refer to Section 9.4.4 for further details.
species, such as dolphins, whales, dugongs and Robin Knox Santos has used existing data on the abundance and distribution of marine megafauna within the Project area and has
marine turtles Kelly Lee Hickey also completed a range of modelling studies to further understand the potential direct and indirect impacts to marine
fauna from the DPD Project activities, including underwater noise modelling, sediment dispersion modelling, treated
seawater discharge modelling and hydrocarbon spill modelling. The key impact and risk assessments for marine fauna,
including dolphins, dugongs and marine turtles are presented in Section 9.5.2, 9.5.3, 9.5.4, 9.5.7, 9.5.8 and 9.5.9.
+ Concerns around the limited consideration of Environment Centre NT (ECNT) Santos has completed a range of modelling studies to further understand the potential direct and indirect impacts to the Marine Environmental

Quality
Marine Ecosystems
Coastal Processes

Community and
Economy

Fish and fisheries

+  Further assessment into impacts within Charles Department of Industry, Tourism and Geophysical survey data collected along the proposed pipeline route were used to identify locations within the Charles Marine Ecosystems
Point Wide RFPA Trade — Fisheries Division Point Wide RFPA where changes to bathymetry were apparent. These locations were then surveyed using a remotely Community and
+  Potential impact to an important subsea Amateur Fisherman’s Association of operated vehicle (ROV) to determine the presence of habitat that could be important to fish including the black jewfish Economy
structure in the Charles Point Wide reef fish the Norther Territory (AFANT) (Protonibea diacanthus). In addition, a known fish aggregation area, provided by DITT — Fisheries, over 2.5 km from the
protection area Anonymous (submission 14) pipeline route, was surveyed by ROV. Refer to Section 9.4.2 for an assessment of potential impacts to subsea structures
. . . . in the RFPA which incorporated the additional benthic habitat survey data presented in Section 9.4.3.
+  Potential social impact that could be realised if Environment Centre NT (ECNT) . S o
community perceives that support for the RFPA Engagement with DITT — Fisheries Division has been undertaken to better understand potential impacts from the DPD
has been undermined by approval of pipeline Project to the RFPA. Santos was advised by DITT-Fisheries that within the Charles Point Wide RFPA, the area of greatest
construction value is a known jewfish aggregation site and that this area should be avoided by pipeline installation activities.
. L Consultation with the Amateur Fishers Association of the NT (AFANT) reiterated that the main concern was potential
+  Construction of a gas pipeline through the ) ) o ) .
Charles point reef fish protection area needs impact on the recreational fishing species that the area was designed to protect.
thorough investigation considering the
importance of this zone to the overfished stocks
of Golden Snapper and Northern Mulloway
+ Localised impacts from trenching will occur in Amateur Fisherman’s Association of An analysis of the habitat that will be directly and indirectly impacted from trenching and spoil disposal activities has Marine Ecosystems
the form of the removal of fish habitat that the Norther Territory (AFANT) been undertaken, including consideration of the function that the benthic habitats may provide, e.g. fish habitat. Section Community and
supports recreationally targeted species Anonymous (submission 14) 9.5.1 presents impact assessment to evaluate if trenching and spoil disposal could have a significant impact on benthic Economy
habitats and the marine fauna they support. Potential impact to recreational fishers is presented in Section 11.2.5.1.3,
and details of engagement with the NT’s peak recreational fishing body, AFANT, and DITT-Fisheries are provided in
Appendix 13.
+  Further engagement with NT Fisheries should be Amateur Fisherman’s Association of Sinclair Knight Merz (SKM) carried out an assessment of potential impacts to mud crabs in Darwin Harbour for the Ichthys Marine Ecosystems
required to better understand these factors, and the Norther Territory (AFANT) project, which is of a larger scale in terms of dredging than the DPD Project (SKM, 2011). The report described that mud Community and
if necessary, to mitigate the risk of interrupting crabs are adapted to live in and migrate within highly turbid environments, as experienced seasonally within Darwin Economy
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Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental

Factor addressed in SER

the Darwin harbour mud crab spawning
migration.

Harbour. The Department of Fisheries also states that mud crabs are highly tolerant of variations in water salinity and
temperature (Department of Fisheries, 2013). See Section 9.4.7 for further details.

DPD Project trenching and pipeline installation works may occur over a 15-month period, which would therefore coincide
with mud crab migration during the wet season. However, migration of mud crabs occurs over a wider extent, with the
DPD Project activities occurring in localised areas at any given time, therefore, are not expected to create any significant
impact to mud crab behaviours.

In consultation with Santos, DITT-Fisheries principal research personnel, advised Santos that the DPD Project was unlikely
to lead to significant impacts to mud crabs in the area.

Changes in seafloor topography and currents

assessment of the shoreline erosion associated
with it.

referral have been deemed unnecessary and since been removed from the project design.

+  Potential impacts from trenching and backfill of Department of Environment, Parks Sediment dispersion modelling (Appendix 3) was completed to understand the potential spatial extent that sediment Coastal Processes
the trench and reinforcement of the pipeline and Water Security (DEPWS) may be dispersed as a result of trenching and spoil disposal activities. The sediment dispersion modelling considered
(rock installation) have not been adequately Environment Centre NT (ECNT) multiple trenching scenarios during both wet and dry period to capture different prevailing currents and conditions.
assessed, and changes in seafloor currents can Section 8.5.1.5 summarises the approach and results for the sediment dispersion modelling. The impact assessment for
change sediment transport, sediment deposition trenching and spoil disposal is presented in Sections 8.5 and 9.5.
and erosion. An assessment of trenching and rock installation on Coastal Processes is included in Section 11.1.4 This includes a third
party review of the proposed trenching and rock installation design and historical shoreline movement imagery in the
vicinity of the pipeline shore-crossing area to further assess the potential for the DPD Project to impact on Coastal
Processes (RPS, 2022¢).
+  Details of the cofferdam are required, as is an Environment Centre NT (ECNT) The Project design has been further progressed since publication of the referral and the cofferdams proposed in the Coastal Processes

Primary productivity and processes

+

Primary production can be impacted by elevated
suspended sediments in multiple ways; either by
reduced light availability or suspended
sediments trapping phytoplankton and
zooplankton which are subsequently removed
from the primary production cycle as the
suspended sediments settle out on the seafloor.

Further, dredge spoil disposal and seabed
mining have a direct impact on benthic
fauna/infauna and the nutrient/trophic process
within sediments. Changes to sediment
composition from disposed sediment could also
permanently change sediment chemical
processes.

Primary productivity and nutrient cycling should
be assessed as part of the risk assessment.

Department of Environment, Parks
and Water Security (DEPWS)

INPEX Nearshore Environmental Monitoring Program (NEMP) monitored dredging-related impacts to marine plant
productivity by measuring mangrove health, phytoplankton biomass and microphytobenthos biomass. No detectable
dredging-related impacts were found during the monitoring program (Cardno, 2014). Given the DPD Project proposes
similar types of work activities within a similar area (including spoil disposal) but on a much smaller spatial and temporal
scale, it is expected that impacts associated with the DPD Project would be significantly less than potential impacts for
the INPEX Ichthys project. It is therefore considered unlikely that trenching-related impacts from the DPD Project would
significantly impact primary productivity within Darwin Harbour and/or surrounds. Potential impacts to primary
productivity and nutrient cycling were considered in the risk assessment for the DPD Project. Refer to Section 9.4.1 and
Section 9.5.1.8 for further details.

Sediment dispersion modelling was completed (Appendix 3) to further understand the potential spatial extent that
sediment may be dispersed as a result of trenching and spoil disposal activities as well as to identify where potential
indirect impacts to primary producer habitats may occur. This included applying thresholds in consultation with DEPWS to
establish a zone of influence along the pipeline and at the spoil disposal site. The sediment dispersion modelling
considered trenching scenarios during both wet and dry seasons to capture different prevailing currents and conditions.
Section 8.5.1.1 presents the approach taken and method used for the sediment dispersion modelling. The subsequent
impact assessment for benthic habitats, including primary producers, is presented in Section 9.5.1.

Marine Ecosystems

Greenhouse Gas emissions

+ The Barossa gas field has a very high CO> Elizabeth Sullivan — Australian An emissions inventory has been developed for the life cycle of the Barossa Development (with DPD), including Scope 1, 2 Atmospheric
content (16-20%). The development of the Conservation Foundation and 3 emissions. Processes
Barossa gas field will consume a significant The DPD Project’s emissions comprise the installation and operation of ~100 km of pipeline infrastructure in NT waters
portion of the global carbon budget. which will facilitate the passive conveyance of produced Barossa gas to the DLNG facility for processing. The DPD
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Summary of key issues raised in submissions Stakeholder Santos’ response and actions taken
y y P Factor addressed in SER

Bruce Robertson - Institute for Project’s GHG emissions represent only a small fraction (~0.02%) of Australia’s annual GHG emissions. Therefore, the
Energy Economics and Financial construction and operation of the DPD Project will not represent a significant contribution to global GHG emissions.
Analysis The Barossa Development (including DLNG and end-use customers) greenhouse gas emissions represent 0.042% of 2021
Jorgen Doyle - Central Australian global energy GHG emissions. Therefore, the Barossa Development is not a significant contributor to global GHG
Frack Free Alliance emissions.
Environment Centre NT (ECNT) For additional detail refer to Section 10.

Brooke Ah Shay - Doctors for the
Environment Australia

The Australia Institute
Grusha Leeman
Anonymous (submission 17)
Alice Nagy

Naish Gawen (on behalf of many)
(submissions 18-301)

Anonymous (submission 302)
Robin Knox
Anonymous (submission 305)

Dina Rui - Jubilee Australia Research
Centre

Kelly Lee Hickey

+ The development of the Barossa gas field is Bruce Robertson - Institute for Santos acknowledges the NT Government’s net zero by 2050 target. Santos has a net zero by 2040 commitment as well as Atmospheric
inconsistent with the NT Government’s net zero Energy Economics and Financial interim 2030 emissions abatement targets (Santos, 2022). Processes
2050 target. Analysis The Barossa Development, including the DPD Project, will comply with all Commonwealth and NT Greenhouse Gas (GHG)

Brooke Ah Shay - Doctors for the legislative requirements.

Environment Australia The Scope 1 GHG emissions from the Barossa Development are regulated by the Safeguard Mechanism. The Safeguard
Julie Fraser — Australian Service Mechanism establishes a GHG baseline. Baseline exceedance is required to be offset through the purchase of carbon
Union credits, the cost of the carbon credits provide a cost stimulus to abate emissions consistent with the baseline. The current
Julie Fraser Safeguard Mechanism reform is “to deliver emissions reductions consistent with Australia’s Nationally Determined

Contribution under the Paris Agreement” (DCCEEW 2023), 43% below 2005 levels by 2030 and the long-term goal of net
zero emissions by 2050, ensuring the Barossa Development supports the NT Government’s net zero 2050 target. Under
proposed Safeguard Mechanism reforms, the emissions baseline will gradually decline to limit emissions and achieve net
zero by 2050. The decline rate is proposed to be 4.9% each year to 2030, with post 2030 decline rates to be set in
predictable five-year blocks thereafter. On 27 March 2023, the government announced that new gas fields supplying
existing liquefied natural gas facilities will effectively receive zero baseline coverage for reservoir CO; emissions.

Anonymous (submission 302)

Kelly Lee Hickey

For additional detail refer to Section 10.2.3.

+ The DPD project is incompatible with keeping Bruce Robertson - Institute for The Paris Agreement is the key in-force agreement for limiting global warming. Australia contributes to meeting global Atmospheric
global warming below 1.5°C and avoiding the Energy Economics and Financial temperature goals under the Paris Agreement through its nationally determined contributions (NDCs). These NDCs were Processes
worst impacts of climate change. It could also Analysis last updated in June 2022 and include:
mean that Australia would not be able to deliver | jorgen Doyle - Central Australian + A 2030 target to reduce emissions by 43% below 2005 levels and
on its commitments under the Paris Agreement. ;

. Frack Free Alliance + Net zero emissions by 2050 commitment
The International Energy Agency / IPCC have Australian Services Union
advised previously that to stay below 1.5°C of The Barossa Development, including the DPD Project, will comply with all Commonwealth and NT GHG legislative
warming and avoid the worst impacts of climate Environment Centre NT (ECNT) requirements. Through Australian legislative compliance the Barossa Development will contribute towards Australia’s
The Australia Institute NDCs which in turn contribute towards meeting global commitments under the Paris Agreement.
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change, no further fossil fuel developments
should be pursued.

Stakeholder

Grusha Leema

Julie Fraser — Australian Service
Union

Julie Fraser
Peta Bailee

Dina Rui - Jubilee Australia Research
Centre

Anonymous (submission 307)

Santos’ response and actions taken

Further discussion on legislative requirements is provided in the comment above.

With regard to the International Energy Agency and Intergovernmental Panel on Climate Change modelling, it is
important to note that the scenarios modelled do not reflect a forecast or a definitive outcome. Scenario analysis relies
on assumptions that may not be correct or occur. The scenarios may be impacted by additional factors not considered in
the model and so may not eventuate. As such, these scenarios should not be confused with actual government policy or
in-force legislative frameworks (such as the Paris Agreement). Notwithstanding the limitations of scenario analysis,
Santos considers the IEA Net Zero (NZE) by 2050 scenario along with three other macro-economic scenarios to inform its
climate change strategy and plans.

In the NZE by 2050 scenario, an assumed rapid rise in low emissions fuels is one of the key reasons — along with greater
efficiency and electrification — why the IEA claimed no new oil and gas fields would be required beyond those already
approved. However, the IEA also noted that actual deployment of low emissions fuels is well off track. The IEA 2021
World Energy Outlook also states that “Oil and gas spending today is one of the very few areas that is reasonably well
aligned with the levels seen in the NZE to 2030” and warns that the world is not investing enough to meet its future
energy needs, and that uncertainties over policies and demand trajectories create a strong risk of a volatile period ahead
for energy markets.

Whilst it is too simplistic to assert that no new oil and gas developments will be required, the NZE scenario does
recognise that projects already approved for development, such as the Barossa, are required to be developed to supply
world gas demand.

Santos

Relevant Environmental

Factor addressed in SER

The NT has seen incidence of dieback of
mangrove forests caused by marine heat waves.
These kinds of dieback events are environmental
disasters as well as social, cultural, and
economic disasters, and they are caused by
global warming.

Alice Nagy

Santos acknowledges the environmental, social, cultural and economic impacts of climate change including impacts to
habitats and ecosystems (Section 10.4 and Section 10.5).

Australia contributes to meeting global temperature goals under the Paris Agreement through its nationally determined
contributions (NDCs). The Barossa Development, including the DPD Project, will comply with all Commonwealth and NT
GHG legislative requirements. The Scope 1 GHG emissions from the Barossa Development are regulated by the Safeguard
Mechanism. The Safeguard Mechanism establishes a GHG baseline. Baseline exceedance is required to be offset through
the purchase of carbon credits, the cost of the carbon credits provide a cost stimulus to abate emissions consistent with
the baseline. The current Safeguard Mechanism reform is “to deliver emissions reductions consistent with Australia’s
Nationally Determined Contribution under the Paris Agreement” (DCCEEW 2023), 43% below 2005 levels by 2030 and the
long-term goal of net zero emissions by 2050, ensuring the Barossa Development supports the NT Government’s net zero
2050 target.

Additional detail on the project specific emissions is provided in Section 10.2.1.

Atmospheric
Processes

There is global scientific consensus that climate
change contributes to many human health risks
including, higher mortality and morbidity from
heat stress, the transmission of diseases and
mental health impacts. Climate change will also
cause increasingly severe weather events and
impact food production. Continued global
warming risks making the NT unliveable due to
oppressive heat and creates risks to health and
wellbeing of workers

Australian Parents for Climate Action
Australian Services Union

Brooke Ah Shay - Doctors for the
Environment Australia

Julie Fraser — Australian Service
Union

Julie Fraser

Australian Parents for Climate Action
Darwin and NT - volunteer group

Anonymous (submission 304)

Santos acknowledges the social impacts of climate change.

Australia contributes to meeting global temperature goals under the Paris Agreement through its nationally determined
contributions (NDCs). The Barossa Development, including the DPD Project, will comply with all Commonwealth and NT
GHG legislative requirements. Through Australian legislative compliance the Barossa Development will contribute
towards Australia’s NDCs which in turn contribute towards meeting global climate commitments under the Paris
agreement.

Additional detail on the project specific emissions is provided in Section 10.2.1.

Atmospheric
Processes

Santos’ documents outline that two-thirds of the
CO2 from the Barossa offshore gas field will be
vented directly into the atmosphere before the
gas is piped to Darwin. This includes the

Environment Centre NT (ECNT)
Alice Nagy

Australian Parents for Climate Action

Monitoring and reporting of emissions will be made in accordance with the National Greenhouse Gas and Energy
Reporting Act 2007 (Cth), this includes fugitive emissions and vented COa..

Atmospheric
Processes
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Santos

Relevant Environmental

Factor addressed in SER

greenhouse gas methane, which will be emitted Australian Parents for Climate Action Santos is committed to minimising fugitive emissions in its operations. As a proportion of Santos overall production
throughout the life cycle of the project. There Darwin and NT - volunteer group volume, methane emissions are well below the Oil and Gas Climate Initiative 2025 intensity target of less than 0.2 per
are also potential leaks of emissions associated cent (Santos, 2022).

with the transport of gas along the pipeline. Fugitive emissions surveillance and management will be embedded into facilities operations and maintenance

How will these be monitored? procedures. Such programs involve the use of leak detection equipment to identify leaks for subsequent repair.

+  Santos has not addressed how they will monitor Furthermore, the design of the Barossa Development facilities has been optimised to reduce fuel, flare, vent and fugitive
for fugitive emissions along the pipeline and at emissions, with design measures including:
each state of processing the gas from beneath S . . . .

P 'g 5 +  Flaring limited to operation of the flare purge and pilots during steady state operations;

the sea floor to the ships to the harbour
+  Vapour recovery units and flash gas compression systems designed to capture low pressure, continuous sources of
vented gas that would be sent to flare and direct them to be processed into sales gas;

+  Full electrification of the facility, with highly efficient combined cycle power generation;
+  Process heating via waste heat recovery;
+  Destruction of methane emissions in the CO2 permeate stream by a thermal oxidiser; and
+ Connection of process vents to flare (recovered) where possible to minimise methane emissions.

+ Santos has not determined the lifecycle GHG Bruce Robertson - Institute for An emissions inventory has been developed for the life cycle of the DPD Project and the Barossa Development, including Atmospheric
emissions associated with the pipeline and the Energy Economics and Financial Scope 1, 2 and 3 emissions (which includes indirect emissions). Processes
broader Barossa Development. Santos does not Analysis An overview of the emissions inventory is provided in Section 10.2.1.
make any reference to the indirect emissions Julie Fraser - Australian Services
associated with the combustion of produced Union
LNG. .

Environment Centre NT (ECNT)
+  Santos should outline GHG emissions for the
Brooke Ah Shay - Doctors for the
whole of the Barossa Development . .
Environment Australia
Australian Conservation Foundation -
Elizabeth Sullivan

+  Santos has stated that its “role in the low- Bruce Robertson - Institute for In a 2020 National Press Club address titled “The Orderly Transition to the Electric Plant”, Australia’s former Chief Atmospheric
carbon future is built around natural gas, which Energy Economics and Financial Scientist, Dr Alan Finkel, highlighted the role of natural gas as part of a lower emissions future. In Dr Finkel’s address he Processes
produces half the GHG emissions of coal when Analysis discusses how natural gas is a suitable dispatchable power source that can support the increasing renewable share of
used to generate electricity”. Santos also states energy supply by managing the intermittency issues of renewable energy.
this fuel is a partner for renewable energy To quote Dr Finkel: “while these (renewable energy) technologies are being scaled up, we need an energy companion
sources. This is misleading based on the peaking today that can react rapidly to changes in solar and wind output. An energy companion that is itself relatively low in
nature of power plants which support emissions, and that only operates when needed. In the short-term, as the Prime Minister and Minister Angus Taylor have
renewable energy grids. previously stated, natural gas will play that critical role.”

+ CCSis a technology with questionable feasibility Amateur Fisherman’s Association of CCS technologies have been in operation since the 1970s and are proven as a large-scale CO: storage solution. There are Atmospheric
and a track record for not capturing the volume the Norther Territory (AFANT) currently more than 20 large-scale CCS projects in operation around the world, storing about 40 million tonnes per year Processes
of GHG emissions proposed or intended. Charles Scheiner - La'o Hamutuk - of CO2 (Global CCS Institute, 2021).

+ Itis untested in an offshore gas reservoir such as Timor-Leste Institute for The IEA’s Executive Director, Fatih Birol, has emphasised that reaching net-zero goals without CCS will be almost
Bayu-Undan. Development Monitoring and impossible. To reach climate goals, the world needs to capture and sequester more than 5.6 billion tonnes of CO2 globally

+  Santos has no comprehensive plan to capture Analysis every year by 2050 (IEA, 2021b).
the very high CO2 content of the Barossa gas Jorgen Doyle - Central Australian The CCS system is not included in this DPD Project proposal as this is still undergoing technical and economic
(16-20% reservoir gas). Frack Free Alliance assessments. Should the CCS system be implemented, the infrastructure within NT jurisdiction will be subject to referral

+  Santos claims CCS can make the gas at Barossa Australian Services Union to the NT EPA.
cleaner, this is misleading. Brooke Ah Shay - Doctors for the

Environment Australia
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Santos’ response and actions taken

Santos

Relevant Environmental
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+

More detail is required from Santos on the CCS
project and how this will help reduce CO:
emissions

The Australia Institute
Grusha Leeman

Julie Fraser — Australian Service
Union

Julie Fraser

Naish Gawen (on behalf of many)
(submissions 18-301)

Robin Knox

Anonymous (submission 304)
Anonymous (submission 305)
Anonymous (submission 307)
Anonymous (submission 308)
Kelly Lee Hickey

Australian Parents for Climate Action
Darwin and NT - volunteer group

Australian Conservation Foundation -
Elizabeth Sullivan

Dina Rui - Jubilee Australia Research
Centre

Bruce Robertson - Institute for
Energy Economics and Financial
Analysis

Anonymous (submission 15)

Peta Baillie

The successful implementation of CCS may not
reduce the overall GHG emissions from
extracting and liquefying the natural gas from
the Barossa gas field.

Bruce Robertson - Institute for
Energy Economics and Financial
Analysis

Charles Scheiner - La'o Hamutuk -
Timor-Leste Institute for
Development Monitoring and
Analysis

The Australia Institute

The CCS system is not included in this DPD Project proposal as this is still undergoing technical and economic
assessments. Should the CCS system be implemented, the infrastructure within NT jurisdiction will be subject to referral
to the NT EPA.

Atmospheric
Processes

The environmental, economic or social effects of
the CCS system are not defined.

Bruce Robertson - Institute for
Energy Economics and Financial
Analysis

Environment Centre NT (ECNT)
The Australia Institute

Australian Parents for Climate Action

The CCS system was not included in this DPD Project proposal as this is still undergoing technical and economic
assessments. Should the CCS system be implemented, the infrastructure within NT jurisdiction will be subject to referral
to the NT EPA.

Atmospheric
Processes

Request that the community see detailed
modelling of how CCS component would work,
including cost benefit analysis and risks. What

Australian Parents for Climate Action

The CCS system was not included in this DPD Project proposal as this is still undergoing technical and economic
assessments. Should the CCS system be implemented, the infrastructure within NT jurisdiction will be subject to referral
to the NT EPA.

Atmospheric
Processes
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Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental
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impacts would occur should the climate risks
come to bear.

+ Itis unjust to leave Timor-Leste with carbon Julie Fraser — Australian Service Santos will comply with all relevant regulatory requirements associated with the construction and operation of a CCS Atmospheric
pollution along with the uncertainty of how this Union system in Timor-Leste and Australia. CCS at the Bayu-Undan field will not commence until all appropriate approvals are in Processes
will be stored and regulated in the future. place, including those required by the Timor-Leste Government.

Other users and the community

+ The proponent to submit a risk assessment and Department of Infrastructure, Planning A quantitative risk assessment (QRA) (INTECSEA, 2021) of the pipeline route has been completed to inform protection Community and
associated mitigation measures to ensure the and Logistics — Transport and Civil requirements (i.e. trenching and rock armour) for the DPD Project and provided to DIPL with a peer review undertaken by Economy
Harbourmaster can measure the proponent’s Services Division Royal Haskoning DHV on behalf of DIPL. Following discussions with the Harbour Master on the future growth plans for
acknowledgement of the risks associated with Darwin Harbour, the QRA was updated with an addendum to reflect additional vessel movements within the Port and the
the works impact to marine transport networks pipeline trench across the Middle Arm Channel was increased in depth and length to accommodate future plans to
and associated port users. A comparative risk deepen the channel over a width of 620 m.
analysis including likelihood of occurrence of Key findings from the QRA are as follows:
leakage in the pipeline due to a marine incident . . . s

.g . PP ) + Based on marine traffic and port management with the harbour, three zones have been highlighted
and its impact on environment and other port )
o where damage events from external impacts could occur.
users between alternative pipeline routes and
giving consideration to future traffic needs. + The highest risk zone is planned to be trenched with rock installed for protection — KP104 to KP106.
+ The other zones are at risk from smaller, un-escorted cargo vessel anchor drag events although
thorough analysis has shown no loss of containment is credible from external impact based on the
pipeline’s inherent mechanical integrity.
+ The QRA assessed current traffic levels within the Harbour as well as future traffic levels associated
with port developments.
Third-party vessel damage events have the potential to impact all the alternative DPD pipeline routes within Darwin
Harbour. The pipeline risk profile and protection design is not impacted by the different route options assessed (i.e.,
southern, central and northern routes) which all fall within a nominal 250 m corridor.
A full assessment of potential impacts to other marine users from DPD Project construction activities within Darwin
Harbour has been provided in Section 11.2.5.
Discussions with DIPL regarding encroachment of the DPD pipeline into the Navigation Channel and the risk of third party
damage to the pipeline in these regions are ongoing, along with assessments to locally reroute the pipeline to avoid
encroachment into the Navigation Channel (see Section 3.3).

+ The project could put local livelihoods and Dina Rui —Jubilee Australia Research Santos has continued to engage with AFANT and DITT—- Fisheries Division to further understand popular recreational Community and

Australia’s fish supply at risk Centre fishing locations within the Project area and broader surrounds. Economy
Santos also notes that there is no commercial fishing within Darwin Harbour. No stakeholder consulted by Santos,
including DITT-Fisheries, AFANT and the NT Seafood Council, has suggested the DPD Project would put Australia’s fish
supply at risk.

+ The project has potential to impact on the Department of Industry, Tourism and The DPD Project is located within a maritime and logistics precinct and will be visible from public recreational places. Community and
community, tourism and tourism related Trade Additionally, the construction activities will only be primarily occurring adjacent to existing shipping channels in the Economy
recreational activities in Darwin harbour and Julie Fraser — Australian Services Darwin Harbour. There is potential for visual amenity to be reduced during construction, however this would be short-
lifestyle, e.g. visual amenity from Mindil Beach Union term and localised. Santos predicts that vessel movement will not increase more than 5% on an annual basis as a result of
markets Julie Fraser the DPD Project (Section 11.2.5.1.1) and there will be no significant change to the visual amenity of the Darwin Harbour

+  Tourism NT recommends the proponent identify . in the context of existing vessel traffic. Once operational, activities associated with the operation of the pipeline (e.g.
and engage with tour operators who may be Robin Knox. routine inspections) will be infrequent.
impacted by the project in the initial discussion Kelly Lee Hickey Consultation has occurred with a range of stakeholders including Tourism NT and Top End Tourism, the organisation
stage as well as during the construction stage representing marine-based tour operators in Darwin Harbour, and relevant government agencies. The stakeholders have
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(pipe laying) to mitigate and minimise the
negative impacts on tourism.

Stakeholder

Naish Gawen (on behalf of many)
(submissions 18-301)

Anonymous (submission 307)

Santos’ response and actions taken

advised Santos that the main impact will be caused by pipe-lay vessel activities potentially displacing tourism activities for
some periods of time. The stakeholders acknowledge that the timeframe and scale of impacts is less in comparison to the
Ichthys pipeline vessel-based activities and associated onshore construction activities. They have advised the key
requirement of Santos will be to communicate as early in the process as possible, to provide regular communications
during the activities and to provide a contact person who can coordinate immediate responses to any issues or concerns
raised. Details of this engagement and the planned ongoing communications are in Appendix 13.

Santos

Relevant Environmental

Factor addressed in SER

It is reasonable to suppose that the proposed
new spoil area, though smaller in scale [than the
previous INPEX spoil ground] may eventually
hold value as a fishing location

The proponent may wish to engage with fishers
and AFANT to learn more about fishing activities
in the borrow and spoil areas proposed. Further
plans to better understand project impacts and
recovery may also be warranted. Additionally,
the INPEX spoil area may be investigated to
better understand fish communities and habitat
that has been created following the disposal of
spoil

The proponent may wish to consider how
augmenting the proposed spoil area (or another
area) with additional purpose-built reef habitat
structures may expedite potential offsets
provided to recreational fishers in the form of
improved fishing opportunities.

Amateur Fisherman’s Association of
the Norther Territory (AFANT)

Santos notes AFANT’s view that the proposed spoil area may eventually hold value as a fishing location. Santos has
consulted further with AFANT, DITT-Fisheries and INPEX on the outcomes beneficial to recreational fishing from the
existing adjacent spoil ground created by INPEX for its Ichthys project. Santos’ priority is to not cause impacts to those
identified benefits. Santos has not committed to augmenting the proposed spoil disposal ground at this stage. As a result
of consultation with AFANT on issues raised in its submission, Santos is discussing support for potential future studies into
the potential benefits of artificial habitat to fish, including pipeline infrastructure, in the Harbour.

Engineered backfill has now been assessed as not required and therefore collection from a designated borrow ground is

out of the scope for the DPD Project. Rock will be sourced locally from Mt Bundey quarry, for trench backfill for pipeline
protection/stabilisation.

Community and
Economy

The proponent to submit a Traffic Impact
Statement (TIS) to assess the road traffic
impacts, to ensure the road authority can
measure the proponent’s acknowledgement of
the risks associated with the works impact on
NTG Roads, infrastructure and road safety.

Department of Infrastructure,
Planning and Logistics — Transport
and Civil Services Division

Impacts to traffic associated with the transport of rock from Mt Bundey to the Project area, as well as movement of
equipment and personnel to the Project area has been assessed within a Traffic Impact Assessment (Appendix 10).

The NT DIPL — Transport and Civil Services Division has received the assessment and advised Santos that it meets their
requirements.

Community and
Economy

CM&C recommends the upcoming assessment
and any management conditions should detail
workforce composition and how local
employment and procurement opportunities
will be maximised to satisfy the ‘Community and
Economy’ environmental objectives.

Department of the Chief Minister and
Cabinet (CM&C)

Opportunities will be available for the Greater Darwin Region’s existing labour force to support construction of the
Project. Due to the predominantly offshore nature of activities the impact on social infrastructure and short-term
accommodation will be negligible. Information on the economic benefits of the DPD Project to Darwin and the NT and the
employment and procurement process to be executed is provided in Section11.2.4, in response to the request from
CM&C.

Community and
Economy

The upcoming assessment by the Proponent and
any approval conditions and management plans
should carefully consider and address any
potential economic impacts during the
construction phase of the project. In particular,
there should be no significant impact on existing
commercial and recreational shipping in Darwin
harbour, general harbour users and the offshore

Department of the Chief Minister and
Cabinet (CM&C)

Since the referral, Santos has further advanced details on vessel requirements for the DPD Project to understand the
impact of DPD Project vessels on Darwin Harbour marine traffic and consulted with Darwin Harbour regulators and
marine users, including AFANT, tourism groups, the regional Harbour Master and Darwin Port. Refer to Table 2-5 for
details of DPD Project vessel activities and Section 11.2.5 for related impact assessment. The movements of DPD Project
vessels are not considered to significantly add to the annual movements of vessels in and out of the harbour or within the
harbour and are considered unlikely to significantly impact existing commercial and recreation shipping movements.
Additional vessel traffic associated with the DPD Project falls within the annual port traffic variability seen in the past 10
years (refer to Section 11.2.5).

Community and
Economy
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commercial fisheries in and adjoining the Project
area.

Stakeholder

Santos’ response and actions taken

Santos

Relevant Environmental

Factor addressed in SER

Extraction and processing of natural gas is
known to have adverse public health
consequences

Brooke Ah Shay — Doctors for the
Environment Australia

Santos is required to monitor and assess emissions at DLNG in line with its Environment Protection Licence (EPL) 217-03.
There has been no evidence of impacts to human health from the existing Darwin LNG facility and therefore impacts to
human health from processing of the Barossa gas at the facility are considered unlikely. Santos will continue to monitor
stack emissions (exhaust and GHG emissions) biannually at the facility to industry standard level. Ambient air quality
analysis is also undertaken annually using NT EPA air quality data (particulate matter (PM1o and PMz.:s), carbon monoxide
(CO), oxides of nitrogen (NOX, NO and NOz2), sulfur dioxide (SO2)) measured at Palmerston, Stokes Hill and Winnellie.
Management of emissions from gas processing at DLNG will be in accordance with the existing DLNG facility operations,
as per the DLNG Operations Environmental Management (OEMP) (DLNG/HSE/PLN/001), under which the facility has
operated since 2006. Consequently, there is demonstrated experience mitigating and managing environmental impacts
and risks from the processing of natural gas and it is considered unlikely that the DPD Project would result in adverse
public health consequences related to processing of natural gas.

Community and
Economy

No supporting evidence in the referral for how
the project will create more jobs i.e., how many
jobs, for how long etc. Further social impact
assessment is required to determine potential
impacts on the Darwin community.

Australian Parents for Climate Action
Darwin and NT- volunteer group

Opportunities will be available for the Greater Darwin Region’s existing labour force to support construction of the
Project. Due to the predominantly offshore nature of activities the impact on social infrastructure and short-term
accommodation will be negligible. Further details on employment opportunities and workforce composition are provided
in Section 11.2.4.

Community and
Economy

Cultural and maritime heritage

+ Potential impacts on cultural heritage including Environment Centre NT (ECNT) The proposed pipeline route has been designed to limit interaction with and impacts to a range of receptors including Culture and Heritage
sacred sites in Darwin Harbour perceptions of a Amateur Fisherman’s Association of maritime heritage, other users and existing port and shipping activities (refer to Section 3). To increase confidence in the Community and
healthy harbour, including by recreational the Norther Territory (AFANT) assessment of sensitive receptors, Santos undertook a Maritime Archaeological Heritage Assessment to further identify Economy
fishers . . potential maritime heritage sites within the Project area. The impact assessment was informed by a recent ROV visual

Karen Edyvane — Australian National ] I o o )

+  Potential impacts to maritime heritage, such as University survey conducted in June 2022 to ground truth potential cultural sites identified from geophysical surveys. Refer to
the many shipwrecks in Darwin Harbour ) Section 11.3.4 for impact assessment related to maritime heritage (including shipwrecks).

Naish Gawen (on behalf of many) . . . . . .

+  The referral Document stops short of stating (submissions 18-301) Santc?s will continue to engage with AFANT throughout the DPD Project. Refer to Section 4.5 for further details on Santos
that the proponent will obtain an authority ongoing engagement strategy.
certificate under the Northern Territory The cultural value of a healthy harbour for recreational fishing has been acknowledged within Section 11.3.1.

Aboriginal Sacred Sites Act. This should be a Santos has received an AAPA Authority Certificate (C2022/098) for the DPD Project and will comply with the conditions of
precondition of any environmental approval. the certificate and with requirements of the NT Aboriginal Sacred Sites Act 1989 and the Heritage Act (2011) (refer
Section 11.3.5)

+ ECNT is concerned that the environmental Environment Centre NT (ECNT) Culture and Heritage were considered in the referral in Appendix—G— NT EPA Factors (Considered Not Significant). The Culture and Heritage
factor of “Culture and Heritage” is not factor of Culture and Heritage was not considered by NT EPA to be significantly impacted by the NT EPA DPD Project
addressed in the referral Document. activities as per their Notice of Decision/Statement of Reasons on the DPD Project referral. Nevertheless, Project impacts

to this factor has been further assessed in this SER (refer to Section 11.3).

+ Hiscock and Hughes relate that there are Environment Centre NT (ECNT) The Hiscock and Hughes study focuses on ‘Haycock Reach’, a small portion of the Harbour coastline which demonstrates Culture and Heritage
significant prehistoric shell mounds throughout a rich archaeological record. The DPD Project area does not intersect with the Haycock Reach study area identified in
Darwin Harbour. Further, recent research Hiscock and Hughes (2015) and the pipeline route crosses the shoreline within the previously disturbed DLNG facility
indicates that submerged cultural heritage is footprint.
common in northern Australia, but under threat A specific assessment of indigenous sacred sites potentially impacted by the DPD Project including a consultation process
due to a lack of information about it. with relevant traditional owners was conducted by the Aboriginal Areas Protection Authority (AAPA) through its

+  An extensive cultural heritage survey of marine certification process. The process was communicated by Santos to a range of government and indigenous stakeholders,
and submerged areas in the vicinity of the including the Wickham Point Deed Reference Group, the Northern Land Council and Larrakia Nation. Further detail of this

consultation is provided in Appendix 13. Santos has received an AAPA Authority Certificate (C2022/098) for the DPD
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Santos

Relevant Environmental
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pipeline, preferably in partnership with Larrakia
people, is required

Project and will comply with the conditions of the certificate and with requirements of the NT Aboriginal Sacred Sites Act
1989 and the Heritage Act (2011).

+ The proponent is required to engage a maritime
archaeologist to review remote sensing data of
the project pipeline in order to locate targets
that may indicate as yet unidentified
Underwater Cultural Heritage.

+ The pre-referral tool located in the appendix
does not appreciate potential impact to
significant UCH sites not previously recorded.

Department of Territory Families,
Housing and Communities — Heritage
Branch

To increase confidence in its understanding of the occurrence of potentially sensitive areas, Santos undertook a Maritime
Archaeological Heritage Assessment (Appendix 16), as per an archaeological scope of works provided by the Department
of Territory Families, Housing and Communities — Heritage Branch, to further identify potential maritime archaeological
sites within the Project area. The assessment was also informed by a recent marine survey conducted in June 2022 which
included using a ROV to collect visual data of potential heritage sites identified from remote sensing data in the Project
area. Refer to Section 11.3.3 and Section 11.3.6 for discussion of maritime heritage values and potential impacts.

Santos will continue to engage with the Heritage Branch throughout the Project on matters relating to Culture and
Heritage.

Culture and Heritage

+ Two errors in the referral noted by Department
of Territory Families, Housing and Communities—
- Heritage Branch 1) The Heritage Branch is the
NT Heritage Branch, not the NT Heritage
Commission and 2) The Historic Shipwrecks Act
was superseded by the Underwater Cultural
Heritage Act.

Department of Territory Families,
Housing and Communities— Heritage
Branch

Santos notes the errors in the referral identified and has corrected these in the SER.

Refer to Section 11.3 for further details.

Culture and Heritage

+  The Authority confirms that Santos has engaged
with us on this proposal and has lodged an
appropriate application for an Authority
Certificate (application 202203003). In the
application, the pipeline corridor component of
the Subject Land in the harbour/sea is about 2
km wide, narrower than this part of the Project
area as defined in the referral (¥4 km wide).

+  The Authority notes that the Authority
Certificate will only apply to the land/sea within
the Subject Land defined in the application.

+  The Authority considers that if Santos obtains
and complies with an Authority Certificate
issued to Santos for all activities proposed to be
undertaken, then the risk of potential impacts to
cultural values associated with sacred sites will
be appropriately minimised

Aboriginal Areas Protection Authority
(AAPA / the Authority)

Santos acknowledges that the subject land width in the harbour/sea is approximately 2 km as per Authority Certificate
(C2022/098). The Project area width of approximately 4 km defined in the referral and this SER is indicative and does not
represent a corridor of disturbance to the seabed. Disturbance to seabed as a result of the Project activities is within 1 km
from the pipeline route (or within a 2 km wide corridor).

Culture and Heritage

Other considerations

+  Cumulative Impacts

+ The referral has not taken into account the
cumulative impacts nor assessed the zone of
influence to support its impact assessment

+  Cumulative impacts of underwater noise, air
quality and water quality need to be assessed

+  Cumulative impacts should consider the
condition of previously disturbed benthos and
the overall dredging/disturbance planned for

Department of Environment, Parks
and Water Security (DEPWS),
including the Flora and Fauna
Division

Environment Centre NT (ECNT)
Amateur Fisherman’s Association of
the Norther Territory (AFANT)

Karen Edyvane — Australian National
University

Santos has been engaging with Proponents of other Darwin Harbour projects that have potential for concurrent or
consecutive activities with the DPD Project, including the NT Department of Industry, Planning and Logistics (DIPL), the
Commonwealth Department of Defence and INPEX. An overview of projects and existing activities that have the potential
to impact cumulatively with the DPD Project is provided in Section 13. Santos has committed to working collaboratively
with other proponents to address cumulative impacts including the development of a Communications Plan as described
in Section 4.5. Through its consultation with DIPL, Santos is aware of plans for a harbour-wide dredging strategy and
associated working group to facilitate information exchange and coordination between proponents. Santos commits to
working within this framework when developed.

Details of consultation undertaken with other Darwin Harbour proponents are provided in Appendix 13.

Marine Environmental
Quality
Marine Ecosystems

Atmospheric
Processes

Coastal Processes

Community and
Economy

Culture and Heritage
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Santos

Relevant Environmental
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the harbour, as well as the process of
industrialisation occurring within Darwin
Harbour.

Dina Rui —Jubilee Australia Research
Centre

Anonymous (submission 307)

Section 13 provides the assessment of cumulative impacts and risks associated with DPD Project activities on EPA
Environmental Factors. Further details on these cumulative impacts are presented at the end of each of the key factor
sections of the SER.

+ The Project is part of the intensified
industrialisation of Darwin Harbour, with the
transported gas to be used as a feedstock for
petrochemical industries in the harbour. This
poses immense environmental, economic,
cultural, and health risks for Darwin and
surrounding areas and must be considered
relevant to any assessment of the Project’s
impacts.

Anonymous (submission 305)

Naish Gawen (on behalf of many)
(submissions 18-301)

Santos has no intentions at this stage to use the gas as feedstock for petrochemical industries.

Not Environmental
Factor related

+ The Pipeline will have very significant impacts on
the three environmental factors identified by
Santos in the Referral Document, namely
Coastal Processes, Marine Environmental
Quality and Marine Ecosystems

Environment Centre NT (ECNT)

Impacts from the construction and operation of the DPD Project pipeline to Coastal Processes, Marine Environmental
Quality and Marine Ecosystems have been further assessed within the SER and presented within Section 11.1.6, Section
8.7 and Section 9.7, respectively. Impacts from planned activities have been assessed as Negligible to Minor using the
impact assessment process outlined in Section 7.4

Marine Environmental
Quality
Marine Ecosystems

Coastal Processes

+  Onshore Impacts

+ The Flora and Fauna Division of DEPWS agrees
with the proponent’s assessment that
construction activities will occur within cleared
and disturbed lands within the existing Darwin
LNG facility disturbance envelope and therefore
the construction and operation has a low risk to
biodiversity and environmental values.

Department of Environment, Parks
and Water Security (DEPWS)

Santos acknowledges this submission from DEPWS Flora and Fauna Division.

Terrestrial Ecosystems

Terrestrial
Environmental Quality

Refer to Onshore
CEMP.

+  Concerns that insufficient information has been
provided to assess the risks to land based
transport networks. DIPL request that Santos
submits a Traffic Impact Statement (TIS) to
assess the road traffic impacts, to ensure the
road authority can measure the proponent’s
acknowledgement of the risks associated with
the works impact on NT Roads, infrastructure
and road safety. The assessment should include:

+  Details on what materials will be transported
and their loads, traffic volumes and types of
vehicles used for the transportation including
the haulage routes and duration of the haulage
operation specific to onshore movements (i.e.
impact at a local and regional level).

Department of Infrastructure,
Planning and Logistics — Lands and
planning

Department of Infrastructure,

Planning and Logistics — Transport and
Civil Services Division

Impacts to traffic associated with the transport of rock from Mt Bundey to the Project area, as well as movement of
equipment and personnel to the Project area has been assessed within a Traffic Impact Assessment (Appendix 10).

The NT DIPL - Transport and Civil Services Division has received the assessment and advised Santos that it meets their
requirements.

Community and
Economy

+  Suggest that Santos is encouraged to contact
DIPL to discuss planning requirements as further
approvals may be required and prior to finalising
the alignment of the pipeline in order to ensure

DIPL — Lands and planning,

DIPL — Transport and Civil Services
Division

Consultation with DIPL and Darwin Port on the alignment of the pipeline within Darwin Harbour and NT Waters was first
initiated by Santos in August 2021 prior to submittal of the referral. Consultation has continued throughout the SER
preparation period and shall continue into the construction and operation phase. Consultation with DIPL includes
consideration of future developments at Middle Arm with adjustments made to the pipeline route and trench design to
accommodate future traffic and potential DIPL dredging activities in the Middle Arm channel. Details of the consultation

Community and
Economy
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Santos

Relevant Environmental
Factor addressed in SER

it is optimally located in the context of other
infrastructure within Darwin Harbour.

undertaken are provided in Appendix 13. Details of the final pipeline route selection and optimisation process is provided
in Section 3.

+ The NT EPA should have refused the DPD Project
referral.

+ The DPD Project should be assessed at a higher
level than a Supplementary Environmental
Report under the EP Act (e.g. EIS, Public
Enquiry).

+  The whole of the Barossa Development / DLNG
Extension should be called in by the NT EPA for
referral under the EP Act.

Environment Centre NT (ECNT)

Amateur Fisherman’s Association of
the Norther Territory (AFANT)

Australian Parents for Climate Action
Darwin and NT - volunteer group

Australian Conservation Foundation -
Elizabeth Sullivan

Karen Edyvane - Australian National
University

Charles Scheiner - La'o Hamutuk -
Timor-Leste Institute for
Development Monitoring and
Analysis

Jorgen Doyle - Central Australian
Frack Free Alliance

Julie Fraser - Australian Services
Union

Brooke Ah Shay - Doctors for the
Environment Australia

The Australia Institute
Grusha Leeman

Julie Fraser — Australian Service
Union

Julie Fraser
Anonymous (submission 14)
Anonymous (submission 17)
Alice Nagy

Naish Gawen (on behalf of many)
(submissions 18-301)

Robin Knox

Anonymous (submission 302)
Anonymous (submission 303)
Anonymous (submission 304)
Anonymous (submission 305)
Anonymous (submission 306)
Anonymous (submission 307)
Anonymous (submission 308)
Anonymous (submission 309)

Kelly Lee Hickey

These issues are not within the control of Santos. They are therefore not further discussed within the SER.
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Relevant Environmental
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Dina Rui - Jubilee Australia Research
Centre

Bruce Robertson - Institute for
Energy Economics and Financial
Analysis

Peta Baillie

Consultation

+  The stakeholder engagement plan provides a
robust list of stakeholders and consultation
format undertaken, however, lacks detail
regarding the outcomes of the consultation
process. The referral contains minimal detail
regarding stakeholder feedback and specifically
if any concerns were raised including any
mitigation strategies.

+  Aregister of stakeholder feedback and
strategies for addressing any concerns raised
should be considered.

Department of the Chief Minister and
Cabinet (CM&C)

Additional detail on the consultation undertaken is provided in the Stakeholder Engagement Plan ( Appendix 13). To date
(prior to submittal of the SER) more than 100 external stakeholder meetings have been conducted. The SER (Table 5-1)
contains detail regarding stakeholder feedback and specifically if any concerns were raised including any mitigation
strategies. Details of ongoing consultation is outlined in the Stakeholder Management Plan (Appendix 13). A register of
stakeholder feedback and attempts made to address issues and concerns is used by Santos.

Not Environmental
Factor related

+ The extent of community engagement that has
occurred in relation to the Pipeline is minimal
and key stakeholders have not been properly
engaged, including considering capacity of
communities and individuals to access and
understand information about the project and
its impacts not adequately addressed in the
referral

+ There has been poor consultation with
Traditional Owners including the Tiwi Islanders
and Larrakia

Environment Centre NT (ECNT)

Australian Parents for Climate Action
Darwin and NT — volunteer group

Dina Rui — Jubilee Australia Research
Centre

Additional detail on the consultation undertaken is provided in Appendix 13. To date (prior to submittal of the SER) more
than 100 external stakeholder meetings have been conducted including Indigenous organisations and reference groups
including the Wickham Point Deed Reference Group, Larrakia Nation, the Aboriginal Areas Planning Authority, the
Northern Land Council and the Tiwi Land Council. A register of stakeholder feedback and strategies for addressing any
concerns raised is used by Santos. The referral was subject to a public comment period and the information has been fully
available on the NT EPA website since April 2022. The SER is also available on the NT-EPA website and will be subject to a
further public comment period. This section of the SER (Section 5) contains detail regarding stakeholder feedback and
specifically if any concerns were raised including any mitigation strategies.

Details of ongoing consultation is outlined in the Stakeholder Management Plan (Appendix 13). Santos also provides
notification to the stakeholders on its database when information is publicly available via the NT EPA website and public
comment periods commence. The information continues to be available on the website following the closure of the
public comment period.

Not Environmental
Factor related

+ The proponent may wish to engage with fishers
and AFANT to learn more about fishing activities
in the spoil area proposed.

AFANT

Consultation with AFANT and DITT-Fisheries has included discussion related to the proposed spoil area. Santos notes
AFANT’s view that the proposed spoil area may eventually hold value as a fishing location. Santos has consulted further
with AFANT, DITT-Fisheries and INPEX on the outcomes beneficial to recreational fishing from the existing adjacent spoil
ground created by INPEX for its Ichthys project. Santos’ priority is to not cause impacts to those identified benefits.
Santos has not committed to augmenting the proposed spoil disposal ground at this stage. As a result of consultation
with AFANT on issues raised in its submission, Santos is discussing support for a potential study into the benefits of
artificial habitat structures as fish habitat, including pipeline infrastructure, in Darwin Harbour.

Not Environmental
Factor related

+ The proponent is encouraged to contact DIPL
(Development Assessment Services) at its
earliest opportunity to discuss planning
requirements as further approvals may be
required.

DIPL — Lands and planning

Santos has contacted relevant sections of DIPL and sought advice relevant to secondary approvals required under
planning legislation. Additional detail on the consultation undertaken is provided in Appendix 13.

Not Environmental
Factor related
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6 Matters of National Environmental Significance

A DPD Project referral under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC
Act) was lodged and subsequently determined to be a Controlled Action by the Department of Climate
Change, Energy, Environment and Water (DCCEEW)on 6 December 2022 (EPBC 2022/09372). Further
information was requested under section 95A(2) of the EPBC Act on 23 December 2022.

It was determined that the DPD Project may have a significant impact on the following controlling
provisions under the EPBC Act and is to be assessed via Preliminary Documentation:

+ Listed threatened species and communities (sections 18 & 18A)
+ Listed migratory species (sections 20 & 20A)
+ Commonwealth marine areas (sections 23 & 24A)

The Preliminary Documentation is currently being prepared for submission to DCCEEW.
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7 Environmental Impact and Risk Assessment

7.1 Regulatory assessment

The DPD Project is being formally assessed under the NT EP Act and the Commonwealth EPBC Act
(refer Section 1.2) Under the NT EPA Act the Project requires formal assessment through a
Supplementary Environmental Report (SER) (Tier 2 assessment) (Figure 7-1).

This SER includes an environmental impact and risk assessment for the DPD Project, which builds on
that provided in the referral, and covers the key environmental factors of Marine Environmental
Quality, Marine Ecosystems and Atmospheric Processes, as required by the NT EPA within their Notice
of Decision and Statement of Reasons for the DPD Project. The impact and risk assessment covers
additional information requirements as requested by the NT EPA on 12 January 2023 (Table 1-1) and
also, where relevant, covers key issues raised through submissions on the referral by government
departments and the public (Table 5-1). The impact and risk assessment also considers new
information and studies, where relevant, that have been undertaken by Santos for the purpose of
better defining Project impacts and risks. In addition to the three environmental factors raised by the
NT EPA through their Notice of Decision and Statement of Reasons on the DPD Project, additional NT
EPA environmental factors have been included, in order to demonstrate relevant issues raised by
government departments and the public have been assessed. The level of detail included in the impact
and risk assessment sections is considered commensurate to the level of impact and risk being
described.

In accordance with the guidance for preparing an SER (NT EPA, 2021b), a risk assessment has been
developed for the DPD Project. The impact and risk assessment framework as described in Section 7.4
has been used to identify and assess the potential impacts and risks associated with the DPD Project
and has informed the development of management measures detailed in the SER and within draft
Environmental Management Plans located within the Appendices.

The NT EPA (NT EPA, 2021c) defines cumulative impacts as ‘impacts that can accumulate as a result of
additive or interactive processes and actions, interactions among multiple management measures
(past, present and future), a combination of multiple minor impacts over time, and activities conducted
over a wider area than the proposed action, such as the activities of multiple projects operating in a
region.’

The SER considers cumulative impacts from the DPD Project and other projects and/or activities by
identifying the potential for compounding effects from other projects or reasonably foreseeable
activities that are either proposed or currently under development. Section 7.5 describes the
cumulative impacts assessment process.
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Figure 7-1 NT EP Act environmental approvals flowchart showing DPD Project position
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7.2 Environmental factors

The NT EPA considers that the DPD Project has the potential to have a significant impact on
environmental values associated with Marine Environmental Quality (Section 8), Marine Ecosystems
(Section 9) and Atmospheric Processes (Section 10). The NT EPA considered other environmental
factors during its consideration of the referral, however, the impact on those factors was not
considered to be significant.

The SER considers each of the relevant environmental factors and how these interact and connect both
indirectly and cumulatively as relevant to the DPD Project. Other environmental factors raised by
public and/or NT Government submissions, and considered relevant for further assessment, are
addressed in Section 11 and include Coastal Processes, Community and Economy and Culture and
Heritage factors.

7.3 Additional studies

Since the referral was submitted, additional studies have been undertaken to further understand the
baseline environment and assess the significance of potential impacts from the DPD Project. The
additional work undertaken is described in Table 7-1.

Table 7-1 Additional studies undertaken since the referral

Description / Summary of study

Maritime Santos commissioned Cosmos Archaeology to undertake a maritime heritage
Heritage assessment of the DPD Project area following a scope of works provided by
Assessment the NT Department of Territory Families, Housing and Communities—

Heritage Branch.

An initial assessment was conducted using desktop information and
geophysical, MBES, side scan sonar (SSS) and magnetometer survey data
collected by Santos. Santos commissioned a targeted ROV survey (based on
initial desktop data assessment) which was completed by Cosmos
Archaeology to visually inspect targets with potential cultural heritage
significance.

Refer to Appendix 16 for the Maritime Heritage Assessment report which
documents the findings of the surveys and assessment and subsequent
recommendations. The report was presented to the Heritage Branch on 20
December 2022
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Description / Summary of study

Baseline Baseline surveys were completed in October 2021, January 2022 and June

Habitat 2022 by environmental consultancy RPS to collect data on marine water
Assessment quality, sediment quality and composition (including contaminant

concentrations), macroinvertebrate (infaunal) assemblages and benthic
habitats, along the DPD Project pipeline route and spoil ground location. The
survey results have been used to inform the environmental values and impact
assessment sections presented in this SER (refer to Section 8 (Marine
Environmental Quality) and Section 9 (Marine Ecosystems)).

The survey conducted in June 2022 (ROV survey) was used to expand the
benthic habitat survey data along the proposed pipeline route (including
within the Charles Point Wide Reef Fish Protection Area), ground truth areas
of potential sensitive habitat adjacent to the pipeline route (as predicted by
AIMS 2021 and 2019 habitat mapping) and ground truth potential heritage
items identified from a maritime archaeologist assessment of remote sensing
data.

Refer to Appendix 6 for the benthic survey report.

Turtle A desktop assessment was undertaken by Pendoley Environmental, marine
Nesting and turtle subject matter experts, to determine the presence and significance of
Lighting marine turtle nesting activity on beaches within and surrounding Darwin
Impact Harbour (Appendix 14). The technical note considers regional marine turtle
Desktop nesting and assesses the likely level of impact the DPD Project vessel lighting
Assessment will have on the Arafura Sea genetic stock of flatback turtles (Natator

depressus). A summary of the importance of turtle nesting beaches is
provided in Section 9.4.6.

Findings of the lighting assessment are summarised in Section 9.5.3.

Traffic Santos engaged the consultancy AECOM to complete a Traffic Impact
Impact Assessment (TIA) in accordance with requirements from DIPL. AECOM
Assessment engaged with DIPL Transport and Civil Services Department during

preparation of the TIA. Refer to Appendix 10 for the assessment.
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Description / Summary of study

Sediment Sediment dispersion modelling of the trenching and spoil disposal activities
Dispersion associated with the DPD Project was completed by RPS to quantify the
Modelling potential magnitude, intensity and spatial distribution of suspended sediment

concentrations (SSC) and sedimentation that would be expected. Outcomes of
the modelling study have informed the potential field of effect on water
quality and benthic habitats, resulting from the release of sediments during
trenching and spoil disposal activities.

The sediment dispersion modelling simulations were conducted using
hydrodynamic and wave data drawn from the 2019-2020 period, with
nominal start dates for model simulation purposes being chosen as 1 April
2019 (winter/dry) and 1 October 2019 (summer/wet). A total of eight
scenarios were modelled.

In response to an expert review of the modelling completed by AIMS,
additional modelling and assessment (including a spoil ground stability
assessment) was conducted.

Refer to Appendix 3 for the full sediment dispersion modelling report. The
modelling report includes an appendix detailing how comments from AIMS
expert review report have been addressed in the final version of the report.

Underwater Underwater noise modelling has been completed by specialist underwater
Noise noise modelling consultancies Talis Consultants and JASCO Applied Sciences
Modelling to model predicted underwater noise levels from construction activities. The

focus of the study was trenching activities by trenching vessels, including rock
breaking, as this was identified as the most significant sources of underwater
noise for the DPD Project.

Four noise source locations in Darwin Harbour including six scenarios were
modelled as described in Section 9.5.2.

The study looked at temporary threshold shift (TTS), permanent threshold
shift (PTS) and behavioural effect thresholds of marine fauna for each of the
modelled scenarios to determine if exceedances were predicted.

Refer to Appendix 8 and Appendix 9 for the full underwater noise modelling

reports.
Treated Treated seawater modelling was completed by RPS to determine the potential
Seawater impacts and area of exposure from the discharge of treated seawater if an
Modelling unplanned ‘wet buckle’ event was to occur and if dewatering of treated

seawater was required within the Project area. Both pipeline over filling
(overflow) and dewatering scenarios were considered for three locations (two
within Darwin Harbour) and both near-field and far-field modelling results
over 12 hr, 24 hr and 48 hr exposure periods were completed. The extent and
area of predicted exposure of the discharge were reported against established
No Observable Effect Concentrations (NOECs) and calculated species
protection levels (refer to Section 8.5.2).

Refer to Appendix 5 for the full treated seawater modelling report.
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Description / Summary of study

Hydrocarbon Hydrocarbon spill modelling was undertaken by RPS to determine potential
Spill environmental impacts in the unlikely event of a vessel-based spill during
Modelling Project activities. The following four scenarios were considered:

+ Scenario 1 — An offshore pipelay vessel fuel tank rupture at KP91.5
resulting in the release of 700 m3 of marine diesel oil (MDO) on the
surface over 6 hours;

+ Scenario 2 — A vessel fuel tank rupture at KP114 resulting in the
release of 87.5 m® MDO on the surface over 6 hours;

+ Scenario 3 — An instantaneous surface spill of 10 m3 of MDO due to a
vessel to vessel refuelling incident within the harbour at KP114; and

+ Scenario 4 — A vessel fuel tank rupture at KP114 resulting in the
release of 300 m® of MDO on the surface over 6 hours.

The potential risk of exposure to the surrounding waters and contact to
shorelines was assessed for wet (November to April) and dry (May to
October) seasons. A summary of the modelling approach is provided in
Section 8.5.5 with the full report provided in Appendix 15.

7.4 Environmental impact and risk assessment methodology
7.4.1 Overview

In accordance with Table 1 of the NT EPA Preparing a supplementary environmental report (SER)
Environmental Impact Assessment Guidance for Proponents (Revl) (NT EPA, 2021d), the impact and
risk assessment framework for the Project was developed and implemented in accordance with
international best practice standard methodologies including:

+ Australian/New Zealand Standards (AS/NZS) ISO 31000:—018 - Risk management— Principles
and guidelines (Standard); and

+ HB 203:2006: Environmental risk management — Principles and process (Guide).

This impact and risk assessment was also developed with consideration of the NT EPA Environmental
Factors and Objectives (NT EPA 2021b), with the aim of identifying and assessing the environmental
aspects and potential impacts and risks for DPD Project activities during all work phases associated
with construction, pre-commissioning and operation.

7.4.2 Santos environmental impact and risk assessment process

Santos’ environmental impact and risk assessment process sets out a method to:

+ lIdentify the potential environmental impacts of key Project activities (planned and
unplanned events);

+ Identify and evaluate the likelihood and consequence of the environmental impacts from
planned (consequence only) and unplanned events identified to determine the inherent risk
with standard mitigation (e.g. statutory compliance);

+ ldentify avoidance and mitigation measures to avoid or reduce impacts and risks to a level
that is acceptable and as low as reasonably practicable; and
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+ Determine the residual level of risk after application of management measures and controls.

The assessment of impacts and risks requires a level of understanding of the nature of activities and
how they may interact with the environment, and examines the causal effect between the aspect (e.g.
hazard) and the identified receptor. Impact mechanisms and impacts are determined and described,
using scientific literature and modelling where required.

The consequence level of the impact is then determined for each aspect using the NT EPA Factors
relevant to the SER including:

+ Marine Environmental Quality;
+ Marine Ecosystems;

+ Atmospheric Processes;

+ Coastal Processes;

+ Community and Economy; and
+ Culture and Heritage.

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 considers the duration and extent of the impact, receptor recovery time
and the effect of the impact at a species’ 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 consultation with stakeholders, the social and economic values in the
region that are of interest are considered.

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 (Table 7-3 ) is assigned.

For unplanned events, the consequence level (Table 7-3 ) of the impact is combined with the likelihood
of the impact occurring (Table 7-2), to determine a residual risk ranking using Santos’ corporate risk
matrix (Table 7-4).

Inherent risks were determined by ranking the likelihood and consequence of the impact with only
industry standard mitigation measures and controls, giving a worst-case scenario outcome. Avoidance
and mitigation measures were established for inherent risks to minimise the risk as far as practicable.
Avoidance and mitigation measures were developed with reference to environmental guidelines,
professional and/ or academic experience of technical specialists engaged to work on the SER and
supporting studies, and personnel designing and developing the DPD Project. A summary of residual
impacts and risks, following application of avoidance and mitigation measures is provided at the end
of each NT EPA environmental factor section of the SER. A summary of all avoidance and mitigation
measures applicable to the DPD Project is provided in Section 12.
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Table 7-2  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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Santos Ltd

Consequence categories adopted in the risk assessment

Santos

Short term behavioural Detectable but insignificant | Moderate. Significant Long term decrease in local | Complete loss of local Complete loss of regional
impacts only to small decrease in local population | decrease in local population | population size and threatto | population, habitat critical to | population
proportion of local size and threat 1o local size but no threat to overall | local population viability. ival of local populati Complete loss of habitat
population and not during popuiation viability. population viability. Major disruption to the or protected ) critical to survival of regional
aritical lifecycle activity. insignificant disruptionto | Significant g cycle of local area/conservation significant | papuiation
No decrease in local the breeding cycle of local disruption or disruption to ation / area of area
population size / area of population / area of the breeding cycle of local occupancy of species / loss Widespread (regional)
occupancy of species floss | occupancy of species /loss | population / Significant of habitat critical to survival | decline in population size or
or disruption of habitat of habitat critical to survival | reduction in area of of a species/ values of 3 habitat critical to regional
critical / disruption to the of a species/ values of 3 occupancy of species [loss | protected area population
breeding cycle/ vales of a protected area. of habitat critical to survival Frag of ing ive destruction of
protected area. No Detectable but insignificant | of 3 species. population / Loss or change | local habitat with no
introduction of disease and | jocs of area/function of Modify, destroy, remove or | of habitat to the extent that | recovery or long term
no reduction in habitat habitat with rapid recovery | decrease availability of 3 long-term decline infocal | (decades) or widespread loss
area/function. wiithin 2 years, quality habitat tothe extent | population and function of | of area or function of
that 3 long-term declinein | habitat is likely with slow primary producers on a
local population or function | recovery over decades regional scale
of habitat is likely with Introduction of disease likely
recovery over mediumterm | 1o cause long term
(2-10 years) population decline
Introduction of disease likely
to cause significant
i population decline
Negligible, No or negligible | Detectable but localised, Significant wide-scale Wide-scale, long term Extensive impact Complete destruction of
reduction in physical short term and insignificant | megium term impact to impact to physical to/destruction of physical regional physical
environment nor decrease in | IMPact to physical physical environment, environment, long term environment with no environment / habitat with
ecosystem function/health, OF ECOSYSIEM | gecrease in ecosystem decrease in ecosystem recovery or shutdown of no recovery
No or negligible foss of value MW“":‘:&E" function/health or value to | function/health or value to | socio-economic activities Complete loss of area or
10 s0cio-economic activities ‘°“°n W'em"“m”":‘ s socio-economic activities. | socio-economic activities. | | ong term (decades) and function of primary
wikbin= T yemeic y over term | Slow recovery over decades. | yigespread loss of producers on a regional
(2-10 years). ecosystem function/health | scale
on a regional scale that
damages value to socio-
economic activities.
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Consequence Level

Coastal Processes

Geophysical processes, primary
productivityf nutrient cycling,
conservation significant areas, coastal
landforms and cultural, aesthetic or
recreation values

Short term changes to local
geophysical/hydrological
processes, widespread loss
of area or function of
primary producers/nutrient
cycling or conservation
significant areas on a
regional scale

Detectable but insignificant
lass or change to local
geophysical/hydrological
processes, area or function
of primary
producers/nutrient cycling
or conservation significant
areas with rapid recovery
within 2 years.

Moderate. Significant
maodification, destruction,
removal or change of local
geophysical/hydrological
processes, wide-scale loss of
area or function of primary
producers/nutrient cycling
or conservation significant
areas on a regional scale
with recovery over medium
term (2-10 years).

Long term loss or change of
local
geaphysical/hydrological
processes, widespread loss
of area or function of
primary producers/nutrient
cycling or conservation
significant areas ona
regional scale with slow
recovery over decades

Santos

Extensive destruction of
local
geophysical/hydrological
processes, widespread loss
of area or function of
primary producers nutrient
cycling or conservation
significant areas om a
regional scale with no
recovery or long term
{decades)

Complete loss or change of
geophysical/hydrological
Drocesses.

Complete loss of area or
function of primary
producers/nutrient cycling
or conservation significant
areas on a regional scale.

Community and Economy
Includes: fisheries {commercial and
recreational); tourism; oil and gas;
defence; commercial shipping

Mo or negligible loss of value
of the local industry. No or
negligible reduction in key
natural features or
populations supporting the
activity.

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.

Significant loss of value of
the local industry. Significant
medium-term reduction of
key natural features or
populations supporting the
local activity.

Major long-term loss of
value of the local industry
and threat to viability. Major
reduction of key natural
features or populations
supporting the local activity.

Shutdown of local industry
or widespread major
damage to regional industry.
Permanent loss of key
natural features or
populations supporting the
local industry.

Permanent shutdown of
local or regional industry
Permanent loss of key
natural features or
populations supporting the
local or regional industry

Culture and heritage

Includes: Indigencus heritage and
maritime heritage (i.e. shipwracks)

Mo or negligible impact on
the area's cultural or
heritage values.

Mo or negligible alteration,
modification, cbscuring or
diminishing of the area's
cultural or heritage values.

Detectable but insignificant
impact on one or more of
the area's cultural or
heritage values.

Detectable but insignificant
alteration, modification,
obscuring or diminishing of
the area's cultural or
heritage values.

Significant impact on one or
more of the area’s cultural or
heritage values.

Significant alteration,
modification, cbscuring or
diminishing of the area's
cultural or heritage values.

Major long-term effect on
one or more of the area's
cultural or heritage values.
Major alteration,
modification, cbscuring or
diminishing of the area's
cultural or heritage valuesl

Complete loss of one or
more of the area's cultural or
heritage values.

Permanent loss of one or
more of the area's cultural
or heritage values with no
TeCovery.
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Table 7-4 Santos’ Risk matrix

Consequence
| 1l 1] v \' Vi
F Low Medium e g € 8 € g
E Low Medium e g e g
Low Medium e g
Low Medium e g
Low Low Medium
Low Medium Medium

7.5 Cumulative impact assessment

In accordance with the NT EPA Environmental Impact Assessment Guidance for Proponents (NT EPA
2021a), the impact assessment has identified and considered potential cumulative impacts from the
Project and other activities at varying spatial extents from the Project. The objective of the assessment
is to identify the potential for the Project to have compounding or additive effects with similar impacts
from other projects or foreseeable activities that are either proposed or currently under development.

Cumulative impact may be described as the total impact on environmental factors that is caused from
the proposed Project activities in conjunction with past and future activities. These are impacts of the
action when combined with the impacts of other (related and unrelated) actions.

7.5.1 Cumulative assessment methodology

This section provides an overview of the methodology adopted for assessing the Project’s potential
cumulative impacts. Cumulative impacts can include:

+ Environmental changes including effects on the marine environment, water quality,
hydrology and biodiversity;

+ Impacts on local, regional and Territory traffic, transport, vessels and road users; and
+ Changes to local and regional amenity, including noise, vibration and air quality.

The following methodology was applied to assess cumulative impacts, as described further in the key
environmental factor sections:

+ Identify the impacts of the Project on baseline conditions (as detailed in the key
environmental impact sections and technical reports);

+ ldentify significant additional projects proposed:
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- Onshore: within a 25 km radius from the Project; *or
- Offshore: within the Darwin Harbour or within a 25 km radius from the Project; and

+ Screen significant additional projects (located >25 km radius from the Project) to identify
those with the greatest potential to interact (on a temporal basis) cumulatively with the DPD
Project.

The identified projects and assessment of cumulative impacts is discussed in Section 13.

1 A 25 km radius has been selected for as the range to assess cumulative impacts from the DPD Project, based on 25 km
being used by Santos in the past and is thought to encompass the furthest potential extent of effects from the DPD Project
and other project for assessment of direct and indirect cumulative impacts.
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8 Marine Environmental Quality

This section provides further assessment of DPD Project impacts and risks to the NT EPA environmental
factor of Marine Environmental Quality since the referral submission. It addresses relevant additional
information requirements requested by the NT EPA and submissions received on the referral from
government departments and the public, using additional data and studies, conducted since the
original submission of the referral.

8.1 Environmental objective

The NT EPA environmental objective for Marine Environmental Quality is to protect the quality and
productivity of water, sediment, and biota so that environmental values are maintained.

8.2 Additional information required

As described in Table 1-1, the NT EPA requested additional information to further understand the
magnitude of potential impacts on Marine Environmental Quality and the effectiveness of
environmental management and mitigation measures, specifically:

+ Provide interpreted outcomes of proposal-specific sediment dispersion/plume modelling;
+ Revise the impact assessment for sedimentation in the context of:

- Proposal-specific data,

- Sediment dispersion/plume modelling outputs, and

- Updated habitat data.
+ Provide a draft DSDMP for sub-sea trenching activities, including:

- Asurvey program to establish the baseline (pre-construction) condition of habitats within
the zone of influence of the proposal (as required above) and relevant parameters to be
monitored to detect impacts;

- Quantitative trigger levels for relevant parameters (and description of their derivation)
corresponding to investigative and/or adaptive management actions that must be taken
in the event that monitoring indicates trenching/dredging activities are likely to impact
sensitive receptors;

- Quantitative limit values relevant parameters (and description of their derivation)
corresponding to stop work, recommencement and/or investigative actions if sensitive
receptor monitoring results exceed limit values;

+ Provide details of any infrastructure required for construction of the pipeline at the shore
crossing;

+ Identify and map potential impacts (including cumulative impacts) and proposed measures
that would be applied to ensure construction impacts are not significant;

+ Demonstrate how Marine Environmental Quality would be protected in the event of
discharge of hydrotest water in NT waters;
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Demonstrate that any discharge of hydrotest waters in Commonwealth waters would not
cause an exceedance of the 99% species protection level in any NT waters e.g. if a discharge
were to be near the jurisdiction boundary; and

Describe the proposed mitigation measures to manage potential impacts of hydrostatic test
water discharges to the marine environment. Include detail about hydrostatic test water
discharge characterisation, dispersion modelling, physical and toxicity impacts, marine fauna
impacts, chemical selection and dosing, discharge volume and rate, and criteria for toxicant
concentrations in discharge water. Include consideration of how the 99% species protection
concentration (ANZG) would be met for high conservation ecosystems or chemicals that have
a tendency to bioaccumulate; and

The monitoring program for the DSDMP (referred to as a TSDMMP) must provide for the
assessment of cumulative impacts for trenching/dredging and spoil disposal, including:

A communications strategy for engaging with government authorities and other
proponents undertaking or proposing to undertake dredging in the harbour; and

A proposed approach to managing dredging in coordination with other
proponents/dredging projects to avoid significant cumulative impacts to Darwin Harbour
from dredging activities.

Interpreted sediment dispersion modelling results are presented in Section 8.5.1 with the modelling
report presented in Appendix 3. The draft TSDMMP for managing trenching and spoil disposal
activities is provided in Appendix 4. Details of infrastructure to support trenching and pipeline
construction at the shore crossing is provided in Section 2.3.4 and impact assessed in Section 9.5.1.5.
Contingency treated seawater discharge modelling and impact assessment is presented in
Section 8.5.2 with the modelling report provided in Appendix 5.

8.3

Legislation, policy, and guidance

The following Commonwealth and NT legislation and other policies and guidance documentation
apply to the Project.

Commonwealth

+ Environment Protection and Biodiversity Conservation Act 1999.
Northern Territory

+ Waste Management and Pollution Control Act 1998

+  Environment Protection Act 2019

+ Water Act 1992

+ Waste Management and Pollution Control Act 1998

+  Marine Pollution Act 1999

Other Relevant Policies and Guidelines

+

Santos Ltd

NT EPA Environmental Factors and objectives: Environmental impact assessment general
technical guidance (NT EPA, 2021c);
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+ Anthropogenic Pressures on Darwin Harbour: An IMMRP Monitoring Plan (Version 1).
Technical Report No. 11/2020 (Radke and Fortune, 2020);

+ Guidelines for the environmental assessment of marine dredging in the Northern Territory
(NT EPA, 2013);

+ Darwin Harbour Strategy (DHAC, 2020);

+ Darwin Harbour Water Quality Protection Plan (DLRM, 2014);

+ National Assessment Guidelines for Dredging 2009 (DEWHA 2009).

+  ANZECC/ARMCANZ Sediment Quality Guidelines (Simpson et al. 2019);

+ National Acid Sulfate Soils Guidance: Guidelines for the dredging of acid sulfate soil
sediments and associated trenching dredge spoil management (Simpson et al. 2018);

+ Australian Ballast Water Management Requirements 2001 (DAWE 2020); and
+ Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018).

8.4 Environmental values

This section provides additional information on existing environmental values within the Project area,
including for some which were not included in the referral. Further studies on water and sediment
guality have been undertaken after the submission of the referral with the results included in the SER
to confirm the existing environmental values within and surrounding the Project area. The following
studies have been reviewed and findings included in the SER:

+ Environmental Referral Report — New Marine Facilities to Service Mandorah and Cox
Peninsula (Cardno, 2022a);

+ Santos Barossa DPD- Pipeline Benthic Survey Report (RPS 2022a) (full report provided in
Appendix 6).

A summary of the findings of these studies is provided in the following subsections.

8.4.1 Water quality

Santos Barossa DPD- Pipeline Benthic Survey Report RPS (2022a, see Appendix 6) conducted water
column profiling and collected water samples in November 2021 from different sampling locations
along the pipeline footprint, as identified in Figure 8-1. Water samples were analysed for the
parameters identified in Table 8-1 and water column profile recorded the following parameters:

+ Pressure (to derive depth);

+ Conductivity (to derive salinity);
+ Temperature;

+ pH;

+ Dissolved oxygen; and

+  Turbidity.
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Table 8-1 Water Quality Sampling Parameters

Analyte Sample # (Spoil Sample # Total Samples
Ground) (Offshore)

Total Suspended Solids (TSS) 14 20 34
Nutrients (TP and TN) 14 20 34
Orthophosphate (P0O43) 14 20 34
Nitrite and nitrate (NO; and NOs) 14 20 34
Ammonium (NH4*) 14 20 34
Phytoplank‘ton pigments (Chlorophyll-a and 14 20 34
Phaeophytin-a)
Unfiltered Metal_s and metalloids (As, Ca, 14 20 34
Cr, Co, Cu, Pb, Ni, Zn)
Unfiltered Hg 14 20 34
Filtered Metals and metalloids (As, Ca, Cr,

. 14 20 34
Co, Cu, Hg, Pb, Ni, Zn)
Filtered Hg 14 20 34
TRH and BTEXN 14 20 34
PAH (where TRH above LORs) 0 0 0
NORMs (Ra226, Ra228, Th228) 7 10 17

The sampling identified that water temperature within column profiles along the offshore pipeline
route and at the proposed spoil ground was either consistent with depth or decreased slightly with
depth. Salinity was either consistent or varied marginally over depth except at the two westernmost
offshore pipeline route sites, where an increase in salinity was recorded over the 0— 10 m depth range.
Turbidity at 4 sites along the offshore pipeline route decreased from surface to 15 — 20 m depth, then
gradually increased with depth. Elsewhere along the pipeline route, turbidity was either relatively
consistent with depth or increased with depth. At the proposed spoil ground turbidity generally
increased with depth.

Oxygen levels tended to increase with increasing depth in both study areas except at two sites along
the offshore pipeline route. Oxygen levels decreased with depth below 20 m and at one site oxygen
levels decreased below ~10 m, then remained fairly consistent at the other site. For pH there was a
decrease with depth at the majority of sites along the offshore pipeline route but increased with depth
at two sites and at one site was consistent with depth except at ~¥15 — 20 m and ~35 — >50 m where
there was a relatively large drop from 11.5 to 9.5. Overall, the in-situ data indicate that there was no
evidence of a halocline or thermocline and showed no indications of stratification of the water column.

Filtered and unfiltered cadmium (Cd), chromium (Cr), cobalt (Co), nickel (Ni) and mercury (Hg) were
generally below the Limit of Reporting (LoR) at both offshore pipeline and spoil ground locations, with
the exception of one site, which had filtered Ni and unfiltered Cr concentrations that were above the
LoR but well below the relevant guideline values in the Australian and New Zealand Guidelines for
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Fresh and Marine Water Quality (ANZG, 2018). The filtered and unfiltered arsenic (As) concentrations
were very similar in both offshore pipeline and spoil ground samples and were below the relevant
ANZG (2018) Default Guideline Value (DGV).

Filtered and unfiltered copper (Cu) concentrations at 3 sites were above the relevant ANZG (2018)
DGV. The Cu concentration in 1 sample (OP2S) was much higher than in other samples therefore it is
likely that this sample is an outlier and sampled a potential contaminant. Filtered and unfiltered lead
(Pb) concentrations ranged from <0.1 to 5.4 ug/L in the offshore pipeline samples but were much lower
in the spoil ground samples (<0.1 to 0.4 pg/L). One sample had a filtered Pb concentration above the
relevant ANZG (2018) DGV. Unfiltered zinc (Zn) concentrations were at or above the relevant ANZG
(2018) DGV of 8 pg/L in two samples, filtered zinc concentrations were at or above the DGV at 6 sites
at the western end of the offshore pipeline route (between OP1 and OP5) and across the proposed
spoil ground area (sites SG4, SG7 and SG12), with no clear trend in exceedances between surface and
bottom waters.

The results of the analysis of metals and metalloids identified DGV exceedances in Cd, Cr, Co, Cu, Ni,
Hg and Zn in the surface waters of site OP1, though the source was not identified. OP1 is located
approximately 5 km north from the end of the DPD Pipeline.

Nitrite and nitrate were recorded at concentrations at or above LoRs in bottom water samples only, at
concentrations of up to 15 pug N/L. DGV in bottom waters is 106.46 pg N/L. Ammonium was detected
in 14 samples, with 13 of those being bottom (near seabed) samples and were below the relevant
ANZG (2018) DGV. The peak concentration of ammonia was 13 pg N/L at the proposed spoil ground.
Total nitrogen concentrations ranged from 80 to 150 pg N/L; 35 samples were at or exceeded the
relevant ANZG (2018) DGV. Nineteen orthophosphate (filterable reactive phosphorus) concentrations
samples exceeded the relevant ANZG (2018) and total phosphorous concentrations in 35 samples were
at or exceeded the relevant ANZG (2018) DGV. Nutrients (nitrogen, phosphorus, and organic carbon)
are released in the decay of organic matter, and the increased concentrations of nutrients in near-
seabed samples likely correlate with decaying organic matter on the seabed at those locations.

Chlorophyll-a concentrations were used as an indicator of the level of phytoplankton biomass across
the offshore pipeline area. Chlorophyll-a concentrations ranged from 0.4 to 1.5 pg/L. All
concentrations were below the relevant ANZG (2018) DGV. Phaeophytin-a is a breakdown product of
chlorophyll-a and can be used to indicate if phytoplankton are blooming or declining. Phaeophytin-a
was only detected in 10 samples of the offshore pipeline sites, the majority of which were surface
samples.

TSS concentrations ranged from 1.7 to 8.6 mg/L. There was no correlation between depth and TSS,
and no clear difference found in the TSS between surface and bottom samples. There is no ANZG (2018)
default guideline value for TSS.

Hydrocarbon concentrations were below LoRs for all samples at all sites. Radium-226 was detected at
above LoRs in near-seabed samples at two of the offshore pipeline sites but none at the spoil ground
sites.
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8.4.2 Sediment quality

8.4.2.1 Santos Barossa DPD — Pipeline Benthic Survey

As part of the survey scope, sediment samples were collected using a Van Veen grab at 30 offshore
pipeline locations, 13 spoil ground locations and 53 Darwin Harbour locations (RPS, 2022a). Samples
were also collected at an additional three offshore pipeline locations but only analysed for particle size
distribution. During the January 2022 survey, sediment cores were collected from 17 Darwin Harbour
core sample locations (refer to Appendix 6 for detailed information on sampling methodology and
results). All sampling locations are identified in Figure 8-1 . Sediment samples were analysed for the
following parameters:

+ Particle Size Distribution (PSD);

+ Infauna (offshore pipeline and spoil ground only);

+ Total Organic Carbon (TOC);

+ Metals and metalloids (Al, Sb, As, Ca, Cr, Co, Cu, Fe, Pb, Mn, Hg, Ni, Ag, Zn);
+ Nutrients (Total Phosphorous (TP), Total Kjeldahl Nitrogen (TKN));

+ Total Recoverable Hydrocarbons (TRH) & Benzene, Toluene, Ethylbenzene, Xylenes and
Naphthalene (BTEXN);

+ Polycyclic Aromatic Hydrocarbons (PAH), where TRHs were above limits of detection; and
+ Naturally Occurring Radioactive Materials (NORMs; Ra226, Ra228 and Thor228).

The following additional analytes were included in laboratory analysis for Darwin Harbour grab and
core samples:

+  Tributyltin (TBT);

+ Acid Sulphate Soils (ASS);

+ Organochlorine pesticides; and

+ Polychlorinated biphenyls (PCBs).

The results (refer to RPS (2022a); Appendix 6 for detailed results) show that seabed sediment PSD data
identified a transition in sediment grain sizes along the offshore pipeline route, with the percentage
clay and silt contributions increasing from around 3% and 9%, respectively, at the offshore OP1 (slightly
silty gravelly sands; near KPQ) end of the survey area, to up to around 7% and 39%, respectively, at the
OP30, near the Darwin Harbour limits (gravelly muddy sands; at ~“KP90). The increase in silt from
offshore (~KPO) to Darwin Harbour is likely due to the riverine input of fine material from the Darwin
harbour catchment area and mudflats/mangrove areas. The PSD data for the spoil ground indicated
some local heterogeneity in sediments but were generally gravelly sands and muddy gravelly sands (3
—5% clay, 12 — 23% silt, 51 — 73% sand and 9 — 29% gravel).

Darwin Harbour sediments ranged from sandy muds to muddy sandy gravels, with most sediments
being muddy gravelly sands. There was also a sediment gradient from the Harbour limits (KP92) to
near the shore crossing, with silty and slightly silty slightly gravelly sands at KP92 transitioning to silty
sandy gravels from around KP102 to muddy sandy gravels and sandy muddy gravels near the shore
crossing at KP120. Gravels in the study area comprise material from both geogenic (i.e. local rock
formations) and biogenic (e.g. shell and potentially coral fragments) sources.
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Comparison of the sediment composition of the offshore pipeline route, the spoil ground, the sand
wave area in Darwin Harbour and the pipeline route south of the sand wave area to the shore crossing
identified significant differences between all of these areas. Sediments at the offshore sampling sites
(offshore pipeline and spoil ground) were generally dominated by sands (average >50 %), with pebbles
(~27 %), silt (11-15 %) and clay (3-4 %). There was no recorded hard substrate from subsea video
survey, so the coarser fragments (pebble) are more likely to be of biogenic origin (e.g. shell fragments).
The main difference between the offshore pipeline route and the spoil ground is the increased relative
silt content tending towards KPO, and subsequent reduced sand content. This outcome may well be
due to a combination of factors, such as the smaller survey area (relative to the offshore pipeline route)
and hence reduced potential heterogeneity), the more eastern location of the spoil ground, and the
greater potential for the influence of open ocean environmental conditions on seabed substrates at
the western end of the offshore pipeline route (e.g. potentially greater energy and potential increased
near-sed bed currents, increasing potential for winnowing of finer particle sizes).

The sediments inside the Harbour were generally coarser and more characteristic of mixed sediments
rather than the silty coarse sands recorded outside of Darwin Harbour. This is likely to be due to a
combination of factors, including the local geology and differences in hydrodynamic conditions of the
semi-enclosed Darwin Harbour versus the more open ocean-influenced Beagle Gulf. However, the
mobile sediments of the sand wave area were distinct with respect to the very low silt content. This is
likely due to the sorting of sediment particle sizes during transport along the seabed and the
winnowing (removal through resuspension) of the finer silt particles. It is also likely that the seabed
underlying the mobile layer was more similar to nearby seabed substrates in Darwin Harbour.

Laboratory results of the metals and metalloid concentrations from all sites (RPS, 2022a; Appendix 6)
demonstrated a general trend for many of the metals analysed with an increasing concentration
towards and within Darwin Harbour, though with much lower concentrations (except manganese)
recorded in the proposed sand wave trenching area towards the mouth of the Harbour. This trend
correlates with the silt content of sediments, which increased towards and within the Harbour, with
the exception of the mobile sand waves from which the finer components were likely winnowed away
by near seabed currents. Metals and metalloids are commonly associated with smaller particle sizes
(Martincic et al., 1990).

The concentrations were compared to the relevant NAGD screening levels (CoA, 2009) to evaluate
suitability of spoil for offshore disposal (refer Figure 8-2). The results identified that metals and
metalloid concentrations in the sediment were all below the NAGD screening levels, except for arsenic
at four sample locations. The highest concentrations of arsenic were recorded in the southerly section
of the Darwin Harbour pipeline route, closest to the shore crossing. Arsenic is considered to have
become concentrated in sedimentary rocks through sedimentation processes with the fine-grained
clastic sediments having higher arsenic concentrations than the coarse-grained sediments.
Geophysical data (both historic and contemporary), historic habitat mapping surveys and subsea video
collected during the present study in Darwin Harbour have identified areas of emergent bedrock, often
with a relatively thin veneer of sediment. An observed correlation between arsenic and iron
concentrations in this area suggests that the underlying bedrock is likely the source of arsenic, which
has previously been recorded in Darwin Harbour and is a well-known natural source in north-west
Australia (e.g. INPEX Operations Australia Ltd 2014, DEC 2006). Arsenic in Darwin Harbour sediments
is considered unlikely to be bioavailable to any significant extent, and therefore unlikely to cause toxic
impacts to biota (INPEX Operations Australia Ltd 2014). Based on this, the naturally occurring arsenic
levels are not considered a cause of concern from either resuspension as a result of trenching, or for
offshore disposal of trenched material from Darwin Harbour.
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10000

This conclusion is further supported by the results of sediment sampling from the proposed spoil
ground. Arsenic concentrations from the spoil ground were lower than those from Darwin Harbour
and based on an increasing transition in arsenic concentrations to the north/north-west of the spoil
ground across the sampling array, the source of the arsenic (as the nearshore bedrock was for samples
within Darwin Harbour) is likely to be outside the spoil ground. Consequently, the source of arsenic is
unlikely to be dredged Darwin Harbour seabed material disposed of at the adjacent INPEX Ichthys spoil

ground to the east of the proposed DPD Project spoil ground.
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TPH, TRH and BTEXN concentrations were below the laboratory LORs in sediment samples at all
offshore pipeline and spoil ground sites. Consequently, no analysis of PAHs was required at these
locations. TPH and TRH were detected at 35 of the 53 Darwin Harbour sites at low levels. Normalised
TPH and TRH concentrations were well below the ANZ (2018) DGV of 280 mg/kg across all sites, and
were below NAGD screening levels (CoA, 2009) with the highest recorded concentration of C10-C36
(sum) being 45 mg/kg at site HS09. All PAH concentrations at these 35 sites were below the LoR.

NORMs were recorded above LoRs for all sediment samples along the offshore pipeline route. Levels
of rad226, rad228 and thor228 were generally below 31, 33 and 37 Bg/kg, respectively, except at sites
HS27 and HS31 in Darwin Harbour main channel between KP110 and KP112, where peak levels of 51.7
—79.1, 46.8 — 59.5 and 43 - 63.8 Bq/kg respectively were recorded. The combined value for rad226,
rad228 and thor228 (‘combined NORMs’) were below the NAGD guideline value of 35,000 Bg/kg at all
sites, even when considering upper confidence limits.

Pesticide concentration in all 27 of the Darwin Harbour sediment core samples were below the LoR.

TBT concentrations were below the LOR in all samples from Darwin Harbour. No samples were
analysed for TBT outside of the harbour.

Although inorganic sulfur is present in the sediments, the potential for ASS is low as there is significant
acid neutralising capacity (ANC) available.

The conclusion drawn was that no contaminants of concern were found in the sediments along the
pipeline route, nor at the spoil disposal ground, with the elevated levels of arsenic considered to be
naturally occurring and unlikely to impact the spoil ground. Therefore, sediments along the pipeline
are considered suitable for unconfined ocean disposal as per the NAGD (CoA, 2009).

8.4.2.2 Environmental Referral Report — New Marine Facilities to Service Mandorah and
Cox Peninsula

DIPL, on behalf of the NT Government, proposes to construct a new ferry berthing facility at Mandorah
to improve transport connectivity between Cox Peninsula and Darwin (Cardno, 2022a). This new ferry
berthing facility is located near the eastern tip of the Cox Peninsula within the Darwin Harbour and it
is located approximately 1.5 km from the Project. Due to its proximity to the DPD Project, the ferry
berthing facility sediment quality results have been considered in the SER to inform the DPD trenching
impact assessment.

Marine sediment samples were collected within the ferry berthing facility dredging footprint area and
analysed for physical and chemical properties as per the NAGD (CoA, 2009) and the results were:

+ Metals and metalloids concentration were recorded below all assessment criteria for
offshore and onshore disposal of sediments;

+ Tributyltin (TBT) concentration was recorded above the LOR at two locations, one of these
was outside of the proposed dredge footprint;

+ The 95% upper confidence level (UCL) for TBT corrected for 1% TOC (9.5 pg/kg), for samples
collected within the proposed dredge footprint, marginally exceeded the NAGD low
screening level of 9 ug/kg;

+ No other samples recorded concentrations of organotin compounds above the LOR;
+ Additional investigations were undertaken at 12 samples sites surrounding the site with

elevated TBT found to be below the LOR. This suggested the previous detection was an
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isolated occurrence, not representative of a contamination hotspot. The recalculated 95%
UCL for TBT, incorporating the additional sampling, was well below the NAGD low screening
level;

+ No organic compounds were detected, with all BTEX, TRH, PAH and organochlorine pesticide
concentrations below their respective LORs in all samples; and

+ Two samples were found to have Net Acidity values above the recommended management
action criteria (Simpson et al., 2018) for the dredging of sands to loamy clays; > 1000 tonnes.

The Cardno (2022a) report concluded that the potential for contaminants in sediments resuspended
during dredging or in the dredge return water to bio-accumulate in aquatic organisms was considered
to be negligible. Additionally, only low levels of contamination were recorded and the potential for the
proposed works to increase the risk to aquatic biota over a long period was considered to be very low.

Cardno (2022a) concluded that marine sediment to be dredged by the project presented low risk of
contamination and it was suitable for offshore disposal. 70,000 m? of the 85,000 m? to be dredged is
rock and will be reused for the project, which the remaining material will be disposed offshore
approximately 1 kilometre.

8.5 Potential significant impacts

The risk assessment process considered all planned and unplanned events resulting from DPD Project
activities and identified those events that have the potential to significantly impact the Marine
Environmental Quality. For the planned or unplanned events that were determined not to have the
potential for significant impact, and which were presented and assessed in the NT referral, no further
assessment is presented here. The following sections only present those events that have been
determined to have the potential for significant impact, or events which were not presented and
assessed in the NT referral. These include:

+ Seabed disturbance — Section 8.5.1;

+ Treated seawater discharge — Section 8.5.2;

+ Discharging water from onshore backflushing activities during FCGT — Section 8.5.3;
+ Invasive marine species — Section 8.5.4; and

+ Hydrocarbon spill — marine diesel oil Section 8.5.5.

While noise emissions can be viewed as impacting Marine Environmental Quality it was considered
more appropriate to include noise emissions under Marine Ecosystems section since they have been
specifically assessed with respect to impacts to key marine fauna.

8.5.1 Seabed disturbance

Activities related to the DPD Project will both directly and indirectly impact the seabed.

As detailed in Section 2.3, the majority of the pipeline will be laid directly on the seabed while sections
making up approximately 16.5 km of the proposed pipeline route within the Darwin Harbour will
require pre-lay trenching (with associated disposal of sediment and an offshore spoil disposal ground)
to install the pipeline.

Figure 8-3 presents the locations of pre-lay trenching works to be carried out along the pipeline route
and the location of the spoil disposal ground outside Darwin Harbour.
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Other activities that will impact the seabed include installation of the foundation, if required, for the
in-line tee (ILT), installation of concrete mattresses to support where the pipeline crosses existing
telecommunications cables, and temporary causeways at the shore crossing location (refer Section
2.3).

While all pre-lay works have the potential to have a localised and temporary impact to Marine
Environmental Quality (including water quality and sediment quality) from laying infrastructure on the
seabed, trenching is the activity that has the greatest potential to have a significant impact, from the
generation of suspended sediments leading to increased turbidity and sedimentation.

To understand and evaluate the potential impacts to Marine Environmental Quality from trenching
and spoil disposal, Santos commissioned sediment dispersion modelling which quantified the potential
magnitude, intensity and spatial distribution of SSC and subsequent sedimentation that would be
expected for the trenching and disposal operations proposed for the DPD Project. The predicted
outcomes have been used to inform the assessment of the potential for influence or impact upon
water quality and benthic habitats in the region. The modelling report, presented in Appendix 3,
contains a summary of the sediment dispersion model inputs, methods and assumptions, and the
model outcomes following analysis of specified threshold criteria. The modelling report was improved
through comments received from an expert review by AIMS. Refer Appendix 3 for details.

It is important to note that finalisation of the DPD pipeline route and associated trenching
requirements occurred after sediment dispersion modelling was completed. The expected trenched
spoil volume of ~255,000m? (refer Table 2-2) is lower than that modelled (306,000m3) due to a
reduction in trenching requirements. Trenching within zones labelled as trench zones 4, 5 and 7 within
Section 5.4.2.1 of the modelling report (Appendix 3) and in Figure 8-5 to Figure 8-14 within this SER,
is no longer required. Given the removal of some trenching zones and the lesser expected spoil volume
required to be disposed at the offshore spoil disposal ground, the modelling results and subsequent
interpretation are considered to provide a conservative representation of effects and impacts from
trenching and spoil disposal.
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Figure 8-3 Trenching areas and spoil disposal ground
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8.5.1.1 Sediment Dispersion Modelling

A review of the existing hydrodynamic and wave model frameworks for Darwin Harbour identified that
refinements were required, and the models were reconfigured to increase resolution and updated
with the latest bathymetric data. The reconfigured model was then re-validated against available
measurements of water levels, currents, and waves (refer Appendix 3).

Two years (2019-2020) of hydrodynamic and wave simulation data were produced for use as input to
the sediment dispersion model. The comparison of measured and modelled data showed excellent
agreement between currents and water levels and the wave heights and directions were well
reproduced by the wave model (Appendix 3).

Estimates for the three-dimensional distribution of sediments suspended by trenching and disposal
activities were derived for the duration of the pipeline trenching and disposal program using numerical
modelling. The modelling is in line with best practice for sediment dispersion modelling as outlined by
Western Australian Marine Science Institution (WAMSI) Dredging Science Node Guidance (Sun et al.,
2016).

The modelling used the sediment particle size distribution (PSD) specification to predict sediment
dispersion of discharges over time for each of the expected sources of sediment from current and tidal
movements at the location. The model allowed for the subsequent resuspension of settling sediments
due to the erosive effects of currents and waves, the fate of sediments was assessed beyond initial
settling. Refer Appendix 3 for further details on the model methods, assumptions and limitations.

8.5.1.2 Methods and equipment

The material to be trenched from the pipeline route will consist mainly of marine sediments (modelled
as approximately 200,000 m3) and rock material (modelled as approximately 110,000 m3). The critical
geotechnical information required as input to the modelling were: (i) PSD data for the sediments to be
trenched along the pipeline route; and (ii) in situ dry bulk density for the materials to be trenched along
the pipeline route. The PSD data used in the modelling were based on field data collected for the
Project during October 2021 and January 2022 along the proposed pipeline corridor and at the
proposed offshore spoil ground (Appendix 6)(RPS, 2022a). The PSD for each zone was determined
based on an average of the PSD results of all samples taken within each zone during site investigations.

The trenching operations for the pipeline route have been divided into eleven sections: seven
trenching areas, three pre-sweep areas and the sand wave area as shown in Figure 8-3. The three pre-
sweep areas and the sand wave area only require sediments to be removed while the other seven
trenching sections requiring removal of both sediment and rock material.

The trenching in each of the seven trenching sections was assumed to be completed with either: a
backhoe dredge (BHD; Trench Zones 1 and 2); or a TSHD conducting a pre-sweep to remove surface
sediments, followed by a CSD crushing harder material, and a post-sweep with the TSHD to remove
the CSD-crushed material. Trenching of the pre-sweep and sand wave sections is assumed to only
require the TSHD.

A TSHD uses a head suction pipe with nozzles connected to a high-pressure water installation to loosen
the material on the seabed. The resulting lower pressure in the pipe lifts the material discharging it
into a hopper. A CSD is a vessel that includes a cutter head used to loosen the material and a suction
mouth, inlet and pump used to mobilise the material from the seabed through piping into a hopper.
A BHD will be used for digging and rock breaking.
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Typically, a TSHD will remove the sediments or material that has been previously crushed by a CSD,
and the quantities of each material type assumed in this case are detailed in Section 2.3.1. At the time
of modelling the assumed BHD has a bucket size up to 16 m?® and total installed power of 2416 kW,
while the TSHD hopper size was assumed to be 15,000 m? and the CSD was assumed to have a total
installed power of 28,200 kW. It has been specified that overflow of fines from the TSHD hopper will
occur, with a ‘green valve’ incorporated into the overflow system, and that dewatering of the split
hopper barges (SHBs) that accompany the BHD will also occur.

Inputs for the trenching program included accounting for all potential concurrent sources of sediment
characterised by location, intensity, particle size distribution, vertical distribution in the water column,
and levels of cohesivity. Also included is the potential for sediment mobilisation by TSHD propeller-
wash effects which was done using data on vessel characteristics, and local depth and seabed
composition.

To model the pipeline route trenching and spoil disposal operations, a range of conditions were
defined for the proposed operations, including trenching and disposal methods, production rates, and
sediment/rock types and quantities. Six different sources of suspended sediment plumes during
trenching and disposal operations were identified and broadly defined as:

+ Direct suspension of material from the BHD bucket, from grabbing and lifting sediments and
rock through the water column, and accounting for periods of no-dewatering and dewatering
from the SHBs;

+ Disposal of sediment and rock excavated by the BHD from the SHBs to the spoil ground;

+ Direct suspension of material by the TSHD during trenching of sediments, and CSD-crushed
material, accounting for no-overflow and overflow periods;

+ Disposal of sediment and CSD-crushed material removed by the TSHD to the spoil ground;

+ Direct suspension of material by the CSD during trenching of rock and casting material behind
the dredge at low velocity, just above the seabed; and

+ Indirect suspension of material due to the propeller-wash of the SHB and TSHD while
trenching.

Each of these sources of suspended sediment plumes will vary in strength and persistence depending
on the nature of the operations. For the model, each source was defined by specifying the time-varying
flux rate, PSD and vertical profile in the water column.

Refer Appendix 3 for how the information has been used in the model and assumptions that have
been made to supplement that information.

8.5.1.3 Modelled scenarios

Two seasonal trenching and disposal scenarios were simulated:
+ Trenching and disposal in April/May; and
+ Trenching and disposal in October/November.

The two scenarios simulated the ongoing sequence of all sediment-disturbing operations, along with
simulation of a suitable post-trenching period to account for the fate of loosely consolidated material
disturbed by the trenching and sediment placement. The proposed backfill and stabilisation of the

Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 148 of 455



Santos

pipeline using quarry rock material was not modelled because the proposed methods do not represent
a significant source of suspended sediment.

Simulation outputs from each separate trenching and disposal activity were post-processed, combined
and analysed to determine outcomes including zones of influence and impact for each scenario based
on specified threshold criteria.

The modelled sequence of trenching has been specified to represent a worst-case scenario where the
TSHD, CSD and BHD operate concurrently. The TSHD modelled sequence is assumed to start in Pre-
Sweep Area 1, moving offshore along the pipeline route to the Sand Waves Area. Once the TSHD has
completed its first pass over each of the trenching sections it will begin removing the material that has
been crushed by the CSD, moving offshore along the pipeline route.

The BHD modelled sequence starts in Trench Zone 1 then moves to Trench Zone 2, with the BHD
assumed to commence work at the same time as the TSHD on day one of the trenching program.

The CSD cannot start until the TSHD has pre-swept some of the zones, and the schedule minimises the
amount of time that two pieces of equipment are in the same zone at the same time. To meet this
condition the CSD will start in week two of the program in Trench Zone 3 then move sequentially
offshore.

Details of estimated cycle times for trenching within each section are provided in Appendix 3.

8.5.1.4 Tolerance limits and management zones

Predictions of the SSC and sedimentation for each scenario were assessed against a series of water
guality and sedimentation thresholds to categorise the modelled outcomes into management zones
of influence and impact, defined with regard to environmental sensitivities in the study region. The
thresholds and the approach to be applied to this Project are based on the extensive environmental
monitoring and threshold work that INPEX completed for the Ichthys project, including during its
capital and maintenance dredge campaigns in Darwin Harbour (INPEX 2010; 2011; 2013; 2018).

Following INPEX monitoring, areas of potential impact from trenching-induced excess SSC and
sedimentation have been identified using seasonal tolerance limits/thresholds for sensitive receptors
including mangrove, seagrass and hard coral habitats. The limits for SSC were derived from
comprehensive site-specific water quality monitoring data (covering multiple years and locations), and
the tolerance limits for sedimentation were derived from habitat-specific dose-response experiments
and field observations reported in the scientific literature (INPEX, 2018). The defined tolerance limits
also account for spatial variation with different limits applied to four trenching impact reporting zones,
which were defined based on available water quality monitoring data (INPEX, 2018). The trenching
impact reporting zones and the corresponding tolerance limits for different habitats that have been
applied to the modelling are presented in Table 8-2 and Figure 8-4.
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Table 8-2  Tolerance limits for excess SSC and sedimentation (following INPEX, 2018)

Santos

Habitat Trenching Impact Season SSC (mg/L) Sedimentation
Reporting Zone (mm)

Mangrove Anywhere All N/A 50

Hard Coral East Arm Dry 11.9 15
Wet 23.8

Middle Arm Dry 124 15
Wet 27.0

Mid Harbour Dry 10.7 15
Wet 28.4

Offshore Dry 17.9 15
Wet 64.2

Seagrass Anywhere Dry 13.3 40
Wet 60.6
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Figure 8-4 Proposed trenching impact reporting zones, based on INPEX (2010)
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Following the approach applied by INPEX (2010; 2011; 2013; 2018) a Zone of High Impact, a Zone of
Moderate Impact, and a Zone of Influence have been adopted.

Zone of High impact (ZoHlI) is where direct impact from trenching and disposal will occur, such as
removal of substrate or smothering of substrate (INPEX, 2018). Predicted impacts within this zone are
expected to be severe and often irreversible. This zone includes the trench footprint and disposal area
with a 20 m buffer extending outwards from these areas.

Zone of Moderate Impact (ZoMl) is defined as the area where sensitive receptor communities are
predicted to be indirectly impacted by elevated SSC and sedimentation due to trenching and disposal
activities (INPEX, 2018). Damage/mortality of sensitive receptor communities may occur, but the
disturbed areas are considered to have good potential for recovery.

Sensitive receptors are within the ZoMI if their respective ecological tolerance limits for SSC are
exceeded for 10% of the time or where the simulated sedimentation thickness exceeds their respective
sedimentation tolerance limits at the end of the simulation (INPEX, 2018). For this project the
maximum sedimentation thickness predicted at any time throughout the trenching operations was
conservatively used for comparison against the sedimentation tolerance limits. Due to the variable
nature of the sedimentation with tidal cycles and the strong currents in Darwin Harbour, larger
amounts of sedimentation may occur earlier in the trenching program. As is expected, the predicted
plume drift trajectories during the spring tide periods are much longer than during neap tide periods,
with the suspended material being more widely dispersed and SSC becoming patchy.

The predicted ZoMI based on exceedances of the thresholds for SSC was evaluated over the duration
of each trenching scenario by:

+ Creating a three-dimensional time series (hourly) of trenching-excess SSC values in each
model grid cell for the entire trenching program;

+ Calculating the 90" percentile SSC value of each cell (i.e. the value that is exceeded 10% of
the time); and

+ Assessing the 90" percentile data against the seasonal threshold SSC values for each sensitive
receptor habitat type and trenching impact reporting zone.

The predicted ZoMI based on exceedances of the thresholds for sedimentation was evaluated over the
duration of each trenching scenario by:

+ Calculating the maximum trenching-excess sedimentation thickness values in each model
grid cell for the entire trenching program. A density of 700 kg/m2 was assumed for newly
deposited sediments in the modelling based on field observations of the in situ density of
surface material present over the mangrove areas of Darwin Harbour (INPEX, 2009); and

+ Assessing the maximum trenching-excess sedimentation thickness data against the seasonal
threshold sedimentation thickness values for each sensitive receptor habitat type and
trenching impact reporting zone.

The overall predicted ZoMI for each scenario was then calculated by combining both of the predicted
ZoMis from exceedance of thresholds for SSC and sedimentation thickness.

Zone of Influence (Zol) is defined as the area where sensitive receptor communities are predicted to
be indirectly influenced by elevated SSC and sedimentation (INPEX, 2018). Sensitive receptor
communities may, at some time experience detectable elevations in SSC and sedimentation (beyond
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expected background levels). However, no sublethal stress or mortality of benthic communities is
expected to occur (INPEX, 2018).

Sensitive receptor communities are predicted to be indirectly influenced where their respective
ecological tolerance limits for SSC are exceeded for 5% of the time or where the simulated
sedimentation thickness exceeds 3 mm at the end of the simulation (INPEX, 2018). These tolerance
limits were derived from comprehensive site-specific water quality monitoring data, habitat specific
dose-response experiments and field observations reported in scientific literature (INPEX, 2018). For
this project the maximum sedimentation thickness predicted at any time throughout the trenching
operations was used for comparison against the 3 mm sedimentation tolerance limit.

The predicted Zol based on exceedances of the thresholds for SSC was evaluated over the duration of
each trenching scenario by:

+ Creating a three-dimensional time series (hourly) of trenching-excess SSC values in each
model grid cell for the entire trenching program;

+ Calculating the 95% percentile SSC value of each cell (i.e. the value that is exceeded 5% of the
time); and

+ Assessing the 95" percentile data against the seasonal threshold SSC values for each sensitive
receptor habitat type and trenching impact reporting zone.

The SSC results used to evaluate potential impacts were the depth-averaged results which are
considered more appropriate for assessing potential impacts from SSC given it is the decrease in light
through the water column that can impact sensitive benthic habitats.

The predicted Zol based on exceedances of the thresholds for sedimentation was evaluated over the
duration of each trenching scenario by:

+ Calculating the maximum trenching-excess sedimentation thickness values in each model
grid cell for the entire trenching program. A density of 700 kg/m2 was assumed for newly
deposited sediments in the modelling based on field observations of the in situ density of
surface material present over the mangrove areas of Darwin Harbour (INPEX, 2009); and

+ Assessing the maximum dredge excess sedimentation thickness data against the 3 mm
tolerance limit.

The overall predicted Zol for each scenario was then calculated by combining both of the predicted
Zols from exceedance of thresholds for SSC and sedimentation thickness.

8.5.1.5 Sediment dispersion modelling results

Suspended sediment concentrations

The modelling indicated that there may be significant spatial patchiness in the distribution of SSC and
sedimentation at any point in time during the trenching and disposal operations because of variability
in the number of sediment suspension sources, variability in the flux from each of these sources, and
the varying dynamics of the transport, settlement and resuspension processes affecting the sediments.

Most material will initially be suspended low in the water column, and material suspended higher in
the water column will sink as it moves away from the source. Frequent resuspension of material will
also mostly affect the lower reaches. Thus, the area affected by higher concentrations is typically
greater near the seabed than near the water surface. Exceptions to this include during spoil disposal
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activities where spoil enters the system near the surface, and in instances when there is strong
resuspension of sediments that migrate to shallow water, but these will typically not be sustained for
extended periods of time.

The localised movement and dispersion of the trenching-generated suspended sediment is tidally
driven over short timeframes due to the very strong tidal flows in the areas where trenching is planned
to occur and at the offshore disposal ground. Darwin Harbour is dominated by tidal currents year-
round and is relatively sheltered from the variations in large-scale circulation observed offshore.
Beyond the harbour entrance, superimposed on the tidal motion is the gradual migration of sediment
due to the wind-driven residual component of the current, which drives some seasonal differences in
the overall drift patterns of the suspended sediments. However, given the strength of the tidal currents
even in the area offshore of the harbour, the seasonal differences were proportionally small. The
sediment plume extended slightly more southwards during the winter/dry season scenario and slightly
more northwards during summer/wet season scenario; refer Figure 8-5 and Figure 8-6.

Given the dominance of the tidal flows in the Darwin area, the typical sediment plume movements are
predicted to reflect the oscillations of the ebbing and flooding tide, both at the trenching locations and
the spoil disposal site. On the ebbing tide, sediment plumes from trenching at zones within the harbour
are predicted to move towards the Harbour entrance, or in a north-westerly direction parallel to the
coast for the trenching zones outside the Harbour entrance. On the flooding tide the sediment plumes
from trenching zones outside and near the Harbour entrance are predicted to move into the Harbour.
At the proposed offshore disposal site sediment plumes from disposal operations move south-west
towards Darwin Harbour on the ebbing tide and north-east towards Clarence Strait on the flooding
tide. The predicted plume drift trajectories during the spring tide periods are much longer than during
neap tide periods, with the suspended material being more widely dispersed and SSC becoming patchy.
The sporadic nature of the disposal sources will also result in variability of SSC concentrations in space
and time.

Further analysis was completed to evaluate the potential for interaction of plumes from consecutive
disposals. During spring tide periods, the interaction between suspended sediment plumes from
consecutive disposals is minimal, due to the rapid movement and dispersion of the plumes. The
exception to this is when the timings and locations of disposals from the TSHD and BHD are close
together. However, it should be noted that the SSC generated from BHD disposals is predicted to be
significantly lower than for TSHD disposals, due to the lower volume of material in each load so the
potential for additional impact from any interaction of plumes is considered low. During neap tide
periods, when plume movement is slower and trajectories are shorter, there is more potential for
interaction between consecutive disposals; however, the predicted depth-averaged SSC of the
interacting plumes remains relatively low (refer Appendix 3).

Santos Ltd | Darwin Pipeline Duplication Project - Supplementary Environmental Report Page 154 of 455



Santos

- 8,660,000

1

130°40°E

- 8,640,000

—8,620,0

Qf. 1~ 9

.
[BA

boU, UUU
]

130°50°E

= Darwin

Lee Point

)

Darwin Pipeline Duplication (DPD) Project

95th Percentile Excess SSC - Wet Season

Spatial Reference Information
GDA 1924 MGA Zone 52

Scale @ A4: 1:300,000

| | I
31°0'E ./\ 131°10°E } 1312t
LEGEND
DPD Project Area Indicative Trench Extent
DPD Pipeline (NT) I ' - Trench D2 (BHD)
| DPD Spoil Disposal Ground I 2 - Trench D3 (BHD)
b :Existing DLNG Disturbance 3- Trench E (CSD and THSD) SIS
« Efalps 4- Trench A2 (CSD and THSD)
— iAW Hashonr Redion I 5 - Trench A2 (CSD and THSD)
Management Boundary N—
95th Percentile Excess SSC - 6- Trench C1A (CSD and THSD)
(mgiL) I 7 - Trench A2 (CSD and THSD)
:1 -25 8 - Pre-Sweep Area 1
[ |]25-5 9- Pre-Sweep Area 2
I 10 - Pre-Sweep Area 3
I 11 - Sand waves area
(Trench areas shown here are
indicative for visual purposes and
do not represent the actual trench
design width)
12°20'S
Wickham Point
12°30'S
720,000 740,000
| ]
0 2 4 6 8 10 Important note: this file is an indicative representation of the current design of this element of
the project only. Changes may be necessary from time to time to ensure that the engineering
-I- design is efficient, practical and within the land disturbance requirements at the time of
Kilometres construction. Final design drawings will be forwarded to the reievant Government authorities on
request following construction / execution.

Figure 8-5

Santos Ltd

Darwin Pipeline Duplication Project - Supplementary Environmental Report

Predicted 95 percentile trenching-excess SSC for the trenching program transitioning into the summer/wet season (1t October to 9" November 2019)

Page 155 of 455



8,660,000

1

130°40°E

8,620,000

|
130°50°E

= Darwin

BioE Q/ \\

131‘110'E r()

LEGEND
DPD Project Area
DPD Pipeline (NT)

_Darwin Harbour Region
Management Boundary
~ | |DPD Spoil Disposal Ground
:Existing DLNG Disturbance
Envelope
95th Percentile Excess SSC
(mgiL)

1os-s

Indicative Trench Extent
I ' - Trench D2 (BHD)
- 2 - Trench D3 (BHD)
3-Trench E (CSD and THSD)
4 - Trench A2 (CSD and THSD)
I 5- Trench A2 (CSD and THSD)
- 6 - Trench C1A (CSD and THSD)
I 7 - Trench A2 (CSD and THSD)
8 - Pre-Sweep Area 1
9 - Pre-Sweep Area 2
I 10 - Pre-Sweep Area 3
I 11 - Sand waves area

(Trench areas shown here are

indicative for visual purposes and
do not represent the actual trench
design width)

Wickham Point

720,000
]

740,000
L

12°20°S

12°30°S

Darwin Pipeline Duplication (DPD) Project

95th Percentile Excess SSC - Dry Season

Spatial Reference Information
GDA 1894 MGA Zone 52

Scale @ A4: 1:300,000

0 2 4 6 8 10
BN TN .

Kilometres

Important note: this file is an indicative representation of the current design of this element of
the project only. Changes may be necessary from time to time to ensure that the engineering
design is efficient, practical and within the land disturbance requirements at the time of
construction. Final design drawings will be forwarded to the relevant Government authorities on
request foliowing construction / execution.

Figure 8-6  Predicted 95™ percentile trenching-excess SSC for the entire trenching program transitioning into winter/dry season (1 April to 10 May 2019)
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In response to expert review comments from AIMS, further analysis of the spatial and temporal
distribution of SSC was completed, including comparing spatial distribution of maximum-in-water-
column trenching-excess SSC and depth-averaged results.

The analysis revealed that there is significant variability in the vertical distributions of SSC in the water
column and that there is a distinct increase in concentration towards the seabed. Thus, the spatial area
affected above a given concentration is greater in the near-seabed layer than in the near-surface layer.
Despite that, the regions predicted to have elevated levels of maximum-in-water-column trenching-
excess SSC are similar to the depth-averaged results, but the spatial area above a given concentration
is greater for the maximume-in-water-column SSC than depth-averaged results.

When considering the temporal variability, significant temporal variability in the distribution of SSC
during the trenching and disposal operations is predicted. To explore the potential temporal exposure
at sensitive receptor sites, and to respond to AIMS and DEPWS comments on the modelling a time
series analysis at a set of sensitive locations was conducted. The set of analysis locations was selected
from among the existing Ichthys sensitive receptor monitoring sites that the model predicted would
be reached by elevated SSC levels. In addition to the sensitive receptor monitoring sites, a set of
locations were defined at the proposed offshore disposal area, and at the Vernon Islands where
elevated SSC levels were predicted by the model (refer to Figure 7.17 of Appendix 3 for more detail).

The temporal variation in trenching-excess SSC at all analysis sites reflects the spatial patchiness of the
plumes and the oscillations of the dominant tidal flows in the area, with rapidly changing (over hourly
scales) sharp peaks and troughs. Similarly, the temporal variability in predicted SSC at the offshore
disposal area sites also reflects the tidal oscillations with periods of spring and neap tides evident.
However, superimposed on this signal is additional variability due to the sporadic nature of the disposal
sources. Elevated SSC levels (in the order of 100-200 mg/L) occur immediately after disposal events
but are rapidly dispersed and do not persist for long periods of time (scale of hours). The analysis also
revealed that for sites lying outside the disposal ground, the intensity of the modelled SSC values is
predicted to reduce significantly within 1-3 km of the disposal ground boundaries.

Sedimentation

Given the strong tidal flows in the Darwin area, settlement of the finer trenching-generated sediment
is minimal with fine material (clay and silts) being continuously resuspended on each tide, particularly
during spring tide periods where even fine sand size material is predicted to be resuspended. Coarse
material (sand size) is predicted to settle rapidly near the trenching zones and at the proposed offshore
disposal area, but the fine material will remain suspended, or will deposit at slack tide only to be
resuspended on the following tide. This results in suspended sediment plumes having long drift
trajectories, with sediments dispersed widely but at low concentrations, and with sediments deposited
in thin layers.

Figure 8-7 presents the predicted maximum excess bottom thickness over the trenching and spoil
disposal program, and Figure 8-8 presents the excess bottom thickness at the end (i.e. last time step)
of the trenching program for the winter/dry season scenario. A comparison of the spatial distributions
in these two figures shows that sedimentation of greater than 1 mm thickness is typically limited to
the vicinity of the trenching and disposal operations, with deposited sediments at greater distances
being of very low concentration/thickness and most likely consisting of finer material that is
resuspended and further dispersed by the end of the trenching program.

The spatial distributions of maximum bottom thickness during the trenching and spoil disposal
program and bottom thickness at the end of the trenching program for transitioning into summer/wet
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season (Figure 8-9 and Figure 8-10) show a similar pattern of deposition, with sedimentation of greater
than 1 mm thickness typically limited to the vicinity of the trenching and disposal operations, and
sediments deposited at greater distances being of very low concentration/thickness and further
dispersed by the end of the trenching program. A small additional patch of sedimentation with a
thickness greater than 1 mm (originating from the spoil disposal ground) is predicted in the shallows
at South West Vernon Island for trenching transitioning into the summer/wet season.

The disposal area sediment thickness values only represent the proportions of the material assumed
to be initially suspended during placement or deposited in the surface layer available for potential
resuspension. As such, actual sediment thicknesses within the disposal area may be greater than the
values presented in the report figures due to direct settling of heavier particles that will not be
suspended.

As was done for SSC, further analysis of the spatial and temporal distribution of sedimentation
generated by trenching was completed for the same receptor locations (refer Appendix 3 for more
detail).

The time series analysis showed that the deposition rates at distance from the trenching and disposal
areas are low, forming only very thin layers of material. At all sites other than those around the disposal
area, the predicted thicknesses remain less than 0.2 mm. The low rates of deposition are due to the
magnitude of the tidal currents in the area. Material that is suspended is dispersed rapidly and widely,
with material deposited at slack tide being typically resuspended on the next tide, or the following
spring tide period.

Time series plots showing predicted trenching-excess bottom thickness for each of the offshore
disposal area sites reinforce the finding that deposition beyond the immediate vicinity of the disposal
area is very low. The predicted bottom thickness values at sites on the edge of the disposal area never
exceeded 0.5 mm and were never more than 0.2 mm at sites beyond that at all times. At the sites
within the disposal area, there is variation in thickness based on relative proximity to where disposals
have occurred in the modelling. Some slight reduction of the predicted bottom thickness can be seen
during the run-on periods, but as the deposited material is typically the coarser sediments, the
sedimentation levels are relatively stable during ambient conditions.
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Figure 8-8 Predicted 95 percentile trenching-excess bottom thickness (mm) at the last time step of the trenching program transitioning into winter/dry season (1% April to 10" May 2019)
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Figure 8-9  Predicted 95 percentile maximum trenching-excess bottom thickness (mm) for the trenching program transitioning into summer/wet season (1%t October to 9" November 2019)
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Figure 8-10 Predicted 95 percentile trenching excess bottom thickness (mm) at the last time step of the trenching program transitioning into summer/wet season (1°t October to 9" November 2019)
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8.5.1.6 Impact to Marine Environmental Quality

Applying the SSC thresholds for the different habitats (Table 8-2) to the modelling results
demonstrates that no exceedance of SSC thresholds is predicted to occur for either trenching
transitioning into winter/dry season or transitioning to summer/wet season. Consequently, changes
to the water quality from increased SSC will not be sufficient to impact sensitive benthic habitats like
hard coral and seagrass.

Sedimentation thresholds for sensitive habitats (Table 8-2) were also applied to the modelling results
to determine the extents of the defined management zones — ZoMI and Zol — over the entire program
of trenching and disposal operations. The ZoMI and Zol for the winter/dry season are presented in
Figure 8-11 and Figure 8-12, and for the summer/wet season the extents are presented in Figure 8-13
and Figure 8-14. The predicted ZoMI for the trenching and disposal operations for both seasonal
scenarios is restricted to within the trenching and spoil disposal footprints, which are also within the
ZoH]I as defined above.

The predicted Zol for the trenching and disposal operations for both seasonal scenarios is also
generally restricted to the trenching and spoil disposal footprints. The Zol from trenching in zone 3
(~*KP120, refer to Table 2-2 and Figure 2-4), is predicted to extend up to 95 m beyond the trenching
zone in an irregular pattern during both seasons. According to the mapping, the vast majority of the
habitat under this potential footprint is bare sand, with small patches of sponges/filterers/octocorals.

Similarly, trenching in zone 5 (between KP110 -KP113.5) may result in the Zol extending 40- 50 m
beyond the trenching extent where the vast majority of the habitat is low density
sponges/filterers/octocorals, with small patches of Bare Sand. Trenching in zone 6 off Mandorah
(between KP103.5 — KP106.5) is predicted to have a Zol that extend up to 85 m beyond the trenching
extent. The habitats under this footprint are a mix of low-density sponges/filterers/octocorals and
sponge habitat.

There is also segmentation Zol with a very small patch of sponges/filterers/octocorals in the shallows
at South West Vernon Island for trenching transitioning into summer/wet season. This isolated Zol
patch may be attributable to the combined effects of model bathymetry and hydrodynamics,
representing sediments that are transported from the spoil disposal ground into the shallowest
possible grid cells and then trapped upon reversal of the tide. While this demonstrates a potential for
sediments released at the offshore disposal ground to disperse there, the persistence of material
remaining at the water-land boundary in this location may be overstated.

Based on these results, while trenching and spoil disposal activities may temporarily decrease water
quality through increased turbidity from suspended sediments, the impacts to marine environment
quality are not predicted to be significant. The prediction of trenching excess SSC under
influence/impact thresholds and the restricted spatial extent of sedimentation above impact
thresholds means that activities are not expected to influence or impact sensitive habitats such as hard
coral, seagrass and mangroves as they are not present in either the ZoMI or the Zol for the trenching
in either seasonal scenarios.

Evaluation of how seabed disturbance from trenching and spoil disposal activities could directly impact
benthic habitats is provided in Section 9.5.1.

The analysis of sediments from the Project area identified that metals and metalloid concentrations in
the sediment were all below the NAGD screening levels, except for arsenic (Section 8.4.2), which is
considered to be naturally occurring. Santos acknowledges that there is a potential risk from the
mobilising of contaminants through trenching and sediment disposal activities. The disturbance of the
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sediment may cause a redistribution of these contaminated sediments throughout the water column.
This has the potential for contaminated sediments to transfer and settle across the marine
environment or become dissolved into the water column.

Due to the sediment results showing no contaminants of concern along the pipeline route, with the
exception of the naturally elevated levels of arsenic, the sediments along the pipeline route are
considered to be suitable for unconfined ocean disposal, as per the National Assessment Guidelines
for Dredging (NADG, 2009) and Guidelines for the Environmental Assessment of Marine Dredging in
the Northern Territory (2013).
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Figure 8-11 Predicted Zone of Moderate Impact following application of the appropriate spatial thresholds to the 95 percentile SSC and maximum sedimentation throughout the entire trenching programme transitioning into

winter/dry season (1t April to 10" May 2019)
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Figure 8-12 Predicted Zone of Influence following application of the appropriate spatial thresholds to the 95 percentile SSC and maximum sedimentation throughout the entire trenching programme transitioning into winter/dry
season (1°t April to 10" May 2019)
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Figure 8-13 Predicted Zone of Moderate Impact following application of the appropriate spatial thresholds to the 95 percentile SSC and maximum sedimentation throughout the entire trenching programme transitioning into
summer/wet season (1%t October to 9" November 2019)
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Figure 8-14 Predicted Zone of Influence following application of the appropriate spatial thresholds (Table 8-2) to the 95 percentile SSC and maximum sedimentation throughout the entire trenching programme transitioning into
summer/wet season (1%t October to 9" November 2019)
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8.5.1.7 Contingency pre-lay maintenance trenching

In the event that maintenance pre-lay trenching is required, given the considerably smaller volume of
material that may need to be trenched (<80,000 m3) and the shorter duration of the activity (refer to
Section 2.3.2), the impacts would be less than the full trenching and spoil disposal programme
presented here and thus, would not have a significant impact on Marine Environmental Quality.
Furthermore, given that the system is tidally driven, the delay between the main trenching program
and any maintenance trenching would not result in cumulative impacts from increased SSC or
sedimentation particularly as maintenance trenching occurs for short duration events. This conclusion
is supported by the temporal and spatial analysis of SSC and sedimentation generated by trenching
(refer Section 8.5.1.5). The analysis demonstrated a low potential of interaction from plumes caused
by consecutive disposals due to the rapid movement and dispersion of the plumes by tidal currents.

8.5.2 Treated seawater discharge

As presented in Section 2.6, discharge of treated seawater at the Commonwealth waters PLET will be
required as part of the FCGT activities for the DPD pipeline. Potential impacts to NT waters were
assessed and presented in Section 8.5.2.3.

In the unlikely event of a pipeline wet buckle (i.e. failure in the pipeline during pipe-lay) occurring, the
worst case scenario is that treated seawater will need to be used (and subsequently discharged) to
preserve the pipeline in the period before pipelay can continue (refer Section 2.6.3).

In the marine environment, due to the corrosive nature of seawater, maritime industries use and rely
on a range of chemicals including corrosion inhibitors, biocides, and oxygen scavengers to protect the
integrity of assets and infrastructure and prevent microbial growth.

Treated seawater is seawater that has been treated with a preservation chemical consisting of a
biocidal corrosion inhibitor and oxygen scavenger to preserve the pipeline during FCGT activities. While
the planned chemical for treating the seawater is expected to be either ‘Hydrosure’ or ‘Hydro 3’, there
may be a requirement to use alternative similar chemical packages. All chemicals discharged to the
environment will be subject to Santos’ chemical selection assessment process which screens chemicals
against their risk to health, safety and the environment (refer to Section 8.5.2.1). Both Hydrosure and
Hydro 3 are inherently biodegradable with low potential for bioaccumulation and have been assessed
by Santos as presenting a low risk to the environment using classification criteria developed under the
Offshore Chemical Notification Scheme (OCNS). The chemical composition of Hydrosure is presented
in Table 8-3 and ecotoxicology data for Hydrosure is provided in Table 8-4 below. A maximum
concentration of 550 mg/L of Hydrosure or Hydro 3 (or equivalent chemical) would be used to preserve
the pipeline in the event that this is required from a wet buckle event. Discharge modelling has been
conducted for Hydrosure at this concentration and is presented in Section 8.5.2.3.
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Table 8-3

Function

Chemical

Chemical composition of Hydrosure

Santos

Composition Pipeline

Concentration

[mg/L] [*ppm]

Biocide Alkyl dimethyl C22H4oCIN 68424-85- 10-30% 55-165
benzyl 1
ammonium
chloride
Oxygen Ammonium NH4HSO3 10192-30- 10-30% 55-165
Scavenger Bisulphite 0
Solvent Dipropylene C7H1603 34590-94- 1-10% 5.5-55
Glycol 8 (mixture
Methylether isomers)
Solvent Ethylene glycol C,He0, 107-21-1 <1% <5.5
Solvent Water H.0 7732-18-5 30-50% 165-275
8.5.2.1 Chemical selection process

Santos has a chemical approval process to ensure all chemicals (hazardous and non-hazardous) that
selected for use on the DPD Project are approved prior to procurement and/or mobilisation to site.
Santos will preferentially select for use those chemicals which are rated as Gold/Silver through the
Offshore Chemical Notification Scheme (OCNS) Chemical Hazard and Risk Management (CHARM) or
OCNS group rating of D/E (if not CHARM rated). The chemical management requirements for the DPD
Project will include:

+ Chemical requests: Chemicals planned to be discharged to the environment will require that
the DPD Project contractors submit a chemical application form with the safety data sheets

(SDS) to Santos for approval (unless already approved for Santos to use);

+ Chemical environmental assessment criteria: Santos will approve chemicals planned to be

discharge to the environment if they are:

- Rated Gold/Silver (OCNS) (CHARM);
- Rated D/E under OCNS (if not CHARM rated); or

- If not CHARM or OCNS rated, have an environmental risk assessment submitted by
contractor and approved by Santos. The environmental risk assessment shall develop a

residual risk rating based on:

- Evaluation of the receiving marine environmental characteristics, values and sensitivities,
and with regard to the nature and scale of the proposed chemical product to be
discharged;

- Review of alternative chemical products that are technically equivalent in the context of
the requirements of the work;

- Demonstration that the selected chemical represents the least hazardous option, whilst
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still meeting the technical requirements;
- Evaluation of ecotoxicity thresholds and application of OCNS ratings, which may include:

+ Establishment of an alternative “pseudo’ rating that can be applied to the chemical in
accordance with international standard protocols or guidelines (e.g. International
Organization for Standardization (ISO) test guidelines, Organisation for Economic
Cooperation and Development (OECD) test guidelines, and OSPAR guidelines); or

+ Use of alternative similar toxicity data if insufficient toxicity information is available on
the non-rated chemicals.

+ Maintaining register: The contractor will maintain (and make available to Santos) their own
register of chemicals, SDS’s, chemical application forms and risk assessments/risk rankings
for chemicals that may be discharged to environment.

8.5.2.2 Ecotoxicity

Table 8-4 presents Whole Effluent Testing (WET) for Hydrosure conducted by Chevron (2015). Testing
was undertaken according to protocols recommended by ANZECC and ARMCANZ (2000) (Chevron,
2015) and included five locally relevant species from a range of trophic levels (primary producer,
herbivore and carnivore) which provide a representation of the different biota types likely to be
present in the Project area. The testing results showed that NOECs ranged from 0.13 mg/L for the
crustacean to 12.5 mg/L for the fish. In general, simpler life forms (algae and species in their larval
stage) exhibited higher sensitivity compared to more complex life forms such as the fish (refer Table
8-4).

Species protection levels calculated from statistical distribution of the no observed effective
concentrations (NOECs) and the dilutions to achieve the concentration based on a dosage of 550 mg/L
are presented in Table 8-5. For long term continuous discharges (e.g. sewage outfalls), ANZECC and
ARMCANZ (2000) recommend that the 99% species protection concentrations should be applied to
develop environmental criterion for high conservation ecosystems. For chemicals with negligible
potential for bioaccumulation the 95% level of species protection may also be applied.

While the dewatering discharge is short term (<22 hours) with negligible risk of bioaccumulation (the
treatment products are not considered to bioaccumulate), a conservative criteria (99% of species
protection level or PC99%) was adopted. This is in line with recent pipeline projects undertaken in
Australian Waters (e.g. Wheatstone (see Chevron, 2015)). Based on this, the NOEC threshold above
which impacts may occur if prolonged exposure occurs (greater than 48 hours) is 0.06 mg/L (which is
a dilution of 1:9,167 based on an initial concentration of 550 mg/L).

Table 8-4  Ecotoxicological testing results for Hydrosure (from Chevron, 2015)

Species Test Type NOEC ppm (or
mg/L)
Nitzschia Closterium (algae) 72 hr growth inhibition Chronic 1.30
Saccostrea echinate (mollusc) 48 hr larval Chronic 0.250
abnormality '
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Species Type NOEC ppm (or
mg/L)
Heliocidaris tuberculate 72 hr larval Chronic 1.5
(echinoderm) development '
Melita plumulosa (crustacean)” 96 hr acute toxicity Acute 0.13
Lates calcifer (fish)# 96 hr acute toxicity Acute 12.5

#Toxicity test is defined as an acute test.

Table 8-5 NOEC values for varying species protection levels for Hydrosure based on WET testing

(Chevron, 2015)
Species protection level NOEC threshold concentration Dilution to achieve the NOEC
(mg/L) threshold based on an inhibitor

dosing concentration of 550 mg/L
(or ppm)

NOEC PC99% 0.06 1.9,167

NOEC PC95% 0.10 1:5,500

NOEC PC90% 0.15 1:3,667

NOEC PC80% 0.23 1:2,391

8.5.2.3 Contingency treated seawater discharge modelling in NT waters

If following a wet-buckle event, preservation of the pipeline is required, treated seawater will be used
to fill the section of pipeline and some of the treated seawater will be discharged from the end of the
pipeline as a result of over-pump to ensure the entire pipeline exposed to raw seawater is preserved.
Following any repairs or remediation work, the pipeline would then need to be dewatered before
pipelay activities can continue.

While this is an unlikely event, it has been known to occur, and as such, for assessment purposes
discharge modelling has been undertaken to evaluate if overflow or dewatering of treated seawater
could pose a significant risk to the environment. A summary of the modelling and outputs is provided
below, and the full modelling report is provided in Appendix 5.

As a wet buckle could theoretically occur anywhere along the pipeline length, locations to model the
discharge and inform the assessment of both discharge from overflow (600 m3) and dewatering
(volume dependent on the location of discharge) needed to be identified.

The locations were selected to capture a range of dewatering volumes, with consideration of the
hydrodynamic conditions inside and outside Darwin Harbour, and proximity to sensitive receptors.
Based on these considerations, three discharge locations were identified (Figure 8-15):

+ Location 1 - KP84

- Large discharge volume and near Charles Point Wide RFPA

+ Location 2 — KP102

- More complex hydrodynamics near mouth of Darwin Harbour and potential for sensitive
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receptors near Mandorah

+ Location 3 -KP114

- Representative hydrodynamics within the harbour and closest pipeline point to Weed
Reef.

The physical mixing of the treated seawater at each location was assessed for both near-field and far-
field zones. The near-field zone is defined by the region where the levels of mixing and dilution are
purely controlled by the discharge plume’s initial jet momentum and the static current. The buoyancy
in this instance is negligible given that the treated seawater has the same density as the surrounding
seawater. Once the near-field assessment was complete, the far-field phase examined the transport
and mixing of the preservation chemical by the ambient currents.
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Figure 8-15 Contingency treated seawater discharge modelling locations
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Table 8-6

Volumes and locations of the three scenarios for treated seawater discharges

Location 1 - KP84

Location 2 — KP102

Santos

Location 3 - KP114

Latitude (S) Longitude | Latitude (S) Longitude | ‘ Latitude (S) Longitude |
Coordinates of discharge 8,639,681.22 675,450.46 8,629,189.96 689,902.26 8,619,537.48 696,972.89
Water Depth (m) -23.65 -23.30 -19.44
Preservation chemical Hydrosure
Preservation chemical dosing concentration (ppm) 550
Treated seawater temperature Same as ambient
Treated seawater salinity Same as ambient
Overflow
Volume of treated seawater released as overflow (m3) 600 600 600
pig velocity (m/s) 0.5 0.5 0.5
Flow rate during overflow (m3/s) 0.26 0.26 0.26
Release duration during overflow (hours) 0:38:34 0:38:34 0:38:34
Description of outlet 4-inch pipe 4-inch pipe 4-inch pipe

Discharge height (m) above the seabed

At seabed + 0.5 m

At seabed + 0.5 m

At seabed + 0.5 m

Dewatering

Volume of treated seawater released during dewatering (m?3) 19958 10623 4400

pig velocity (m/s) 0.5 0.5 0.5

Flow rate for dewatering (m3/s) 0.26 0.26 0.26
Release duration during dewatering (hours) 21:22:48 11:22:48 4:42:48
Description of outlet 4-inch pipe 4-inch pipe 4-inch pipe
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Location 1 - KP84 Location 2 — KP102 ‘ Location 3 - KP114

Latitude (S) Longitude | Latitude (S) Longitude | ‘ Latitude (S) Longitude |

Discharge height (m) above the seabed At seabed + 0.5 m At seabed + 0.5 m At seabed + 0.5 m
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The modelling demonstrated decreasing concentrations of the preservation chemical with increasing
distance from the release location. It also highlighted that tidal movement dominates the local currents
and drive the plume behaviour. Results showed that treated seawater would initially project
horizontally approximately 1 — 2 m due to the orientation of the outlet and the fast exit velocities.
Once the plume had lost its momentum, it mixed laterally due to the currents as it is neutrally buoyant.

Published NOEC values for Hydrosure were derived from longer term tests whereby organisms were
exposed to the preservation chemical between 48 and 96 hrs (Table 8-4). This means that effects only
occur when a species is exposed to a concentration above the NOEC threshold for longer than 48 hours.
The modelling of discharge (both overflow and dewatering) did not predict any exceedance of the
NOEC threshold of 0.06 mg/L (PC99%) over a 48-hour period at any of the three locations. Therefore,
in the unlikely event of a wet buckle which then also requires an extended delay before continuing
pipelay activities, the one-off discharge of treated seawater at each location is unlikely to have a
significant impact on marine life.

Despite this conclusion, to better understand the plume behaviour over shorter timeframes and thus,
lower dosage levels, the concentration in each modelled cell were also examined over 24 and 12-hour
durations.

The results showed there was no exceedance of the PC99% threshold over a 24-hour period at KP84
and KP114 and only an area of 0.16 km? (16 Ha) was predicted to exceed the PC99% threshold over a
24-hour period from the dewatering at KP102. While this result reflected the reduced water flow and
dilution in the shallower water west of KP102, the time of exposure above PC99% was lower than that
at which impacts have been demonstrated in laboratory tests (i.e. 48 hours or more).

There was no predicted exposure above the PC99% threshold over a 12-hour period from the
preservation chemical during overflow pumping at all three locations. Concentrations following
dewatering did exceed the PC99% threshold over a 12-hour period.

The predicted plume distribution and concentrations after 12 hours from each discharge location are
presented below (Figure 8-16, Figure 8-17 and Figure 8-18) to show the predicted plume distribution,
but given the short duration, i.e., below 48 hours, there is a low likelihood of impact in these areas.

The discharge at KP84 resulted in a preservation chemical plume that was generally continuous up to
~1.4 km from the release location, with small, isolated patches predicted up to 9.61 km. Isolated
patches beyond 2 km were predicted to occur during 2 of the 25 simulations and the plume was
predicted to travel a maximum distance of 9.61 km in only one simulation. The isolated patches were
due to an accumulation of the treated seawater, which had occurred during a current reversal, causing
it to concentrate. The potential areas of exposure based on the PC99%, PC95% and PC90% thresholds
0.40 km?, 0.17 km? and 0.08 km?, respectively.

Similarly, for KP102 there were isolated patches of the preservation chemical up to 6.78 km from the
release location due to the plume drifting into the shallow intertidal areas, reducing the potential for
mixing and dilution. The modelling also predicted a continuous area of exposure up to ~4 km west
offset from the release location due to the plume migrating into the shallower waters, mixing less,
resulting in the concentration accumulating. The area of exposure for the PC99% threshold was
4.14 km?,

For the discharge at KP114, the maximum distance from the release location and area of exposure
based on the PC99% threshold was 2.40 km and 1.45 km?, respectively. The preservation chemical
concentrations did not trigger any other threshold over a 12-hour continuous duration.
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Figure 8-16 Predicted distribution and concentrations of the preservation chemical over a 12-hour exposure period during dewatering from KP84 (based on 25 simulations with different metocean conditions)
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Figure 8-17 Predicted distribution and concentrations of the preservation chemical over a 12-hour exposure period during dewatering from KP102 (based on 25 simulations with different metocean conditions)
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Figure 8-18 Predicted distribution and concentrations of the preservation chemical over a 12-hour exposure period during dewatering from KP114 (based on 25 simulations with different metocean conditions
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Based on these results, if a wet buckle event that required the use of treated seawater to preserve the
pipeline occurred, the subsequent the discharge of treated seawater would result in localised and
temporary reduction in water quality around the discharge location. The chemicals that will be used
are inherently biodegradable with low potential for bioaccumulation and there was no predicted
exceedance of the NOEC PC99% threshold over a 48-hour period at any of the three modelled
locations.

For the above reasons, no substantial change in water quality is expected from dewatering after a wet
buckle event and consequently, discharging treated seawater will not significantly impact Marine
Environmental Quality.

8.5.2.4 Treated seawater discharge in Commonwealth waters

In Commonwealth waters, there will be planned discharge of treated seawater at the PLET as part of
FCGT activities (Section 2.6.1) and a potentially contingency discharge associated with repairing a
pipeline wet buckle. As presented in Section 2.6.1, at the completion of FCGT activities, the flooded
pipeline will be dewatered and conditioned with mono-ethylene glycol (MEG). The dewatering
activities will result in approximately 56,000 m? of treated seawater and approximately 1,000 m? of
MEG separately discharged at the Commonwealth waters PLET. The contingency discharge of treated
seawater in Commonwealth waters relates to an unlikely wet buckle event as described in Section
2.6.3.

To determine the potential area that may be exposed to the chemicals used to treat the seawater,
discharge dispersion modelling from the Commonwealth PLET has been undertaken to support the
Commonwealth approvals process (RPS, 2021). The physical mixing of the treated seawater from the
discharge point was assessed for both near-field and far-field zones with 25 simulations run to
represent a range of current and metocean conditions. Table 8-7 presents the modelling parameters
applied at the PLET subsea discharge of the treated seawater volume. A conservative discharge volume
of 55,614 m3 was modelled over a 35 hour release period.

Table 8-7 Summary of model parameters used to model discharges from the Commonwealth

PLET
Maximum discharge volume 55,614 m3
Discharge duration 35 hours
Model run duration 3 days
Discharge depth (m) 3.5 m above the seafloor
Diffuser configuration Three 4” ports spaced 4” apart and oriented 45°

vertically upwards

Exit diffuser velocity (m/s) 21.3
Hydrotest water temperature (°C) 28.2 - same as ambient
Hydrotest water salinity (psu) 34.6 - same as ambient
Initial chemical treatment concentrations 550 mg/L
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The near-field results showed that the initial mixing that takes place is due to the high exit velocities
and once the plume has lost its momentum, the neutrally buoyant plume was predicted to travel
laterally and mix/disperse with the currents. Concentrations of the chemical inhibitor rapidly reduced
upon discharge with concentrations of 21.3, 7.3 and 7.7 mg/L predicted within 30 m of this discharge
point under weak, moderate and strong currents respectively.

The far-field modelling demonstrated that plume movement and chemical concentrations were
dominated by tidal movements with decreasing concentration away from the discharge site. The
maximum distance from the release location to where the NOEC threshold of 0.06 mg/L (PC99%) was
exceeded for a 12-hour period was 7.23 km to the south of the discharge point (NT waters are
approximately 16.2 km to the east) (Figure 8-19). The discharge modelling did not predict any
exceedance of the PC99% NOEC threshold over a 48-hour period (i.e. the period over which ecotoxicity
tests demonstrated an observable effect). Furthermore, the modelled results are considered
conservative given the modelling did not take into consideration that the corrosion inhibitor will
biodegrade over time during the hydrotest and thus reduce in concentration within the pipeline before
being discharged. Therefore, Santos anticipates that discharge concentrations will be less than that
modelled and mixing and dilution to NOEC PC99% will occur closer to the discharge point than
indicated by the modelling outputs.

Based on the modelling results, discharge from the Commonwealth PLET will not enter NT waters
above the NOEC threshold of 0.06 mg/L (PC99%) for any period of time. The modelling supports the
conclusion that discharge of treated seawater from the Commonwealth PLET will not impact Marine
Environmental Quality, nor Marine Ecosystems in either Commonwealth or NT waters.

With respect to the planned 1,000 m3> MEG conditioning discharge at the Commonwealth PLET, MEG
is soluble in water, does not volatilise or undergo photodegradation, and is not adsorbed on to soil
particles (Hook and Revill, 2016). Ethylene glycols biodegrade readily when released to the
environment, and several strains of micro-organisms can use them as an energy source. The ANZG for
Fresh and Marine Water Quality specify a marine low reliability trigger value of 50,000 pg/L (50 mg/L)
for MEG in seawater. The World Health Organization (WHO) has reported a NOEC of 24,000 ppm for
MEG. In accordance with the Organisation for Economic Co-operation and Development because three
NOECs are described for three separate taxonomic groups, a safety factor of 10 was adopted for the
protection of marine fauna and benthic habitats. Based on the NOEC provided by WHO a protected no
effect concentration (PNEC) of 2,400 ppm (or 2,400 mg/L) was used to inform the concentration level
above which there is potential to result in an environmental impact (Chevron, 2020).

Based on the dilution rates predicted by the discharge modelling, chemicals will be diluted between
3,500 to 10,000 times within 7.5 km of the discharge point. This dilution rate will result in MEG
concentrations well below the PNEC toxicity value of 2400 mg/L. Given there will also be rapid
biodegradation of MEG during FCGT activities and upon discharge, the discharge of MEG from the
Commonwealth PLET will not impact Marine Environmental Quality, nor Marine Ecosystems in either
Commonwealth or NT waters.

While activities in Commonwealth waters are outside the scope of this report, the discharge plume
from the contingency discharge of treated seawater arising from a wet buckle event in Commonwealth
waters has the potential to cross into NT waters. Consequently, the potential for impact to NT Marine
Environmental Quality was assessed using modelling results from the planned discharge modelling at
the Commonwealth PLET. The contingency discharge modelling for KP84 was also referred to, but as
it likely represents a lower volume of discharge to that that may be required in Commonwealth waters,
it was not used for the basis of the assessment.
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The bathymetry, seabed and metocean conditions at the Commonwealth PLET are considered
comparable to those found anywhere along the section of the DPD pipeline in Commonwealth waters
and consequently discharges anywhere along this 23 km section of pipeline are expected to behave in
a similar manner with similar dispersion and dilution rates.
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Figure 8-19 Predicted corrosion inhibitor concentrations assessed over a 12-hour continuous exposure period (calculated from 25 simulations)

Santos Ltd

—8,675,000

—8,670,000

—8,665,000

—8,660,000

595,000 600,000
| |

605,000
L

130°0'E

610,000
!

LEGEND

DPD Project Area

DPD Pipeline (Commonwealth)

DPD Pipeline (NT)

Barossa GEP

Bayu-Undan to Darwin Pipeline

Concentrations (mg/L)

I 0.06 - 0.1 (NOEC PC99%)
0.1-0.15 (NOEC PC95%)
0.15-0.23 (NOEC PC90%)
0.23 - 0.50 (NOEC PC80%)
05-2

> 10

12°0'S—

615,000 620,000
|

Darwin Pipeline Duplication (DPD) Project
Case 2 (26/34” Line) Corrosion Inhibitor Concentration,
12-hour duration, Initial Dosing Concentration:550 ppm

Spatial Reference Information
GDA 1994 MGA Zone 52

Scale @ A4: 1:100,000

(] 1.25 25
L —

Kilometres

Important note: this file is an indicative representation of the current design of this element of
the project only. Changes may be necessary from time to time to ensure that the engineering
design is efficient, practical and within the land disturbance requirements at the time of
construction. Final design drawings will be forwarded to the relevant Government authorities on
request following construction / execution.

| Darwin Pipeline Duplication Project - Supplementary Environmental Report

Santos

Page 184 of 455



Santos

Given that the volume of contingency treated seawater that would be discharged from a wet buckle
event at the Commonwealth/ NT waters boundary would be much less than that to be discharged at
the Commonwealth PLET, using the dispersion extents from that modelling is considered conservative
and appropriate for the impact assessment.

As presented above, modelling predicted the maximum distance from the release location to where
the NOEC threshold of 0.06 mg/L (PC99%) was exceeded for a 12-hour period was 7.23 km to the south
of the discharge point (Figure 8-19). Given that, a discharge following a wet buckle event would need
to be very close to the Commonwealth/ NT boundary for the plume to enter NT waters and even if it
were to occur, the discharge modelling did not predict any exceedance of the PC99% NOEC threshold
over a 48-hour period and thus no impact to Marine Environmental Quality, or Marine Ecosystems is
expected.

In conclusion, while the discharge of treated seawater after an unlikely wet buckle event in
Commonwealth waters will result in localised and temporary reduction in water quality around the
discharge location, the chemicals that will be used are inherently biodegradable with low potential for
bioaccumulation and as there was no predicted exceedance of the NOEC PC99% threshold over a 48-
hour period, discharging treated seawater in Commonwealth waters does not have the potential to
significantly impact Marine Environmental Quality in NT waters.

8.5.3 Discharge of water from backflushing activities during FCGT

As described in Section 2.6.2 water will be taken from Darwin Harbour to provide water for FCGT
activities. As filtering is required to remove the solids, the water will be filtered and regular cleaning
of the filters via backflushing will be required. It is expected that approximately 300 m3 of filter
backflush water will be discharged over a period of approximately three days.

The discharged water from backflush activities will have a higher suspended solids loading compared
to water extracted (i.e., higher than ambient Darwin Harbour water suspended solid concentration).
The concentration of total suspended solids (TSS) from backflush water will be dictated by the ambient
concentration of TSS from within Darwin Harbour. This will be variable due to tidal state and season,
with water during spring tides and over the wet season water expected to be more turbid (i.e., higher
TSS concentration of approximately 1,500 mg/L) than water during neap tides and over the dry season
(i.e., lower TSS concentrations of approximately 680 mg/L). The size range of the TSS will vary between
50-150 pm.

Backflush water will be discharged onto the existing disturbed shore crossing construction site, and
where possible, and dependent on the progress of shore crossing rock installation at time of FCGT
activities, backflush water will be discharged onto installed rock, to baffle the flow of the discharged
backflush and reduce sediment load returning to Darwin Harbour. Any increased sediment load is
expected to rapidly dilute and disperse with the tidal movement. Given it will occur at the existing
disturbance site, and due to the lack of benthic primary producer habitat in that location, no significant
impact from discharging backflushed water is expected.

8.5.4 Invasive marine species

Vessels are the most common vector for the translocation of Invasive Marine Species (IMS) in the
marine environment. IMS can be introduced or spread when vessels are mobilised to the operational
area, particularly if the vessels originate from international waters with similar water temperatures
(e.g. south-east Asia). IMS may be present as biofouling (e.g. adult sessile organisms) on vessel hulls
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and submersible equipment, and in the ballast water (e.g. as larvae). IMS require suitable habitat to
become established in an area; many potential IMS are sessile benthic organisms (e.g. mussels).

The introduction of IMS may result in considerable modification of the environment through out-
competing native species and modifying existing habitats. Such modifications may result in significant
environmental impact, including decrease in biodiversity (from the reduction or loss of native marine
species) and loss of fishing resources. Once established, IMS may be very difficult or impossible to
eradicate from an area. The greatest risk of IMS colonising areas is considered to be in Darwin Harbour
in the shallower water where there is suitable light and habitat available.

Darwin Harbour is a commercial port where large commercial vessels, such as cargo ships, LNG tankers,
cruise ships and offshore oil and gas vessels enter, exit and move around the harbour on a regular
basis. Risks of IMS are monitored and managed by the Aquatic Biosecurity Unit of NT Fisheries. This
includes monitoring for early detection, inspections and treatment of high-risk vessels entering Darwin
and responding to reported sightings of IMS. Its current monitoring focuses on locations where IMS
are most likely to occur, such as marinas, wharves and ports (NT Government, 2022).

The Project activities are not considered to have any significantly higher risk of introducing IMS into
the area than regular activities within the harbour and the proposed controls are considered effective
and appropriate to reduce the risk of introducing IMS and impacting Marine Environmental Quality to
a low level.

8.5.5 Hydrocarbon spill — marine diesel oil

The release of marine diesel oil (MDO) fuel from a Project vessel is considered an unlikely event as it
is for other commercial vessels that move in, out and within Darwin Harbour on a daily basis. Historical
records show that vessel collisions are infrequent events and collisions resulting in rupture and release
of fuels even more infrequent. With controls in place as per Section 12, including those dictating
Darwin Port operations, vessel collisions will be prevented. MDO will be used on Project vessels rather
than the more persistent intermediate or heavier fuel oils. Following best practice, conservative worst
case spill volumes and exposure thresholds have been adopted for hydrocarbon spill modelling to
inform risk assessment. The fuel tank volumes on Project vessels are within the range of fuel and
hydrocarbon storage tank volumes present on the large commercial vessels that regularly use Darwin
Harbour (Darwin Port, 2020).

8.5.5.1 Spill scenario selection
Refuelling incident

During pipelay activities, vessel to vessel refuelling may be required (Section 2.8). A minor spill (of up
to approximately 10 m3) of MDO could occur during vessel refuelling resulting in a loss of hydrocarbons
to the marine environment at sea surface. Spills during refuelling can occur through several pathways,
including fuel hose breaks, coupling failure or tank overfilling.

Spills resulting from overfilling will be contained within the vessel drains and slops tank system. In the
event that the refuelling hose is ruptured, the fuel bunkering activity will cease by turning off the
pump; the fuel remaining in the transfer line will escape to the environment as well as fuel released
prior to the transfer operation being stopped. A worst-case spill volume was determined from transfer
hose inventory and spill prevention measures including ‘dry break’ or ‘break away’ couplings, rapid
shutdown of fuel pumps and spill response preparedness, with 10 m3 considered to be the maximum
volume that could escape from the hose prior to shut down.
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A spill of MDO during refuelling was modelled within Darwin Harbour at KP114.
Vessel collision

While unlikely, it is considered credible that a release of MDO to the marine environment could occur
from a collision between DPD Project vessels and another vessel. Such events could have sufficient
impact to result in the rupture of a MDO tank. A number of prerequisite conditions must exist for a
vessel collision to result in the loss of fuel to the environment:

+ The vessel must be involved in a collision:

- Collisions involving offshore support vessels, comparable to those that will undertake DPD
Project activities, are very uncommon. Statistics compiled by the Australian Transport
Safety Bureau indicated that offshore support vessels were involved in only one collision-
related incident between 2011 and 2020, and no pollution-related incidents from offshore
support vessels were recorded in the same time period;

+ The collision must occur with sufficient force to rupture a fuel tank:
- Fuel tanks are typically located at various positions around a vessel within the hull; and
+ The rupture must be of such a nature that the fuel can be released into the environment:

- Atank rupture must be above or near the fuel level within the tank to result in a loss of
containment from the tank. Once lost from the tank, fuel may leak to the environment or
drain into the vessel hull. Fuel from ruptured tanks may be transferred to other tanks
onboard, reducing the volume in the ruptured tank. Emergency fuel transfer measures are
typically detailed in vessel Shipboard Qil Pollution Emergency Plans (SOPEPs).

Guidance from Australian Maritime Safety Authority (AMSA) on spill contingency planning for vessel-
based activities (AMSA 2015) suggests 50% of the volume of the single largest tank on a vessel is
appropriate to inform the risk assessment of an MDO release from a vessel collision. This is based on
the scenario of a non-major collision of an oil tanker with tanks protected by a double hull. Both the
shallow water and deep water pipelay vessels have all fuel tanks internally located and protected by
water ballast compartments or double hull. Furthermore, with management actions in place, including
safety exclusion zones around pipelay vessels, and surveillance of exclusion zones, only non-major
collisions are considered credible. Santos has considered vessel specifications for all vessels that could
be contracted and has determined that a worst-case spill (largest spill volume) in Offshore NT waters
would be from the deep water pipelay vessel. No fuel tank onboard the deep water pipelay vessels
considered exceeded 1,400 m3, hence a 700 m3 volume is considered suitable to inform the risk
assessment for the deep water pipelay vessel. In Darwin Harbour, the worst-case spill (largest MDO
tank) was considered to be from the shallow water pipelay barge. No fuel tank onboard the shallow
water pipelay barges will exceed 600 m?, hence 300 m3 was used to inform spill modelling. In addition
to the 300 m3 spill scenario a smaller spill scenario of 87.5 m? was also modelled in Darwin Harbour, to
be more representative of smaller Project vessels fuel tank sizes.

An MDO release of 700 m* from the deep water pipelay vessel was modelled at KP91.5 (offshore,
outside of Darwin Harbour) and an MDO release of 300 m? from the shallow water pipelay barge and
a smaller 87.5 m?® release from a Project vessel was modelled at KP114 (within Darwin Harbour).
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8.5.5.2 MDO characteristics

International Tanker Owners Pollution Federation (2011) and the Australian Marine Oil Spill Centre
(AMOSC, 2011) categorise MDO as a light ‘group II’ 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.

A summary of the representative characteristics of MDO, is provided in Table 8-8.

Table 8-8 Summary of MDO characteristics

Parameter Diesel

API Gravity 36.4

Specific Gravity 0.843

Wax Content (%) 0.05

Pour Point (°C) Less than -36
Asphaltene (%) Less than 0.05
Viscosity (cSt) 3.9 (@ 20°C)

Marine diesel oil is moderately persistent in the marine environment but has a low residual component
(5%) following initial weathering. Under constant low winds (2.6 m/s), 41% of the surface slick is
predicted to evaporate in the first 24 hours, and approximately 20% would remain on the sea surface
after five days (RPS, 2022c). Under variable wind conditions, where the winds are of greater strength,
entrainment into the upper water column is indicated to be significant. Approximately 72% is expected
to entrain after 24 hours and further 24% is forecast to evaporate, leaving less than 1% floating on the
sea surface. The low viscosity of MDO indicates that it will spread quickly when released and will form
a thin to low thickness film on the sea surface, increasing the rate of evaporation. Marine diesel has a
very low tendency for emulsion formation (Galierikova et al., 2021).

8.5.5.3 Hydrocarbon exposure values (Thresholds)

To inform impact assessment, exposure values that may be representative of biological impact have
been identified. These are called ‘moderate exposure value’ and ‘high exposure value’. Moderate and
high exposure values are applied to the spill trajectory modelling to identify what hydrocarbon contact
is predicted for surface (floating oil), subsurface (entrained oil and dissolved aromatic hydrocarbons),
and shoreline accumulation of hydrocarbon. Low exposure values were also modelled. 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) and a visible sheen.

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 has considered the advice provided by the National
Offshore Petroleum, Safety and Environmental Management Authority (NOPSEMA) Bulletin #1 Qil Spill
Modelling (NOPSEMA, 2019) and scientific literature. The hydrocarbon exposure values applied to the
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oil spill modelling are discussed in Table 8-9 to Table 8-12. These tables explain how the exposure
value is relevant to the risk evaluation.

Table 8-9 Floating hydrocarbon exposure values

Surface Oil Exposure Description

Concentration value

(8/m?)

1 Low Risk Evaluation

It is recognised that a lower floating 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.

10 Moderate Risk Evaluation

There is a paucity of data on floating 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 to 25 g/m? (French et al., 1999; Koops
et al., 2004). The impact of floating oil on birds is better
understood than on other receptors. A conservative exposure
value of 10 g/m? has been applied to impacts from surface
hydrocarbons (floating oil). Although based on birds, this
hydrocarbon exposure value is also considered appropriate for
turtles, sea snakes and marine mammals

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.
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Table 8-10 Shoreline hydrocarbon accumulation exposure values

Shoreline Oil Exposure Description

Concentration 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). For example, 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,
2005a, 2005b).

100 Moderate Risk Evaluation

The impact exposure value 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 oil, 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. Therefore, a
conservative exposure value for impacts of 100 g/m? has been
applied to impacts from shoreline accumulation of
hydrocarbons.

1,000 High Risk Evaluation

At greater thicknesses, the potential for impact of accumulated
oil to shoreline receptors increases. Accumulation of oil above
1000 g/m? is expected to result in a greater impact.
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Table 8-11 Dissolved aromatic hydrocarbon exposure values

Water Column Exposure

Oil Concentration value

(ppb)
10

Low

Description

Risk Evaluation

Dissolved Aromatic Hydrocarbons (DAH) include the
monoaromatic hydrocarbons (compounds with a single
benzene ring such as benzene, toluene, ethyl benzene, and
xylenes) and polycyclic aromatic hydrocarbons (PAHs —
compounds with multiple benzene rings such as naphthalene
and phenanthrene). These compounds have a greater
bioavailability that other components of oil and are
considered to be main contributors to oil toxicity. The toxicity
of DAHs is a function of the concentration and the duration of
exposure by sensitive receptors with greater concentration
and exposure time causing more severe impacts. Typically
tests of toxicity done under laboratory conditions measure
toxicity as a proportion of test organisms affected (for
example, 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 hour exposure, range between 30
ppb for sensitive species (2.5"-percentile species) and 2,260
ppb for insensitive species (97.5™-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).

More recently, French-McKay (2018) described in-water
thresholds as 10 — 100 pg / L (equivalent to ppb). Regarding
the effect of UV on PAH toxicity, French-McKay et al (2018)
uses the findings of DWH NRDA Trustees (2016) to adjust for
this affect by reducing the water column exposure thresholds
by 10 x in the top 20 m of the water column.

50

Moderate

Risk Evaluation

Approximates potential toxic effects, particularly sublethal
effects to sensitive species (refer to above text). Consistent
with NOPSEMA (2019).

400

High

Risk Evaluation

Approximates toxic effects including lethal effects to sensitive
species (NOPSEMA, 2019).
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Table 8-12 Entrained hydrocarbon exposure values

Water Column Exposure Description

Oil Concentration value
(ppb)

10 Low 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.

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.

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
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Water Column Exposure Description

Oil Concentration value
(ppb)

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.

8.5.5.4 Hydrocarbon spill modelling

To determine the spatial extent of impacts from potential MDO spills, modelling was completed for
the vessel collision and refuelling incident scenarios (Appendix 15).

In this study, oil spill modelling was undertaken using a three-dimensional oil spill trajectory and
weathering model, SIMAP (Spill Impact Mapping and Analysis Program), which is designed to simulate
the transport, spreading and weathering of specific oil types under the influence of changing
meteorological and oceanographic forces. A total of 100 individual ‘realisations’ made up the full
stochastic simulation set for each of the spill scenarios.

For each set of 100 stochastic realisations, SIMAP spatially tracked the surface oil, entrained oil in the
water column, dissolved oil and oil on shorelines.

The outputs of this modelling showed a number of different possible outcomes of a spill, which were
then analysed to determine the concentrations of hydrocarbon at each grid cell of the model, providing
information about the probability of contact and concentration at contact of hydrocarbons at receptor
locations.

The model settings applied to the assessment are summarised in Table 8-13.

Table 8-13 Summary of oil spill model settings for four modelled diesel release scenarios

Parameter Scenariol Scenario2 Scenario 3 Scenario 4
Description Vessel Vessel Vessel to Vessel
fuel tank fuel vessel fuel tank
rupture tank refuelling rupture
rupture
Vessel Class DWPLV PSV/CS Any SWPLB
\%
Location Name KP91.5 KP114 KP114 KP114
Spill Volume (m3) 700 87.5 10 300
Release Duration (Hours) 6 6 Instantane 6
ous
Simulation Length (Days) 50 20 10 20
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Scenario2 Scenario 3 Scenario 4

Scenario 1

Number of randomly selected spill

start times per season

100

Model Period Wet season (November to April) and dry season (May
to October)

Oil type MDO

Release type Surface

Floating oil exposure thresholds
(g/m?)

1 (low exposure)
10 (moderate exposure)

50 (high exposure)

Shoreline accumulation thresholds
(g/m?)

10 (low potential exposure)
100 (moderate potential exposure)

1,000 (high potential exposure)

Dissolved hydrocarbon exposure

10 (10 ppb x 1 hr, potential low exposure)

thresholds (ppb) 50 (50 ppb x 1 hr, potential moderate exposure)

400 (400 ppb x 1 hr, potential high exposure)

Entrained hydrocarbon exposure
thresholds (ppb)

10 (10 ppb x 1 hr, potential low exposure)
100 (100 ppb x 1 hr, potential high exposure)

8.5.5.5 Summary of modelling results — Scenario 1 — 700 m? release of MDO at KP91.5

Scenario 1 modelling in Figure 8-20 and Figure 8-21, demonstrates the moderate and above impact
threshold contours, and moderate and above shoreline loading impact threshold in a stochastic
representation of 100 simulations, in both dry and wet seasons. Therefore, these figures represent
and area in which the threshold may be reached however, and importantly does not represent an area
of a single spill.

The Scenario 1 stochastic modelling results showed that due to the location, the predominant
movement of the MDO would be in a northwest and south easterly direction. This was largely due to
the sweep of the ebb and flood tide.

The maximum distances of floating MDO exposure zones to the release location at the low (>1 g/m?),
moderate (=10 g/m?) and high (= 50 g/m?) thresholds were 26.4 km (southeast), 19.9 km (southeast)
and 14 km (west northwest), respectively.

The probability of MDO accumulating on any shoreline on shorelines at, or above, the low threshold
(210 g/m?) was highest for spills commencing during the wet season conditions (50%) and lower during
the dry season months (25%) conditions. At the moderate threshold (100 g/m?), these probabilities
were reduced to 12% and 3%, respectively. The quickest time for MDO to accumulate on shorelines
at, or above, the moderate threshold was 1.29 days during the wet season. The greatest volume of
MDO ashore from a single spill during dry and wet conditions was 28.1 m3 and 59.7 m3, respectively.
The wet season simulation resulting in the highest volume ashore took 2 days to initially reach the
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shorelines. The maximum length of shoreline contacted at the moderate threshold was 12 km (dry
season).

The greatest probabilities of MDO accumulation at, or above, the moderate threshold were predicted
for the East Arm (9% wet and 0% dry seasons), Outer Harbour East (6% wet and 0% dry seasons) and
Outer Harbour West (3% wet and 2% dry seasons). The greatest volume (peak) of MDO accumulation
during the dry and wet seasons was predicted to occur along Outer Harbour West (22.2 m3) and Outer
Harbour East shorelines (43.8 m3), respectively. The minimum time for an oil spill simulation to reach
a shoreline (at the moderate threshold) was 1.96 days and 1.29 days at Outer Harbour West during
the dry season and wet season, respectively.

Dissolved hydrocarbon exposure at, or above, the low (10 ppb) and moderate (= 50 ppb) thresholds
were 16.9 km (west) and 13.7 km (southeast), respectively, from the release location during both
seasons. No exposure was predicted for either season at the high threshold (= 400 ppb).

For entrained hydrocarbon exposure, the maximum distances from the release location within the 0 —
10 m depth layer to the low (at the low (> 10 ppb) and moderate (= 100 ppb) thresholds), ranged
between 182.3 km northeast (wet conditions) and 51.3 km east northeast (wet conditions) from the
release location, respectively.
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Figure 8-20 Stochastic MDO spill modelling (100 simulations) — Scenario 1 — dry season
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Figure 8-21 Stochastic MDO spill modelling (100 simulations)— Scenario 1 — wet season
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8.5.5.6 Summary of modelling results — Scenario 2 — 87.5 m3 of MDO at KP114

Scenario 2 modelling in Figure 8-22 and Figure 8-23, demonstrates the moderate and above impact
threshold contours, and moderate and above shoreline loading impact threshold in a stochastic
representation of 100 simulations, in both dry and wet seasons. Therefore, these figures represent
and area in which the threshold may be reached, importantly however, does not represent an area of
a single spill.

The Scenario 2 modelling results indicated that the predominant movement for the spilt MDO was in
a north and south easterly direction, in line with the major tidal axis. Due to the high energy
environment, the release was predicted to spread rapidly across the water surface within various
reaches of the harbour.

The maximum distances to the low, moderate and high floating oil exposure zones were 29.3 km (west
northwest), 14.9 km (southeast) and 0.1 km (west northwest), respectively.

The probability of oil accumulation at, or above, the low threshold was 94% (dry season) and 83% (wet
season). At the moderate threshold (100 g/m?) these probabilities were reduced to 45% and 52%,
respectively. The quickest time for a spill to reach a shoreline and for oil accumulation to occur at, or
above, the moderate threshold ranged between 0.38 days (dry season) and 0.21 days (wet season).
The maximum volume ashore for a single spill ranged between 24.8 m3 (dry season) and 24.7 m3 (wet
season). The maximum length of shoreline contacted at the moderate threshold was 6.5 km (dry
season).

The highest probability of oil accumulation at the moderate threshold was predicted along West Arm
(38% dry and 31% wet conditions), East Arm (8% dry, 16% wet) and Wickham Point (1% dry, 7% wet)
shorelines. The highest volume of oil accumulation during the dry and wet seasons occurred along the
West Arm shoreline (24.2 m3 (dry season) and 24.6 m? (wet season)). The minimum time for oil
accumulation at the moderate threshold was 0.38 days (West Arm) for the dry season and 0.21 days
(East Arm) during the wet season conditions.

There was no exposure predicted for the moderate and high dissolved hydrocarbon thresholds. The
maximum distances to the low threshold exposure zones during the dry and wet seasons were 3.9 km
and 12.2 km north northwest, respectively. Exposure was limited to the 0 — 10 m depth layer.

The maximum distances travelled by entrained hydrocarbons within the 0 — 10 m depth layers at the
low and moderate thresholds ranged between 36.1 km and 23.9 km northwest from the release
location.
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Figure 8-22 Stochastic MDO spill modelling (100 simulations)— Scenario 2 — dry season (Note: no dissolved oil exposure at MEVA [50ppb])
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Figure 8-23 Stochastic MDO spill modelling (100 simulations)— Scenario 2 — wet season (Note: no dissolved oil exposure at MEVA [50ppb])
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8.5.5.7 Summary of modelling results — Scenario 3 10 m? of MDO at KP114

Scenario 3 modelling in Figure 8-24 and Figure 8-25, demonstrates the moderate and above impact
threshold contours, and moderate and above shoreline loading impact threshold in a stochastic
representation of 100 simulations, in both dry and wet seasons. Therefore, these figures represent
and area in which the threshold may be reached, importantly however, does not represent an area of
a single spill.

In Scenario 3, floating oil exposure zones to the low and moderate thresholds were limited to 22.9 km
(northwest) and 12.5 km (northwest), respectively during dry season conditions. There was no
exposure predicted for the high threshold. Only the Outer Harbour waters were predicted to be
contacted by floating oil at or above the moderate threshold, with a very low probability (2%) during
the dry season and no exposure during the wet season.

During the dry and wet seasons, the probability of oil accumulation at the low threshold and moderate
threshold was 58% and 14% respectively, and the minimum time was 0.25 days and 0.29 days,
respectively. The maximum volume ashore for a single spill ranged between 3.9 m3 (dry season) and
4.3 m3 (wet season). The maximum length of shoreline contacted at the moderate threshold was 2 km
for the two seasons.

The West Arm (6% dry and 8% wet seasons) and East Arm (4% dry and 6% wet seasons) shorelines
recorded the highest probability of oil accumulation at the moderate threshold. The minimum time
before the accumulation was 0.38 days (West Arm) during the dry season and 0.29 days (East Arm and
West Arm) during the wet season conditions.

There was no dissolved hydrocarbon exposure predicted for any spills during this scenario at or above
the low threshold (= 10 ppb).

Entrained hydrocarbons within the 0 — 10 m depth layers for the low (> 10 ppb) and moderate (> 100
ppb) thresholds, were predicted to range between 32 km and 19.6 km northwest.
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Figure 8-24 Stochastic MDO spill modelling (100 simulations)— Scenario 3 — dry season (Note: no dissolved oil exposure at MEVA [50ppb])
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Figure 8-25 Stochastic MDO spill modelling (100 simulations)— Scenario 3 — wet season (Note: no dissolved oil exposure at MEVA [50ppb])
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8.5.5.8 Summary of modelling results — Scenario 4 300 m® of MDO at KP114

Scenario 4 modelling in Figure 8-26 and Figure 8-27, demonstrates the moderate and above impact
threshold contours, and moderate and above shoreline loading impact threshold in a stochastic
representation of 100 simulations, in both dry and wet seasons. Therefore, these figures represent
and area in which the threshold may be reached however, does not represent an area of a single spill.

The Scenario 4 modelling results demonstrated that floating MDO exposure zones to the low,
moderate and high thresholds were limited to 33.4 km (northwest; wet season), 19.6 km (northwest;
dry season) and 10.2 km (north-northwest; dry season), respectively.

The probability of shoreline accumulation at, or above, the low threshold (10 g/m?) was 100% (dry
season) and 91% (wet season). The minimum time before MDO accumulation at, or above, the low
threshold was 0.21 days during dry and wet seasons. The maximum volume ashore for a single spill
during the dry and wet season was 114.8 m? and 115.5 m3, respectively, and the maximum length of
shoreline contacted at the low threshold was 57.7 km (dry season) and 54.2 km (wet season).

The highest probability of MDO accumulation at the low threshold was predicted along the West Arm
(88% dry and 49% wet seasons) and East Arm (44% dry and 60% wet season) shorelines. The highest
volume of oil accumulation during the dry and wet seasons occurred along the West Arm shoreline
(103.5 m3(dry season) and 111.7 m3 (wet season)).

The maximum distances travelled by dissolved hydrocarbons from the release location to the low (=
10 ppb) exposure zone was 12.8 km (dry season) and 20.0 km (wet season), whilst distances were
reduced to 0.6 km (dry season) and 7.3 km (wet season) for the moderate (> 50 ppb) exposure
threshold. Exposure was limited to the 0 — 10 m depth layer. No exposure was predicted for the high
(= 400 ppb) threshold.

Dissolved hydrocarbon exposure at the low threshold was also predicted at shipwreck receptors during
the dry (3) and wet seasons (5) with dry season probabilities ranging from 1 — 10% and wet season
probabilities of exposure ranging between 2 — 17%. The greatest probability of low threshold exposure
during the dry and wet season was predicted for Ham Luong and Mauna Loa USAT, respectively.

The maximum distances travelled by entrained hydrocarbons from the release location to the low (2
10 ppb) exposure zone was 41.7 km (dry season) and 48.3 km (wet season), whilst distances were
reduced to 30.3 km (dry season) and 32.4 km (wet season) for the moderate exposure threshold.
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Figure 8-26 Stochastic MDO spill modelling (100 simulations)— Scenario 4 — dry season (Note: no dissolved oil exposure at MEVA [50ppb])
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request following construction / execution.

Figure 8-27 Stochastic MDO spill modelling (100 simulations)— Scenario 4 — wet season
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8.5.5.9 Potential impacts to water quality

A surface release of MDO to the marine environment would result in a temporary reduction in water
quality in the upper surface of the water column (0-10m). As a light hydrocarbon, MDO undergoes
rapid spreading and evaporative loss in warm waters, indicating that a surface slick will be temporary
although can spread over relatively large areas at low concentrations. The degree to which MDO stays
on the surface to evaporate or entrains into the upper water column is dictated by the prevailing
metocean conditions. Under moderate winds (5 m/s), 40% of the initial surface slick is predicted to
remain as surface oil after 24 hours, decreasing further to approximately 10% after 48 hours and
approximately 1% after 72 hours (Appendix 15). In moderate strength winds and above, MDO will
readily entrain into the surface layer of the water column due to the action of breaking waves. Across
the modelled worst-case spill scenarios, the greatest potential scale of water quality impacts (i.e.
above a moderate exposure level) is from entrained MDO, followed by floating MDO (refer Figure 8-20
to Figure 8-27), noting that the figures presented do not represent a single credible oil spill, they
represent 100 simulations overlaid. Both entrained MDO and floating MDO could reach shallow waters
and coastal areas at the mouth of Darwin Harbour and within Darwin Harbour, depending upon volume
and location of spill. For a larger spill volume associated with a worst case offshore pipelay vessel
collision, entrained MDO above a moderate exposure threshold could also reach Gunn Point and
Vernon Islands and the extremity of its distribution during the wet season (Figure 8-21). Dissolved
MDO, above a moderate exposure level, was predicted to occur over a smaller spatial scale that
entrained or floating MDO. The distribution of modelled contours of dissolved MDO suggest that it
would be less likely to reach shorelines and shallow areas above a moderate exposure (impact)
threshold.

The main impacts from a deterioration in water quality as a result of a MDO release from a vessel
collision are impacts to marine fauna and flora. This could occur within the top 10m of the water
column or where floating, entrained, or dissolved MDO reaches shallow coastal areas <10m. These are
discussed in detail in Section 9.5.9. While the location and spatial scale of impacts to shorelines and
shallow/intertidal sediments/platforms would depend upon the volume, location and prevailing
conditions associated with the spill, worst case spill modelling indicates that impacts (i.e. above a
moderate threshold) could occur within Darwin Harbour or at the mouth of Darwin Harbour.

8.5.5.10  Potential impacts to sediment quality

Potential impacts to sediment quality in the vicinity of the release are dependent on the presence of
hydrocarbon residue in the water column, which may filter down to sediments or continue to
biodegrade on the surface.

There may be potential for impacts to sediment quality should surface, entrained or dissolved
hydrocarbons reach shorelines, intertidal platforms and/or shallow sub-tidal soft sediments. The
degree of impact is dependent upon the type of substrate, the tidal reach of the shoreline (for shallow
sub-tidal soft sediments) and the continued weathering of the MDO. Potential impacts include indirect
impacts to foraging habitats for marine turtles, birds and fish. There may also be direct, lethal or sub-
lethal impacts to benthic infauna through toxic effects and smothering (Section 9.5.9).
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8.6 Environmental management

The controls to manage impacts and risks to Marine Environmental Quality are presented in Table 12-1
and have been carried through to draft management plans as relevant. Controls have been informed
by referral commitments and subsequent feedback and consultation with government and the public
and have been reviewed through ENVID workshops (refer Section 7.4) and during EMP development.
The management table (Table 12-1) should be viewed as a consolidated list of measures to avoid or
mitigate impacts of the DPD Project.

8.7 Conclusion of residual impacts and risks and predicted outcome

The assessment of residual impacts and risks to Marine Environmental Quality from the Project is
summarised in Table 8-14. The management measures proposed in Table 12-1 are considered
effective and appropriate to reduce potential impacts to Marine Environmental Quality to a minor level
and reduce risks to a low level.

The impact and risk rankings were determined during ENVID workshops and followed the approach
outlined in Section 7.4. The residual rankings are in the acceptable range as per Santos requirements
(Table 7-3 and Table 7-4) and impacts and risks have also been reduced to as low as reasonably
practicable.

Santos considers that the development of the Project will be consistent with the NT EPA’s objectives
for water quality, sediment quality and biota.
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Table 8-14 Residual impact and risk rating for Marine Environmental Quality

Aspect

Planned events?

Potential impact

Seabed disturbance

Disturbance of seabed during trenching and
spoil disposal activities resulting in an
increase in sedimentation and reduction in
water quality

Contingency treated
seawater discharge

Reduce water quality because of discharge of
chemically treated seawater

Discharge of water
from backflushing
activities during FCGT

Reduce water quality