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Section 6 summary
Purpose:
This section explains how all environmental impacts and
risks have been evaluated and how they will be managed
to an acceptable level, including the key management
controls that will be applied. For NOPSEMA to consider
a project “acceptable”, ConocoPhillips must demonstrate
it has considered all relevant regulations and guidelines,

ecologically sustainable development principles,
ConocoPhillips’ own policy and standards, and the
potential environmental consequences and community
expectations.

Section at a glance:
NOPSEMA’s Guidance Note provides important context
to this section by explaining the level of detail required,
the types of process that should be followed, and the
main terminology used.
The risk assessment uses a precautionary approach in
terms of defining the ‘outer boundary’ within which the
environment could be affected by the project, i.e. the
area of influence. The assessment process considers
two forms of impacts and risks - those associated with
planned events, such as atmospheric emissions and
discharges to sea during normal operations (including
cumulative impacts), and those associated with highly
unlikely unplanned events, such as hydrocarbon release
caused by vessel collisions or a loss of well control.

Overall, potential impacts and risks to marine fauna and
habitat from planned activities will be at a local level, as
opposed to a regional level, affecting individuals rather
than populations. No facilities in the Barossa offshore
development area will be placed near any areas of
regional environmental importance such as shoals, banks
and coral reefs.

As the OPP occurs in the early design phase of a project,
a description of key control measures is provided at a
high-level and management systems that can be used
to reduce the environmental impacts and risks of the
project to an acceptable level, is provided. Further,
procedural controls will be further detailed in the
subsequent EPs for each activity, to ensure risks are as
low as reasonably practicable. The likelihood, potential
magnitude and duration, and consequences of project
activities is considered along with the control measures
(systems, equipment, people, procedures) used to
manage them.

The southern end of the gas export pipeline corridor
is closer to more sensitive environmental features, but
the impacts and risks are considered to be low due to
activity in this area primarily associated with the initial
pipeline installation and there are no ongoing discharges
along the pipeline compared to operations in the
offshore development area. To inform the impact and
risk assessment of unplanned activities, comprehensive
modelling of potential hydrocarbon releases to the
marine environment is illustrated, with an evaluation
of worst-case scenarios where the outer boundary of
all credible spill trajectories is considered, however
unlikely they may be. This approach ensures the impact
and risk assessment accounts for different seasonal and
environmental conditions that could occur at the time of
a vessel collision or loss of well control, including wind,
wave and climate conditions. The impact assessment
is also based on spill modelling where no response
measures were taken, compared to a true scenario where
all appropriate response measures are taken.

Following the risk assessment process, and informed
by ConocoPhillips’ understanding and experience,
most environmental risks were considered to be low.
Some impacts and risks are unavoidable, like the
physical presence of facilities or planned discharges and
emissions. However, these impacts and risks are low
given the open ocean location and the distance from key
features, such as shoals and banks, and can be managed
and controlled with good industry practice.

ConocoPhillips has safely drilled a number of appraisal
wells in the Bonaparte and Browse Basins over many
years and has also safely operated processing and offtake
facilities at Bayu-Undan in the Timor Sea for the past
12 years including the safe transfer of hydrocarbons to
tankers offshore. ConocoPhillips will apply the same
approach to identify and implement the key controls
required to manage the potential impacts and risks
associated with the project.
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6

Evaluation of environmental impacts and risks

6.1

Introduction
This OPP provides an evaluation of environmental impacts and risks for the project at the early design phase,
to enable NOPSEMA to give early consideration of the acceptability of the development on a ‘whole of
life-cycle’ basis.
The evaluation of the environmental impacts and risks has been informed by a comprehensive risk
assessment process, taking into account the nature and scale of each potential impact, the likelihood of the
impact occurring and its acceptability in the context of the existing environment (as previously described in
Section 5).
The holistic risk assessment process detailed in this section encompasses an evaluation process for all the
potential impacts that may arise directly or indirectly from all future activities, both planned and unplanned.
ConocoPhillips is committed to an ongoing risk assessment process, with potential impacts and risks to be
reviewed and further assessed in activity-specific EPs.
The purpose of this section aligns with the NOPSEMA OPP Guidance Note (NOPSEMA 2016a):
•

“To detail and evaluate the environmental impacts and risks including their sources, potential events,
likelihood and consequences and also estimate the magnitude of impacts and risks.”

•

“To demonstrate that the project can be undertaken in such a way that the environmental impacts and
risks will be managed to an acceptable level.”

To demonstrate the close inter-linkages between the assessment of environmental impacts and risks, and
evaluation of acceptability at a ‘whole-of-project’ level, Figure 6-1 is presented to provide an overview of the
process undertaken for this OPP.
To ensure a fully integrated view of the environmental acceptability assessment, the reader is encouraged to
read this section in conjunction with Section 7 (Environmental Performance Framework).
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- Define project impacts and risks

Environmental impact and risk assessment
(Section 6)

Project aspects

Values and sensitivities

(Section 4)

(Section 5)

Environmental impact and risk identification

-

Identification of aspects of relevance to the project
Identification of key environmental, socio-economic and cultural factors

Modelling

Initial (screening) risk
review workshop

-

-

Strategic identification of
potential key environmental
factors and aspects

Routine/planned discharges
Non-routine/unplanned discharges
Underwater noise modelling

Final (detailed) risk review
workshop

Preliminary evaluation of all
impacts and risks

-

Inherent risk

Detailed assessment of key
impacts and risks

Key management
controls

Project-level definition of EPOs
and acceptability

Residual risk

Residual risk rating

- Assess project acceptability

Environmental performance framework
(Section 7)

- Key management controls and/or
additional controls implemented

Review/re-design

Risk acceptability
- Level of impact and risk to the environment that
may be considered broadly acceptable with
regard to relevant considerations

Unacceptable

Acceptable

- Activity should not
proceed as proposed
- Further assessment
required to reduce risk
to an acceptable level

Confidence level
High

High level EPOs
- Project-level
- Regional environment
focus

Low

Detailed EPOs
- Relevant to specific factor
- Local environment focus
- To be refined as part of the
activity-specific EP process

Figure 6-1: Summary overview of the evaluation of risks, impacts and project acceptability

6.2

Environmental risk assessment process

6.2.1

Overview
This OPP demonstrates risk assessment and risk mitigation, and provides discussion of various control measures
at a high-level and management systems that can be used to reduce the environmental impacts and risks of the
project to an acceptable level. The OPP approach applies a robust risk assessment process, based on the principles of
Australian Standard/New Zealand Standard International Organisation for Standardisation (AS/NZS ISO) 31000:2009
and ConocoPhillips’ risk assessment process (Figure 6-2), that has been applied consistently to address all key
elements of the concept project description.
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ConocoPhillips considers the key steps of risk management to include:
•

establishing the context with regard to relevant ConocoPhillips management systems (Section 2),
legislation/guidance (Section 3), existing environment (Section 5) and relevant stakeholder context
(Section 8)

•

identification of hazards/risks associated with a system and/or process and definition of the credible
risk source scenarios, with consideration of ConocoPhillips’ operational experience, the existing
environment and relevant stakeholder context

•

identification of the existing hazard/risk control measures in place

•

assessment of the risk with existing control measures in place to determine the inherent risk

•

identification and consideration of potential additional control measures to reduce the risk to ALARP
and acceptable level

•

assessment of risk with any additional control measures in place to determine the residual risk and
evaluate if the risk has been reduced to ALARP and is acceptable

•

application of further additional controls if needed.

In accordance with the NOPSEMA OPP Guidance Note (NOPSEMA 2016a), the OPP “must include an
evaluation of all the impacts and risks that reaches a conclusion on whether the impacts and risks will be
‘acceptable’ or ‘unacceptable’”. The demonstration of ALARP is an evaluation criteria relevant to subsequent
activity-specific EPs, but is not considered further when evaluating impacts and risks for the purposes of this
OPP. At the time of preparing the OPP, project design and execution detail is high level and preliminary, and
not sufficiently detailed to perform an ALARP assessment. A much greater level of detail regarding project
design and execution will be known during development of activity-specific EPs, at which time an ALARP
assessment will be performed.

Establish the Context

Risk Identification

Risk Analysis

Monitor and Review

Communicate and Consult

Risk Assessment

Risk Evaluation

Risk Treatment

Figure 6-2: Environmental risk assessment process
In the context of the project OPP, the risk assessment process provides:
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•

an account of ConocoPhillips’ processes to evaluate all potential risks to environmental, socioeconomic and cultural values arising from activities associated with the project throughout its
life-cycle

•

the range of control measures, as able to be identified at this early stage of the project, for
mitigating those potential risks to demonstrate that the project can be undertaken in such a way
that its environmental impacts and risks will be managed to an acceptable level.
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The environmental risk assessment process includes consideration of various elements that are
documented throughout the OPP. These elements are detailed in the following sections:
•

establishing the context – relevant legislation/guidance (Section 3), ConocoPhillips management
systems (Section 2), and understanding the values and sensitivities of the existing environment
(Section 5)

•

risk identification – identification of project activities and relevant aspects (Section 4), and which
activities may result in a material impact (Section 6)

•

risk analysis – quantification of the risk level associated with the impact (Section 6)

•

risk evaluation – evaluation of the risks in the context of acceptability (Section 6)

•

risk treatment – identification of high level control measures (Section 6) and relevant EPOs
(Section 7).

Table 6-1 provides definitions for the environmental risk assessment terms used in this OPP.
Table 6-1: Risk assessment terminology and definitions

Term

Definition

Activity

Components or elements of work associated with the project. All activities
associated with the project have been considered at a broad level (as outlined in
Section 4).

Aspect

Elements of the proponent’s activities or products or services that can interact
with the environment. These include planned and unplanned (including those
associated with emergency conditions) activities.

Factor

Relevant natural, socio‐economic and cultural features of the environment.
These are also referred to within the OPP as values/sensitivities.

Potential impact

Any change to the environment, whether adverse or beneficial, wholly or partially
resulting from a proponent’s environmental aspects.

Event

An occurrence of a particular set of circumstances. An event can be one or more
occurrences and can have several causes.

Hazard

A substance, situation, process or activity that has the ability to cause harm to
the environment.

Control

A measure which mitigates risk through the reduction of the likelihood for a
consequence to occur. Controls include existing controls (i.e. ConocoPhillips’
management controls or industry standards) or additional controls (i.e. additional
measures identified during the risk assessment processes).

Consequence

The outcome of an event, which can lead to a range of consequences.
A consequence can be certain or uncertain and can have positive or negative
effects.
Consequences can be expressed qualitatively or quantitatively.
For risk assessment purposes, the consequence typically remains unchanged since
it is determined without controls in place.

Likelihood

Description of probability or frequency of a consequence occurring with
safeguards in place.

Inherent risk

The level of risk when existing controls are in place, but before the application of
additional risk controls arising from risk assessment processes.

Residual risk

The level of risk remaining after risk treatment, i.e. application of additional controls
(inclusive of unidentified risk).

Acceptable

The level of impact and risk to the environment that may be considered broadly
acceptable with regard to all relevant considerations. Refer to Section 6.2.4 for
further discussion on the definition of acceptability.
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6.2.2

Establish the context and risk identification

6.2.2.1

Identification of aspects of the project of relevance to the risk assessment
A review of the potential activities comprising the project was undertaken in order to identify those
activities, in the context of the project location, that could lead to potential impacts on the existing
environment. In risk terminology, aspects are defined as elements (or activities) of a proposal that interact
with or present a risk to an environmental factor (also referred to as values/sensitivities), for example, the
physical presence of the development infrastructure. The aspects relevant to the project are described
previously in Section 4.3.5.
Each of the aspects have been considered in terms of the potential to interact with environmental, socioeconomic and cultural factors, as discussed below.

6.2.2.2

Identification of factors of relevance to the risk assessment
In the context of the risk assessment process, an environmental factor is defined as the part of the existing
environment that may be affected by an aspect of the project, for example, marine mammals. A process to
identify environmental, socio-economic and cultural factors, and the potential interactions between them,
has drawn on a broad range of information sources, including:
•

a review of the DoEE Protected Matters database (Section 5.5.1 and Appendix P)

•

a review of the DoEE National Conservation Values Atlas (Section 5.6.1)

•

information obtained through stakeholder engagement

•

the Barossa marine studies program (Section 5.2) undertaken to provide information on
environmental factors

•

collation of knowledge developed by ConocoPhillips during prior assessment and successful
operation of full field LNG developments, and review of experience from multiple seismic and
drilling campaigns in the Barossa permit areas.

The factors relevant to the project and key factors of primary relevance to the project area (i.e. the Barossa
offshore development and gas export pipeline corridor) have been distinguished.
In this way, the environmental, socio-economic and cultural factors that could be influenced were identified,
as described in Section 5. These included:

6.2.2.3

•

physical environment – seabed features, marine water quality, marine sediment quality, air quality
and underwater noise

•

ecological – benthic habitats and communities (e.g. infauna, seagrass, macroalgae, corals), shoals/
banks, offshore reefs and islands, NT/WA mainland coastline, marine mammals, marine reptiles
(turtles and sea snakes), birds (seabirds and migratory shorebirds), fish, sharks and rays, plankton,
BIAs for marine fauna and internesting habitat critical to the survival of marine turtles

•

socio-economic and cultural – Commonwealth and National Heritage places, Ramsar wetlands,
KEFs, Commonwealth marine areas, AMPs, marine archaeology, commercial fishing, traditional and
recreational fishing, tourism, recreation and scientific research, commercial shipping, other offshore
petroleum exploration and operations, and defence activities.

Key environmental, socio‐economic and cultural values and sensitivities identified for the project
The key values and sensitivities of primary relevance to the project are outlined in Table 6-2 below, and
grouped according to their similarities. These have been identified based on a detailed understanding of
the existing environment, as discussed in Section 5. MNES as defined under the EPBC Act are given explicit
consideration in the assessment of potential environmental impacts and risks of the project.
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Table 6-2: Key values/sensitivities of primary relevance to the project

Key value/sensitivity

Rationale

•

Evans Shoal

These represent the nearest shoals/banks to the project area.

•

Tassie Shoal

•

Lynedoch Bank

•

Goodrich Bank

•

Marie Shoal

•

Shepparton Shoal

•

Tiwi Islands

Represents the nearest island to the project area.

•

Pygmy blue whales

These species are listed under the EPBC Act and potentially occur or have

•

Bryde’s whales

habitat in the project area and area of influence (Section 5.6.2).

•

Omura’s whales

•

Sei whales

•

Fin whales

•

Humpback whales

•

Antarctic minke whales

•

Killer whales

•

Sperm whales

•

Dugongs

•

Dolphins

•

Flatback turtles

These species are listed under the EPBC Act and are known to occur

•

Olive ridley turtles

in the project area (Section 5.6.3). Flatback and olive ridley turtles are

•

Green turtles

particularly relevant as the gas export pipeline corridor passes through

•

Loggerhead turtles

a portion of the internesting BIA for flatback turtles, is adjacent to the

•

Leatherback turtles

internesting BIA for olive ridley turtles and passes through internesting

•

Hawksbill turtles

•

Sea snakes

•

Migratory seabirds

These species are listed under the EPBC Act and potentially occur or have

•

Migratory shorebirds

habitat in the project area (Section 5.6.4).

•

Crested tern

habitat critical to the survival of both these species (Figure 5‐18).

The crested tern is of relevance as a small portion of the gas export
pipeline corridor passes through a biologically important breeding/
foraging area for the species (Figure 5-19).

•

Whale shark

The whale shark is listed under the EPBC Act and potentially occurs, or has

•

Offshore pelagic and demersal fish
communities

habitat, in the project area (Section 5.6.5.2). Pelagic and demersal fish

•

Demersal fishery species

communities are of relevance for their socio-economic importance.
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Key value/sensitivity

Rationale

•

Grey nurse shark

These species are listed under the EPBC Act and potentially occur or have

•

Great white shark

habitat in the project area (Section 5.6.6.2).

•

Shortfin mako and the longfin mako

•

•

The grey nurse shark was observed at a seamount during the Barossa
River sharks – northern river shark and
marine studies program within the broader surrounds of the Barossa
speartooth shark (nearshore habitats
offshore development area
near Tiwi Islands)
(Section 5.5.5).
Sawfish – green sawfish, largetooth
sawfish and dwarf sawfish (nearshore
habitats near Tiwi Islands)

•

Rays – reef manta ray and giant manta
ray (nearshore habitats near the Tiwi
Islands)

•

Oceanic Shoals marine park

A portion of the gas export pipeline corridor area (approximately 708 km2)
overlaps the Oceanic Shoals marine park (71,743 km2) (Figure 5-20).
While the broad corridor overlaps with approximately 1% of the marine
park, the area of direct disturbance from the linear pipeline is estimated
to only represent approximately 0.0002% of the marine park. Geophysical,
bathymetric and environmental baseline surveys have not observed any
unique benthic habitats or assemblages in the portion of the pipeline
corridor that overlaps with the marine park.

•

Shelf break and slope of the
Arafura Shelf

A portion of the project (approximately 3,384 km2 of the Barossa offshore
development area and 2,087 km2 of the gas export pipeline corridor)
occurs within the shelf break and slope of the Arafura Shelf (10,844 km2)
(Figure 5-20). The Barossa offshore development area and gas export
pipeline corridor overlap approximately 37% of this KEF. However, the
direct area of disturbance to this KEF is expected to only represent
approximately < 0.007% of this KEF. Geophysical, bathymetric and
environmental baseline surveys within the Barossa offshore development
area have not identified any seafloor features/values associated with this
KEF.

•

Carbonate bank and terrace system
of the Van Diemen Rise

A portion of the gas export pipeline corridor (approximately 356 km2)
overlaps the carbonate bank and terrace system of the Van Diemen
Rise (31,278 km2) (Figure 5-20). While the broad corridor overlaps with
approximately 1% of this KEF, the area of direct disturbance to this KEF
from the linear pipeline is expected to only represent approximately
< 0.0002% of this KEF. The pipeline corridor has been refined based on
geophysical and bathymetric survey data and engineering studies to
minimise, as much as practicable, areas of seabed within the pipeline
corridor that are associated with the seafloor features/values associated
with this KEF.

•

Commercial Commonwealth and
NT managed fisheries, particularly
the Timor Reef Fishery

The project area intersects a number of commercial fisheries. The
Timor Reef Fishery is of most relevance as it overlaps the project area
(approximately 3,735 km2 of the Barossa offshore development area and
2,242 km2 of the gas export pipeline corridor), although most recent active
fishing effort is to the south-west of the fishery. Fishing is known to occur
in the broader surrounds of the project area, including within the area of
influence.

271

CONOCOPHILLIPS AUSTRALIA

6 Evaluation of environmental
impacts and risks

6.2.3

Risk analysis and evaluation
The environmental risk review process is a qualitative risk-screening tool for evaluating the potential
environmental impacts and risks determined to be relevant to the concept project description outlined
in Section 4. Risks are rated or ranked by identifying the consequence of each risk and then selecting the
likelihood of each consequence occurring. ConocoPhillips assesses the risk in two key stages:
•

inherent risk: assessment of the potential environmental, socio-economic and cultural consequences
and the likelihood of that consequence occurring with the application of existing control measures
(e.g. relevant legislation, ConocoPhillips and contractor procedures/standards etc.) for each credible
risk source scenario

•

residual risk: reassessment of the inherent risk following the application of additional controls/
mitigation measures. The number and type of controls/mitigation measures are linked to an
acceptable environmental outcome determination and the residual risk equates to the level of
acceptable environmental impact expected throughout the project life-cycle.

Two key considerations underpin the environmental risk assessment:
•

the severity of the impact in the event that consequence does occur

•

the likelihood of factors at risk being affected.

Risk analysis frames the assessment of controls that could be applied during execution of project activities
that pose a potential hazard to relevant factors. It also provides a framework to identify the measures to
mitigate the severity of the impact arising from either planned or unplanned events. The process provides
essential input into the assessment of controls and mitigation measures to ensure that the level of risk
posed by a particular aspect is acceptable. Subsequent activity-specific EPs will consider and assess both
acceptability and ALARP criteria, in accordance with the OPGGS (E) Regulations and guidance.
The environmental risk assessment method is based on the ConocoPhillips Risk Matrix. This process reflects
the risk management process detailed within the AS/NZS ISO 31000:2009 Risk management – Principles and
guidelines (Standard) (AS/NZS 2009) and Handbook 203:2006 Environmental risk management – Principles
and process (Guide) (AS/NZS 2006).
The level of risk is determined by first establishing the maximum credible consequence of an impact on
an environmental, socio-economic or cultural factor resulting from an aspect of the project. Following the
determination of the level of consequence, the likelihood of the consequence occurring is then assigned.
The assigned consequence and likelihood is mapped on the risk matrix to determine the level of risk, as
illustrated on Table 6-3.
Refer to Section 6.3 for a detailed discussion of the environmental risk assessment workshops undertaken
to identify and assess risks associated with the project.
Table 6-3: ConocoPhillips risk level matrix

Risk matrix
Consequence
Likelihood

Negligible

Minor

Moderate

Significant

Major

(1)

(2)

(3)

(4)

(5)

Frequent (5)

5

10

15

20

25

Probable (4)

4

8

12

16

20

Rare (3)

3

6

9

12

15

Remote (2)

2

4

6

8

10

Improbable (1)

I

2

3

4

5

Risk score

Risk rating

Description of risk level

IV (17-25)

High

High risk. Manage risk utilising prevention and/or mitigation

Risk rating

with highest priority. Promote issue to appropriate management
level with commensurate risk assessment details.
III (12-16)

Significant

Significant risk. Manage risk utilising prevention and/
or mitigation with priority. Promote issue to appropriate
management level with commensurate risk assessment detail.

II (5-10)

Medium

Moderate risk with controls verified. No mitigation required
where controls can be verified as functional. ALARP should be
evaluated, as necessary.

I (1-4)

Low

Low risk. Mitigation controls implemented as required.
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6.2.3.1

Assessment of consequence of potential impacts
In evaluating the level of consequence of a potential event, the following considerations are applied:
•

extent of impacts – whether the impact affects the local or wider regional environment

•

frequency and duration of the impact – how often the impact will occur and how long it will interact
with the existing environment

•

sensitivity of the existing environment (including seasonal values/sensitivities) – nature, importance
(local, national or international significance) and the sensitivity or resilience to change of the factor
that could be affected. This also considers any relevant laws, regulations or guidelines aimed at
protecting the existing environment, including the OPGGS Act (and supporting regulations), the
EPBC Act, and relevant recovery plans/management plans and conservation advices.

Environmental, socio-economic, cultural and business consequences can be defined either qualitatively
or quantitatively. Where consequences of differing severity were identified for an aspect, the more severe/
higher consequence was selected.
In order to address the potential extent of possible impacts prior to finalising a design option, a conservative
approach was taken to defining the ‘outer envelope’ of impacts associated with the project. The potential
impacts were considered in the context of the aspect and factor interaction matrix in Table 6-7. The
interaction matrix was informed by detailed consideration of the nature and scale of the key project
stages (Section 4), comprehensive understanding of the existing environment (Section 5), including the
professional views of recognised experts in specific disciplines areas, and detailed modelling (e.g. key
planned and unplanned discharges and underwater noise).
The consequence definitions in the ConocoPhillips Risk Matrix were applied to this risk assessment, as shown
in Table 6-4. The consequence rating is based on a consequence with no safeguards in place, whereas
likelihood is assessed with consideration for existing/standard safeguards. While the risk assessment process
was undertaken with a primarily environmental focus, other potential socio-cultural, economic and business
impacts were also considered in determining the consequence rating when it was deemed that these other
impacts were more significant. Using a conservative approach, the consequence that resulted in the highest
risk consequence rating by these definitions was carried through for each potential impact.
Table 6-4: Risk assessment consequence definitions

Consequence severity description
Rating

Biodiversity (Bio)

Socio-cultural and economic (Soc) Business impact (Bus)

5 Major

Catastrophic
permanent loss/
extinction (100%)
of species, habitat
or ecosystem.
Irrevocable loss, no
mitigation possible.

Permanent lost access or use of
area with permanent reduction
in community or tribal quality of
life; major economic impact to
surrounding community; irrevocable
loss of culture resources.

Complete area
evacuation.

and/or

and/or

and/or
National negative
media exposure

The remediation associated with the Business interruption
costs likely to exceed
environmental harm, asset damage
and/or litigation/resolution costs will $10 million.
probably exceed $10 million.
4 Significant
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Serious loss or
migration (>
50%) of species
population, habitat
or ecosystem. Partial
mitigation only
possible through
prolonged and
resource intensive
effort (greater than
50 years).

Permanent partial restriction on
access or use, or total restriction
> 10 years in duration; temporary
reduction in quality of life > 10 years
duration; harm to cultural resources
requiring major mitigation.
and/or
The remediation associated with the
environmental harm, asset damage
and/or litigation/resolution costs are
between $1 million and $10 million.

Selected areas require
evacuation.
and/or
Regional Asia-pacific
negative media
exposure
and/or
Business interruption
costs likely to be
between $1 million and
$10 million.
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Consequence severity description
Rating

Biodiversity (Bio)

Socio-cultural and economic (Soc) Business impact (Bus)

3 Moderate

Temporary, but
reversible loss/
migration of
species population
(< 25%), habitat
or ecosystem.
Moderate mitigation
efforts required for
total reversal.

Temporary restriction < 10 years in
duration with a moderate reduction
in usage levels or quality of life; harm
to cultural resources recoverable
through moderate mitigation efforts.

Brief, but reversible
loss/migration of
species population
(< 15%), habitat or
ecosystem. Minor
mitigation efforts
required for total
reversal.

Brief restriction < 5 years in duration
with a minor reduction in usage
levels or quality of life; minor
harm to cultural resources that
are recoverable through minor
mitigation efforts.

2 Minor

1 Negligible

6.2.3.2

Some minor loss/
migration of species
population (<
10%) habitat or
ecosystem that
are short term
and immediately
and completely
reversible.

and/or
The remediation associated with the
environmental harm, asset damage
and/or litigation/resolution costs are
between $100,000 and $1 million.

and/or
The remediation associated with the
environmental harm, asset damage
and/or litigation/resolution costs are
between $10,000 and $100,000.

Shelters in place
but evacuation not
mandatory.
and/or
State negative media
exposure
and/or
Business interruption
costs likely to be
between $100,000 and
$1 million.
Local notification only
(selected phone calls,
letter notification).
and/or
Local negative media
exposure
and/or
Business interruption
costs likely to be
between $10,000 and
$100,000.

Restrictions on access without loss
of resources; temporary but fully
reversible impacts on quality of life;
minor impact on cultural resources,
landscapes, traditions that are fully
reversible without lost value.

No communication to
the public.

and/or

Business interruption
costs likely to be
between $0 and
$10,000.

The remediation associated with the
environmental harm, asset damage
and/or litigation/resolution costs are
between $0 and $10,000.

and/or
No media exposure
and/or

Likelihood of impact occurrence
The likelihood of an impact occurring takes into account the effective implementation of industry standard
mitigation measures. The likelihood of the top-level event occurring that could give rise to the impact is based on
industry experience.
The likelihood selection is based on the likelihood (i.e. probability or frequency) of a consequence occurring with
safeguards in place.
The following table (Table 6-5) provides the likelihood descriptions that have been used for the risk review, which
are based on the ConocoPhillips Risk Matrix. As outlined above, this process reflects the risk management process
detailed within AS/NZS ISO 31000:2009 (AS/NZS 2009) and Handbook 203:2006 (AS/NZS 2006).
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Table 6-5: Risk assessment likelihood definitions

Level

Descriptor

Description

Quantitative range per year*

1

Improbable

Virtually improbable and unrealistic

<10-6

2

Remote

Not expected nor anticipated to occur

10-6 – 10-4

3

Rare

Occurrence considered rare

10-4 – 10-3

4

Probable

Expected to occur at least once in 10 years

10-3 – 10-1

5

Frequent

Likely to occur several times a year

>10-1

* The quantitative range is applicable only to assessing the risk of unplanned discharges in Section 6.4.10. The values in the quantitative range were used as
guidance by subject matter experts in selecting the appropriate likelihood category for unplanned discharges.

6.2.4

Risk evaluation
Demonstration of acceptability
ConocoPhillips takes into account a range of considerations when evaluating the acceptability of environmental impacts
and risks associated with its projects, including:
•

the principles of ESD

•

relevant environmental legislation, international agreements and conventions, guidelines and codes of practice

•

internal context – alignment with ConocoPhillips HSEMS, HSE Policy, SD Position, and company standards and
systems

•

external context – potential environmental consequences and stakeholder expectations.

The linkage of the ConocoPhillips residual risk rankings and the demonstration of acceptability is outlined in Table 6-6.
Acceptability has been defined for each aspect of the project in Section 6.4, given the outcomes of the risk conclusions
relevant to each aspect. An overall statement of acceptability for the project is provided in Section 7.3, which takes into
account the above considerations.
Table 6-6: Residual risk ranking and acceptability

ConocoPhillips
Acceptability
residual risk ranking
Low

Broadly acceptable
Alignment with ConocoPhillips HSEMS and Company standards/systems. Relevant
environmental legislation and standard industry practice will be applied to manage the risk and
address reasonable regulator and stakeholder expectations. Management controls have been
implemented to address the acceptability considerations.

Medium

Acceptable
If management controls have been implemented to address the acceptability considerations, a
medium residual risk ranking can be considered acceptable.

Significant and high

Unacceptable
The activity (or element of ) should not be undertaken as the risk is serious and does not
meet the principles of ESD, legal requirements, ConocoPhillips’ requirements or regulator and
stakeholder expectations. The activity requires further assessment to reduce the risk to an
acceptable level.
If the residual risk is unable to be lowered to a more acceptable level, managerial review and
approval is required.
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Risk treatment
In order to take account of practical measures for the effective management of potential environmental impacts
and risks to an acceptable level, the key management controls and systems that will be applicable throughout
the project life-cycle were considered. The key management controls identified to mitigate the impacts and ricks
associated with each of the key project aspects, are presented in Section 6.4.1 to Section 6.4.10.

6.3

Environmental risk assessment workshops
A two-step multi-disciplinary risk review process has been undertaken to inform the evaluation of impacts and risks
relevant to this OPP. This is outlined further in the following sub-sections.

6.3.1

Initial (screening) risk workshop
An initial risk assessment workshop was undertaken in July 2015 to inform the identification and preliminary
evaluation of relevant environmental impacts and risks. This workshop was attended by a specialist team of marine
and environmental scientists together with ConocoPhillips personnel and project managers who are integrally
involved in the development of the proposed project.
Following a standardised risk assessment process, the assessment was completed to inform the initial identification
of environmental impacts and risks associated with factor/aspect interactions by:
•

broadly identifying potential key environmental factors/aspects

•

undertaking a high-level risk review to inform the level of emphasis and detail required for the various
environmental factors/aspects, to be carried through into the subsequent impact assessments

•

completing a preliminary evaluation of all impacts and risks, appropriate to the nature and scale of each
impact or risk.

As an outcome of the initial risk workshop, risk rankings (inherent and residual) and the rationale for the rankings
were defined. Confidence levels were subsequently applied to the risk rankings based on the level of understanding
of the values and sensitivities in the region from:
•

availability of detailed scientific literature

•

dedicated studies

•

modelling

•

expert engagement.

The level of understanding of the different project aspects was informed by:
•

availability of detailed scientific literature

•

industry experience and project definition limitations during early design

•

availability of relevant guidelines and standards

•

technology available (i.e. existing, proven technology versus relatively new technology).

Residual risk was also determined based on the ability to define likelihood and consequence based on extent,
duration and frequency of the risk or impact, and presence of environmental values and sensitivities.
The assignment of confidence levels to the initial risk rankings identified those areas where further information was
required to make an informed assessment prior to the final risk rating workshop, i.e. where there was considered to
be low/medium confidence in the rating. These lower confidence ratings related to a number of acknowledged gaps
such as the lack of published information on a specific factor, the requirement to complete modelling associated
with specific planned and unplanned aspects, or the level of detail during early design.
The additional knowledge gathering addressed the identified gaps and took the form of:
•

modelling studies to inform the assessment of potential in-field impacts from planned or unplanned
activities

•

further targeted engagement with recognised experts in key discipline areas to further inform
understanding of the existing baseline beyond the published literature

•

ongoing interpretation of the comprehensive geophysical and environmental baseline surveys of the
Barossa offshore development area and surrounding features of environmental interest.

As new data and information became available, the process accommodated an iterative review of the confidence
rankings, to inform a refined risk assessment summarised below.
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6.3.2

Final (detailed) risk workshop
When further information was available for the key factors and aspects, such that a high level of confidence
could reasonably be applied, a second risk rating workshop was held in February 2016. The workshop
was attended by a suite of specialist marine and environmental scientists together with ConocoPhillips
personnel and project managers. The workshop confirmed the inherent and residual risk ratings for
all impacts, and focused on those key impacts and risks that had been identified as medium/high/
significant inherent risk or low/medium confidence in the initial risk workshop. The outcomes of the
workshop provided a detailed assessment of the key impacts and risks, in light of additional baseline study
information and modelling outputs, together with a project-level definition of environmental outcomes and
acceptability.
This dual-stage risk review process demonstrates a rigorous and systematic approach which provides
confidence of a reasonable basis for the identification and evaluation of environmental impacts and risks.
The assessment of impacts and risks for the project continued to be iteratively reviewed by the project team
as further engineering definition became available, to confirm the environmental risk profile represents the
development option(s) carried through in the scope of this OPP.
Section 6.4 details the environmental aspects of the project and identifies the degree of inherent and
residual risk that has been assessed as relevant to the related impacts. A summary of the risk ratings related
to these aspects and factors is provided in Table 6‐7.
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Defence activities (NAXA)

Offshore petroleum
exploration and
operations

Commercial shipping

Tourism, recreation and
scientific research

Recreational and
traditional fishing (Tiwi
Islands)

Commercial fishing

Marine archaeology

Commonwealth heritage
places

KEFs

AMPs

Plankton

Sharks and rays

Fish (pelagic and
demersal)

Birds (seabirds and
migratory shorebirds)

Marine reptiles (turtles
and sea snakes)

Marine mammals

Other offshore reefs,
islands and NT/WA
mainland coastline

Tiwi Islands

Shoals and banks (e.g.
Evans Shoal, Tassie Shoal,
Lynedoch Bank, Goodrich
Bank, Marie Shoal and
Shepparton Shoal)

Factor
Physical environment
(including seabed
features, water, sediment
and air quality and
underwater noise)

Aspect

Physical presence of offshore
facilities/infrastructure, equipment
and project related vessels –
interactions with other marine
users
Physical presence of offshore
facilities/infrastructure, equipment
and project related vessels –
interactions with marine fauna
Seabed disturbance – Barossa
offshore development area
Seabed disturbance – gas export
pipeline corridor
IMS (biosecurity)
Underwater noise emissions
Atmospheric emissions
Light emissions
Planned discharges
Waste management
Unplanned discharges – Barossa
offshore development area1
Unplanned discharges – gas export
pipeline corridor2

Key
Interaction not reasonably expected
Interaction reasonably possible – low residual risk and high/medium confidence
Interaction reasonably possible – medium residual risk and high/medium confidence
Interaction reasonably possible – high/significant residual risk and high/medium confidence
1 Based on the maximum credible spill modelling scenario (i.e. long-term subsea well blowout in the Barossa offshore development area; Section 6.4.10.9)
2 Based on the maximum credible spill modelling scenario (i.e. vessel collision during pipelay in the vicinity of the Tiwi Islands; Section 6.4.10.11)
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Table 6-7: Project aspect and factor interaction matrix

6 Evaluation of environmental
impacts and risks

6.4

Risk assessment of key project environmental impacts and risks
The following sections provide a detailed assessment and evaluation of the key environmental impacts
and risks associated with the project. The potential impacts are identified and discussed in detail, and the
inherent and residual risk ratings (with the consequence and likelihood rankings) presented. Table 6-7
provides a summary overview of the key aspects associated with the project and their potential to impact
environmental values/sensitivities, with the colour-coding representing the residual risk concluded from the
assessment.
A detailed assessment has been conducted for all development drilling, installation, pre-commissioning,
commissioning and operation related activities, and details of decommissioning-related impacts and
risks have been provided for key aspects (Sections 6.4.2 and 6.4.5). Potential impacts associated
with decommissioning will depend upon the chosen strategy to be confirmed nearer the time of
decommissioning (Section 4.3.4). A decommissioning EP will be developed prior to commencement of
decommissioning activities and will be subject to acceptance by NOPSEMA (Table 7-1).

6.4.1

Physical presence – interactions with other marine users
The physical presence of offshore facilities/infrastructure, equipment and related vessel movements
associated with the project has the potential to interact with other marine users. The risk assessment for
potential impacts to other marine users is summarised in Table 6‐8.
Table 6-8: Physical presence – interactions with other marine users risk assessment

Risk

Physical presence of the project and vessel movements within the project area
(both short term during construction and long term during operations) interacting
with other marine users, such as commercial fishing, commercial shipping, and
offshore petroleum exploration and operations.

Geographic project Barossa offshore development area, gas export pipeline corridor
reference
Key project stage

All – particularly operations

Key factor(s)
(see Table 6-7)

Commercial fishing
Recreational and traditional fishing
Commercial shipping
Offshore petroleum exploration operations

Other relevant
factor(s)
(see Table 6-7)

N/A

Potential impact(s)

•

Interference with and/or exclusion of commercial/recreational fishing vessels,
commercial shipping or other marine users.

•

Business interruption (abnormal) to the activities of other marine users due to
damage to commercial vessels or fishing gear.

•

Interaction with other petroleum titleholder operations or exploration
activities.

Risk assessment
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Consequence

Likelihood

Risk rating

Inherent risk

2 Minor (Bus)

2 Remote

4 Low

Residual risk

2 Minor (Bus)

2 Remote

4 Low

Confidence

High
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Impact assessment and risk evaluation
The project will result in the physical presence of facilities and equipment during installation and operations,
with key elements including the MODU/drill ship, FPSO facility, in‐field subsea infrastructure and a gas export
pipeline. A number of vessels will be required to support the project throughout its life. While vessel types and
numbers are likely to be highest on an annualised basis during installation activities, total vessel movements
will be greater over time during operations given the life of the project. Vessel movements during operations
will be predominantly associated with the FPSO facility. The presence of project facilities/equipment and vessel
movements has the potential to result in interactions with other marine users such as commercial fishers.
Commercial fishing
Impacts from interactions from project facilities/infrastructure and vessel movements with other marine users
throughout the project are considered remote given the relatively minor physical scale of the offshore facilities/
infrastructure (i.e. MODU/drill ship, FPSO facility and gas export pipeline) and presence of project-related
vessels, combined with the relatively low level of activity within the open offshore waters of the project area.
Through engagement with commercial fisheries that occur within the project area, it has been determined that
the Barossa offshore development area is not intensively fished by the Timor Reef Fishery. The areas actively
fished by the Northern Prawn Fishery in nearshore waters are a minimum of approximately 64 km from the
Barossa offshore development area, and therefore will not be affected (Figure 5-24). The gas export pipeline
corridor overlaps approximately 793 km2 of the area actively fished in the Northern Prawn Fishery at low
intensity (Figure 5-24). However, the actual area of overlap will be significantly smaller than this (in the order
of approximately 0.18 km2) given the narrow width and linear nature of the gas export pipeline (24–26 inches).
The gas export pipeline corridor does not intersect any areas trawled by the NT demersal fishery (Figure 5-23).
Considering the relatively short duration of the pipeline installation (6–12 months in which higher numbers
of vessels will be present), and minimal number of project related vessel movements within the gas export
pipeline corridor during operations (i.e. limited to periodic maintenance and inspection activities), the impact to
commercial fishing activities from vessels movements are considered to be minor.
Consultation with commercial fishers of the Timor Reef Fishery undertaken in late 2015/16, in relation to an
appraisal drilling campaign and 3D seismic survey, identified some concerns regarding the physical presence
of vessels during periods of peak fishing activity (October and May) and the potential for disruption of their
activities. Through the consultation process it was noted that potential impacts for trap fishers would have
been greater if activities were over fishing grounds further to the south-west (> 50 km away). ConocoPhillips
will continue to undertake consultation with relevant stakeholders both broadly as part of this OPP and in more
detail prior to the preparation of activity-specific EPs, as part of the Stakeholder Engagement Plan.
Recreational fishing
Recreational fishing practices are typically observed near/around the shoal/bank, reef and island features in
the region. Consequently, these practices are generally expected to be geographically separate from planned
project activities in the Barossa offshore development area, specifically in locations where physical presence of
offshore facilities/infrastructure and project vessels could occur.
Consultation undertaken for the 2016/17 seismic and appraisal drilling campaigns in the Bonaparte Basin
identified one fishing charter company that conducts tours in the broader area, particularly in the open
offshore waters in the vicinity of Evans Shoal and Goodrich Bank during the main fishing season (September to
December). The physical presence of the project, including project vessels, is expected to have limited impact
on these activities considering the distance from the Barossa offshore development area (approximately
35 km from Evans Shoal), reasonably small exclusion zone around the offshore facilities/infrastructure in open
offshore waters (e.g. approximately 500 m radial exclusion zone around the operational FPSO facility and in‐
field infrastructure), and relatively short installation period required for the gas export pipeline in the vicinity
of Goodrich Bank. Further engagement will be undertaken with relevant stakeholders going forward, as the
project progresses.
Traditional fishing
Similar to recreational fishing, traditional fishing activities are typically concentrated near/around the shoal/
bank, reef and island features of the region. As discussed in Section 3.6, Indonesia exercises EEZ sovereign
rights over the water column in the Perth Treaty area, where traditional Indonesian fishing occurs. The
Perth Treaty is unlikely to be affected by the physical presence of infrastructure within the Barossa offshore
development area for similar reasons as those described above relating to interactions with other marine
users. The location of the FPSO facility in deep waters and the small exclusion zone established around project
infrastructure will not preclude traditional Indonesian fishers from traversing the Perth Treaty area during their
passage from Indonesia to the shoals/banks.
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In addition to the broader consultation efforts outlined above with other marine users, ConocoPhillips will
comply with the requirements of Article 7 of the Perth Treaty by engaging with Indonesia to provide at least
three months’ notice of the grant of exploitation rights. As outlined in Section 3.6, communications with the
Indonesian Government on these matters is conducted by DFAT in Canberra. DFAT will advise ConocoPhillips
of any Operator requirements related to these communications, either direct to ConocoPhillips or via the
National Offshore Petroleum Titles Authority.
Commercial shipping
The presence of project vessels during installation has the potential to cause temporary disruption to
commercial shipping. The Barossa offshore development area and the majority of the gas export pipeline
corridor do not overlap with any major commercial shipping channels (Section 5.7.17). The southern end
of the proposed pipeline, where it ties into the existing Bayu-Undan to Darwin gas export pipeline, is in an
area of high shipping traffic due to its proximity to Darwin. All shipping vessels will be required to comply
with the International Regulations for Preventing Collisions at Sea 1972 and may therefore need to deviate
slightly to avoid the project activities (e.g. installation of the southern extent of the gas export pipeline
in the vicinity of the Tiwi Islands) if required to travel within the vicinity of the project. As outlined above,
ConocoPhillips will undertake consultation with relevant stakeholders as the project progresses to ensure
they are aware of the project and the proposed timing of key activities which may affect them.
The total number of trading vessels (includes dry bulk, container, general cargo, petroleum, livestock, rig
tender or offshore oil and gas support vessels) visiting Darwin Port during 2013/14 was equal to 3,178 visits
(Darwin Port Corporation 2014). This represents an increase of 15% from the previous year and 49% since
2008/09. A large portion of the increase was attributable to the vessels used in INPEX’s dredging program
for the Ichthys project. Although these figures provide an indication of vessel movements in the area,
most marine traffic is made up of non‐trading vessels such as naval vessels, research and recreational craft,
fishing and fishing supply vessels. For example, in 2007/08 trading vessels represented only 29% of the total
recorded vessels visiting the Darwin Port (Darwin Port Corporation 2009). Vessel movements associated with
the installation of the gas export pipeline are expected to represent an increase of approximately 20% in the
total number of trading vessels visiting Darwin Harbour (based on 2013/14 records) over the
6–12 month period. Whereas vessel movements to the Barossa offshore development area during
operations will represent less than a 4% increase on 2013/14 records for trading vessels visiting Darwin
Harbour.
The low volume of marine traffic related to Port Melville (Melville Island) operations (Section 5.5.17) is
unlikely to interact with project vessels, given the separation distance from the Aspley Strait where most
vessels enter/exit port, and low vessel movements.
As outlined in Section 6.4.1, the location of the FPSO facility will be communicated to other ships through
a Notice to Mariners from the AHO. Given the vast area of open ocean surrounding the Barossa offshore
development area, the impact to marine users is considered to be very minor.
Other petroleum operations
While the gas export pipeline corridor traverses a number of offshore petroleum permits held by other
oil and gas companies, the Barossa offshore development area is not in close proximity to any existing or
proposed operational offshore facilities or infrastructure owned by other oil and gas operators. Exploration
activities in the surrounds of the gas export pipeline may be subject to minor deviations during installation
and there will be restrictions on the placement of future infrastructure should the development of other
offshore fields occur. However, considering the large open offshore environment, the likelihood of potential
impacts to other oil and gas companies is considered remote and the risk is low.

Impact and risk summary
A summary of the potential impacts to other marine users, proposed key management controls,
acceptability and EPOs for physical presence (including vessel movements) are presented in Table 6‐9.
In conclusion, the residual risk of impacts to other marine users as a result of the physical presence of
the project and vessels is considered low given there are no areas of importance for commercial fishing
and other marine users within the physical footprint of the project infrastructure. Communication with
commercial shipping and other marine users will also be maintained.
There are no relevant requirements within any EPBC management plans/recovery plans or conservation
advices that are of direct relevance to physical presence and potential interactions with other marine users.
Relevant requirements of EPBC management plans/recovery plans or conservation advice of relevance to
physical presence interactions with marine fauna are discussed in Section 6.4.2.
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Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Physical
presence
of offshore
facilities/
infrastructure,
equipment
and project

Commercial
fishing.

Interference with
and/or exclusion
of commercial/
recreational fishing
vessels, commercial
shipping or other
marine users.

The project will comply with the OPGGS Act 2006 – Section 616
(2) Petroleum safety zones, which includes establishment and
maintenance of a petroleum safety zone around the well, offshore
structure or equipment which prohibits vessels entering or being
present within the specified area without written consent.

The potential impacts and risks associated
with the physical presence of the project and
vessels are considered broadly acceptable
given:
• The residual risk is considered low as:

related vessels
– interactions
with other
marine users

Offshore
petroleum
exploration
operations.

Fixed offshore
facilities/
infrastructure and
equipment in the
Barossa offshore
development area
will not be located
in key areas of
importance for
commercial fishing
and other marine
users.

Recreational
fishing.
Commercial
shipping.

Business
interruption
(abnormal) to the
activities of other
marine users due
to damage to
commercial vessels
or fishing gear.
Interaction with
other petroleum
titleholder
operations or
exploration
activities.

•

Accepted procedures will be implemented to meet the requirements
of ConocoPhillips’ Marine Operations Manual (IOSC/OPS/HBK/0003),
which includes details of:
• roles, responsibilities and competency requirements
•

requirements (e.g. storage, transfer) for bulk cargo and bulk liquids
(including bunker fuel) operations

•

general requirements for entering/departure and movement within
the designated exclusion or petroleum safety zones

•

checklist required to be completed for vessels entering the
exclusion zones in the development area

•

safe and sustainable dynamic positioning operations.

The Stakeholder Engagement Plan will include consultation with
commercial fisheries, shipping, Australian Hydrographic Office (AHO)
and other relevant stakeholders operating in the Barossa offshore
development area and gas export pipeline to inform them of the
proposed project. Ongoing consultation will also be undertaken
throughout the life of the project.
The FPSO facility will be located away from key commercial shipping
channels.

•

there are no areas of significant
importance for commercial fishing
or other marine users within the
physical footprint of the project
infrastructure.

The key management measures are
considered effective in managing
potential impacts associated with the
physical presence of the project and
related vessels. EPOs specific to this
aspect are framed to achieve sustainable
management of impacts and risks.

•

The proposed management controls are
determined to be appropriate to manage
the risk to an acceptable level.

•

The project aligns with relevant
legislative requirements, standards,
industry guidelines and ConocoPhillips
requirements.

No vessel collisions
or significant adverse
interactions with
other marine users.

The location of the FPSO facility will be communicated to other ships
through a Notice to Mariners from the AHO.
Subsea infrastructure and pipelines will be clearly marked on Australian
nautical charts published by the AHO.
Project-vessels operating within the Barossa offshore development
area and gas export pipeline corridor will comply with maritime
standards such as COLREGS, Chapter V of SOLAS, Marine Order 21
(Safety of Navigational and Emergency Procedures) and Marine Order
30 (Prevention of collisions) (as appropriate to vessel class).
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Table 6-9: Summary of impact assessment, key management controls, acceptability and EPOs for physical presence – interactions with other marine users
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6.4.2

Physical presence – interactions with marine fauna
The physical presence of offshore facilities/infrastructure, equipment and vessels operating within the
project area have the potential to interact with marine fauna, particularly marine mammals and reptiles. The
risk assessment for potential impacts to marine fauna is summarised in Table 6‐10.
Table 6-10: Physical presence – interactions with marine fauna risk assessment

Risk

Physical presence of the project and vessel movements within the project area
(both short term during construction and long term during operations) interacting
with marine fauna.

Geographic project Barossa offshore development area, gas export pipeline corridor
reference
Key project stage

All

Key factor(s)
(see Table 6-7)

Marine mammals

Marine reptiles

Other relevant
factor(s)
(see Table 6-7)

Birds

Sharks and rays

Potential impact(s)

•

Injury or mortality of conservation significant fauna.

•

Change in marine fauna behaviour and movements.

Fish

Risk assessment
Consequence

Likelihood

Risk rating

Inherent risk

2 Minor (Bus)

2 Remote

4 Low

Residual risk

2 Minor (Bus)

2 Remote

4 Low

Confidence

High

Impact assessment and risk evaluation
As outlined in Section 6.4.1, the project will result in the physical presence of facilities/infrastructure and
equipment, and vessel movements will occur within the project area. While vessel types and numbers are
expected to be highest on an annualised basis during installation activities, total vessel movements will be
greater over time during operations and will be predominantly associated with the FPSO facility.
Offshore facilities/infrastructure and equipment
The in‐field subsea infrastructure and gas export pipeline are unlikely to significantly affect marine fauna
behaviour and movements given their location on the seabed. The presence of the FPSO facility (at the
sea surface) and risers (within the water column) represent small surface and mid‐water obstacles in an
open ocean environment with no natural obstructions to movement in the vicinity. Therefore, there is the
potential for these obstacles to result in very minor and localised deviations by marine fauna. However, it is
expected that migratory movements and patterns at a population level will not be affected given that there
are no regionally significant areas for marine fauna in the Barossa offshore development area.
Given the limited scale and cross‐sectional area of the project elements in a broader regional context, it is
considered highly unlikely that the presence of the project will result in significant changes in habitat usage
by marine species transiting the area or to the physical environment, such as regional currents and food
resource availability.
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In general, given the offshore location of the proposed FPSO facility and associated in‐field infrastructure
in open waters which are distant from shoals/banks, reefs and islands, the numbers of marine fauna
passing through the area are expected to be low. The Barossa offshore development area does not contain
any regionally significant feeding, breeding or aggregation areas for marine fauna. The closest regionally
important shoals/banks that are likely to provide important habitat for various marine fauna species (e.g.
marine turtles, sea snakes, fish and sharks) are Lynedoch Bank (approximately 27 km east of the Barossa
offshore development area), Tassie Shoal (approximately 32 km west), and Evans Shoal (approximately
35 km west). These areas will not be affected by the physical presence of the facilities/infrastructure within
the Barossa offshore development area given the open ocean context. The inclusion of cooling water
screens on intakes will also mitigate the risk of fauna ingress into the FPSO facility.
The southern end of the proposed export pipeline corridor crosses a portion of internesting habitat critical
to the survival of flatback turtles and olive ridley turtles (Figure 5‐18), overlaps a portion of the internesting
BIA for flatback turtles and is adjacent to the internesting BIA for olive ridley turtles (Figure 5-17). However,
the physical presence of the pipeline during operations is considered highly unlikely to impact the species
use of the area, considering the area affected represents a small portion of the internesting habitat critical
to the survival of these species (in the order of approximately < 0.3 km2 for the direct physical footprint
of the pipeline or approximately < 0.0001% for flatback turtles and approximately < 0.1 km2 for the direct
physical footprint or approximately < 0.0015% for olive ridley turtles). The pipeline corridor does not
intersect any biologically important areas for other marine fauna. Therefore, while individuals may transit
the project area, no impacts are expected at a population level to marine fauna, particularly EPBC listed
species.
Overall, potential impacts to marine fauna as a result of the physical presence of the project are considered
minor and the risk is low.
Vessel movements
The risk of vessel strike to marine fauna is inherent to movements of all vessel types, including recreational
vessels, fishing vessels, passenger ships, whale‐watching boats, container ships and naval ships. A review
of records of vessel collisions with marine megafauna reported a higher number of collisions with whalewatching boats, naval ships and container ships (DoEE 2016).
The recovery plans and conservation advices for whales (blue, humpback, sei and fin whales) and marine
turtles (flatback, olive ridley, green, loggerhead, hawksbill, leatherback) recognise vessel strikes/disturbance
as a key threat to these EPBC listed species (Table 3‐2). It is noted that the Recovery Plan for Marine Turtles
in Australia considered both vessel strikes with turtles and disturbance to important benthic feeding and
internesting behaviours (DoEE 2017a).
Vessels associated with the project may present a potential risk to marine fauna. The impact from vessel
interactions with marine fauna can be as minimal as temporary behavioural changes, ranging to severe
impacts, such as injury or mortality resulting from vessel strikes. The potential risk of a collision with marine
fauna is directly related to the abundance of marine fauna and number of vessels in the project area, and
the actual likelihood of a collision occurring is also influenced by vessel speed. As presented in DoEE’s Draft
National Strategy for Mitigating Vessel Strike of Marine Megafauna (DoEE 2016), Figure 6‐3 shows the
approximate locations of reported vessel collisions for whales in Australian waters between 1990 and 2015.
The majority of the reported vessel collisions have occurred along eastern or south‐eastern Australia, with
no reported incidences in NT waters (DoEE 2016).
Vessel speed has been demonstrated to be a key factor in relation to collision with marine fauna, particularly
cetaceans and turtles, with faster moving vessels posing a greater collision risk than slower vessels (Laist
et.al 2001; Jensen and Silber 2003; Hazel 2009). Laist et al. (2001) suggest that the most severe and lethal
injuries to cetaceans are caused by vessels travelling at 14 knots or faster. Turtles will typically avoid vessels
by rapidly diving, however, their ability to respond varies greatly depending on the speed of the vessel.
Hazel (2009) reported that the number of turtles that fled vessels decreased significantly as vessel speed
increases. Turtles are also adapted to detect sound in water (Popper et al. 2014) and will generally move
from anthropogenic noise generating sources, including vessels, within their detection range (pers. comm.
M. Guinea, CDU, 2015).
The behaviour of the individual may also influence the potential for a collision with a vessel. For example, it
has been suggested that individual whales engaged in feeding, mating or nursing behaviours may be more
vulnerable to vessel collision as they are distracted by these activities and consequently less aware of their
surroundings (Laist et al. 2001). A study on the behavioural responses of blue whales to vessels showed
limited behavioural response when being approached by ships (McKenna et al. 2015, cited in DoEE 2016).
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The potential for marine fauna to be affected by vessel movements throughout the life of the project
is considered low and the number of individuals likely to be affected is limited. The Barossa offshore
development area does not contain any significant feeding, breeding or aggregation areas and is
relatively distant from shoals/banks, reefs and islands. Therefore, it is expected that there will be a
relatively limited abundance of individuals, particularly EPBC listed species, present in the Barossa
offshore development area at any time with individuals likely to be passing through the area. In
addition to limited abundance, the seasonal presence of whale species also influences the potential
for interactions with vessels. Bryde’s whales were observed to be present in the Barossa offshore
development area from January to early October, with pygmy blue whales detected between late May
and August (JASCO 2016a). While some species may be present in the Barossa offshore development
area in greater numbers at certain times of the year, the numbers overall are low. Considering this, and
the wide distribution of whale species, vessel movements are not anticipated to cause any effects at
a population or migration level. In addition, vessels within defined operational areas in the Barossa
offshore development area will be travelling at relatively low speeds and proactively respond to fauna
interactions in line with the requirements of EPBC Regulations 2000 ‐ Part 8 Division 8.1.
It is well understood that the primary migratory route for humpback whales is near the Kimberley
coastline and up to Camden Sound (Section 5.6.2). Relatively few humpback whales have been known
to travel north of Camden Sound (Jenner et al. 2001), which is located more than approximately
820 km south‐west of the Barossa offshore development area. Noise monitoring in the Barossa offshore
development area also did not record any humpback whales. Therefore, it is highly unlikely that project‐
related vessels in the project area will interact with this species.
Both sei and fin whales have a wide distribution throughout offshore waters and therefore may pass
through the project area in low numbers (Section 5.6.2). However, considering the relatively slow vessel
speeds within the project area, and the mobility of these species, it is highly unlikely that project vessels
will adversely interact with any individuals.
Turtles are at risk of a vessel strike while they are resting or returning to the sea surface to breathe.
However, it has been noted that turtles spend relatively limited (3–6%) time at the surface, with dive
times generally lasting 15 to 60 minutes (Milton and Lutz 2003, cited in Woodside 2014). Considering
the offshore location of the Barossa offshore development area and the distance to the closest shallow
feeding/breeding habitats at the Tiwi Islands (approximately 100 km south), the risk of injury from
vessel strikes to turtles which may be passing through the area is considered low as few individuals are
expected in the area.
The southern end of the proposed export pipeline corridor traverses internesting habitat critical to the
survival of flatback and olive ridley turtles (Figure 5‐18), overlaps a portion of the internesting BIA for
flatback turtles and is adjacent to the internesting BIA for olive ridley turtles (Figure 5-17). Therefore,
there may be an increase in number of individuals in this area (between June to September for flatback
turtles and April to August for olive ridley turtles) that are at risk from a vessel strike. The pipelay vessel
will be travelling at very low speeds as it expected to lay in the order of approximately 3 km–5 km of the
gas export pipeline per day. Therefore, the risk of coming into contact with turtles is low as it is expected
turtles will dive or move away from the vessels. The installation of the gas export pipeline is also
expected to take in the order of 6 to 12 months, with installation within the internesting habitat critical
to the survival of olive ridley turtles expected to take approximately one to two months. Consequently,
the likelihood of a vessel strike and the possibility of injury/mortality to individual turtles within the
project area is considered remote. However, if any vessel strikes do occur they are unlikely to threaten
the overall viability of the population as the plausible number of vessel strikes is small when compared
to the overall population sizes for turtles. The Recovery Plan for Marine Turtles in Australia notes that
while a vessel strike can be fatal for an individual turtle, vessels strikes (as a standalone threat) have not
been shown to cause declines at a population or stock level, and have considered vessel disturbance
to be of minor consequence to turtle populations in the NT (DoEE 2017a). The implementation of
vessel speed restrictions within the defined operational area of the gas export pipeline route, and crew
training to sight and manage interactions with turtles, will also minimise the risk of vessel collisions with
individual turtles that may be present in the area. During operations, vessel movements associated with
the project within the gas export pipeline corridor will be minimal and limited to those required for
periodic maintenance and inspection activities. Therefore, general marine traffic will contribute to the
majority of the vessel movements in the area.
While sea snakes may be in the project area, they are more commonly distributed in shallow inshore
regions and islands or waters surrounding shoals/banks, reefs and offshore islands, which provide
suitable seabed habitat and clear waters (Guinea 2013). Therefore, it is considered highly unlikely that
vessel movements will cause disturbance of these conservation significant fauna individuals due to the
offshore location of the project area. In addition, the relatively low speeds of vessels associated with the
project are expected to allow individuals time to move away or dive.
A section of the pipeline corridor passes through the Oceanic Shoals marine park (approximately
70 km of the 260 km–290 km route). Vessels movements associated with the installation of the gas
export pipeline will only affect the marine park for a relatively short period of time (within the expected
6–12 month installation period).
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considered low given the controls outlined above to limit vessel speeds and the fact that there are no regionally
significant feeding, breeding or aggregation areas for marine fauna within the Barossa offshore development area.
While the southern end of the gas export pipeline route will cross a portion of internesting habitat critical to the survival
of flatback and olive ridley turtles, installation activities are of a relatively limited duration (within the order of 6–12
months, but only approximately one to two months in the habitat critical to the survival of olive ridley turtles), will avoid
the internesting BIA for olive ridley turtles and installation vessel speeds are low and seasonal activity will be taken into
account as part of forward planning.

The project is considered consistent with the relevant requirements of the Blue Whale Conservation Management Plan,21
Humpback Whale Recovery Plan 2005‐2010 (under review), Recovery Plan for Marine Turtles in Australia and relevant
marine fauna species conservation advices as related to physical presence (Table 6‐11). A summary of the potential
impacts, proposed key management controls, acceptability and EPOs for physical presence and interactions with
marine fauna are presented in Table 6‐12.
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Figure 8 Location of reported vessel collisions with whales, or other incidents such as strandings where cause of
death is attributed to vessel collision. (Data source: Peel et al. 2016, Commonwealth of Australia (2014) ESRI Australia Pty
Ltd (1992): ARCWORLD World Dataset 1:3 million, Geoscience Australia (2004): GEODATA TOPO 100K – Coastline,
Geoscience Australia (2006): GEODATA TOPO 250K).

Table 6-11: Summary of alignment with relevant EPBC management plans for physical presence – interactions with marine fauna

6 Evaluation of environmental
impacts and risks

Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Marine mammals
- Blue whale

Blue Whale Conservation
Management Plan (October 2015)
(DoE 2015a)

•

Marie mammals
‐ Sei whale
Marine mammals
‐ Fin whale
Fish ‐ Whale shark

Conservation advice (October 2015)
(DoE 2015c)
Conservation advice (October 2015)
(DoE 2015d)
Whale shark Recovery Plan 2005‐
2010 (May 2005) (DEH 2005b)

Demonstrably minimise anthropogenic
threats, including impacts associated with
the presence of oil and gas platforms/rigs.
Minimising vessel collisions.
Consider the risk of vessel strikes on
blue whales when assessing actions that
increase vessel traffic in areas where blue
whales occur and, if required, implement
appropriate mitigation measures.
Minimise vessel collisions.
Minimise vessel collisions.

The impacts from physical presence of offshore infrastructure and project related vessels
interacting with marine fauna have been demonstrably minimised through implementation of the
key management controls of:
•

placement of offshore infrastructure in areas where there are no regionally significant feeding,
breeding or aggregation areas for marine mammals

•

limiting the physical footprint of the project to a very small proportion of the habitat available
for these species, therefore displacement of individuals is unlikely and the likelihood of a
collision is remote

•

vessels travelling at relatively low speeds within defined operational areas

•

project vessels proactively responding to potential fauna interactions in line with the
requirements of the EPBC Regulations 2000 ‐ Part 8 Division 8.1.

•

Impacts from the presence of offshore infrastructure and related vessels interacting with marine
fauna are not considered to present a significant risk at a population level.

•

The risk of project vessel collisions with humpback whales is considered low due to:

No specific actions or requirements are
identified.

Conservation advice (October 2015)
(DoE 2015i)
Marine mammals ‐ Humpback Whale Recovery Plan
Humpback whale1 2005‐2010 (May 2005) (under review)
(DEH 2005a)

Conservation advice (October 2015)
(DoE 2015b)

Marine reptiles

Recovery Plan for Marine Turtles in

– Loggerhead
turtle

Australia 2017‐2027 (June 2017)
(DoEE 2017a)

Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle
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Minimise vessel collisions.

•

the fact that there are no regionally significant feeding, breeding or aggregation areas for
humpback whales within the project area

•

the physical footprint of project infrastructure is limited to a very small proportion of the
habitat available for this species, therefore the likelihood of a collision occurring is remote.

•
Consider the risk of vessel strike when
assessing actions that increase vessel traffic
in areas where humpback whales occur
and, if required, implement appropriate
mitigation measures to reduce the risk of
•
vessel strike.

Mitigation measures to further reduce the risk of vessel strike include:

Implement education programs to inform
marine users (including shipping crews
using important habitat) about best
practice behaviours and regulations when
interacting with humpback whales.
Manage infrastructure and coastal
development to ensure ongoing
biologically important behaviours for
marine turtle stocks continue.

•

All project personnel will be subject to project inductions which will address the requirements for
vessel operators in relation to interactions with marine fauna.

•

There are no regionally significant feeding, breeding or aggregation areas for turtles within the
Barossa offshore development area.

•

The physical presence of the gas export pipeline during operations is considered highly unlikely to
impact the species use of the area, considering the area affected represents a very small portion of
the internesting habitat critical to the survival of flatback turtles (0.0001%) and olive ridley turtles
(0.0015%) respectively.

•

Therefore, there is widespread habitat available in the immediate vicinity that marine turtles could
continue to use and the potential impacts are unlikely to impact biologically important behaviours
or prevent those behaviours from occurring and no impacts to marine turtles at a population/
genetic stock level are expected.

•

vessels travelling at relatively low speeds within defined operational areas

•

project vessels proactively responding to potential fauna interactions in line with the
requirements of the EPBC Regulations 2000 ‐ Part 8 Division 8.1.

Vessel collisions with marine fauna are not considered to present a significant risk at a population
level.

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project
Manage anthropogenic activities to ensure
marine turtles are not displaced from
identified habitat critical to the survival of
the species.

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)
•

There are no regionally significant feeding, breeding or aggregation areas for turtles within the
Barossa offshore development area.

•

The gas export pipeline corridor intersects 3.7% and 3.2% of internesting habitat critical to the
survival of flatback and olive ridley turtles, respectively, and 1.6% of the biologically important
internesting area for flatback turtles. Installation activities associated with the gas export pipeline
are of short duration and the number of vessels used are minimal when compared to the existing
vessel traffic in the area (Figure 5‐26). Therefore, even if a marine turtle was to move from the
immediate location of installation activities, there is widespread internesting habitat available
in the immediate vicinity that marine turtles could continue to use within the identified habitat
critical and the potential impacts are not expected to impact biologically important behaviours or
prevent those behaviours from occurring.

•

No pipeline installation activities will occur within the internesting BIA for olive ridley turtles at any
time, including peak nesting and hatchling emergence periods.

•

The plan states that ‘Although the outcome can be fatal for individual turtles, boat strike (as a
standalone threat) has not been shown to cause stock level declines.’. Considering this, and the short
term nature of the pipeline installation activities (6–12 months), impacts at a population/genetic
stock level are not expected.

•

Vessel speed restrictions will be applied within defined operational areas, and crew training to sight
and manage interactions with turtles, will minimise vessel disturbance to individual turtles that
may be present.

Manage anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.
(note, vessel disturbance for the flatback
Arafura stock and olive ridley NT stock is
rated as a moderate threat)

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure marine turtles are not displaced from identified habitat critical to their survival and
that biologically important behaviour can continue.
Sharks and rays Great white shark

Recovery Plan for the White Shark
(Carcharodon carcharias) (August
2013) (DSEWPaC 2013a)

Sharks and rays Grey nurse shark

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

Sharks and rays ‐
Speartooth shark
Northern river
shark

Sawfish and River Sharks Multispecies
Recovery Plan (November 2015) (DoE
2015j)

Green sawfish
Largetooth
sawfish
Dwarf sawfish
1

No specific actions or requirements are
•
identified for assessing the threat of habitat
modification/degradation for these species •
as a result of development, as relevant to
the project.

There are no regionally significant feeding, breeding or aggregation areas for sharks (including river
sharks and sawfish) in the project area.
The physical footprint of the project is limited to a very small proportion of the habitat available for
these species and, therefore, displacement of individuals is unlikely.

Reduce and, where possible, eliminate
adverse impacts of habitat degradation
and modification.

Conservation advice: speartooth
shark (April 2014) (DoE 2014b),
northern river shark (April 2014) (DoE
2014c), dwarf sawfish (October 2009)
(DEWHA 2009) and green sawfish
(2008) (DEWHA 2008b)

Although the species were identified in the EPBC Protected Matters search they are highly unlikely to occur in the project area, which is outside the species range or preferred habitat (see Section 5.6.2 for humpback whales). However, the species may occur within the area
of influence.
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Table 6-12: Summary of impact assessment, key management controls, acceptability and EPOs for physical presence – interactions with marine fauna

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Physical
presence
of offshore
facilities/
infrastructure,
equipment
and project
related vessels
– interactions
with marine
fauna

Marine
mammals.

Injury or mortality
of conservation
significant fauna.

The project will be undertaken in accordance with ConocoPhillips’ CPMS, which
provides the framework to achieve acceptable health, safety and environment
outcomes such as:
• design planning throughout concept select phase to avoid placement of
facilities/ infrastructure within the Barossa offshore development area in
areas of regional environmental importance (e.g. shoals/banks, coral reefs,
islands, and known regionally important feeding and breeding/nesting
biologically important areas for marine mammals and marine reptiles).

The potential impacts and risks
associated with the physical presence
of the project and vessels are
considered broadly acceptable given:
• The residual risk is considered
low as:

Fixed offshore
facilities/
infrastructure and
equipment in the
Barossa offshore
development area
will not be located
in regionally
important feeding
and breeding/
nesting biologically
important areas for
marine mammals or
marine reptiles.

Marine reptiles.

Change in marine
fauna behaviour
and movements.

•

use of gas export pipeline selection route surveys to inform route
optimisation and reduce environmental impact.

•

vessels will not knowingly approach closer than 100 m to a whale

•

vessels will not knowingly restrict the path of cetaceans.

Vessel speed restrictions will be implemented within the defined operational
area of the gas export pipeline route, except where necessary to preserve the
safety of human life at sea. This will be reinforced through training of selected
vessel crew to sight and manage interactions with turtles.
Personnel associated with vessel activities will be subject to project inductions
which will address the requirements for vessel operators in relation to
interactions with marine fauna.
No pipeline installation activities will occur within the internesting BIA for olive
ridley turtles at any time, including peak nesting and hatchling emergence
periods.

CONOCOPHILLIPS AUSTRALIA

the controls outlined limit
vessel speeds and therefore
marine fauna interactions

•

there are no regionally
significant feeding,
breeding or aggregation
areas for marine fauna
within the Barossa offshore
development area

Screens will be installed on the FPSO facility cooling water intakes to minimise
the potential risk of causing injury/mortality to marine fauna.
The interaction of the vessels associated with the project with listed cetacean
species will be consistent with the EPBC Regulations 2000 ‐ Part 8 Division
8.1 Interacting with cetaceans (except in emergency conditions or when
manoeuvring is not possible, such as in the case of pipelay activities), which
include:
• vessels will not knowingly travel > 6 knots within 300 m of a whale
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•

•

installation activities for
the gas export pipeline are
of limited duration (6 –12
months)

•

while the southern end of
the gas export pipeline is
located within internesting
habitat critical to the survival
of flatback and olive ridley
turtles, installation activities
will take into consideration
seasonal presence/activity to
mitigate potential impacts.

Vessel speeds
restricted in defined
operational areas
within the project
area, to reduce
the risk of physical
interactions between
cetaceans/marine
reptiles and project
vessels.
Zero incidents of
injury/mortality of
cetaceans/marine
reptiles from collision
with project vessels
operating within the
project area.
No significant
impacts to turtle
populations from
installation of the gas
export pipeline.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Installation schedule of the gas export pipeline will take into consideration
seasonal presence/activity of marine turtles to prevent significant adverse
impacts during peak seasonal internesting period for flatback (June to
September) and olive ridley turtles (April to August) in proximity to the Tiwi
Islands. Should pipeline installation activities be required to be undertaken
during this period, within proximity (60 km) of the Tiwi Islands, the following
process will be undertaken to identify how the pipeline will be installed to
reduce impacts to ALARP and acceptable levels
1. identify the pipeline installation methods that can achieve the technical
requirements of the project and use this to define the operational area
within which all pipeline installation activities will be undertaken and
within which all environmental impacts and risks relating to pipeline
installation will be assessed and managed to achieve the EPOs

•

EPOs specific to this aspect are
framed to achieve sustainable
management of impacts and risks.
The key management measures
meet the requirements of the
EPBC Regulations 2000 – Part
8 Division 1 and the applicable
management/recovery plans and
conservation advices.

•

The project aligns with the
applicable management/recovery
plans and conservation advices.
Table 6‐11 demonstrates how
the project aligns with the
requirements of applicable MNES
management plans, as defined in
Section 3.5 relevant to the key
factors for this aspect.

•

The proposed management
controls are determined to be
appropriate to manage the risk to
an acceptable level.

2. update of latest knowledge on marine turtle density and seasonal
movements within the internesting habitat critical to the survival of flatback
and olive ridley turtles, drawing on latest literature, any field observations
from future pipeline survey work and advice from discipline experts –
building on the information presented in this OPP
3. combine the outputs from items 1 and 2 above with understanding of the
existing environment to identify key environmental values/sensitivities at
risk from pipeline installation activities with consideration of any seasonal
presence

Environmental
performance
outcome

4. undertake an additional impact assessment that builds on the assessment
presented in this OPP and incorporates the information from items 1, 2
and 3 above to evaluate the environmental impacts and risks and verify
the impact assessment conclusions are consistent with those presented in
this OPP. Note: if required, additional controls and/or mitigation measures
will be identified to demonstrate consistency with the impact assessment
presented in this OPP.
As part of the development and implementation of the gas export pipeline
installation EP, measures will be defined including no anchoring on shoals/
banks, definition of speed limits that will be enforced during pipeline
installation, and implementation of practical controls for key aspects (e.g.
sedimentation/turbidity, underwater noise emissions and light emissions).
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6.4.3

Seabed disturbance
The installation and placement of offshore facilities (including the MODU) and subsea infrastructure/
equipment will directly contact the seafloor and will inevitably result in localised impact (direct and
indirect) to seabed features and the benthic environment in the project area. The risk assessment for
potential impacts is summarised in Table 6‐13. Similarly, decommissioning activities will result in localised
seabed disturbance. However, as outlined in Section 4.3.4, the activity‐specific decommissioning EP
will provide detailed information and descriptions of the nature and scale of the activity, potential
environmental impacts and risks, and the control measures that will be implemented. An overview of
possible decommissioning interactions and impacts have been considered within the context of the impact
assessment summarised in this section, as appropriate at this early stage of development planning.
Table 6-13: Seabed disturbance risk assessment

Risk

Seabed disturbance due to the installation, placement and decommissioning of
offshore facilities (including the MODU) and subsea infrastructure/equipment.

Geographic project Barossa offshore development area, gas export pipeline corridor
reference
Key project stage

Development drilling
Subsea installation (including the gas export pipeline)
Operations
Decommissioning

Key factor(s)
(see Table 6-7)

Physical environment (seabed

AMPs

features)
Shoals and banks

KEFs

Marine reptiles

Other relevant
factor(s)
(see Table 6-7)

N/A

Potential impact(s)

•

Direct or indirect (i.e. sedimentation and turbidity) loss of benthic habitat.

•

Change in marine turtle behaviour/movements.

•

Physical damage and/or disturbance to unique seafloor KEFs.

•

Physical damage and/or disturbance to benthic habitat (not unique) within the

•

Oceanic Shoals marine park and to shoals/banks.

Risk assessment
Barossa offshore development area
Consequence

Likelihood

Risk rating

Inherent risk

2 Minor (Bio)

2 Remote

4 Low

Residual risk

2 Minor (Bio)

2 Remote

4 Low

Consequence

Likelihood

Risk rating

Inherent risk

3 Moderate (Bio)

3 Rare

9 Medium

Residual risk

3 Moderate (Bio)

3 Rare

9 Medium

Confidence

Barossa offshore development area – high

Gas export pipeline corridor

Gas export pipeline corridor – medium (and to be informed by further route
optimisation surveys)
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Impact assessment and risk evaluation
The offshore facilities, in‐field subsea infrastructure/equipment and gas export pipeline will necessarily
interact with the seabed and cause direct physical disturbance to seabed features and the benthic
environment. Direct physical disturbance is associated with key project facilities/infrastructure, mooring/
anchoring and installation activities (e.g. direct disturbance footprint from seabed intervention techniques
and physical placement of any excavated materials directly on the seabed; refer to Section 4.3.5.2 for
description of direct seabed disturbance footprint and Section 4.4.3 for a description of the alternative
seabed intervention techniques). The extent of this direct disturbance is relatively small (in the order of
approximately 107 ha (1.07 km2)) at a regional scale.
While not directly related to the installation and placement of offshore facilities and subsea infrastructure/
equipment, the planned discharge of drill cuttings and fluids during drilling of the development wells will
result in some seabed disturbance. Detailed discussion of potential impacts to the seabed associated with
the planned discharge of drill cuttings and fluids is provided in Section 6.4.8.2. In summary, a localised
drill cuttings pile is expected to occur in the immediate vicinity of each development well, with most of the
sediment deposited within several hundred metres of the release location.
Indirect and temporary seabed disturbance may occur as a result of sedimentation and turbidity generated
from activities associated with the controlled placement of infrastructure on the seabed or from seabed
intervention techniques used during installation activities (noting that trenching/dredging may only be
required if the final pipeline route remains outside of the Oceanic Shoals marine park in the shallow water
area of the pipeline corridor, refer to Figure 4-12).
As outlined in Section 4.3.5.2, disturbance associated with the localised lateral movement or scouring of
the gas export pipeline may occur in cyclonic and storm events. However, based on observations of other
pipelines in the region, it is expected that the pipeline will become partially buried which provides further
stabilisation in storm events. At this early stage of the project, it is assumed that direct disturbance will be
limited and within design specifications that accommodate lateral movement. Detailed design studies will
be undertaken as the engineering progresses to understand how the gas export pipeline would behave
in cyclone/storm conditions. Further assessment of seabed disturbance associated with the potential
movement of the gas export pipeline will be included in the activity-specific EP.
As discussed in Section 4.3, a fibre optic cable connection between the Barossa offshore development area
and Darwin may be installed. The cable route is still subject to refinement and will be influenced by future
financial and commercial arrangements and the timing of other customer negotiations and connections.
However, given the early stage of the project and the small, linear nature of any disturbance associated with
the installation of a fibre optic cable, the risks of seabed disturbance from this activity are considered to
be significantly less than those for pipeline installation and thus broadly assessed within this OPP. Activity
specific secondary approvals will be obtained in accordance with regulatory requirements at the time
commercial arrangements are agreed.
Direct impacts
Benthic habitats (including those within the KEFs and Oceanic Shoals marine park)
Based on available information, including the bathymetry and seabed topography data derived from
previous seismic surveys acquired by ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015
and 2017, ROV footage collected during pre and post-spud surveys during exploration and appraisal drilling
campaigns and from the extensive baseline studies undertaken across the area (refer Section 5.2), the
Barossa offshore development area does not contain any significant or unique areas of benthic habitat and
is situated on a plain comprising of relatively homogenous flat, soft sediments. In general, the infauna and
macrofauna communities and benthic habitat in the Barossa offshore development area and northern end
of the gas export pipeline are known to be uniform, widespread and consistent with that associated with
deep water environments elsewhere in the region and are representative of the broader Bonaparte Basin
and Timor Sea (Section 5.5.2).
The seabed along the gas export pipeline is likely to vary from relatively smooth and gentle slopes at the
northern end to irregular at the southern end as a result of various seabed channels and ridges. Marine
sediments within the gas export pipeline corridor are likely to comprise of fine to medium sands/silt and
clay in the northern end, with cemented sediments (i.e. rock/reef outcrops) occurring in the southern end.
From results of studies undertaken by AIMS, benthic habitats within the gas export pipeline corridor are
expected to consist of predominantly burrowers/crinoids (approximately 12%), filter feeders (approximately
7%), macroalgae (approximately 5%), with a substantial portion of the area also supporting no benthic
habitat (approximately 81%) (Section 5.5.2.2). No significant or restricted areas of benthic habitat are
known to occur.
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The Barossa offshore development area and northern end of the gas export pipeline occur within a portion
of the KEF of the shelf break and slope of the Arafura Shelf, with a portion of the export pipeline corridor
also passing through the carbonate bank and terrace system of the Van Diemen Rise (Figure 5‐20). These
KEFs are recognised as unique seafloor features with ecological properties of regional significance (Section
5.7.8). While the seabed in the Barossa offshore development area and northern end of the gas export
pipeline corridor are characteristic of the continental slope, no unique features of ecological significance
associated with the values and sensitivities of the shelf break and slope of the Arafura Shelf KEF, such as
patch reefs and hard substrate pinnacles, were observed during the Barossa marine studies program, nor
are these topographically distinct features evident from the bathymetry data derived from multiple seismic,
geophysical and bathymetric surveys undertaken across this area. However, were these features to occur,
the project would result in disturbance of approximately < 0.007% of the seabed within this KEF and thus
not result in a significant impact to the ecological values associated with these seabed features. The KEF
of the shelf break and slope of the Arafura Shelf is approximately 75 km away from the shallow water area
of the pipeline corridor immediately east of the Oceanic Shoals marine park, and therefore no secondary
stabilisation such as trenching/dredging, or pipelay vessel anchoring, will occur within this KEF.
The seafloor features characteristic of the carbonate bank and terrace system of the Van Diemen Rise KEF,
such as hard substrate terraces and banks, ridges, valleys and pinnacles, were observed in the southern end
of the gas export pipeline corridor. However, the refined gas export pipeline corridor seeks to minimise,
where practicable, areas of seabed within the corridor that are associated with the seafloor features/values
of the KEF, and also minimise seabed intervention and stabilisation required. The seabed footprint that
would be directly affected by the installation and physical presence of the pipeline only represents a very
small portion of the KEF (< 0.0002%), which covers an area of approximately 31,278 km2. The Van Diemen
Rise KEF is greater than 18 km from the shallow water area of the pipeline corridor immediately east of the
Oceanic Shoals marine park, and therefore no secondary stabilisation such as trenching/dredging, or pipelay
vessel anchoring, will occur within this KEF. Therefore, it is highly unlikely that the physical presence of the
project will result in a significant impact to the ecological values associated with these seabed features.
The gas export pipeline corridor overlaps approximately 708 km2 (approximately 1%) of the Oceanic Shoals
marine park. Benthic habitats within the portion of the marine park overlapped by the pipeline corridor are
representative of those within the broader marine park boundary. Benthic habitats within the portion of the
marine park overlapping the gas export pipeline corridor are characterised predominantly by abiotic areas
that support no benthic habitat, filter feeders, burrowers/crinoids and small areas of corals and macroalgae
(Figure 5‐9; Heyward et al. 2017). This profile is consistent with the broader marine park where benthic
habitats are similarly characterised predominantly by filter feeders, burrowers/crinoids and abiotic areas that
support no benthic habitat (Figure 5‐9; Heyward et al. 2017). Other benthic habitats present include small
areas supporting hard corals, gorgonians, alcynon and Halimeda. It is important to note the area of seabed
directly disturbed by the gas export pipeline within the Oceanic Shoals marine park would be significantly
smaller than the area covered by the corridor (approximately 0.0002% of the marine park). Therefore, it is
highly unlikely that the physical presence of the gas export pipeline will result in a significant impact to the
ecological values associated with the marine park.
While ConocoPhillips continues to undertake further surveys and engineering studies, routing a portion
of the pipeline through the western part of the corridor within the marine park could provide the most
acceptable environmental outcome. For example, it would remove the need for extensive seabed
intervention works including secondary stabilisation such as trenching and dredging (as defined in Section
4.3.5.2) (refer to discussion below under indirect impacts), and increase the distance between pipeline
installation activities and the Tiwi Islands (including the high density nesting beaches for olive ridley turtles
on the north-west coast of the Tiwi Islands). Refer to Section 4.3.3.2 for further discussion of the key
design and engineering considerations that need to be taken into account in the gas export pipeline route
selection process.
Overall, the seabed disturbance resulting from the installation and placement of offshore facilities and
subsea infrastructure/equipment (including the gas export pipeline) is expected to cause very localised
disturbance of benthic habitats and short‐term changes to invertebrate communities in the immediate
vicinity (within tens of metres) of seabed infrastructure. The risk to benthic habitats, including those
associated with the KEFs and Oceanic Shoals marine park, in the Barossa offshore development area
from seabed disturbance is considered low. Trenching/dredging activities and anchoring of the pipelay
vessel may only be required if the final pipeline route remains outside of the Oceanic Shoals marine park
in the shallow water area of the pipeline corridor (Figure 4-12). The residual risk associated with seabed
disturbance in the gas export pipeline corridor has been assessed as medium to reflect the medium
confidence assessed at the time of the risk reviews and recognising that further studies are planned in order
to inform further definition of the gas export pipeline route.
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Refer to Section 4.3.3.1 for the context of the in‐field infrastructure proposed in the immediate locale of the
development. Furthermore, considering the very small size of the project footprint (in the order of 1.07 km2)
significant impacts to the regional seabed profile across the Bonaparte Basin are highly unlikely. In terms
of the recolonisation and rehabilitation of benthic communities disturbed by the project, the experience
of other similar offshore developments showed that soft‐sediment benthic communities were observed
to recover within 12 months following the installation of Woodside’s pipeline in Mermaid Sound (WA), and
hard corals were expected to recover within a few years of the installation of the Ichthys gas export pipeline
(INPEX 2010).
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Marine fauna
Disturbance of the seabed is not anticipated to significantly affect mobile marine fauna, such as marine
mammals, marine reptiles, fish and sharks/rays. The majority of these species are generally present within
the water column and are not solely reliant on benthic habitat (Section 5.6). The area of seabed to be
disturbed within the project area also represents a very small portion of the habitat available for these
species. For example, the gas export pipeline corridor overlaps 1,192 km2 (3.7%) and 255 km2 (3.2%) of
internesting habitat critical to the survival of flatback turtles and olive ridley turtles, respectively, in which
individuals may rest on the seabed between nesting events. However, the actual area of seabed within the
internesting area directly disturbed by the gas export pipeline will be significantly smaller, in the order of
approximately < 0.0001% for flatback turtles and approximately < 0.0015% for olive ridley turtles (including
the potential requirement for trenching/dredging and pipelay vessel anchoring if the final pipeline route
remains outside the Oceanic Shoals marine park in the shallow water area of the pipeline corridor where
it overlaps with habitat critical to the survival of flatback turtles, refer to Figure 5-18). Taking into account
the outcomes of a professional review by Pendoley (2017; Appendix Q), as well as a number of other
studies investigating internesting behaviours of flatback and olive ridley turtles (Section 5.6.3), the 30 m
depth contour is considered to encompass the vast majority of the area within which flatback and olive
ridley turtles would undertake internesting activities (i.e. resting on the seabed), with the existing 24 nm
(44.5 km) Contiguous Zone Boundary encompassing the extent (waters up to 55 m deep) that internesting
turtles are likely to extend to (Pendoley 2017). These studies have demonstrated that while turtles may be
present in offshore waters with water depths of up 55 m during the internesting period, they are typically
freely moving through these areas before they return to shallow waters (less than 30 m deep and typically
shallower than 10 m) to rest in the days leading up to re-nesting activity.
If the final pipeline route is located within the Oceanic Shoals marine park (i.e. not within the shallow water
area), the gas export pipeline would not intersect areas in which internesting behaviours occur (i.e. resting
in waters less than 30 m deep prior to re-nesting) as the minimum water depths of the corridor (excluding
the shallow water area) where it overlaps internesting habitat critical to the survival of marine turtles are >
30 m deep. The broader area that is traversed by internesting turtles (i.e. waters up to 55 m deep) occupies a
portion of the gas export pipeline corridor, with the vast majority of suitable internesting habitat remaining
outside the corridor and available for internesting turtles.
If the final pipeline route remains outside of the Oceanic Shoals marine park in the shallow water area of
the pipeline corridor, this section of the pipeline corridor does not overlap habitat critical to the survival of
olive ridley turtles, but does overlap the habitat critical to the survival of flatback turtles. This shallow water
area of the pipeline corridor (where trenching/dredging and pipelay vessel anchoring may be required)
only represents 0.15% of the habitat critical to survival for flatback turtles and the area is greater than 20
km form the Tiwi Islands coastline (Figure 5-18). While some internesting turtles are known to move away
from nesting beaches between laying clutches, potentially moving considerable distances between nesting
events, many turtles are likely to remain near to their nesting beaches, and as they leave beaches they
typically spread out and consequently, density decreases rapidly with increasing distance from a nesting
beach (Waayers et al. 2011, Whittock et al. 2014). Additionally, potential internesting habitat less than 30 m
deep is widespread in the immediate vicinity (Figure 5-18) and trenching/dredging activities will not occur
during the peak internesting season for either flatback or olive ridley turtles (April to September). Therefore,
even if a marine turtle was to move from the immediate location of an activity, there is widespread
internesting habitat available in the immediate vicinity that marine turtles could continue to use within
the identified habitat critical and the potential impacts are not expected to impact biologically important
behaviours or prevent those behaviours from occurring.
Additionally, although some loss of marine turtle foraging habitat is likely to occur as a result of the
installation of the gas export pipeline on the seabed, such foraging habitat is widely represented in the
region and any loss is expected to be negligible. Environmental, geophysical and bathymetric surveys have
not indicated the presence of any unique or limiting benthic foraging habitat for marine turtles within the
gas export pipeline corridor. Therefore, the physical presence of the gas export pipeline is not expected to
adversely impact on biologically important behaviours or biologically important habitat, including habitat
critical to the survival of marine turtles.
The gas export pipeline corridor does not transect the known significant seagrass sites for dugongs in the
vicinity of the Tiwi Islands (Figure 5‐17).
The presence of the pipeline infrastructure has the potential to provide a beneficial impact over time
with creation of hard substrate for the settlement, growth and colonisation by marine flora and fauna
assemblages, including for fish communities and other marine fauna.
Commercial and traditional fishing
The direct disturbance to the seabed by the facilities/equipment in the Barossa offshore development area
and the gas export pipeline is not predicted to negatively affect the catchability of species targeted by
commercial or traditional Indigenous fishers, given the small nature of the disturbance in the context of the
fishing areas available (Section 5.7.12 and Section 5.7.13).
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Indirect impacts
Barossa offshore development area
Indirect impacts associated with a temporary (several hours) and localised (within tens of metres) decline
in water quality due to increased suspended sediments or sedimentation of the seabed are not expected
to affect any key values and sensitivities of regional importance. The controlled placement or routine
operational maintenance of infrastructure on the seabed will result in a single brief disturbance resulting
in a transient plume of sediment. The amount of sediment suspended will be proportional to the volume/
weight of the structure and ‘rate’ (i.e. force) at which is it placed on the seabed. Considering that placement
of subsea equipment/infrastructure will be via a controlled, slow descent, and that the interaction of
maintenance activities with the seabed is expected to be very localised and minor in nature, most of the
sediments are likely to settle out within close proximity of the area disturbed (within tens of metres). While
some of the finer sediments may travel greater distances (within hundreds of metres) they are highly
unlikely to contact the nearest shoals/banks given the long distance to these features (a minimum distance
of 27 km).
Given the temporary, reversible and small‐scale nature of any increase in turbidity and sedimentation and
associated habitat loss, and the nature of benthic communities known to occur in the Barossa offshore
development area (as described above; uniform, widespread and consistent with that associated with deep
water environments elsewhere in the region see Figure 5‐6 and Section 5.5.2), significant impacts are
considered highly unlikely.
Gas export pipeline installation – seabed intervention works and pipelay activities
Seabed intervention techniques for the gas export pipeline (for example free‐span infrastructure, concrete
mattresses and sand bags, rock bolting, and secondary stabilisation such as trenching/dredging or rock
dumping) and the use of an anchored pipelay vessel during the installation of the gas export pipeline
are dependent on the future selection of a pipeline route within the corridor and the resultant level of
intervention required. Such activities may create a sediment plume during the project as the seabed may be
actively disturbed.
Pipelay vessel anchoring (which may only be required if the pipeline remains outside the Oceanic Shoals
marine park in the shallow water area of the pipeline corridor, Section 4.3.3.2) will likely result in brief
disturbance events and a small, localised sediment plume from anchor and chain placement on the seabed
each time the anchor is moved. The stabilisation techniques of free‐span infrastructure and sand bags are
likely to result in a single brief disturbance associated with the placement of these on the seabed, with the
resulting transient sediment plume being temporary (several hours) and localised, as described above. More
extensive secondary stabilisation works such as trenching/dredging (which may only be required if the
pipeline remains outside the Oceanic Shoals marine park in the shallow water area of the pipeline corridor,
Section 4.3.3.2), will likely result in a larger sediment plume. The area affected by the resulting sediment
plume will be influenced by the volume of materials disturbed, the rate of sediments released into the water
column, the particle sizes and current speeds. It is expected that any re‐mobilisation of excavated sediments
will have similar resultant impacts and risks.
Review of relevant turbidity surveys/studies
To inform this impact assessment, a review of other similar seabed intervention techniques and their effects
was undertaken as relevant to this project context of a linear pipeline installation in nearshore waters. This is
summarised in the following paragraphs for context.
A turbidity survey undertaken for Chevron’s Wheatstone project in the Pilbara (WA) recorded turbidity
levels during pipeline trenching operations, using a mechanical trenching machine, offshore from Onslow
(water depths of 130 m–150 m). The survey recorded average turbidity levels within 50 m of the trench
area of approximately 15 Formazin Turbidity Units (FTU), which was 10 FTU above the maximum recorded
background turbidity (5 FTU) (Chevron 2014a). Peak turbidity levels of > 80 Formazin Turbidity Units (FTU)
were also recorded within 50 m of the trench area. Based on the survey, it was concluded that a turbid
plume may be evident up to 70 m from trenching operations depending on environmental conditions
(Chevron 2014a). However, within two hours of ceasing trenching operations, the turbidity level was
observed to return to, or very close to, background levels (Chevron Australia 2010i, 2010j, cited in Chevron
2014a).
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Modelling was undertaken for Chevron’s Gorgon project for nearshore trenching operations, which were
within approximately 11 km of the WA coastline and in water depths of 1 m–8 m (Chevron 2014b). These
nearshore, shallow waters were noted as having naturally turbid conditions due to their close proximity
to the mainland coast. The water depths and background turbidity conditions are expected to be broadly
similar to those in the Barossa gas export pipeline corridor where extensive seabed intervention works may
be required (Section 4.3.3.2). The modelling results showed sediment concentrations of 10 mg/L above
background were limited to within 2 km of a pipeline trench, with the relatively low mobilisation rate of the
excavator (Chevron 2014b). It was noted that suspended and resuspended particles in the water column
accumulated as excavating continued, as a result of the nearshore sediments consisting of fine particles
(APASA 2010, cited in Chevron 2014b). Modelling also showed that sediment concentrations of 2 mg/L
above background levels only occurred for 1–2 days throughout trenching activities (Chevron 2014b).
Considering the result of the Chevron survey and modelling (as discussed above), and the relatively short
distance over which trenching/dredging operations in the gas export pipeline may be required (i.e. sections
within the 30 km long shallow water area east of the Oceanic Shoals marine park), it is anticipated that
the area adjacent to the pipeline will experience a short‐term (several hours to days at any given point)
temporary but reversible increase in localised turbidity.
The Macedon gas project involved the installation of a subsea pipeline from the offshore Macedon gas field
(approximately 100 km west of Onslow, WA) to onshore facilities. Geotechnical surveys undertaken during
the FEED stage of the project identified that seabed intervention works, such as trenching, rock dumping
and rock bolting, would be required for a portion of the pipeline (BHP Billiton 2010a). Approximately 9 km
was expected to be continuously trenched in nearshore waters (< 10 m deep) with an additional 34 km
of the route proposed to be stabilised by plowing and rock dumping (or rock bolting) (10 m–50 m water
depths). For the pipelay installation activities conservative separation buffers were applied to provide
protection from indirect impacts due to turbidity from the pipelay activities. A 700 m buffer was applied
to primary features (e.g. islands and fringing reef platforms, and named reefs) and a 600 m buffer applied
to secondary features (e.g. shallows associated with limestone platforms and typically sheltered by islands
that are likely to support benthic communities, and isolated peak features such as reefs and bommies that
generally support corals) (BHP Billiton 2010a; Environmental Protection Authority (EPA) 2010). Separation
buffers (200 m for primary features and 100 m for secondary features) were also applied for vessel
movement/anchoring to allow for short term pulses of turbidity associated with these activities (EPA 2010).
As detailed in the compliance reporting (BHP Billiton 2016), impacts were consistent with the conclusions
made in the EIS with regards to the extent/severity and duration, i.e. the marine pipeline separation
distances were effective at limiting benthic primary producer habitat loss (defined as recoverable within
5 years) to less than 1%.
Turbidity measurements collected during the construction of a subsea pipeline from Pallarenda Beach to
Magnetic Island through the Great Barrier Reef reported turbidity levels were within 5 NTU of background
levels at 300 m from the construction area (Great Barrier Reef Marine Park Authority 2009, cited in BHP
Billiton Petroleum 2010b). Construction activities included the use of backhoes and excavators in intertidal
areas, a lay barge for subtidal pipelay and jetting. The sediments in the vicinity of Magnetic Island consisted
of silty clay sea floor, which are considered broadly comparable to those expected within the majority of
the gas export pipeline corridor. BHP Billiton Petroleum (2010b) also noted that jetting of fine sediments
did not have the potential to create a persistent turbidity plume at any given location as there was no mass
movement of sediment. In addition, the point of the generation of the plume and the plume itself would
move with the jetting location (BHP Billiton Petroleum 2010b). Modelling undertaken for the installation
of the offshore pipeline for Chevron’s Gorgon project did not record any significant turbidity plumes from
jetting of offshore sections along the pipeline route (water depths between 6 m and 16 m) (Chevron 2014b).
However, in the shallow water depths (1 m–8 m) the mobilisation of sediments by jetting was predicted to
result in a turbidity plume, with concentrations of 25 mg/L above background limited to approximately
5 km from the pipeline route (Chevron 2014b).
Sediment plume dispersion modelling undertaken to assess potential impacts to benthic habitats from the
installation of the trunkline in nearshore waters (up to 37 km from the WA coastline, between water depths
of approximately 10 m–50 m) (via trenching (dredging) and backfill) for Chevron’s Wheatstone project
predicted the activity would generate average suspended sediment concentrations of generally 1–3 mg/L
(Chevron 2014c). The ‘zone of influence’4 was predicted to extend up to 10 km from the trench alignment
in some circumstances, with the direction of the plume influenced by local climate conditions (Chevron
2014c). It was noted that the sediment plumes affecting a particular area were likely to be short‐term in
duration as trenching activities along the route were expected to move at a rate of approximately
150 m–200 m per day (Chevron 2010).
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Benthic habitats (including those within the KEFs and Oceanic Shoals marine park)
Based on the AIMS extended benthic habitat model (Figure 5‐9), benthic communities that may occur
within the area influenced by a temporary increase in sedimentation/turbidity (both within the water
column and at the seabed) are likely to be predominantly filter feeders and abiotic areas that support no
benthic habitat with small areas of macroalgae and corals, gorgonians, alcynon and Halimeda (Figure 5-9).
Filter feeders may exhibit a range of physiological responses to acute and chronic sediment stress, including
elevated respiration, pore closure, tissue retraction, changes in morphology, bleaching, mortality and
increased instances of disease (Schönberg 2016). In general, studies have found that potential impacts are
greater with increasing sediment concentration, duration and frequency; more pronounced for finer and
more terrestrial (siliciclastic) sediment than for coarser and more biogenic (carbonate) sediments; and more
significant for the larval/juvenile stages than the adult populations (Schönberg 2016).
Some species of filter feeders are able to cope with moderate sediment stress based on their growth form
and use of passive or active cleaning mechanisms. Schönberg (2016) notes that some species within filter
feeding communities have adapted to more turbid/sediment environments and therefore may persist at
dredging sites. Species which display special adaptations include endopsammic sponges (living partially
buried within sediments), species that are fast growing with morphological plasticity, erect growth forms
and growth forms with exhalant openings on apical body parts. Filter feeders that are able of keeping
their surfaces sediment‐free are also more likely to be resilient to increased sedimentation and turbidity
(Schönberg 2016).
Macroalgal abundance and community composition in coastal areas is known to be influenced by
sedimentation. A study by Eriksson and Johansson (2005) investigating the long term effects of natural
sediment deposition on the development of a macroalgal community over several growing seasons
observed that macroalgae cover and density increased when the process of natural sediment deposition
was removed. However, the study observed that responses were species‐specific, for example species of
ephemeral green algae were highly tolerant to sedimentation while belt‐forming perennial brown algae
were less so. The study also noted that vegetative propagation and dispersal by fragmentation was common
in the study area and suggested this response allowed these species to tolerate sedimentation (Eriksson and
Johansson 2005).
A comprehensive review of the effects (direct and indirect) of sedimentation/turbidity on corals concluded
the key proximal stressors associated with these activities were reduced light attenuation affecting
photosynthesis, high suspended sediment concentrations affecting feeding processes and sediment
deposition causing smothering and restriction of solute exchange and light (Jones et al. 2017). A study
by Curtin University suggests that inshore corals may be more resilient to natural and human‐induced
sediment and resuspension events than previously thought (Browne et al. 2015). The study subjected three
species of coral to two exposure regimes: pulsed turbidity events for four weeks followed by two months of
recovery (constant regime) or pulsed turbidity events every other week followed by one month of recovery
(periodic regime). The study observed that the periodic exposure regime was less detrimental to all coral
species than the constant exposure regime, as shown by elevated yields and lower tissue morality rates
(Browne et al. 2015). Little to no change in coral health was observed following one month of moderate
sediment exposure. However, respirations rates increased and photosynthesis rates declined when exposed
to extreme sediment levels suggesting coral stress and reduced health. At extreme sedimentation levels
(65 mg cm‐2 per day, with an average turbidity of 90 mg/L), species morphological differences were
considered to be key determinants of coral survival. For example, the more sensitive foliose corals
showed tissue death of up to 17% at extreme sediment levels while no necrosis was observed in the
massive (boulder‐shaped) coral species and only limited declines in photosynthetic yield (Browne et al.
2015). The nearshore waters to the north of the Tiwi Islands support a known significant seagrass site for
dugongs (Figure 5‐17). Seagrasses are known to be sensitive to natural and anthropogenic sedimentation
disturbances. However, many species have the ability to recover from disturbance within relatively short
time frames; typically in the order of several months (Vanderklift et al. 2017). The loss and recovery of
seagrass over relatively short time periods (months to years) has been observed as a natural phenomenon
and reflects changes in environmental variables (e.g. temperature, light and salinity), natural disturbances
(storms/cyclones) and potentially grazing patterns of herbivores (Vanderklift et al. 2017). Considering
the observations by Heyward et al. (2017), the nearshore waters and shelf areas in the vicinity of the Tiwi
Islands are expected to be characterised by naturally turbid conditions due to strong tidally driven currents
interacting with the seabed ridges and valleys. Therefore, it is expected that benthic communities in these
areas have a natural resilience to higher sediment levels, turbid conditions and reduced light attenuation.
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Defined by Chevron (2014c) as the area that may be influenced by the dredge plume at low levels (for example sub‐lethal impacts on key
receptors, turbidity may be visible or very light sedimentation may occur) but this is predicted to be unlikely to have any material and/or
measurable impact on the key receptors.
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This conclusion is supported by the various studies discussed above. Some of the shoals/banks, such as
Shepparton Shoal, Marie Shoal and Goodrich Bank, in close proximity to the gas export pipeline corridor
(Figure 5‐11) may be temporarily affected by increased sediment levels. These shoals/banks support a
range of benthic communities, including algae, corals and filter feeders. Considering the expected short
duration of increased sedimentation at any one area, and that benthic habitats in these areas are likely to
have a natural resilience to higher sediment/turbid conditions, significant impacts are considered unlikely.
Marine fauna
There is potential for a small portion of internesting habitat critical to the survival of flatback and olive ridley
turtles, and the internesting BIA for olive ridley turtles to be affected by increased sedimentation/turbidity
as seabed intervention works for the gas export pipeline may be required within the internesting habitat
critical to the survival of these species and adjacent to the internesting BIA for olive ridley turtles. The
potential loss or reduction in quality of habitat may temporarily reduce available foraging and internesting
habitats available for marine turtles. In the context of indirect impacts, potential marine turtle habitat may
be temporarily lost indirectly through an increase in localised turbidity in the water column.
There is likely to be temporary indirect impacts on potential foraging habitat in the immediate vicinity of
the pipeline installation activities. The majority of the benthic habitats within the pipeline corridor are
expected to be characterised by filter feeders and burrowers/crinoids, with a substantial portion of the
area supporting no benthic habitat (as summarised previously in Section 5.5.2.2). These habitats are
well represented elsewhere within the region, with foraging grounds for flatback and olive ridley turtles
represented across the wider Timor Sea (Figure 5-18). The area that may be indirectly affected is also not
known to support biologically important foraging grounds for flatback or olive ridley turtles (Figure 5-18).
Environmental, geophysical and bathymetric surveys have not indicated the presence of any unique or
limiting benthic foraging habitat for marine turtles within the gas export pipeline corridor, including within
the shallow water area to the east of the Oceanic Shoals marine park where secondary stabilisation, such as
trenching/dredging and pipelay vessel anchoring, may be required. In addition, the area has naturally high
levels of turbidity and periodic severe events associated with cyclones, demonstrating that local habitats are
able to persist in a high turbidity environment.
Flatback and olive ridley turtles are known to naturally feed in turbid, shallow inshore waters. It is expected
that sedimentation effects from seabed intervention activities will be localised in extent, commensurate
with the nature of specific method(s) that will be further assessed as part of activity‐specific EPs. In
summary, there may be a temporary, localised, indirect impacts on flatback and olive ridley turtles
associated with the loss of benthos, resulting in a negligible, temporary reduction in foraging habitat.
However, individual turtles are expected to simply move to similar habitats that are well represented in
the region, with no significant population level impacts predicted. Therefore, indirect impacts to foraging
habitat are not expected to adversely impact on biologically important behaviours or habitat critical to the
survival of marine turtles.
Internesting habitat in the immediate vicinity of the pipeline installation activities may be impacted by
sedimentation/turbidity, however, the potential impact is considered low due to the restricted spatial extent
that could be impacted by sedimentation/turbidity and as other significant areas for internesting occur
beyond the gas export pipeline corridor (Figure 5-18), i.e. the corridor only overlaps 3.7% and 3.2% of the
internesting habitat critical to the survival of flatback and olive ridley turtles, respectively. Drawing on the
comparable case studies described earlier in this section for similar pipeline intervention activities, the area
of local disturbance may be expected to be in the order of several hundred metres (e.g. as described for the
Macedon project, with separation buffer of up to 700 m from primary features) to several kilometres (e.g. as
observed for Gorgon nearshore trenching, with elevated turbidity observed within 2 km), depending on the
nature of the activities and local seabed and oceanographic conditions at the time.
Geophysical and bathymetric survey data have indicated that secondary stabilisation, such as trenching/
dredging, is not required in the portion of the gas export pipeline corridor that overlaps the internesting
habitat critical to the survival of flatback and olive ridley turtles where water depths are greater than 30
m deep. Seabed intervention techniques are expected to be limited to span rectifications using concrete
mattresses or grout bags, and rock berms. Therefore, for the majority of the pipeline corridor (with the
exception of the shallow water area to the east of the Oceanic Shoals marine park – see discussion below)
any indirect impacts within the internesting habitat critical to the survival of flatback and olive ridley turtles
are likely to be localised and temporary in nature (lasting a matter of days), and would not significantly
reduce the amount of available habitat.
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The portion of internesting habitat critical to the survival of olive ridley turtles that is intersected by the gas
export pipeline corridor is located off the west and south-west coast of Bathurst Island, where olive ridley
turtles are known to nest only in low density numbers (Whiting et al. 2007a; Chatto and Baker 2008). This
area is distant from the high density nesting beaches on the north-west coast of Melville Island. Additionally,
the pipeline corridor is located in water depths > 30 m where it overlaps with the internesting habitat
critical to the survival of olive ridley turtles. As described above, studies have demonstrated that while
turtles may be present in offshore waters with water depths of up to 55 m during the internesting period,
they are typically freely moving through these areas before they return to shallow waters (less than 30 m
deep and typically shallower than 10 m) to rest in the days leading up to re-nesting activity. It is therefore
expected that internesting olive ridley turtles would only be transiting within, or in the vicinity of, the gas
export pipeline corridor in very low numbers. The gas export pipeline corridor overlaps only approximately
3.2% of the internesting habitat critical to the survival of olive ridley turtles, therefore, even if a marine turtle
was to move from the immediate location of an activity, there is widespread internesting habitat available
in the immediate vicinity that marine turtles could continue to use within the identified habitat critical
and the potential impacts are not expected to impact biologically important behaviours or prevent those
behaviours from occurring. Installation activities, including seabed intervention techniques, are expected
to take approximately one to two months to complete for this portion of the pipeline, indicating that any
indirect impacts to internesting habitat critical to the survival of olive ridley turtles would be short-term and
temporary in nature.
If the final pipeline route remains outside of the Oceanic Shoals marine park in the shallow water area of
the pipeline corridor, then secondary stabilisation techniques such as trenching/dredging, and an anchored
pipelay vessel, may be required. Given the shallow water area of the pipeline corridor which overlaps habitat
critical to the survival of flatback turtles (approximately 0.15%), has some areas where water depth is < 30 m,
it may be used by internesting flatback turtles in the days prior to re-nesting. The area of potential indirect
impacts is expected to range from highly localised (for vessel anchoring) to between several hundred metres
(e.g. as described for the Macedon project, with separation buffer of up to 700 m from primary features)
to several kilometres (e.g. as observed for Gorgon nearshore trenching, with elevated turbidity observed
within 2 km) for trenching/dredging activities. However, trenching/dredging activities would only occur
outside of the peak internesting period for both olive ridley and flatback turtles (April to September). As
described above, although internesting turtles are known to move away from nesting beaches between
laying clutches, potentially moving considerable distances between nesting events, many turtles are likely to
remain near to their nesting beaches, and as they leave beaches they typically spread out and consequently,
density decreases rapidly with increasing distance from a nesting beach (Waayers et al. 2011, Whittock et
al. 2014). Additionally, potential internesting habitat less than 30 m deep is widespread in the area (Figure
5-18). Installation activities, including seabed intervention techniques, are expected to take approximately
three to six months to complete if the final pipeline route remains outside of the Oceanic Shoals marine park
in the shallow water area of the pipeline corridor, indicating that any indirect impacts to internesting habitat
critical to the survival of flatback and olive ridley turtles as a result of secondary stabilisation and pipelay
vessel anchoring would be short-term and temporary in nature.
Turtles are not deemed to be physiologically affected by an increase in suspended sediments associated
with sediment‐generating activities (DSD 2010). As part of the INPEX Ichthys project nearshore
environmental monitoring program, an analysis of observed patterns of distribution and abundance of
turtles and dugongs around Darwin Harbour and surrounding nearshore waters before and after dredging
operations concluded that, “…while spatial and temporal variation has been observed in the distribution and
abundance of turtles and dugongs over the duration of the program, on the balance of evidence these differences
appear most likely due to natural variation. As such, following the completion of the Dredging Phase of
monitoring, there is no indication of any major changes to turtle or dugong populations in the Darwin region as a
result of dredging activities” (Cardno 2014). This observation supports the impact conclusion that population
level impacts are not expected, including if dredging were required in the event that the final pipeline route
is located outside (to the east) of the Oceanic Shoals marine park.
Any potential indirect impacts to internesting habitat critical to the survival of flatback and olive ridley
turtles, the internesting BIAs for flatback and olive ridley turtles and/or to internesting females, are expected
to be short term at any one area and localised, with only a small number of individuals being affected and
the potential to impact nesting behaviour is also considered low. Therefore, indirect impacts from gas export
pipeline installation activities within the internesting habitat critical to the survival of flatback and olive
ridley turtles, including secondary stabilisation techniques and pipelay vessel anchoring (if the final pipeline
route remains outside of the Oceanic Shoals marine park in the shallow water area of the pipeline corridor),
will not prevent any biologically important behaviours for marine turtles from occurring.
To further address potential impacts and risks to the marine environment associated with installation of
the gas export pipeline, further engineering and field studies will be undertaken as the project design
progresses. Detailed management controls to address sedimentation/turbidity will also be further evaluated
and defined as part of the development and implementation of the gas export pipeline installation EP.

299

CONOCOPHILLIPS AUSTRALIA

Considering that the project is in the early design phase, and given the expected life of the project
is approximately 25 years, it is premature to define a decommissioning strategy that aims to address
environmental impacts in detail in this OPP. Indirect impacts arising from decommissioning activities at the
end of the field life are expected to be broadly comparable with that generated from installation activities, as
discussed above. As described in Section 4.3.4, seabed disturbance is considered a key decommissioning risk
and therefore typical impacts from decommissioning activities have been summarised below for this aspect.
Direct physical disturbance to the seabed from decommissioning activities will be predominantly localised
within the immediate vicinity of the project infrastructure. In addition, decommissioning activities may cause
temporary and localised decline in water quality through sediment re-suspension, which has the potential to
indirectly affect benthic communities and marine fauna within the immediate vicinity of the activity. Given
the Barossa offshore development area does not support any sensitive benthic communities or aggregation
areas for marine fauna it is unlikely that any temporary decline in water quality via increased sedimentation will
result in a significant impact. The immediate area surrounding the pipeline corridor intersects with internesting
habitat critical to the survival of flatback and olive ridley turtles and there are a number of shoals and banks
that support benthic communities in close proximity to the corridor (e.g. Goodrich Bank, Marie Shoal and
Shepparton Shoal). However, this area along the mid-shelf is typically highly turbid, as observed by AIMS during
offshore surveys adjacent Goodrich Bank and Cape Helvetius (Appendix F), and any localised and temporary
addition of sediment load to the water column from decommissioning the pipeline is unlikely to result in a longterm impact to these receptors.
A detailed EP specific to decommissioning activities will be prepared for review and acceptance towards
the end of the field life for the Barossa project. At that time, a detailed evaluation of environmental risk and
impacts associated with decommissioning will be undertaken, with practicable options assessed for ALARP and
acceptability. A commitment to meet this forward process is reflected in Section 7 of this OPP.

Impact and risk summary
In conclusion, the residual risk of impact to the physical environment, benthic habitats, shoals and banks, KEFs,
Oceanic Shoals marine park and marine fauna from seabed disturbance is considered low given the relatively
small nature of the direct disturbance footprint and the fact that the Barossa offshore development area does
not contain seabed with areas of unique benthic habitat.
Taking the results of relevant studies and the gas export pipeline corridor into consideration, there is potential
for some of the shoals/banks, seafloor features/values associated with the KEFs, a portion of internesting habitat
critical to the survival of flatback and olive ridley turtles and the known significant seagrass sites for dugongs in
the vicinity of the pipeline route to be affected by a sediment plume or increased turbidity — albeit short‐term
(in the order of days to several weeks). If the final pipeline route remains outside of the Oceanic Shoals marine
park, i.e. in the shallow water area of the pipeline corridor, and if secondary stabilisation (trenching/dredging)
is required, it would only occur outside of the peak internesting season for both flatback and olive ridley turtles
(April to September).
As outlined in Section 4.3.3.2, the gas export pipeline corridor has been refined to minimise seabed
intervention and stabilisation as much as practicable, however the final route is yet to be defined. The potential
environmental impacts and risks associated with the activity will be assessed in further detail in the activityspecific EPs. However, the impact assessment presented in this OPP is considered to provide a conservative
evaluation.
The project is considered consistent with the relevant requirements of the Recovery Plan for Marine Turtles
in Australia and the Australian IUCN Reserve Management Principles as related to seabed disturbance (Table
6‐14). A summary of the potential impacts, proposed key management controls, acceptability and EPOs for
seabed disturbance are presented in Table 6‐15.
Proposed key management controls, acceptability and EPOs for seabed disturbance as related to
decommissioning activities, are summarised in Table 7-1.
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Table 6-14: Summary of alignment with relevant EPBC management plans for seabed disturbance

6 Evaluation of environmental
impacts and risks

Relevant factor

Relevant recovery plan/
conservation advice/
management plan

Specific requirement(s) as relevant to
the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Marine reptiles
- Loggerhead
turtle Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle

Recovery Plan for Marine Turtles
in Australia 2017‐2027 (June 2017)
(DoEE 2017a)

Manage infrastructure, coastal
development and dredging to ensure
ongoing biologically important behaviours
for marine turtle stocks continue.

•

The impacts from infrastructure placement and dredging on marine turtles will be managed
through:
•

the pipeline corridor has been refined through consideration of a range of criteria (refer to
Section 4.4.3), including environmental criteria relevant to marine turtles by restricting the
majority of the pipeline corridor to waters deeper than 30 m. Within the pipeline corridor, the
only area of waters < 30 m deep is restricted to the 30 km of shallow water area east of the
Oceanic Shoals marine park and this would only be used if the final pipeline route remains
outside of the marine park.

•

Flatback and olive ridley turtles within or in the vicinity of the gas export pipeline corridor in
waters > 30 m deep are typically freely moving through these areas within the water column
rather than requiring benthic habitat for internesting activities.

while the shallow water area to the east of the Oceanic Shoals marine park overlaps the
internesting habitat critical to the survival of flatback turtles, it only overlaps approximately
0.15% of the internesting habitat critical to the survival for flatback turtles and it does
not overlap internesting habitat critical to the survival of olive ridley turtles. Additionally,
potential internesting habitat is widespread in the surrounding area, with indirect impacts
from trenching/dredging expected to be temporary in nature and potentially extend from
several hundreds of metres to a few kilometres. Therefore, even if a marine turtle was to move
from the immediate location of an activity, there is widespread internesting habitat available
in the immediate vicinity that marine turtles could continue to use within the identified
habitat critical and the potential impacts are not expected to impact biologically important
behaviours or prevent those behaviours from occurring.
• as the physical presence of the gas export pipeline within internesting habitat critical to the
survival of marine turtles has been minimised, i.e. approximately 0.0001% and 0.0015% of the
internesting habitat critical to the survival of flatback and olive ridley turtles respectively, the
physical presence of the gas export pipeline during operations is considered highly unlikely to
impact the species' use of the area.
• further engineering and environmental studies to optimise the final pipeline route design with
the aim of minimising seabed intervention methods where possible.
Significant behaviour modification as a result of habitat modification from dredging is not
expected as:
•

•

•

•

It is noted the description of the threat of habitat modification (dredging and trawling) in the
recovery plan recommends that dredging and trawling activities in important internesting habitat
should be undertaken outside peak nesting seasons. With regard to the project:
•
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should dredging be required for the installation of the gas export pipeline, there may be
some localised impacts, e.g. behaviour modification, in the immediate vicinity of the dredging
activities. However, turtles are not deemed to be physiologically affected by an increase in
suspended sediments associated with sediment‐generating activities (DSD 2010), thus impacts
are unlikely to impact biologically important behaviours or prevent those behaviours from
occurring.

dredging for pipeline installation may only be required in the shallow water area of the
pipeline corridor (Figure 4-12) for a pipeline route outside of the Oceanic Shoals marine park.
Should dredging be required for pipeline installation, dredging activities will occur outside the
peak flatback turtle (June to September) and olive ridley (April to August) internesting period.

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)
•

although there is the potential for a portion of the internesting habitat critical to the survival of
marine turtles to be exposed to indirect impacts, such as an increase in turbidity from dredging
activities, the potential impact to flatback and olive ridley turtles is considered low, as:
•

indirect impacts will be temporary and are only expected to extend from hundreds of
meters to several kilometres from the dredging areainternesting habitat is expected to
recover relatively quickly

•

internesting habitat is expected to recover relatively quickly

•

therefore, only a very small additional portion of the internesting area would be
potentially exposed to indirect impacts

•

turtles are not deemed to be physiologically affected by an increase in suspended
sediments associated with sediment‐generating activities (DSD 2010)

•

trenching/dredging activities, if required, would only occur outside of the peak
internesting periods for both flatback and olive ridley turtles and are unlikely to impact
marine turtles resting in shallow waters in the days prior to re-nesting.

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure that biologically important behaviour for marine turtle stocks continue.
Manage anthropogenic activities to ensure
marine turtles are not displaced from
identified habitat critical to the survival of
the species.

•

Given the majority of internesting turtles resting in the days prior to re-nesting are in waters
<30 m, by restricting the majority of the pipeline corridor to waters deeper than 30 m, impacts from
the pipeline are not expected. Within the pipeline corridor, the only area of waters < 30 m deep
is restricted to the 30 km of shallow water area east of the Oceanic Shoals marine park if the final
pipeline route remains outside of the marine park.

•

Flatback and olive ridley turtles within or in the vicinity of the gas export pipeline corridor
(>30 m deep) are typically freely moving through these areas within the water column rather than
requiring benthic habitat for internesting activities

•

While the shallow water area to the east of the Oceanic Shoals marine park overlaps the
internesting habitat critical to the survival of flatback turtles, it does not overlap internesting
habitat critical to the survival of olive ridley turtles. The shallow water area of the pipeline corridor
overlaps approximately 0.15% of the internesting habitat critical to the survival of flatback turtles.
Additionally, potential internesting habitat is widespread in the surrounding area.

•

As the physical presence of the gas export pipeline within internesting habitat critical to the
survival of marine turtles has been minimised, i.e. approximately 0.0001% and 0.0015% of the
internesting habitat critical to the survival of flatback and olive ridely turtles respectively, the
physical presence of the gas export pipeline during operations is considered highly unlikely to
impact the species use of the area. The area immediately adjacent to the pipeline (within several
hundreds of metres) will experience short term (in the order of days to several weeks) temporary
but reversible increases in localised turbidity resulting in a limited indirect seabed disturbance
footprint but negligable reduction in quality of available foraging or internesting habitats.

•

Internesting female turtles will be able to continue to use the habitats within the area identified as
habitat critical to the survival of flatback and olive ridley turtles (other than the immediate direct
seabed disturbance footprint of the project).

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure marine turtles are not displaced from identified habitat critical to the survival of the
species.
CONOCOPHILLIPS AUSTRALIA
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Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project
Manage anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)
•

No pipeline installation activities will occur within the internesting BIA for olive ridley turtles at any
time, including peak nesting and hatchling emergence periods.

•

Trenching/dredging activities, if required, would only occur outside of the peak internesting
periods for both flatback and olive ridley turtles and are unlikely to impact marine turtles resting
in shallow waters in the days prior to re-nesting, therefore no impacts to biologically important
nesting behaviours are expected.

•

No impacts at a population/genetic stock level from habitat modification to the benthic
environment are expected to occur.

•

Pipelay/dredging vessels are mobile and will not be at any one location for extended periods of
time. Any exposure of internesting females to pipelay installation activities will be temporary.

•

Given the majority of internesting turtles resting in the days prior to re-nesting are in waters
<30 m, by restricting the majority of the pipeline corridor to waters deeper than 30 m, impacts
from the pipeline are not expected. Within the pipeline corridor, the only area of waters < 30 m
deep is restricted to the 30 km long shallow water area east of the Oceanic Shoals marine park and
a pipeline would only be routed through here in the event permission was not granted to lay the
pipeline inside the marine park.

•

Flatback and olive ridley turtles within or in the vicinity of the gas export pipeline corridor (> 30 m
deep) are likely to be transiting the area (in the water column), rather than displaying biologically
important internesting behaviours (i.e. resting on the seabed from the pipeline footprint prior to
re-nesting).

•

While the shallow water area to the east of the Oceanic Shoals marine park overlaps the
internesting habitat critical to the survival of flatback turtles, it does not overlap internesting
habitat critical to the survival of olive ridley turtles. The shallow water area of the pipeline corridor
overlaps approximately 0.15% of the internesting habitat critical to the survival for flatback turtles.
Additionally, potential internesting habitat is widespread in the surrounding area.

•

Loss of internesting habitat due to the placement of the gas export pipeline will be limited to
0.0001% and 0.0015% of the internesting habitat critical to the survival of flatback and olive ridley
turtles respectively.

•

No impacts at a population/genetic stock level from alterations in biologically important
behaviours or changes in the internesting habitat are expected.

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure that biologically important behaviour can continue.
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Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

AMPs

IUCN Principles

•

IUCN category VI (Multiple Use Zone):
• The reserve or zone should be
managed mainly for the sustainable
use of natural ecosystems based on the
following principles.
•

•

•

The biological diversity and other
natural values of the reserve or zone
should be protected and maintained in
the long term.
Management practices should
be applied to ensure ecologically
sustainable use of the reserve or zone.

The biological diversity and other natural values, and ecologically sustainable use of the Oceanic
Shoals marine park will not be affected by installation of the linear gas export pipeline due to:
•

the corridor overlapping a small portion (708 km2; approximately 1%) of the Oceanic Shoals
marine park. The area of seabed directly disturbed by the gas export pipeline within the
Oceanic Shoals marine park will be significantly smaller than the area covered by the corridor
(approximately 0.0002% of the marine park)

•

the fact that benthic habitats within the portion of the marine park overlapped by the pipeline
corridor are representative of those within the broader marine park boundary and region
(Heyward et al. 2017) (i.e. they are not unique), both characterised predominantly by large
areas that support filter feeders, burrowers/crinoids and small areas of corals and macroalgae.

•

To further define the benthic habitats within the marine park and pipeline corridor and allow
a robust assessment that the habitats within the portion of the marine park overlapped by the
pipeline corridor are represented elsewhere in the marine park outside the pipeline corridor, a
collaborative field survey with AIMS was commissioned with the field work completed 8 October
2017. The final report including all analysis and interpretation is due mid Q3 2018. The data will
be used to further validate the outputs of the AIMS benthic habitat model and will support the
pipeline route selection, as will further pipeline route engineering studies.

•

Installation of the gas export pipeline is a central element of the Barossa project that is expected
to contribute to local, regional and national development, and seabed disturbance from these
activities is not anticipated to impact on the biological diversity and other natural values of the
Oceanic Shoals marine park.

Management of the reserve or zone
should contribute to regional and
national development to the extent
that this is consistent with these
principles.
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Table 6-15: Summary of impact assessment, key management controls, acceptability and EPOs for seabed disturbance

Aspect

Key factors

Potential impact
for key factors

Seabed
disturbance

Physical
environment
– seabed
features.

Direct loss
or indirect
disturbance of
benthic habitat.

Marine reptiles.
Shoals and
banks.
AMPs – Oceanic
Shoals.
KEF – shelf
break and
slope of the
Arafura
Shelf, and the
carbonate bank
and terrace
system of the
Van Diemen
Rise.

Key management controls

The project will be undertaken in accordance with the ConocoPhillips’ CPMS,
which provides the framework to achieve acceptable health, safety and
environment outcomes such as:
• design planning throughout concept select phase to avoid placement of
facilities/ infrastructure within the Barossa offshore development area in
Physical damage
areas of regional environmental importance (e.g. shoals, banks, coral reefs,
and/ or disturbance
islands, and known regionally important feeding and breeding/nesting
to unique seafloor
biologically important areas for marine mammals and marine reptiles
KEFs.
Physical damage
and/ or disturbance
to benthic habitat
within the Oceanic
Shoals marine
park and to shoals/
banks.

•

Acceptability

Environmental
performance
outcome

The residual risk associated with
impacts to the Barossa offshore
development area is considered low
as:
• Direct disturbance -

No permanent
disturbance to
benthic habitats
beyond the
physical footprint of
offshore facilities/
infrastructure within
the Barossa offshore
development area
and gas export
pipeline, as relevant
to both direct and
indirect sources
of disturbance
to seabed and
associated benthic
habitats.

The location of subsea infrastructure within the Barossa offshore development
area will be informed by pre-installation surveys/studies that identify and avoid
areas of seabed that are associated with the seafloor features/values of the shelf
break and slope of the Arafura Shelf KEF (i.e. patch reefs and hard substrate
pinnacles).
Pre-lay surveys of the gas export pipeline installation route will be used to
identify areas of seabed that are associated with the seafloor features/values
of the shelf break and slope of the Arafura Shelf and carbonate bank and
terrace system of the Van Diemen Rise KEFs, seabed related conservation values
associated with the Oceanic Shoals marine park or nearby shoals and banks
(including Goodrich Bank, Marie Shoal and Shepparton Shoal). The outcomes
of the pre-lay surveys will be used to inform route optimisation and reduce
environmental impacts.

Positioning of the MODU will be undertaken in accordance with the mooring
design and analysis and the drilling contractors’ rig move procedure, which
includes procedures for the deployment and retrieval of anchors using support
vessels to minimise seabed impacts.
Shallow Hazards Study report will be completed prior to drilling of the
development wells and include a review of seabed features to inform well
location.
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the seabed footprint is
relatively small at a regional
scale with any potential
disturbance expected to be
very localised.

•

the Barossa offshore
development area does
not contain seabed or
benthic habitats that are not
represented elsewhere.

use of export pipeline selection route surveys to inform route optimisation
and reduce environmental impact.

•

Indirect disturbance •

•

The MODU/FPSO facility mooring design analysis will include environmental
sensitivity and seabed topography analysis to inform selection of mooring
locations to avoid areas of seabed that are associated with the seafloor features/
values of the shelf break and slope of the Arafura Shelf KEF (i.e. patch reefs and
hard substrate pinnacles).
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•

•

•

the placement of
infrastructure on the seabed
will result in a single brief
disturbance resulting in a
transient turbid plume.

The FPSO facility
and in‐field subsea
infrastructure will
be located in the
Barossa offshore
The key management measures
development area
are considered effective in
and will not impact
addressing potential impacts
the nearest shoals/
associated with seabed
banks of Lynedoch
disturbance from the project.
Bank, Tassie Shoal or
EPOs specific to this aspect are
Evans Shoal (which
framed to achieve sustainable
are > 27 km away)
management of impacts and risks. and areas of seabed
that are associated
The proposed management
with the shelf break
controls are determined to be
appropriate to manage the risk to and slope of the
Arafura Shelf KEF.
an acceptable level.
The project aligns with relevant
legislative requirements,
standards, industry guidelines,
ConocoPhillips requirements
and the Recovery Plan for Marine
Turtles in Australia (Table 6‐14).

No anchoring or
mooring of the
FPSO facility and
MODU/vessels
on shoals/banks,
except in emergency
conditions.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

A Vessel Anchoring Plan will be prepared which will take into consideration
anchoring locations and will confirm no anchoring on shoals/banks.

The residual risk associated with
impacts to the gas export pipeline
corridor is considered medium as:
• Direct disturbance -

Minimise disturbance
beyond the
physical footprint
by preventing the
loss of significant
equipment/ cargo
overboard from the
MODU/ drill ship,
FPSO facility or
vessels.

Heavy lifting operations between vessels and the MODU/drill ship or FPSO
facility will be undertaken using competent personnel appropriate and certified
lifting equipment and accessories to minimise the risk of dropped objects.

•

the seabed footprint is
relatively small at a regional
scale with any potential
disturbance expected to
be very localised, including
within the Oceanic Shoals
marine park.

•

the gas export pipeline route
will be designed through
the subsequent route
optimisation process to
minimise, where practicable,
impacts to areas of seabed
that are associated with the
seafloor features/values of
the KEFs and shoals/banks.

No pipeline installation activities will occur within the internesting BIA for olive
ridley turtles at any time, including peak nesting and hatchling emergence
periods.
Installation schedule of the gas export pipeline will take into consideration
seasonal presence/ activity of marine turtles to prevent significant adverse
impacts during peak seasonal internesting period for flatback (June to
September) and olive ridley (April to August) turtles in proximity to the Tiwi
Islands. Should pipeline installation activities be required to be undertaken
during this period, within proximity (60 km) of the Tiwi Islands, the following
process will be undertaken to identify how the pipeline will be installed to
reduce impacts to ALARP and acceptable levels:
1. identify the pipeline installation methods that can achieve the technical
requirements of the project and use this to define the operational area
within which all pipeline installation activities will be undertaken and
within which all environmental impacts and risks relating to pipeline
installation will be assessed and managed to achieve the EPOs
2. update of latest knowledge on marine turtle density and seasonal
movements within the internesting habitat critical to the survival of flatback
and olive ridley turtles, drawing on latest literature, any field observations
from future pipeline survey work and advice from discipline experts –
building on the information presented in this OPP
3. combine the outputs from items 1 and 2 above with understanding of the
existing environment to identify key environmental values/sensitivities at
risk from pipeline installation activities with consideration of any seasonal
presence
4. undertake an additional impact assessment that builds on the assessment
presented in this OPP and incorporates the information from items 1, 2
and 3 above to evaluate the environmental impacts and risks and verify
the impact assessment conclusions are consistent with those presented in
this OPP. Note: if required, additional controls and/or mitigation measures
will be identified to demonstrate consistency with the impact assessment
presented in this OPP.

•

Indirect disturbance –
•

should more extensive
intervention works (i.e.
trenching/dredging) be
required during pipelay
installation, there is potential
for some of the shoals/banks,
a portion of the internesting
habitat critical to the survival
of flatback and olive ridley
turtles, the internesting BIA
for olive ridley turtles, and a
small portion of the known
significant seagrass sites for
dugongs in the vicinity of the
pipeline route to be affected
by a sediment plume; albeit
short‐ term (in the order of
days to several weeks).

The gas export
pipeline route will
be designed to
minimise, where
practicable, impacts
to areas of seabed
that are associated
with the seafloor
features/values of
KEFs and shoals/
banks.
To minimise impact
to representative
species, assemblages
and associated
values of the Oceanic
Shoals marine park,
further studies will
be used to inform
final pipeline routing
so the pipeline will
not be installed on
those representative
species, assemblages
and associated values
if they have not been
found in the marine
park outside the
pipeline corridor.
No significant
impacts to turtle or
dugong populations
from impacts
(direct or indirect)
associated with
installation of the gas
export pipeline.
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Aspect

Key factors

Potential impact
for key factors

Key management controls

Dredging/trenching activities for the gas export pipeline installation (if
required) will occur outside the peak flatback (June to September) and olive
ridley (April to August) turtle internesting period when within the internesting
habitat critical to the survival of these species.
As part of the development and implementation of the gas export pipeline
installation EP, measures will be defined including no anchoring on shoals/
banks, definition of speed limits that will be enforced during pipeline
installation, and implementation of practical controls for key aspects (e.g.
sedimentation/turbidity, underwater noise emissions and light emissions).
Further surveys within the pipeline corridor will be used to supplement existing
knowledge from habitat assessments to date, to support an evaluation of
the representativeness of species and species assemblages found within the
portion of the gas export pipeline corridor that intersects the Oceanic Shoals
marine park, with other areas of the marine park.
If trenching/dredging activities for the gas export pipeline installation are
required, i.e. if the pipeline has to remain outside the Oceanic Shoals marine
park in the shallow water area of the pipeline corridor, they will occur outside
the peak flatback (June to September) and olive ridley (April to August) turtle
internesting period. The following process will be used to identify how the
pipeline in the section to be trenched/dredged will be installed to reduce
impacts and risks to ALARP and acceptable levels:
1. undertake numerical modelling to predict the extent, intensity and
persistence of sediment plumes arising from trenching/dredging activity
2. use the outputs of the numerical modelling to identify key environmental
values/sensitivities at risk from trenching/dredging activities with
consideration of background/baseline conditions and any seasonal
presence
3. update of latest knowledge of how aspects arising from trenching/dredging
activities can impact the marine environment, including marine turtles and
benthic communities
4. undertake an additional impact assessment that builds on the assessment
presented in this OPP and incorporates the information from items 1, 2 and
3 above with the understanding of the environment (e.g. benthic habitat
maps) to evaluate the environmental impacts and risks and verify the
impact assessment conclusions are consistent with those presented in this
OPP, i.e. confirm impacts from trenching/dredging will be temporary and
localised. Note: if required, additional controls and/ or mitigation measures
will be identified to demonstrate consistency with the impact assessment
presented in this OPP.
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Acceptability

•

impacts from indirect
disturbance to seabed
and benthic habitats are
predicted to be temporary
in nature and recoverable
within months to years
depending on the nature of
the benthic habitats present
within the proximity of
the final alignment. Given
the broad area in which
internesting behaviour for
flatback and olive ridley
turtles occurs (i.e. resting
in waters less than 30 m
deep prior to re-nesting)
no impacts to biologically
important behaviours are
expected as a result of
indirect impacts from seabed
disturbance. Flatback and
olive ridley turtles may be
present in offshore waters
with water depths of up 55
m during the internesting
period, however they are
typically freely moving
through these areas within
the water column rather than
requiring benthic habitat for
internesting activities.

Environmental
performance
outcome

Key factors

Potential impact
for key factors

Key management controls

Acceptability

5. develop a dredge management plan that:
•

details how trenching/dredging will be undertaken (which will be
informed by the information derived from items 1-4 above)

•

identifies the control and mitigations measures, environmental
performance outcomes, environmental performance standards and
measurement criteria that demonstrate the environmental impacts and
risks can be reduced to ALARP and acceptable levels

•

includes an adaptive management strategy for how trenching/
dredging activity will be managed, including what information and/or
data will be used to provide early warning of adverse trends and trigger
adaptive management before environmental performance outcomes
are compromised

If use of an anchored pipelay vessel is required, i.e. it may only be required if the
pipeline has to remain outside the Oceanic Shoals marine park in the shallow
water area of the pipeline corridor, the following process will be used to identify
how anchored pipelay installation will be undertaken to reduce impacts and
risks to ALARP and acceptable levels:
1. use the information and data derived from the pre-lay survey of the gas
export pipeline installation route to update understanding of the existing
environment along the gas export pipeline route
2. identify any anchor restrictions zones, i.e. areas where anchors cannot be
placed, e.g. shoals, banks or coral outcrops
3. define how installation of the pipeline would be undertaken including
start-up anchor pattern, operational anchor pattern and lay down (ending)
anchor pattern, and predict the number of anchor drops required
4. undertake an additional impact assessment that builds on the assessment
presented in this OPP and incorporates the information from 1, 2 and 3,
with consideration of any seasonal presence, to evaluate the environmental
impacts and risks and to verify the impact assessment conclusions are
consistent with those presented in this OPP (Note: if required, additional
controls and/or mitigation measures will be identified to be implemented
to demonstrate consistency with the impact assessment presented in this
OPP)

•

•

Environmental
performance
outcome

the pipeline corridor has
been refined based on
geophysical, bathymetric
and environmental survey
data, to minimise the amount
of seabed intervention and
stabilisation required. The
requirement for, and location
of, seabed intervention
techniques for the final gas
export pipeline route is yet
to be defined in detail and
the potential environmental
impacts and risks associated
with the activity will be
assessed in further detail in
the activity-specific EPs.

The project aligns with the
relevant legislative requirements,
standards, industry guidelines,
ConocoPhillips requirements and
the applicable management/
recovery plans and conservation
advices (e.g. Recovery Plan for
Marine Turtles in Australia and
the Australian IUCN Reserve
Management Principles listed in
Section 3.5 relevant to key factors
for this aspect).

5. develop a pipeline lay anchoring management plan that:
•

identifies how pipelay installation would be undertaken using an
anchored pipelay vessel

•

identifies the control and mitigations measures, environmental
performance outcomes, environmental performance standards and
measurement criteria that demonstrate the environmental impacts and
risks can be reduced to ALARP and acceptable levels

•

includes an adaptive management strategy for how anchoring activity
will be managed including what information and/or data will be
used to provide early warning of adverse trends and trigger adaptive
management before environmental performance outcomes are
compromised.
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Aspect

6 Evaluation of environmental
impacts and risks

6.4.4

Invasive marine species (biosecurity)
The project has the potential to translocate and/or introduce IMS to the marine environment, particularly
through the discharge of vessel ballast water or marine biofouling on submersible infrastructure/equipment
and vessels. The risk assessment for potential impacts to the marine environment due to the unplanned
introduction of IMS is summarised in Table 6‐16.
Table 6-16: Invasive marine species (biosecurity) risk assessment

Risk

Unplanned introduction of IMS from vessel ballast water discharge and biofouling
on submersible infrastructure/equipment and vessels.

Geographic project Barossa offshore development area, gas export pipeline corridor
reference
Key project stage

All – vessels will be used throughout the life of the project. It is expected that
the potential risk may be higher during installation activities, with movement of
international vessels.

Key factor(s)
(see Table 6-7)

Shoals and banks

KEFs

Other relevant
factor(s)
(see Table 6-7)

Tiwi Islands

Sharks and rays

Marine mammals

AMPs

Marine reptiles

Commercial fishing

Fish

Potential impact(s)

•

Displacement of native marine species.

•

Reduction in species biodiversity and decline in ecosystem integrity.
particularly of shoals/banks and islands.

•

Socio-economic impacts on commercial fishing.

Risk assessment

309

Consequence

Likelihood

Risk rating

Inherent risk

4 Significant (Bio)

1 Improbable

4 Low

Residual risk

4 Significant (Bio)

1 Improbable

4 Low

Confidence

High
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Impact assessment and risk evaluation
Vessels (including MODUs/drill ships), facilities and equipment associated with the project that are sourced
from foreign waters have the potential to introduce IMS to the Barossa offshore development area. IMS
species are of particular concern due to the potential to influence marine ecosystems such as coral reefs
and commercial fisheries and, therefore, lead to indirect impacts to marine fauna. Potential impacts caused
by IMS can include effects on benthos via competition for space and food, change in species composition
resulting in altered community structures, increased predation pressure to native species, introduction of
pathogens, a reduction of biodiversity and biofouling of fishing equipment.
The most common transfer mechanisms for IMS that will require management throughout the life of the
project include:
•

discharge of vessel ballast water taken up from high risk international or domestic offshore waters

•

marine biofouling:
•

on equipment that is regularly submerged in water, such as drilling equipment

•

on hulls of MODUs/drill ships, vessels or the FPSO facility and other external niches, such as
thruster tunnels

•

of internal niches of MODUs/drill ships, vessels or the FPSO facility, such as anchor chain
lockers, sea chests, strainers and seawater pipework, where relevant.

The risk of introducing IMS is inherently limited by the location of the Barossa offshore development area in
deep waters (130 m–350 m) that are not directly adjacent to any shoals/banks. IMS are generally unable to
successfully establish in deep water ecosystems (Geiling 2014), most likely due to a lack of light or suitable
habitat to sustain the growth and survival of IMS. Therefore, most IMS are found in tidal and subtidal zones
with only a few species known to extend into deeper waters of the continental shelf (Bax et al. 2003). In
addition, the risk of introducing IMS is considered to be low due to the remote location of the Barossa
offshore development area (i.e. approximately 100 km offshore from the Tiwi Islands and 89 km from the
nearest coastal waters) and adequate physical separation from offshore shoals/banks (> 27 km) by deep
waters.
The northern end of the gas export pipeline corridor is predominantly located in the mid‐shelf region where
water depths range between approximately 50 m and 120 m. However, the southern end and shallow water
area are in shallower waters (< 50 m, with a minimum depth of approximately 5 m in the shallow water
area). The shoals/banks of Goodrich Bank, Marie Shoal and Shepparton Shoal are located in the vicinity of
the corridor. Therefore, there may be an increased risk of IMS colonising areas along the southern end and
within the shallow water area of gas export pipeline corridor in the shallower water depths, where there is
suitable light and habitat available (particularly in the vicinity of the shoals/banks). However, the risk of this
occurring is considered low given the key management controls that will be implemented throughout the
life of the project including a project Quarantine Management Plan, and compliance with contemporary
ballast water and biofouling requirements.
The KEF of the shelf break and slope of the Arafura Shelf are located in areas where seabed depths are
> 100 m and, therefore, unlikely to be affected by IMS. The KEF of the carbonate bank and terrace system
of the Van Diemen Rise and the majority of the open waters associated with the Oceanic Shoals marine
park occur in areas where seabed depths range between 50 m and 120 m. However, as outlined above, the
likelihood of IMS being introduced as a result of the project are considered to be manageable following
implementation of effective key management controls.
Given the suite of management controls that will be implemented throughout the project, the risk of
introducing IMS as a result of project activities is considered low and therefore socio-economic impacts on
commercial fishing and other marine users in the vicinity of the Tiwi Islands are not expected.

Impact and risk summary
A summary of the potential impacts, proposed key management controls, acceptability and EPOs for IMS
are presented in Table 6-17. In conclusion, the residual risk of impact to species biodiversity and ecosystem
integrity from introduction of IMS is considered low given the open ocean deep water environment and
distant proximity to sensitive shoals/banks to the Barossa offshore development area. While vessels related
to the gas export pipeline may traverse areas adjacent to values/sensitivities potentially vulnerable to IMS
(e.g. Goodrich Bank, Marie Shoal and Shepparton Shoal) it is considered that the controls outlined above can
demonstrably manage the risk of potential impacts in these discrete areas.
There are no relevant requirements within any EPBC management plans/recovery plans or conservation
advices that are of direct relevance to IMS.
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Table 6-17: Summary of impact assessment, key management controls, acceptability and EPOs for invasive marine species (biosecurity)

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

IMS
(biosecurity)

Shoals and
banks.

Displacement
of native marine
species.

A Quarantine Management Plan will be developed and implemented, which
will include as a minimum:
• compliance with all relevant Australian legislation and current regulatory
guidance

The potential impacts and risks
associated with the introduction
of IMS due to project activities is
considered broadly acceptable given:
• The residual risk is considered low:

Prevent the
displacement of
native marine species
as a result of the
introduction and
establishment of IMS
via project-related
activities, facilities
and vessels.

KEFs – shelf
break and
slope of the
Arafura

Reduction in
species biodiversity • outline of when an IMS risk assessment is required and the associated
inspection, cleaning and certification requirements
and decline
in ecosystem
•
implementation of management measures commensurate with the level of
Shelf, and the
integrity,
risk (based on the outcomes of the IMS risk assessment), such as inspections
carbonate bank
particularly of
and movement restrictions
and terrace
shoals/banks.
system of the
• anti-fouling prevention measures including details on maintenance and
Van Diemen
inspection of anti- fouling coatings.
Rise.
Ballast water exchange operations will comply with the IMO International
Convention for the Control and Management of Ships’ Ballast Water and
Sediments 2004 – MARPOL 73/78 (as appropriate to vessel class), Australian
Ballast Water Management Requirements (DoAWR 2017) and Biosecurity Act
2015, including:
• all ballast water exchanges conducted > 12 nm from land and in > 200 m
water depth
•

vessel Ballast Water Management Plan stipulating that ballast water
exchange records will be maintained

•

completion of DoAWR Ballast Water Management Summary sheet for any
ballast water discharge in Australian waters.

The International Convention on the Control of Harmful Anti-fouling Systems
on Ships will be complied with, including vessels (of appropriate class) having a
valid IAFS Certificate.
The FPSO facility hull will be subject to an IMS inspection prior to entry into
Australian waters.
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•

given the remote offshore
deep water environment and
proximity to sensitive shoals
and banks to the Barossa
offshore development area

•

the controls outlined are
sufficient to manage the
risk of impact to values/
sensitivities sensitive to
IMS located in discrete
areas adjacent to the gas
export pipeline corridor (e.g.
Goodrich Bank, Marie Shoal
and Shepparton Shoal).

•

The proposed management
controls are determined to be
appropriate to manage the risk to
an acceptable level.

•

The project meets the
requirements of the
environmental legislation,
international agreements and
conventions and ConocoPhillips
requirements (e.g. specifically the
Biosecurity Act 2015 and the NMR
Bioregional Plan).
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6.4.5

Underwater noise emissions
The project will generate underwater noise emissions, associated primarily with the installation phase
and operation of the FPSO facility and vessels. The risk assessment for potential impacts associated with
underwater noise emissions is summarised in Table 6-18.
Table 6-18: Underwater noise emissions risk assessment

Risk

Generation of underwater noise emissions interacting with marine fauna

Geographic project Barossa offshore development area
Gas export pipeline corridor (predominantly during installation)
reference
Key project stage

Development drilling
Installation
Operations
Decommissioning

Key factor(s)
(see Table 6-7)

Marine mammals

Fish

Marine reptiles

Sharks and rays

Other relevant
factor(s)
(see Table 6-7)

Plankton

Commercial fishing

Potential impact(s)

•

Behavioural disturbance or physiological damage, such as hearing loss,
to sensitive marine fauna.

•

Masking or interference with marine fauna communications or echolocation.

•

Auditory impacts on commercial fishing/socio-economic users (i.e. divers).

Risk assessment
Consequence

Likelihood

Risk rating

Inherent risk

2 Minor (Bio)

2 Remote

4 Low

Residual risk

2 Minor (Bio)

2 Remote

4 Low

Confidence

High

Impact assessment and risk evaluation
Underwater noise emissions have the potential to affect marine fauna that may transit the project area.
Marine fauna use sound in a range of functions including social interaction, foraging and orientation.
Marine fauna respond variably when exposed to underwater noise from anthropogenic sources, with
effects dependent on a number of factors, including distance from the sound source, the animal’s hearing
sensitivity, type and duration of sound exposure and the animal’s activity at time of exposure (JASCO 2016).
Broadly, the effects of sounds on marine fauna can be categorised (JASCO 2016) as:
•

acoustic masking – anthropogenic sounds may interfere, or mask, biological signals, therefore
reducing the communication and perceptual space of an individual

•

behavioural response – behavioural changes vary significantly and may include temporary
avoidance, increased vigilance, reduction in foraging and reduced vocalisations. For continuous
sounds, a review by Southall et al. (2007) concluded that there were no or limited responses by lowfrequency cetaceans to continuous received levels up to 120 dB re 1 μPa. However, an increasing
probability of avoidance and other behavioural responses for marine mammals began at 120 to
160 dB re 1 μPa (Southall et al. 2007).
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•

auditory threshold shift (temporary and permanent hearing loss) – marine fauna exposed to intense
sound may experience a loss of hearing sensitivity. Hearing loss may be in the form of a temporary
threshold shift (TTS) from which an animal recovers within minutes or hours, or a permanent
threshold shift (PTS) from which the animal does not recover.

•

non-auditory physiological effects – include increased stress or physiological injury as a result of
behavioural response.

The recovery plans and conservation advices for whales (blue, humpback, sei and fin whales) and marine
turtles (flatback, olive ridley, green, loggerhead, hawksbill and leatherback turtles) identify anthropogenic
noise and acoustic disturbance/interference as a key threat to these EPBC listed species (Table 3-2).
Sources of underwater noise emissions throughout various stages of the project include vessel movements,
development drilling, VSP (short term), pile driving for installing the FPSO facility moorings (short term
activity, if required), installation of the gas export pipeline (short term), normal FPSO operations/offtake,
helicopter movements and decommissioning activities. While there may be short-term peaks in underwater
noise emissions during the early stages of the project (e.g. installation), ongoing low level underwater noise
emissions will be generated during operations. The indicative noise levels associated with some of the key
underwater noise emission sources for the project are shown in Table 6-19 and discussed further below.
Table 6-19: Indicative noise emissions for key project activities

Vessel/facility

Indicative source level (at 1 m)

MODU1

157–192 dB re 1μPa @ 1 m (SPL)
< 120 dB re 1µPa at 2 km (during active drilling and with the presence of support
vessels) (98% of the time)

VSP (well evaluation)2 146–190 at 1 m (SEL)
180 dB re 1 uPa2.s at 100 m (SEL)
Pipelay vessel3

Non‐dynamically positioned vessel: 180 dB re 1μPa @ 1 m (SPL)
Dynamically positioned vessel (deep water): 192 dB re 1μPa @ 1 m

Seabed trenching4

178 dB re 1μPa @ 1 m (SPL)

Helicopters5

101 to 109 at 3 m water depth for altitudes of 610 m to 152 m respectively

FPSO6

174 dB re 1μPa @ 1 m

FPSO (using dynamic 184 dB re 1μPa @ 1 m
positioning)6
Fuel tanker6

182 dB re 1μPa @ 1 m

Support vessel6

184 dB re 1μPa @ 1 m

Tugs7

165–192 dB re 1μPa @ 1 m

Barges7

167–179 dB re 1μPa @ 1 m

Source: 1 Woodside 2014, Australian Petroleum Production and Exploration Association (APPEA) 2005; 2 Chevron 2011b, Curtin University of
Technology 2013; 3 JASCO 2013; 4 Nedwell et al. 2003; 5 Kent et al. 2016; 6 JASCO 2016; 7 Woodside 2014
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Installation vessel movements and development drilling
There may be a period of increased noise emissions during installation activities in the Barossa offshore
development area as a result of a higher number of vessels operating at any one time (Table 4-5). These
activities will extend for a relatively short period in the context of the project life. As shown in Table 6-19,
the indicative underwater noise levels emitted by vessels (including MODUs/drill ships) can range between
157 to 192 dB re 1 μPa at 1 m. A study undertaken by McCauley and Duncan (2003) recorded underwater
noise at 5 km from a drilling rig and found broadband levels of noise during drilling were normally below
110 dB re 1µPa, with support vessel noise exceeding 120 dB re 1 µPa at 5 km for only 0.7% of the time.
Another study of a drilling campaign (drilling and supply vessel movements) found that noise levels at 2 km
from the drilling rig exceeded 120 dB re 1µPa for only 2% of the time and estimated that significant effects of
underwater noise may be confined to within 3 km of the rig (APPEA 2005). Should a dynamically positioned
drill ship be used for the project, analogues from a study in the Arctic characterised noise levels of
184–190 dB re 1 μPa at distances of 0.5 km–1 km from the source (Kyhn et al. 2014). Underwater source
levels from another dynamically positioned drill ship operating in the Artic were estimated of 193–182 dB
re 1 µPa (Austin 2014).
Modelling of medium-frequency noise generated by support vessels used in the Ichthys project was
reported as reaching the 120 dB re 1 μPa threshold level at a distance of approximately 3.5 km (occasionally
extended up to 7 km) from the vessel in waters 60 m in depth (INPEX 2010). Underwater noise levels of
130–140 dB re 1 µPa from the support vessels were recorded within 1 km (SVT 2009, cited in INPEX 2010).
The modelling is considered to provide a representative estimate of potential underwater noise levels from
support vessels in the Barossa offshore development area. The underwater noise modelling undertaken
for the operation of the FPSO facility, as presented in Section 6.4.5.4, is also considered indicative of the
predicted noise levels generated by vessels and the potential impacts to marine fauna in the area.
Considering the location of the Barossa offshore development area in open offshore waters that are not
within significant feeding, breeding or aggregation areas for marine fauna or directly adjacent to shoal/bank
habitat areas, and the sound exposure thresholds of marine fauna to continuous sounds (refer to Section
6.4.5.3), the potential for marine fauna individuals to be affected by underwater noise emissions during
installation activities is considered low. Any potential impacts are likely to restricted to a small number of
individuals that may be traversing through the area.
Most pelagic fish species which may transit through the area are expected to demonstrate avoidance
behaviour if noise levels approach those that could cause pathological effects. However, the presence of
many oceanic fish near MODUs and support vessels suggests that these species are not adversely affected
by the noise associated with these activities and that these structures may actually serve as fish attraction
devices (Røstad et al. 2006).
Underwater noise emissions along the gas export pipeline will be primarily associated with vessels (mainly
during installation, with periodic vessel activity during periodic maintenance/integrity inspections), with
some temporary peaks in noise emissions expected, for example, during seabed intervention activities.
Further discussion of underwater noise emissions generated during installation of the gas export pipeline
are provided below (‘Gas export pipeline installation’).
Vertical seismic profiling
VSP activities (utilising a relatively small seismic sound source of approximately 450 cubic inch; Section
4.3.2.7) may be undertaken on individual development wells and will be short in duration (approximately
8–24 hours per well). Modelling of the noise generated by VSP operations has been for other locations and it
was shown that the broadband sound source level expected to be generated is approximately 190 dB re
1 μPa at 1 m (SPL)(Chevron 2011b). A study undertaken by Curtin University of Technology (2013) estimated
that for a small seismic array of 440 cubic inch, the expected sound exposure level (SEL) per shot received
would be 180 dB re μPa2•s at 100 m and dissipate to 160 dB re 1 μPa2•s at 500 m, and 144 dB re 1 μPa2•s at
2 km.
The single shot (i.e. sound pulse from a single hammer strike) and impulsive sound source (e.g. VSP and pile
driving) behavioural thresholds for cetaceans are 160 dB dB re 1 μPa2•s (SEL) (DEWHA 2008d) and 160 dB dB
re 1 μPa (SPL) (National Marine Fisheries Service (NMFS) 2017), respectively. Physical damage (injury) to the
auditory system of cetaceans is likely to occur above 179 dB re 1 μPa2•s (SEL24) if the individual is constantly
exposed over a 24-hour period (Wood et al. 2012). Sound exposure guidelines for marine turtles and fish
have defined thresholds for impulsive noise sources and are presented in Table 6-20 (Popper et al. 2014). In
addition, the behavioural threshold for marine turtles for impulse noise sources is 166 dB re 1 μPa (National
Science Foundation 2011).
Given the expected sound levels (based on the studies above) and thresholds of marine fauna, there is the
potential for behavioural change responses to marine mammals, marine reptiles and fish in close proximity
to the VSP source (within hundreds of metres). The Barossa offshore development area and immediate
surrounds do not contain any significant feeding, breeding or aggregation areas for marine mammals and
reptiles. Therefore, there is likely to be a limited abundance of individuals present in the area at any time
with individuals likely to be traversing through the area.
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No impacts to the catchability of commercial fish species is anticipated as behavioural responses are
anticipated to be mostly limited to within close proximity of the source (i.e. within hundreds of metres).
The Barossa offshore development area represents a small portion of habitat available to commercial fish
populations in the Timor Sea. Consequently, behavioural responses as a result of acoustic emissions from
VSP are unlikely to affect any species at the population level, and impacts to spawning populations are not
expected. Although the Barossa offshore development area is within the Timor Reef Fishery, it represents a
small portion of the total area available to both the fishery and the habitat for key target species.
Table 6-20: Impulsive noise threshold criteria applied for turtles and fish

Marine
fauna
group

Mortality and
potential mortal
injury

Recoverable injury

TTS

Masking

Behaviour

N) High

SEL (dB re PK Pressure SEL (dB re 1
SEL (dB Peak
1 μPa2•s) (dB re 1 μPa) μPa2•s)
(PK)
re 1
μPa2•s) Pressure
(dB re 1
μPa)
Turtles
210

207

N) High

(N) High

(N) High

(I) Low

(I) Low

(I) Moderate (I) Moderate

(F) Low

(F) Low

(F) Low

(F) Low

Fish: no
swim
(N) Moderate (N) High

bladder
(Fish I;

219

213

216

213

186

particle

(I) Low

(I) Moderate

(F) Low

(F) Low

motion
detection)1
Fish: swim
bladder
is not

(N) Moderate (N) High

involved
in hearing

210

207

203

207

186

(Fish II;

(I) Low

(I) Moderate

(F) Low

(F) Low

(N) High

(N) High

(I) High

(I) High

particle
motion
detection)
Fish: swim
bladder is
involved
in hearing
(Fish III;

207

207

203

207

186

primarily

(F) Moderate (F) Moderate

pressure
detection)
Fish eggs
and larvae

210

207

(plankton)

(N) Moderate

(N) Moderate (N) Moderate (N) Moderate

(I) Low

(I) Low

(I) Low

(I) Low

(F) Low

(F) Low

(F) Low

(F) Low

Notes: Relative risk (high, moderate, low) is provided for marine fauna at three distances from the source defined in relative terms as near (N),
intermediate (I), and far (F). All criteria are presented as sound pressure even for fish without swim bladders since no data for particle motion
exist.
1 Representative of sharks and whale sharks
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Installation of the FPSO facility moorings
As discussed in Section 4.4.3, suction piling or anchoring is the preferred method for securing the mooring
lines for the FPSO facility or any other supporting infrastructure associated with the project. However, future
geotechnical investigations in the Barossa offshore development area may indicate pile driving is necessary
to ensure the facilities/infrastructure are adequately secured and able to withstand severe weather
conditions (i.e. cyclones).
Discussion of the underwater noise modelling undertaken and the potential impacts from pile driving are
provided in Section 6.4.5.1 and Section 6.4.5.2 below.
Gas export pipeline installation
Underwater noise will be generated by vessels and seabed intervention activities during the installation of
the gas export pipeline. While several support vessels will be present, the pipelay vessel will be the largest
source of noise due to it being the largest vessel. The smaller support vessels will result in a negligible
increase in overall noise emissions and therefore are not considered separately.
A study by Nedwell and Edward (2004) measured underwater noise from the dynamically positioned
Solitaire pipelay vessel at distances between 200 m and 10 km while the vessel was laying a pipeline in deep
water (depths between 100 m–250 m) west of the Shetland Islands (north‐east of Scotland). The highest
SPLs were recorded at a distance of approximately 400 m and showed an almost linear spectrum ranging
from 120 dB re 1 μPa at 50 Hz to 80 dB re 1 μPa at 10 kHz (Nedwell and Edward 2004).
Several studies have characterised underwater noise emissions during pipeline trenching activities. Noise
levels associated with the trenching of cables into the seabed (by water jetting in water depths of 7 m–
11 m) at North Hoyle in Wales were 123 dB re 1 μPa at 160 m, which was interpreted as 178 dB re 1 μPa at
1 m (Nedwell et al. 2003). Underwater noise measurements were recorded by Chevron for the Gorgon
project during a trenching trial of mechanical trenching equipment. Noise measurements were taken at
20 m, 30 m, and 50 m in both idle and full trenching mode. During the full trenching mode, the maximum
noise level recorded was 80 dB re 1 μPa at 1 to 2 kHz (Chevron Australia 2010g, 2010h, cited in Chevron
2014a), which is below the defined thresholds for marine fauna.
Underwater noise from rock dumping and the placement of sand/grout bags is expected to be negligible. A
study measuring underwater noise during rock placement by a fall-pipe rock installation vessel in Yell Sound
(north of Scotland) concluded there was no evidence that rock placement contributed to underwater noise
levels (Nedwell and Edward 2004). Vessel noise was observed to be the dominant source of noise. A review
of underwater sound produced by oil and gas activities also stated that noise measurements from rock
dumping and pipeline trenching activities were insignificant compared to those generated by construction
vessels (Genesis Oil and Gas Consultants 2011).
No significant feeding, breeding or aggregation areas for marine mammals, sea snakes, fish, sharks or rays
are known within the gas export pipeline corridor. However, the pipeline corridor traverses internesting
habitat critical to the survival of flatback and olive ridley. Therefore, flatback and olive ridley turtles in
particular may transit the area in higher numbers (when compared to the Barossa offshore development
area), particularly during the peak internesting period (June to September to for flatbacks and April to
August for olive ridley turtles) (Table 5‐12). Thresholds for behavioural response and injury to marine turtles
from noise are summarised in Table 6‐21.
The waters off the north coast of the Tiwi Islands are recognised as a key site for the conservation of
dugongs as they support a significant aggregation of individuals (Figure 5‐17). A portion of the gas export
pipeline corridor is in proximity to the known aggregation area and therefore individuals may transit
through a small portion of the pipeline corridor. Hearing capabilities of dugongs are poorly understood
and there is a lack of scientific data specific to dugongs for determining injury and behavioural disturbance
as a result of underwater noise. Dugongs have been observed to exhibit short‐term behavioural responses
to vessel noise including interruptions to feeding, changes in swimming speed and direction, modification
of vocal behavior and brief separation of females from offspring. However, despite these short term
behavioural responses there is no evidence to suggest dugongs are permanently displaced from key
habitats by noise (Great Barrier Reef Marine Park Authority (GBRMPA) 2016). The Great Barrier Reef Marine
Park Guidelines for Dugong Impact Assessment (GBRMPA 2016) states hearing frequency ranges for
dugongs are typically from 1 to 18 kHz. Thus, underwater noise pollution at frequencies of 1 to 18 kHz has
the potential to interfere with communication between individual dugongs. Frequency ranges summarised
above for similar activities are predominantly outside of this range and therefore not expected to materially
affect communication between individuals.
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While underwater noise generated by installation activities may affect individuals passing through the area,
impacts at a population level are considered unlikely given the area affected is localised (within hundreds of
metres; refer to Section 6.4.5.4) and only represents a very small portion of the habitat available to marine
turtles and dugongs within the Timor Sea. The key noise sources associated with installation activities along
the gas export pipeline will also be relatively slow moving (approximately 3 km–5 km of the gas export
pipeline will be laid per day), thereby allowing individuals to move away from the area, and reasonably
short in duration as installation of the entire pipeline will take in the order of 6–12 months. In addition, the
installation schedule of the gas export pipeline will take into consideration seasonal presence/activity of
flatback turtles internesting within the vicinity of the Tiwi Islands during development of the gas export
pipeline installation EP.
No significant impacts to the catchability of fish species targeted by commercial or Indigenous fishers
are expected given the short duration and localised nature of any potential impacts (within hundreds of
metres), as discussed above. Therefore, the area of the marine environment influenced by underwater noise
associated with the installation of the gas export pipeline represents a very small proportion of the area
available to be fished.
Given the relatively localised source of noise from vessels and short duration of installation activities at any
one location, significant impacts on any marine fauna transiting through the area are highly unlikely.
FPSO facility operations
There will be low level noise associated with operation of the FPSO facility within the Barossa offshore
development area. This may include the periodic use of thrusters during offtake activities (once every
80–100 days).
Discussion of the underwater noise modelling undertaken and the potential impacts from FPSO facility
operations are provided in Section 6.4.5.3 and Section 6.4.5.5 below.
Helicopters
Helicopter transfers will occur during all stages of the project. The level of received noise from helicopters
depends on helicopter altitude, aspect and strength of noise emitted, and other variables such as water
depth and depth of the receptor (Woodside 2014). The highest received levels will occur at lower altitudes
when the helicopter is approaching the FPSO facility for landing. Received levels from the Bell 212
helicopter ranged from 101 to 109 dB re 1 uPa at distances ranging from 152 to 610 m (Kent et al. 2016).
In general, helicopter noise is of short duration (i.e. during take-off and landing) and will be limited to the
immediate vicinity of the FPSO facility. Some behavioural disturbance may occur for short periods if marine
fauna are present near the surface in the vicinity of landing helicopters.
Decommissioning
Considering that the project is in the early design phase, and given the expected life of the project
is approximately 25 years, it is premature to define a decommissioning strategy that aims to address
environmental impacts in detail in this OPP. Underwater noise arising from decommissioning activities
at the end of the field life are expected to be broadly comparable with that generated from installation
activities, as discussed above. As described in Section 4.3.4, underwater noise is considered a key
decommissioning risk and therefore typical impacts from decommissioning activities have been
summarised below for this aspect.
Decommissioning activities are unlikely to generate significant sound levels. The key source of underwater
noise will be from vessels in the Barossa offshore development area and the removal of infrastructure. It is
expected that the types of vessels used during decommissioning activities will be similar to those used for
installation (Table 4‐5). Therefore, the noise profile will likely be broadly comparable with noise generated
from installation vessel movements, as evaluated and discussed above.
A detailed EP specific to decommissioning activities will be prepared for review and acceptance towards
the end of the field life for the Barossa project. At that time, a detailed evaluation of environmental risk and
impacts will be undertaken, with practicable options assessed for ALARP and acceptability. A commitment
to meet this forward process is reflected in Section 7 of this OPP.
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6.4.5.1

Overview of underwater noise modelling – pile driving
An underwater noise modelling study was conducted by JASCO (2017) to assess underwater sound
propagation levels associated with the pile driving activities in the Barossa offshore development area
(Appendix N). The study modelled a number of different scenarios with variations in water depth, pile
type (length and diameter), hammer size and penetration efficiencies. These scenarios were defined to
understand how variations in the activity could influence the underwater noise emission profile and
its extent. The scenarios were based on early engineering definition and available information on the
geological profile of the area. As further geological analysis is likely to be undertaken as the project design
phase progresses, two of the modelled scenarios (Scenario 9 and 10) conservatively assumed a higher
penetration efficiency. Higher penetration efficiencies are generally known to generate a larger cumulative
noise footprint. The range of scenarios modelled are considered to provide a conservative estimate of the
potential impacts and risks to marine fauna from pile driving activities undertaken in the Barossa offshore
development area.
The study applied widely recognised scientifically based thresholds defined by DEWHA (2008d), NMFS
(2017) and Wood et al. (2012) for single shot and behavioural response and injury (PTS), respectively, for the
various functional hearing groups of cetaceans.
The mortality, recoverable injury, TTS, masking and behavioural thresholds (quantitative and qualitative)
for impulsive noise sources as defined in the sound exposure guidelines for marine turtles and fish were
applied, as presented in Table 6-20 (Popper et al. 2014). In addition, the behavioural threshold for marine
turtles (166 dB re 1 μPa) for impulse noise sources was also assessed (National Science Foundation 2011).
Some of the potential impacts, mostly related to masking and behavioural change, for turtles, sharks (i.e.
fish without swim bladders, and which also includes whale sharks), fish eggs and larvae were assessed
qualitatively (i.e. by assessing relative risk rather than by a specific threshold). The modelling study applied
this approach, as used by Popper et al. (2014), as there are no widely used scientific-based thresholds for
these aspects of impulsive noise sources. In summary, the likelihood of the potential impact occurring
considers the distance from the noise source in terms of near (within tens of metres), intermediate (within
hundreds of metres) and far (thousands of metres). The relative risk of that impact was then rated as being
high, moderate or low with respect to source distance and marine fauna type. The qualitative criteria defined
by Popper et al. (2014) for impulsive sound is provided in Table 6-20.

6.4.5.2

Pile driving underwater noise modelling results and impact assessment
Marine mammals
Modelling predicted underwater noise emissions would reach the cetacean behavioural response threshold
for impulsive sound sources of 160 dB re 1μPa within approximately 28.8 km (JASCO 2017; Table 6-21 and
Figure 6-4). The PTS threshold for marine mammals, which is based on the unlikely assumption that the
individual remains within this noise range for a continuous 24 hours, was approximately 6.1 km, 0.8 km and
18.8 km for low, mid and high-frequency cetaceans respectively (Figure 6-5).
As discussed in Section 4.3.5.3, the baseline noise study recorded a number of cetaceans present in the
Barossa offshore development area with all of the species detected having broad distributions within
Australian waters (Section 5.6.2). Significant impacts to cetaceans at a population level from underwater
noise generated by the short-duration pile driving activities (in the order of approximately four weeks) is
considered highly unlikely given the project does not contain any regionally significant feeding, breeding
or aggregation areas for marine mammals. While the behaviour of individuals transiting through the area
may be affected, these individuals are not expected to be injured as they would likely be exposed for only a
relatively short period of time. As outlined above, the animal would only be injured if it remained at a fixed
location within that range of the noise footprint, which is considered unlikely (JASCO 2017).

Marine turtles
Underwater noise emissions generated from pile driving activities were predicted to cause behavioural
responses or injury within approximately 14.4 km and 0.2 km, respectively (JASCO 2017; Table 6-21 and
Figure 6-4 and Figure 6-6). Considering the open ocean location of the Barossa offshore development
area and significant distance to internesting habitat critical to the survival of marine turtles and shoals/
banks, only individual turtles may be affected as they transit the area. No impacts at a population level are
anticipated.
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Fish and sharks
Modelling predicted underwater noise emissions would reach the TTS and recoverable injury thresholds
for fish within approximately 14.8 km and < 0.7 km, respectively (Table 6-21 and Figure 6-6). Injury to
individuals was expected to occur within approximately < 0.3 km. Given the small area in which injury from
pile driving noise emissions could occur and the location of the Barossa offshore development area in open
ocean waters that do not contain any BIAs, only individuals are likely to be affected as they move through
the area. No impacts at a population level are expected.
No impacts to the catchability of commercial fish species is expected as the Barossa offshore development
area is not actively fished (Table 5-9). In addition, the area in which behavioural impacts to fish species may
occur does not intersect any shoals/banks.
Table 6-21: Maximum distance to pile driving noise thresholds for marine mammals, turtles, fish and sharks

Species

Threshold

Maximum
horizontal
distance (km)

Marine mammals –

(In response to a single strike) – 160 dB re 1 μPa2•s (SEL)

9.80

Behavioural (in response to impulsive sound sources) –

28.76

low, mid and highfrequency cetaceans
160 dB re 1 μPa (SPL)
Marine mammals –

Injury (PTS) – 192 dB re 1 μPa2•s (SEL24) (assumes constant

low-frequency

exposure over a 24-hour period)

6.07

cetaceans
Marine mammals –

Injury (PTS) – 198 dB re 1 μPa2•s (SEL24)

0.79

Injury (PTS) – 179 dB re 1 μPa2•s (SEL24)

18.75

Behavioural – 166 dB re 1 μPa (SPL)

14.41

Injury (mortality or potential mortal injury) – 210 dB re 1

0.23 and 0.20

mid-frequency
cetaceans
Marine mammals –
high-frequency
cetaceans
Turtles

μPa2•s (SEL24) and 207 dB re 1 μPa (PK)
Fish: no swim bladder
(representative of sharks
and whale sharks)
Fish: swim bladder

Recoverable injury – 216 dB re 1 μPa2•s (SEL24)

0.11

Injury (mortality or potential mortal injury) – 219 dB re 1

0.08 and 0.10

μPa2•s (SEL24) and 213 dB re 1 μPa (PK)
Recoverable injury – 203 dB re 1 μPa2•s (SEL24)

0.67

Injury (mortality or potential mortal injury) – 207 dB re 1

0.34 and 0.20

involved in hearing
μPa2•s (SEL24) and 207 dB re 1 μPa (PK)
Fish: swim bladder not

Recoverable injury – 203 dB re 1 μPa2•s (SEL24)

0.67

Injury (mortality or potential mortal injury) – 210 dB re 1

0.23 and 0.20

involved in hearing
μPa2•s (SEL24) and 207 dB re 1 μPa (PK)
All fish
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Socio‐economic users
As outlined in Section 5.7.12, commercial divers are used to collect species for the NT Aquarium Fishery
and may be operating year‐round at the nearest shoals/banks to the Barossa offshore development area,
specifically Evans Shoal (35 km to the west). Given safe diving depth restrictions, diving activities are
typically restricted to relatively shallow waters (< 30 m) at these features.
Divers exposed to high levels of underwater noise can suffer from dizziness, hearing damage or other
injuries to other sensitive organs, depending on the frequency and intensity of the sound (Ainslie 2008).
Underwater auditory threshold curves indicate that the human auditory system is most sensitive to
waterborne sound at frequencies between 400 Hz to 1 kHz (with a peak at approximately 800 Hz) and,
therefore, these frequencies have the greatest potential to cause damage to divers (Anthony et al. 2009).
The predominant energy in pile impact impulses is at frequencies below 500 Hz (Laughlin 2006; Reyff 2008,
2012, cited in Popper et al. 2014). The modelling of pile driving in the Barossa offshore development area
aligns with this the peak sound energy was concentrated in the frequency range 40 Hz to 500 Hz (JASCO
2017).
It is noted that there is some variation in the published acceptable underwater noise received levels for
divers, as summarised below (as presented in Ainslie 2008):
•

North Atlantic Treaty Organisation (NATO) safety guidelines for military divers: 160 dB re 1 μPa (125
Hz–4,000 Hz)

•

NATO guidelines for recreational divers: 154 dB re 1 μPa (600 Hz–2,500 Hz)

•

Parvin et al. guidelines (based on joint United Kingdom‐United States research): thresholds of
176 dB re 1 μPa for temporary dizziness and 180 dB re 1 μPa for perception of body vibration (500
Hz–2,500 Hz).

In addition, potential impacts of underwater noise exposure for divers from low frequency sound
(100 Hz–500 Hz) have also been defined. Parvin (2005) states that for low frequency sound a diver is able to
perceive body vibration at 130 dB re 1 μPa and experience clearly audible noise at 136‐140 dB re 1 μPa (as a
slight aversion for the majority of divers). The loudness and vibration levels become increasingly aversive at
148–157 dB re 1 μPa with levels of 170 dB re 1 μPa representing the tolerance limit for divers (Parvin 2005).
Based on the results of the pile driving underwater noise modelling study, underwater noise emissions were
predicted to reach a threshold of 150 dB re 1 μPa within approximately 25 km (JASCO 2017). Underwater
noise levels > 170 dB re 1 μPa were limited to within approximately < 3 km (JASCO 2017). Therefore, no
adverse impacts to divers undertaking fishing activities within the NT Aquarium Fishery are expected by
underwater noise emissions from piling activities in the Barossa offshore development area, which is well
removed from the nearest shoals/banks.
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6.4.5.3

Overview of underwater noise modelling – FPSO facility
An underwater noise modelling study was conducted by JASCO (2016b) to assess underwater sound
propagation levels associated with the project (Appendix O). The study modelled the FPSO facility
operating under two scenarios:
•

Scenario 1 – normal operations over a 24-hour period (i.e. without the use of thrusters)

•

Scenario 2 – during 24 hours of offtake (i.e. using dynamic positioning systems of the offtake tanker
(thrusters)).

As outlined in Section 4.3.3.1, offtake is expected to occur approximately every 80–100 days, based on the
production rate of the field.
The widely recognised scientifically based thresholds defined by Southall et al. (2007) for behavioural
response and the onset of PTS and TTS for the various functional hearing groups of cetaceans were applied
to the study. In addition to specific cetacean behavioural response thresholds, an unweighted response
threshold of 120 dB re 1μPa was applied as a precautionary threshold for marine mammal behavioural
response to continuous noise (NMFS 2017). This precautionary threshold does not take into account the
hearing abilities of different species groups (i.e. it is unweighted). It is interesting to note that this threshold
is marginally above the upper range of the average ambient sound levels recorded during the Barossa
marine studies program (approximately 97–119 dB re 1 μPa) (JASCO 2016a); which suggests that marine
fauna in the area are naturally exposed to a reasonably ‘noisy’ environment. The thresholds for PTS and TTS
onset for cetaceans relate to the cumulative SEL (dB re 1 μPa2•s), which is combined over a 24-hour period or
for the duration of the activity (e.g. operation of the FPSO facility and offtake).
Masking and behavioural effects were assessed qualitatively (i.e. by assessing relative risk rather than by a
specific threshold) for turtles, sharks (i.e. fish without swim bladders, and which also includes whale sharks),
fish eggs and larvae. The modelling study applied this approach, as used by Popper et al. (2014), as there are
no widely used scientific-based thresholds for these marine fauna groups for these aspects of continuous
noise sources. The qualitative criteria defined by Popper et al. (2014) for continuous sounds is provided in
Table 6-22.
Table 6-22: Qualitative continuous underwater noise criteria for turtles, sharks, fish eggs and larvae

Marine fauna group Impairment

Behaviour

Recoverable injury

TTS

Masking

(N) Low

(N) Moderate

(N) High

(N) High

(I) Low

(I) Low

(I) High

(I) Moderate

(F) Low

(F) Low

(F) Moderate

(F) Low

Fish: no swim bladder (N) Low

(N) Moderate

(N) High

(N) Moderate

(particle motion

(I) Low

(I) Low

(I) High

(I) Low

(F) Low

(F) Low

(F) Moderate

(F) Low

(N) Low

(N) Moderate

(N) High

(N) Moderate

(I) Low

(I) Low

(I) High

(I) Moderate

(F) Low

(F) Low

(F) Moderate

(F) Low

(N) High

(N) High

(I) High

(I) Moderate

(F) High

(F) Low

Turtles

detection)1
Fish: swim bladder
is not involved in
hearing (particle
motion detection)
Fish: swim bladder is
involved in hearing
(primarily pressure

170 dB SPL for 48 hour 158 dB SPL for 12 hour

detection)
Fish eggs and larvae

(N) Low

(N) Low

(N) High

(N) Moderate

(plankton)

(I) Low

(I) Low

(I) Moderate

(I) Moderate

(F) Low

(F) Low

(F) Low

(F) Low

Notes: Relative risk (high, moderate, low) is provided for marine fauna at three distances from the source defined in relative terms as near (N),
intermediate (I), and far (F). All criteria are presented as sound pressure even for fish without swim bladders since no data for particle motion
exist.
1 Representative of sharks and whale sharks
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The recognised threshold criteria outlined in Popper et al. (2014), as shown in Table 6-22, were applied to
assess impacts on fish exposed to continuous sound. Due to the absence of clearly defined thresholds for
sea snakes, the threshold criteria for fish have been applied as a surrogate as only quantifiable distances for
continuous sounds exist for fish (JASCO 2016b). These thresholds are considered to reflect a conservative
assessment of the effects of noise on sea snakes.

6.4.5.4

FPSO facility underwater noise modelling results and impact assessment
Marine mammals
Modelling predicted underwater noise emissions would reach the unweighted cetacean behavioural
response threshold of 120 dB re 1μPa within approximately 1.4 km and 11.4 km during normal operations
and offtake, respectively (Table 6-23). Noise emissions during normal operations dropped below 160 dB re
1μPa within approximately < 10 m from the FPSO, while during offtake this distance was approximately
< 20 m (JASCO 2016b). Figure 6-7a,b shows the SPL as related to behavioural thresholds for marine
mammals. The PTS threshold (215 dB re 1 μPa2•s) for all marine mammals was predicted to be in close
proximity to the source, with < 10 m for normal operations and < 20 m during offtake operations (Figure
6-8a,b).
A number of cetaceans were recorded in the Barossa offshore development area with all of the species
having broad distributions within Australian waters (Section 5.6.2). Impacts to cetaceans at a population
level from underwater noise generated by the project is considered highly unlikely given the Barossa
offshore development area does not contain any regionally significant feeding, breeding or aggregation
areas for marine mammals, including those EPBC listed species identified as potentially occurring in the
area (Section 5.6.2). Any spatial and temporal scale of behavioural response effects would be limited to the
localised area surrounding the FPSO facility (JASCO 2016b). Therefore, only individual marine mammals that
transit the Barossa offshore development area may be affected, with these individuals being exposed for
only a relatively short period of time. Significant impacts at a population level are not expected.
Underwater noise generated by the FPSO facility, and project vessels in general, could result in longer-range
acoustic masking effects. The area in which masking may occur is species dependent as it is influenced by
their call frequency and hearing range (Table 6-24). Odontocetes will likely only experience masking for the
low frequency components of their calls, with this effect expected to be limited to the immediate vicinity
of the FPSO facility (JASCO 2016b). It is not anticipated to affect odontocetes’ (e.g. killer whale, sperm whale
and dolphins) ability to echolocate when feeding due to the frequency range of their echolocation clicks
(JASCO 2016b). Pygmy blue whales, Bryde’s whales and Omura’s whales will experience masking when in
the vicinity of the FPSO. The area in which masking may occur is expected to be larger for Bryde’s whales
than pygmy blue whales considering they have lower vocalisation levels (JASCO 2016b). In terms of the
Barossa offshore development area, masking effects are more relevant to Bryde’s whales and Omura’s
whales as they appear to exhibit a more regular presence within the region (January to early October and
April to September, respectively), whereas the migratory pygmy blue whales will only be affected for a short
period of time as they transit the area.
As outlined in Section 5.6.2, the primary migratory route for humpback whales is well understood with
relatively few individuals known to travel north of Camden Sound (Jenner et al. 2001), which is located more
than approximately 820 km south-west of the Barossa offshore development area. Therefore, underwater
noise emissions associated with the project will not affect this species.
In general, considering the open water location of the project, known movements of marine fauna in
the area and the distance to BIAs, underwater noise generated from the project is considered unlikely to
significantly affect these key values and sensitivities, particularly at a population level.

Marine turtles
As indicated by the qualitative criteria defined by Popper et al. (2014), temporary impairment from
continuous sounds to marine turtles due to TTS is expected to only occur at close ranges (within tens of
metres) (JASCO 2016b). Behavioural impacts or masking effects may occur at close to intermediate ranges
(within hundreds of metres). Considering the open ocean location of the Barossa offshore development
area and significant distance to internesting habitat critical to the survival of marine turtle species, only
individual turtles may be affected as they transit the area. No impacts at a population level are anticipated.
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Fish and sea snakes
Modelling predicted underwater noise emissions would reach the TTS and recoverable injury thresholds for
fish (and sea snakes, using these thresholds as a surrogate) within approximately < 10 m during both normal
operations and offtake (Table 6‐23). Where qualitative criteria do not exist for some fish species Table 6‐22,
temporary impairment from continuous sounds due to TTS is expected to only occur at close ranges (within
tens of metres) (JASCO 2016b). Behavioural impacts may occur at close to intermediate ranges (within
hundreds of metres). Considering this, the open ocean location of the Barossa offshore development area
and the absence of BIAs, only individuals are likely to be affected as they move through the area. No impacts
at a population level are expected.
No impacts to the catchability of commercial fish species is expected considering the very localised area
in which behavioural impacts may occur and given the Barossa offshore development area is not actively
fished (Table 5-9).
Potential impacts to plankton, fish eggs and fish larvae are considered to be extremely low (compared to
natural mortality rates, e.g. predation), and any impacts (i.e. mortality and tissue damage) that do occur are
likely to be limited to within the immediate proximity (< 5 m) of the FPSO facility (JASCO 2016b). No impacts
at a population level are expected given the localised nature of any impacts and the widespread distribution
of the species.

Sharks and rays
Cartilaginous fish (such as sharks and rays) lack a swim bladder and are, therefore, considered less sensitive
to underwater noise than bony fish. While limited research has been undertaken on the hearing capabilities
of sharks, it has been suggested they are most sensitive to low frequency sound (40 Hz to approximately
800 Hz), which is sensed solely through the particle-motion component of an acoustical field (Myrberg
2001). Klimley and Myrberg (1979) established that an individual shark will suddenly turn and withdraw
from a sound source of high intensity (more than 20 dB re 1μPa above broadband ambient SPL) when
approaching within 10 m of the sound source. A study by Sand (1981, cited in Myrberg 2001) suggested
that the lateral line system does not respond to normal acoustical stimuli and is, therefore, unable to detect
sound-induced water displacements beyond a few body lengths, even with large sound intensities
(Myrberg 2001).
Based on these studies and qualitative criteria defined by Popper et al. (2014), it is possible that sharks and
rays may detect elevated underwater noise levels and exhibit avoidance measures when in close proximity
to the noise source (e.g. MODUs/drill ships, FPSO facility, project vessels). However, it is expected that any
potential impacts would be short term, with affected individuals returning to normal behaviours after
avoiding the noise source. Specifically, temporary impairment from continuous sounds to sharks due to
TTS is expected to only occur at close ranges (within tens of metres), with behavioural impacts potentially
occurring at close to intermediate ranges (within hundreds of metres) (Table 6‐22; JASCO 2016b).
Considering the location of the project (i.e. mostly open offshore waters), the scale of project in a broader
regional context and the absence of any BIAs for the species, it is considered highly unlikely that underwater
noise emissions from the project will result in significant changes in habitat usage by sharks and rays that
may transit the area.
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Table 6-23: Maximum distance and area to noise thresholds for cetaceans and fish

Scenario

SPL threshold

Maximum horizontal
distance (km)

Marine mammals
Scenario 1: FPSO facility – normal operations
Scenario 2: FPSO facility – offtake operations

1.4

120 dB re 1μPa

11.4

Fish (swim bladder involved in hearing)^
Scenario 1: FPSO facility – normal operations

Recoverable injury: 170 dB
for 48 hours
TTS: 158 dB for 12 hours

< 10 m
(both recoverable injury
and TTS)

^ In the absence of defined threshold criteria for sea snakes, the SPL thresholds for fish have been conservatively applied.

Table 6-24: Marine fauna hearing frequencies compared with anthropogenic noise sources

Marine fauna
Cetaceans – low-frequency (e.g. pygmy blue whale, Bryde’s
whale, humpback whale and Omura’s whale)1
Cetaceans – mid-frequency (e.g. odontocetes, including the
majority of dolphin species)1

Hearing sensitivity range (Hz)
7–22,000
150–160,000

Cetaceans – high-frequency (e.g. odontocetes specialised for
using high frequencies, i.e. genera Kogia and Cephalorhynchus,

200–180,000

porpoises and river dolphins)1
Turtles1

50–2,000

Fish1

50–2,000 (most often 100-500)

Sharks2

40–80

Anthropogenic noise source

Noise frequency (Hz)

Vessels3

10–1,100

Drilling3

10–1,100

FLNG3

10–1,100

Pile driving4

< 500

Seismic airguns4

20–50

Source: 1 JASCO 2016b; 2 Myrberg 2001; 3 Woodside 2014; 4 Popper et al. 2014
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Socio-economic users
As outlined in Section 5.7.12, commercial divers collect species for the NT Aquarium Fishery and may be
operating year‐round at the nearest shoals/banks to the Barossa offshore development area, specifically
Evans Shoal (35 km to the west).
As described in Section 6.4.5.2, humans are most sensitive to waterborne sound at frequencies between
400Hz to 1 kHz (with a peak at approximately 800 Hz) and, therefore, these frequencies have the greatest
potential to cause damage to divers (Anthony et al. 2009). The sounds of vessels are predominately low
frequency (i.e. below 1 kHz) (Popper et al. 2014), with source levels from large vessels generally below 500 Hz
(Anthony et al. 2009). For example, source levels from tankers range from 188 to 192 dB re 1 μPa @ 1 m, while
drill ships generate broadband source levels of 185 dB re 1 μPa @ 1 m (Anthony et al. 2009). MODUs generate
source levels between 159 and 176 dB re 1 μPa @ 1 m while drilling.
Considering the underwater noise thresholds for divers outlined in Section 6.4.5.2 and based on the
resultsof the FPSO facility underwater noise modelling study, underwater noise emissions were predicted
to reach a threshold of 130 dB re 1 μPa within approximately 220 m and 2.1 km during normal operations
and offtake, respectively (JASCO 2016b). Noise emissions at the level of 160 dB re 1 μPa were expected to
be reached within < 20 m (JASCO 2016b). Therefore, no impacts to divers undertaking fishing activities
within the NT Aquarium Fishery are expected from underwater noise emissions in the Barossa offshore
development area, which is well removed from the nearest shoals/banks.
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Figure 6-8b: Underwater noise levels from offtake operations (24 hours) of the FPSO facility – SEL24
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Impact and risk summary
In conclusion, the residual risk of impact to marine fauna or commercial divers from underwater noise
during installation and operations is considered low given the location of the Barossa offshore development
area in open offshore waters. There are no significant feeding, breeding or aggregation areas for marine
fauna, including nearby shoals and banks, within the predicted area of impact for underwater noise from
installation or operations activities within the Barossa offshore development area. Any potential impacts
are likely to be restricted to a small number of individuals that may be traversing through the area. Given
the localised extent of underwater noise from installation activities associated with the gas export pipeline,
the relatively short duration of activities (in the order of 6–12 months) and that the seasonal activity of the
flatback and olive ridley turtle internesting period will be taken into account as part of forward scheduling
the impacts to individual turtles are expected to be low. No impacts to the catchability of commercial fish
species is anticipated as behavioural responses are anticipated to be mostly limited to within close proximity
of the source (i.e. within hundreds of metres). The Barossa offshore development area represents a small
portion of habitat available to fish populations in the Timor Sea.
The project is considered consistent with the relevant requirements of the Blue Whale Conservation
Management Plan, Humpback Whale Recovery Plan 2005‐2010 (under review), Recovery Plan for Marine
Turtles in Australia and relevant marine fauna species conservation advices as related to underwater
noise emissions (Table 6‐25). A summary of the potential impacts, proposed key management controls,
acceptability and EPOs for underwater noise are presented in Table 6‐26. Proposed key management
controls, acceptability and EPOs for underwater noise as related to decommissioning activities are
summarised in Table 7‐1.
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Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Marine mammals
‐ Blue whale

Blue Whale Conservation
Management Plan (October 2015)
(DoE 2015a)

•

Marine mammals ‐ Humpback Whale Recovery Plan
Humpback whale1 2005‐2010 (May 2005) (under review)
(DEH 2005a)

Assess and address anthropogenic noise.

Marine mammals
‐ Fin whale

Conservation advice (October 2015)
(DoE 2015c)

Conservation advice (October 2015)
(DoE 2015d)

•

there are no significant feeding, breeding or aggregation areas for marine mammals within the
predicted area of impact for underwater noise

•

the results of the assessment of underwater noise from the project demonstrate that the
predicted extent of underwater noise emissions affects a very small portion of the offshore
waters traversed by marine mammals.

Assess and address anthropogenic noise.
•

Any potential impacts in the project area are likely to restricted to a small number of individuals
that may be travelling through the area, and does not present a significant risk to these species at a
population level.

•

Mitigation measures to further reduce the risk of anthropogenic noise impacts include:

Conservation advice (October 2015)
(DoE 2015b)
Marine mammals‐
Sei whale

The impacts from anthropogenic noise have been assessed as low risk given:

Assess and address anthropogenic noise.

Assessing and addressing anthropogenic
noise.

•

vessels travelling at relatively low speeds within defined operational areas

•

project vessels proactively responding to potential fauna interactions in line with the
requirements of EPBC Regulations 2000 ‐ Part 8 Division 8.1.

•

compliance with the requirements of EPBC Act Policy Statement 2.1.

•

alignment with ‘Underwater Piling Noise Guidelines’, for pile driving activities.

Therefore, the requirement to assess and address anthropogenic noise on marine mammals is
demonstrated.
Marine reptiles –
Loggerhead turtle
Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle

Recovery Plan for Marine Turtles
in Australia 2017‐2027 (June 2017)
(DoEE 2017a)

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

•

No significant feeding, breeding or aggregation areas for marine turtles occur within the predicted
area of impact for underwater noise in the Barossa offshore development area.

•

Underwater noise emissions associated with the installation of the gas export pipeline are limited
in extent (hundreds of metres within the internesting habitat critical for the survival of flatback
and olive ridley turtles) and duration (6–12 months, of which 1-2 months would be within the olive
ridley turtle habitat critical for the survival). Therefore, even if a marine turtle was to move from
the immediate location of an activity, there is widespread internesting habitat available in the
immediate vicinity that marine turtles could continue to use within the identified habitat critical
and the potential impacts are not expected to impact biologically important behaviours or prevent
those behaviours from occurring.

•

No pipeline installation activities will occur within the internesting BIA for olive ridley turtles at any
time, including peak nesting and hatchling emergence periods.

•

Noise interference is not anticipated to result in impacts at a population/genetic stock level.

Manage anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.
(note, noise interference (acute and
chronic) is rated as a moderate threat for
the flatback Arafura stock and a low threat
for the olive ridley NT stock)

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure marine turtles are not displaced from identified habitat critical to the survival of the
species and that biologically important behaviour can continue.
1

Although the species were identified in the EPBC Protected Matters search they are highly unlikely to occur in the project area, which is outside the species range or preferred habitat (see Section 5.6.2 for humpback whales). However, the species may occur within the area of
influence.
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Table 6-25: Summary of alignment with relevant EPBC management plans for underwater noise emissions
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Table 6-26: Summary of impact assessment, key management controls, acceptability and EPOs for underwater noise emissions

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Underwater
noise
emissions

Marine
mammals.

Behavioural
disturbance or
physiological
damage, such as
hearing loss, to
sensitive marine
fauna.

The project will be undertaken in accordance with the ConocoPhillips’ CPMS,
which provides the framework to achieve acceptable health, safety and
environment outcomes such as:
• the design of offshore facilities/infrastructure to consider engineering
measures to minimise operational noise emissions

The potential impacts and risks
associated with underwater noise
emissions from the project are
considered broadly acceptable given:

The outer boundary
of the planned
operational
noise footprint
(approximately 12 km
from source) within
the Barossa offshore
development area
will not impact the
nearest shoals/banks
of Lynedoch Bank,
Tassie Shoal or Evans
Shoal (located
> 27 km away).

Marine reptiles.
Fish.
Sharks and
rays.

Masking or
interference with
marine fauna
communications or
echolocation.

•

placement of project facilities/infrastructure within the Barossa offshore
development area to avoid known regionally important feeding and
breeding/nesting biologically important areas for marine mammals and
marine reptiles or shoals/banks.

Key noise-generating equipment will be maintained in accordance with the
manufacturer’s specifications, facility planned maintenance system and/or
regulatory requirements.
Any VSP activities conducted at the development well will comply with
‘Standard Management Procedures’ set out in EPBC Act Policy Statement
2.1 – Interaction between Offshore Seismic Exploration and Whales: Industry
Guidelines (DEWHA 2008d) (or the contemporary requirements at the time of
the activity), specifically:
• pre start-up visual observations. Visual observations for the presence of
whales by a suitably trained crew member will be carried out at least 30
minutes before the commencement of VSP.
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•

start-up and normal operating procedures, including a process for delayed
start-up, should whales be sighted. Visual observations by trained crew
should be maintained continuously.

•

night time and low visibility procedures.

•

The residual risk is considered
low as:
•

the location of the Barossa
offshore development area is
in open offshore waters

•

there are no significant
feeding, breeding or
aggregation areas for marine
fauna, including nearby
shoals and banks, within the
predicted area of impact (i.e.
within approximately 1.4 km
during normal operations
and 11.4 km during offtake
operations which will occur

•

any potential impacts
in the Barossa offshore
development area are likely
to restricted to a small
number of individuals that
may be traversing through
the area approximately every
80–100 days) for underwater
noise from operations
activities within the Barossa
offshore development area

The use of FPSO
facility thrusters
will be limited to
that required for
safe operations
and working
requirements.
No significant
adverse impacts
to marine fauna
populations from VSP
operations or pile
driving activities.
No significant
impacts to turtle
populations from
noise generated
during installation
of the gas export
pipeline.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

If required, pile driving activities will align with the Department of Planning,
Transport and Infrastructure (2012) ‘Underwater Piling Noise Guidelines’ which
have been adapted from EPBC Act Policy Statement 2.1 (or the contemporary
requirements at the time of the activity). The guidelines include:
• safety zones – observation and shutdown zones
• standard management and mitigation procedures, e.g. pre-start, soft start,
normal operation, stand-by and shut-down procedures
• consideration of additional management and mitigation measures, e.g.
increased safety zones and marine mammal observers.

•

the localised extent of
underwater noise from
installation activities
associated with the gas
export pipeline, the relatively
short duration of activities
(in the order of 6–12 months)
and the control measures in
place

No pipeline installation activities will occur within the internesting BIA for olive
ridley turtles at any time, including peak nesting and hatchling emergence
periods.

•

behavioural responses of
commercial fish species are
anticipated to be mostly
limited to within close
proximity of the source (i.e.
within hundreds of metres)

•

the Barossa offshore
development area represents
a small portion of habitat
available to fish populations
in the Timor Sea.

Installation schedule of the gas export pipeline will take into consideration
seasonal presence/activity of marine turtles to prevent significant adverse
impacts during peak seasonal internesting period for flatback (June to
September) and olive ridley (April to August) turtles in proximity to the Tiwi
Islands. Should pipeline installation activities be required to be undertaken
during this period, within proximity 60 km) of the Tiwi Islands, the following
process will be undertaken to identify how the pipeline will be installed to
reduce impacts to ALARP and acceptable levels:
1. identify the pipeline installation methods that can achieve the technical
•
requirements of the project and use this to define the operational area
within which all pipeline installation activities will be undertaken and
within which all environmental impacts and risks relating to pipeline
installation will be assessed and managed to achieve the EPOs
2. update of latest knowledge on marine turtle density and seasonal
movements within the internesting habitat critical to the survival of flatback
•
and olive ridley turtles, drawing on latest literature, any field observations
from future pipeline survey work and advice from discipline experts –
building on the information presented in this OPP
3. combine the outputs from items 1 and 2 above with understanding of the
existing environment to identify key environmental values/sensitivities at
•
risk from pipeline installation activities with consideration of any seasonal
presence
4. undertake an additional impact assessment that builds on the assessment
presented in this OPP and incorporates the information from items 1, 2
and 3 above to evaluate the environmental impacts and risks and verify
the impact assessment conclusions are consistent with those presented in
this OPP. Note: if required, additional controls and/or mitigation measures
will be identified to demonstrate consistency with the impact assessment
presented in this OPP.
As part of the development and implementation of the gas export pipeline
installation EP, measures will be defined including no anchoring on shoals/
banks, definition of speed limits that will be enforced during pipeline
installation, and implementation of practical controls for key aspects (e.g.
sedimentation/turbidity, underwater noise emissions and light emissions).

The key management controls are
considered effective to manage
the risks. EPOs specific to this
aspect are framed to achieve
sustainable management of
impacts and risks.
The proposed management
controls are determined to be
appropriate to manage the risk to
an acceptable level.
The project aligns with relevant
legislative requirements,
standards, industry guidelines,
ConocoPhillips requirements,
applicable management/recovery
plans and conservation advices
and EPBC Act Policy Statement
2.1. Table 6‐25 demonstrates
how the project aligns with the
requirements of applicable MNES
management plans, as defined in
Section 3.5 relevant to the key
factors for this aspect.
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6.4.6

Atmospheric emissions
The project will generate atmospheric emissions; mainly associated with the combustion of fuel in vessel
engines (including the MODU/drill ship) and in the FPSO facility for gas/condensate processing, offshore
removal of CO2 and non-routine flaring due to process upsets or during emergency shut-in of production.
The flare system on the FPSO facility provides an important means of pressure relief during emergency
shutdowns, process upsets or other unplanned events.
The assessment of potential impacts arising from atmospheric emissions may be considered at a range of
spatial scales, and informed by the nature and location of nearest receptors.
The resultant atmospheric emissions from the products of combustion (i.e. including NOx, sulphur oxides
(SOx), CO, etc.) that may influence local ambient air quality are considered in a local/regional context within
this OPP. For this project, given that the offshore location for the Barossa offshore development area is
remote and long distances from population centres and key sensitive environmental values and sensitivities,
resultant facility emissions are expected to dissipate before reaching any receptors.
Greenhouse gas emissions (GHG) are considered in the context of contributions to Australian and global
concentrations at a wider spatial context. ConocoPhillips recognises that the incremental contribution
of project-related emissions to Australian and global GHG concentrations is important. Through the
forward design and execution of the project, opportunities to minimise GHG emissions will continue to be
investigated, as appropriate to the domestic Australian and international policy context at the time.
The risk assessment for potential impacts associated with atmospheric emissions is summarised in
Table 6-27. For the purpose of this OPP, the basis of the risk assessment is driven by atmospheric emissions
affecting local and regional air quality given the context outlined above.
Table 6-27: Atmospheric emissions risk assessment

Risk

Atmospheric and GHG emissions from combustion of fuel for gas/condensate
processing, CO2 removal and non-routine flaring interacting with localised air
quality.

Geographic project Barossa offshore development area, gas export pipeline corridor (associated with
vessels during installation and periodic pipeline maintenance/ inspection during
reference
operations)

Key project stage

Development drilling
Installation and commissioning
Operations

Key factor(s)
(see Table 6-7)

Physical environment (air quality)

Other relevant
factor(s)
(see Table 6-7)

-

Potential impact(s)

•

Localised reduction in air quality.

•

Contribution to the incremental build-up of GHG in the atmosphere.

Risk assessment
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Consequence

Likelihood

Risk rating

Inherent risk

2 Minor (Bio)

1 Improbable

2 Low

Residual risk

2 Minor (Bio)

1 Improbable

2 Low

Confidence

High

CONOCOPHILLIPS AUSTRALIA

6 Evaluation of environmental
impacts and risks

Impact assessment and risk evaluation
Atmospheric and GHG emissions will be produced throughout the life of the project, mainly though the
combustion of fuel in the MODU/drill ship and project vessel engines and in the FPSO facility for gas/
condensate processing, offshore removal of CO2 and non-routine flaring (limited). The total net emissions
(CO2-e) from the project are expected to be in the order of 3.4 Mtpa, within a range of 2.1 to 3.8 Mtpa CO2-e,
as summarised in Section 4.3.5. Atmospheric emissions of pollutants from products of combustion will
result in a minor deterioration in local air quality. Greenhouse gas emissions will cause an incremental
increase in domestic and global GHG emissions concentrations, however, they are not considered to have
a determinable local-scale impact. Based on latest published data for Australia’s National Greenhouse
Accounts, Australia’s annual total emissions for the year to June 2016 are estimated to be 536.5 Mtpa CO2-e
(Commonwealth of Australia 2016). Therefore, the emissions from the project will represent approximately
0.5–0.7% of the domestic emissions profile.
The greatest gain in emissions efficiency will be through design of offshore facilities/infrastructure, which
will investigate engineering measures for practical adoption in order to optimise the energy efficiency of the
facilities. The project will comply with all relevant legislation on GHG emissions management, in accordance
with the contemporary policy context at the time. The Commonwealth Government currently has in place
a Direct Action Plan which is designed to efficiently and effectively source low cost emissions reductions.
The Direct Action Plan includes an Emissions Reduction Fund to provide incentives for abatement activities
across the Australian economy. As part of the Emissions Reduction Fund, the Government is committed to a
Safeguard Mechanism, enacted under the National Greenhouse and Energy Reporting (Safeguard Mechanism)
Rule 2015, which is administered by the Clean Energy Regulator.
The Safeguard Mechanism sets an appropriate coverage threshold to include facilities with direct emissions
of more than 100,000 tonnes CO2-e a year. It provides for the establishment of baseline emissions numbers
for covered facilities to ensure that net covered emissions of GHGs from the operation of a designated large
facility do not exceed the baseline applicable to the facility. The project will meet relevant requirements
of the National Greenhouse and Energy Reporting Act 2007, including the Safeguard Mechanism (or
contemporary requirements at the time), as the project progresses.
At this current conceptual stage of engineering definition, it is expected that key opportunities to optimise
efficiencies in atmospheric emissions through further design and technology selection may include the
consideration of:
•

CO2 permeate re-compression

•

CO2 removal technology

•

thermal oxidiser

•

power generation turbine selection

•

compression turbine selection.

Considering the location of the project in the open ocean, which is well-removed from the nearest
residential or sensitive populations on the Tiwi Islands and NT coast, it is considered highly unlikely
that local or regional scale atmospheric emissions will result in significant impacts to key values and
sensitivities. Measures will be incorporated into project design to achieve energy efficient operations as
further engineering definition is available, to minimise GHG emissions where practicable. An evaluation of
alternatives to CO2 management is previously discussed in Section 4.4.3.
ODSs have low potential to be present onboard project-related vessels in old refrigeration and air
conditioning equipment. Australia, as part of its commitments under the Montreal Protocol, has
implemented a successful phase out the use of ODSs, as implemented under the Ozone Protection and
Synthetic Greenhouse Gas Management Act 1989 and associated regulations. The release and handling
of ODS is not anticipated for any new build infrastructure for the project. ConocoPhillips implements a
comprehensive marine vetting process for vessels, which will include screening for project vessels for ODS
sources. If required, ODS will be handled in compliance with MARPOL 73/78 Annex VI, Regulation 12 –
Ozone-Depleting Substances, and the Ozone Protection and Synthetic Greenhouse Gas Management Act 1989
and Regulations 1995.

Impact and risk summary
A summary of the potential impacts, proposed key management controls, acceptability and EPOs for
atmospheric emissions are presented in Table 6-28. In conclusion, the residual risk of impact from
atmospheric emissions is considered low given the location of the project in the open ocean, which is wellremoved from nearest residential or sensitive populations of the Tiwi Islands or NT coast, the relatively minor
contribution (0.5–0.7%) to the domestic GHG emissions profile and the control measures outlined above.
There are no relevant requirements within any EPBC management plans/recovery plans or conservation
advices that are of direct relevance to atmospheric emissions.
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Table 6-28: Summary of impact assessment, key management controls, acceptability and EPOs for atmospheric emissions

Aspect

Key factors

Potential impact
for key factors

Key management controls

Atmospheric
emissions

Physical
environment
– air quality.

Localised reduction All MODUs/drill ships and vessels (as appropriate to vessel class) will
comply with Marine Order 97 (Marine pollution prevention – air pollution),
in air quality.
which requires vessels to have a valid IAPP Certificate (for vessels > 400
Contribution to the
tonnage) and use of low sulphur diesel fuel, when possible.
incremental buildThe sulphur content of fuel used by project vessels will comply with
up of GHG in the
Regulation 14 of MARPOL Annex VI (as appropriate to vessel class) in order
atmosphere.
to control SOx and particulate matter emissions.

Acceptability

Environmental
performance
outcome

The potential impacts and risks associated
with atmospheric emissions from the project
are considered broadly acceptable given:

Atmospheric
emissions
associated with
the project will
meet all regulatory
source emission
standards.

•

The residual risk is considered low given:
•

Fuel gas will be used as the preferred fuel for FPSO processes during
operations (instead of diesel or marine gas oil).
•

Engineering design of the FPSO facility will seek to reduce atmospheric
and GHG emissions through energy efficient design.
ConocoPhillips will complete and submit annual NGER reports during the
operations stage of the project for the Kyoto Protocol listed (or applicable
post-Kyoto agreement at the time of operations) GHG emissions on a CO2
equivalency basis for each facility (as defined in Section 9 of the National
Greenhouse and Energy Reporting Act 2007 and National Greenhouse
and Energy Reporting Regulations 2008) by fuel type, and the relevant
requirements of the National Greenhouse and Energy Reporting (Safeguard
Mechanism) Rule 2015.
GHG and NPI reporting records (or contemporary requirements at the
time of the activities) will be complied with during the project for facilities
where ConocoPhillips has operational control.
A preventative maintenance system will be implemented, which includes
regular inspections and maintenance of engines and key emission
sources and emissions control equipment in accordance with the vendor
specifications.
The requirements of the Ozone Protection and Synthetic Greenhouse Gas
Management Act 1989 and Regulations 1995 will be met, specifically in
relation to ODS.
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•

the location of the project in the
open ocean, which is well-removed
from nearest residential or sensitive
populations of the Tiwi Islands or NT
coast
the relatively minor contribution
(0.5–0.7%) to the domestic GHG
emissions profile.

The key management measures are
considered effective to manage the risks.
EPOs specific to this aspect are framed
to achieve sustainable management of
impacts and risks.

•

The proposed management controls are
determined to be appropriate to manage
the risk to an acceptable level.

•

The project aligns with relevant
legislative requirements, standards,
industry guidelines and ConocoPhillips
requirements (e.g. specifically the
National Greenhouse and Energy Reporting
Act 2007, including the Safeguard
Mechanism, the Ozone Protection and
Synthetic Greenhouse Gas Management
Act 1989 and Regulations 1995, and
MARPOL 73/78 Annex VI, Marine Order
97, National Greenhouse and Energy
Reporting Act 2007 and Regulations 2008).

Engineering design
of the FPSO facility
will seek to reduce
atmospheric and
GHG emissions
through energy
efficient design.
Combustion
engines and flaring
equipment will
be maintained
according
to vendor
specifications to
achieve optimal
performance.
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6.4.7

Light emissions
Light emissions from the project have the potential to affect marine fauna, particularly marine turtles,
migratory seabirds, fish and sharks. The risk assessment for potential for impacts to marine fauna due to light
emissions is summarised in Table 6-29.
Table 6-29: Light emissions risk assessment

Risk

Light emissions associated with the project interacting with marine fauna, such as
marine turtles, migratory seabirds and fish.

Geographic project Barossa offshore development area, gas export pipeline corridor (associated with
vessels during installation and periodic pipeline maintenance/inspection during
reference
operations)

Key project stage

Development drilling
Installation and commissioning
Operations – presence of the FPSO facility and the requirements for navigational
and safety lighting

Key factor(s)
(see Table 6-7)

Marine reptiles

Birds

Other relevant
factor(s)
(see Table 6-7)

Marine mammals

Sharks and rays

Potential impact(s)

•

Fish
Change in fauna movements and/or behaviour, such as the attraction or
disorientation of individuals.

Risk assessment
Consequence

Likelihood

Risk rating

Inherent risk

3 Moderate (Bio)

1 Improbable

3 Low

Residual risk

3 Moderate (Bio)

1 Improbable

3 Low

Confidence

High

Impact assessment and risk evaluation
Barossa offshore development area
The FPSO facility and project related vessels (including MODUs/drill ships) will be constantly lit. Functional
lighting is required on vessels, MODUs/drill ships and facilities at levels that provide a safe working
environment for personnel. Wherever possible (i.e. where not compromising health and safety), lighting
will be designed to reduce light overspill. No permanent light sources will be required along the gas export
pipeline and the only light emissions proposed will be those associated with vessels during installation,
periodic maintenance/inspection and decommissioning activities.
Flaring will occur intermittingly at the facilities during development drilling on the MODU/drill ship (well
clean-up), commissioning and operations. The FPSO facility flare system will act to provide pressure relief
during emergency shutdowns, process upsets or other unplanned events. Light emissions from flare events
will be intermittent and varied in duration. A small pilot flare typically lit during planned operations will not
be distinguishable from light from normal operational lighting (Section 4.3.5.6). As such, any impacts are
expected to be short term and localised to the area surrounding the light source (i.e. MODU/drill ship, FPSO
facility or supporting vessels).
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Light emissions associated with the project may present a potential risk to marine fauna in the open waters
adjacent to the project and cause a temporary change in movement patterns and/or behaviour, such as the
attraction or disorientation of individuals.
The impact and risk assessment for light emissions associated with the project has been informed by
comparable analogue studies of similar facilities, as detailed below.
A line of sight assessment was undertaken for the Browse FLNG development to determine the maximum
distance that direct light may be visible from the FLNG facility (Woodside 2014). The light emissions
associated with the FLNG facility are considered to provide a comparative and conservative estimate of
light that may be visible from the Barossa FPSO facility. The study predicted that, under planned operational
conditions, deck lighting would be visible at receptors above the sea surface at a maximum distance of
18.8 km from the FLNG facility, lighting from the topside modules/cranes a maximum distance of 33.5 km,
with the flare visible up to 47.7 km away. It was predicted that should emergency flaring be required, light
would be visible up to 57.7 km from the FLNG facility. Considering the results of this study in the context of
the Barossa offshore development area, no light from the FPSO facility will be visible from shorelines as the
nearest shoreline – the Tiwi Islands – is located approximately 100 km away.
A light density modelling study was also undertaken for the Browse FLNG development to assess the total
amount of light received by a surface, as it is recognised that light density decreases within increasing
distance from the source. The results of the study predicted that light density levels would attenuate to
less than 0.1 Lux (a measure of illuminance) within 5 km of the FLNG facility, which is comparable to light
levels associated with a full moon. Light density levels of 0.01 Lux (comparable to light levels from a quarter
moon) and less than 0.002 Lux (comparable to a clear to overcast moonless sky) were predicted between
15 km and beyond 33 km from the FLNG facility, respectively (Woodside 2014). The study also considered
the likely light density levels from a drill rig (MODU). Light density levels > 0.1 Lux were predicted up to 800
m from the rig, attenuating to levels of 0.01–0.1 Lux (comparable to light levels during a quarter moon to
full moon) at 1.2 km from the drill rig (Woodside 2014). Between 1.2 km and 12.6 km, light density levels
were predicted to be < 0.01 Lux, which is comparable to light levels between a moonless clear night sky
and a quarter moon (Woodside 2014). Beyond 12.6 km from the drill rig, light density levels were modelled
as representative of background levels. Taking this study into consideration in the context of the location
of the Barossa offshore development area, light associated with the project is not expected to affect any
shorelines. Minimal light (levels comparable to between a clear to overcast moonless sky) from the FPSO
facility may influence the surface waters above the nearest shoals/banks which are 27 km–35 km.
The potential for marine fauna individuals to be affected by light emissions is limited as the Barossa offshore
development area does not contain any significant feeding, breeding or aggregation areas for marine fauna.
Therefore, there is likely to be a relatively limited abundance of individuals present in the Barossa offshore
development area at any time with individuals likely to be passing through the area. Adult turtles passing
through the Barossa offshore development area may temporarily alter their behaviour as a result of being
attracted to the light spill from the MODU/drill ship, FPSO facility or vessels. As discussed above, light spill
of at least 0.01 Lux (comparable to at least a quarter moon) may extend up to 1.2 km from the drill rig and
15 km from the FPSO facility. Considering the wide distribution of adult turtles outside of nesting season
and limited number of individuals likely to be present within the Barossa offshore development area, the
potential impact to turtles is expected to be minor and temporary. No impacts to turtle populations are
anticipated.
Gas export pipeline corridor
The gas export pipeline corridor is located closer to the Tiwi Islands (approximately 6 km at the closest
point), however, there are no permanent light sources associated with this subsea infrastructure. Project
vessels will be the only project-related light source within the gas export pipeline corridor during
installation, planned operational maintenance and decommissioning activities.
The pipeline corridor lies approximately 6 km from Bathurst Island at the closest point and a pipelay vessel
would be directly visible at this distance. The pipelay vessel will be lit at night to provide a safe working
environment and to comply with relevant maritime navigation requirements. The pipe welding deck for
modern pipelay vessels is typically encased within the vessel structure, reducing light spill to the marine
environment when compared to vessels where the welding deck is open. Other areas of the vessel such
as cranes and ramps (e.g. pipeline ‘stinger’) are typically lit for operational safety. Cranes are typically the
highest point on pipelay vessels. External lighting on working vessels is often reduced (while maintaining a
safe working environment) to promote bridge crew night vision.
Assuming a pipelay vessel height of 65 m (based on the highest point on the pipelay vessel Castorone, one
of the largest pipelay vessels currently in commission), line of sight calculations have estimated that the
highest point of the vessel will be directly visible from the vessel out to approximately 29 km. It is important
to note that this is associated with lighting on the crane, with such lighting often being reduced compared
to other enclosed sources of lighting on pipelay vessels.
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As outlined above, modelling of light density levels for a drill rig showed that light reduced to levels
comparable with a quarter moon to full moon night sky (0.01–0.1 Lux) within 1.2 km, with light density
levels equivalent to a moonless clear night sky and a quarter moon sky (< 0.01 Lux) predicted within 12.6 km
(Woodside 2014). Given that light emissions from pipelay vessels are more representative of point sources
and drill rigs (as opposed to large industrial facilities), it is considered that the pipelay vessel will appear as
relatively small lit object on the water’s horizon. Any diffuse light glow emitted from the vessel is expected
to be minimal on the Tiwi Islands coastline and largely insignificant as it would be comparable to the light
level on a moonless clear night sky and a quarter moon sky. It is also expected that the temporary presence
of the pipelay vessels in the area will not significantly increase the volume of vessel traffic that operates
in the area. Data from the Australian Maritime Safety Authority’s (AMSA’s) craft tracking system indicates
considerable vessel traffic routinely moving from the port of Darwin, with vessels moving north routinely
navigating around the western tip of Bathurst Island at distances from shore consistent with the closest
point of the pipeline corridor (Figure 5‐26). These are typically commercial vessels (e.g. container vessels,
tankers, etc.) moving to and from ports throughout south-east Asia. During the installation period, the
pipelay vessel will continuously traverse along the pipeline alignment (i.e. not a stationary vessel), therefore
the small area of light spill will not impact any one location for an extended duration and is not expected to
have any impacts additional to existing vessel traffic traversing the area.
Light impacts to internesting flatback and olive ridley turtles are of particular relevance to this impact
assessment, given the fact that the pipeline corridor intersects internesting habitat critical to the survival
of flatback and olive ridley turtles (Figure 5-14) and is adjacent to the internesting BIA for olive ridley
turtles. The percentage proportion of the internesting habitat critical to the survival of flatback and olive
ridley turtles that is intersected by the gas export pipeline corridor is 3.7% and 3.2%, respectively. However,
the actual area likely to be affected by light emissions during pipeline installation at any one time will be
considerably smaller given the reality that the area of disturbance will be based on a vessel slowly moving
along a defined pipeline route. There is no evidence, published or anecdotal to suggest internesting turtles
are impacted by light from offshore vessels, and nothing in their biology would indicate this is a plausible
threat (Pendoley 2017; Appendix Q, Witherington and Martin 2003). Light spill is likely to be localised
to within a few kilometres of the pipeline installation activity, and the internesting turtle population are
exposed to existing light spill from shipping activities using the area between the gas export pipeline
corridor and the Tiwi Islands as a channel for entry/exit to Darwin Harbour (Figure 5‐26). The number
of internesting turtles potentially exposed to the pipeline operations over a 6–12 month period during
installation is low given the peak internesting period (June to September for flatbacks and April to August
for olive ridley turtles) is a subset of the installation period.
As discussed in Section 6.4.3, taking into account the outcomes of a professional review by Pendoley (2017;
Appendix Q), as well as a number of other studies investigating internesting behaviours of flatback and olive
ridley turtles (Section 5.6.3), the 30 m depth contour is considered to encompass the vast majority of the
area that flatback and olive ridley turtles would undertake internesting activities (i.e. resting on the seabed),
with the existing 24 nm (44.5 km) Contiguous Zone Boundary encompassing the extent (waters up to 55
m deep) that internesting turtles are likely to extend to (Pendoley 2017). These studies have demonstrated
that while turtles may be present in offshore waters with water depths of up 55 m during the internesting
period, they are typically freely moving through these areas before they return to shallow waters (less
than 30 m deep and typically shallower than 10 m) to rest in the days leading up to re-nesting activity. The
area in which internesting behaviours occur (i.e. resting in waters less than 30 m deep prior to re-nesting)
does not intersect the majority of the gas export pipeline corridor, the broader area that is traversed by
internesting turtles (i.e. waters up to 55 m deep) occupies a portion of the gas export pipeline corridor. If the
final pipeline route remains outside of the Oceanic Shoals marine park in the shallow water area, then some
overlap with water depths (< 30 m) within which marine turtles may exhibit internesting activities would
occur. However, the vast majority of suitable internesting habitat and remains outside the corridor and
available for internesting turtles. In summary, light from installation vessels is unlikely to have a significant
effect on individual internesting marine turtles transiting the area given the relatively short‐term nature of
the activities (approximately 6–12 months).
Studies in other areas have shown that artificial lighting may affect the location that nesting turtles emerge
to the beach, the success of nest construction, whether nesting is abandoned, and the seaward return
of adults (Salmon et al. 1995, Salmon and Witherington 1995). Studies of nesting inhibition of female
turtles have demonstrated a clear effect of direct lighting on turtle nesting beaches, with artificial lighting
appearing to deter females from leaving the water (Witherington and Martin 2000). The source of lighting
in such studies has typically been from residential and industrial development overlapping the coastline,
rather than offshore from nesting beaches. The potential for nesting female turtles to be inhibited by
artificial light emissions from a pipelay vessel is low when considering the distance of the light source from
the beach and observed behavioural responses elsewhere, and the fact that turtles continue to successfully
nest on the Tiwi Islands in the presence of light from existing vessel traffic in the area.
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The primary light sensitive receptors in the gas export pipeline corridor of particular relevance are hatchling
flatback and olive ridley turtles located on the shores of the Tiwi Islands. Hatchlings emerging from the
sand locate the ocean using a combination of topographic and brightness cues, orienting towards the
lower, brighter oceanic horizon and away from elevated silhouettes of dunes and/or vegetation bordering
the beach on the landward side (Limpus 1971, Salmon et al. 1992, Limpus and Kamrowski 2013, Pendoley
and Kamrowski 2016). Artificial light from onshore coastal developments has been demonstrated to cause
disorientation of hatchling turtles during the post‐hatching movements (Lorne and Salmon 2007, Salmon
2003, Tuxbury and Salmon 2005). Salmon (2003) identified two distinct behavioural responses of hatchling
turtles exposed to artificial light after emerging from the nest:
•

Misorientation – misorientation occurs when hatchling turtles orientate towards artificial light
sources instead of directly towards the ocean; and

•

Disorientation – disorientation occurs when turtle hatchlings crawl in circuitous paths, often near
artificial light sources.

Turtles disoriented or misoriented by artificial lighting may take longer, or fail, to reach the sea. This may
result in increased mortality through dehydration, predation or exhaustion (Salmon and Witherington 1995).
While some studies have shown hatchling orientation to be disrupted by light produced at distances of up
to 18 km from the nesting beach this has been from large onshore coastal industrial facilities (Hodge et al.
2007 in Pendoley 2017), not offshore sources. Other studies have demonstrated that diffuse light glow from
these light sources does not cause hatchling disorientation beyond 4.8 km from the light source (Limpus
2006) and individual lights as point sources have been reported to disorient hatchling turtles up to a few
hundred metres (Limpus 2006). The impact observed by Hodge et al. (2007) (cited in Pendoley 2017) was
limited to misorientation, with hatchling turtles taking a slightly longer path to reach the sea. The light
source was a large industrial installation (the Boyne Island alumina smelter), which is considerably larger
and has much higher levels and intensity of light emissions than a typical pipelay vessel. While the work of
Hodge et al. (2007) provides evidence of potential impacts of artificial light from large industrial facilities on
hatchling turtle behaviour, caution should be used in making inferences about light sources that differ in
nature and scale.
Based on the range at which a typical pipelay vessel may be visible, vessels in the majority of the pipelay
corridor will not be directly observable from the shore. In the event hatchling turtles from nests on the Tiwi
Islands became oriented toward light emissions from the pipelay vessels, it is unlikely that this behavioural
response would prevent hatchlings reaching the sea given the pipeline corridor is directly west of the Tiwi
Islands. Light‐induced impacts on hatchlings turtles between exiting the nest and reaching the sea (e.g.
dehydration, exhaustion and predation by terrestrial predators) would be highly unlikely to be increased
compared to if the pipelay vessel was absent. Given the source of the light is seaward of the nesting beach, it
would be highly unlikely to disorientate hatchlings to a degree that would reduce their ability to locate and
orientate towards the ocean.
Once hatchlings enter the ocean, an internal compass set while crawling down the beach, together with
wave cues, are used to reliably guide them offshore (Lohmann and Lohmann 1992, Stapput and Wiltschko
2005). Water movement has been shown to be an important influence on hatchling turtles, with hatchlings
swimming directly towards oncoming waves (Lohmann et al. 1990, Lohmann and Lohmann 1992). In the
absence of wave cues however, swimming hatchlings have been shown to orient towards light cues (Lorne
and Salmon 2007, Harewood and Horrocks 2008), and over short distances of up to 150 m, hatchlings are
more influenced by light than wave cues (i.e. the light cue overrode the wave cue at this distance). Once in
the sea, hatchlings of most marine turtle species assume a pelagic life history phase. A notable exception is
flatback turtle hatchlings, which do not have a pelagic phase, instead residing in coastal shallow waters on
the continental shelf (Pendoley 2017).
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Hatchlings are not trapped indefinitely in light pools and eventually continue the migration offshore (Thums
et al. 2013, 2016). However, they may be exposed to an increased risk of predation when trapped in light spill
from vessels. Overnight observations of flatback turtle hatchlings trapped by the light spill from a pipelay
barge moored approximately 10 km off the east coast of Barrow Island found hatchlings remained within the
light spill in the lee of the barge all night until dawn when they swam away from the barge and were carried
away by currents (K. Pendoley pers. comm. 2003). None of the monitored hatchlings were predated. These
observations, together with experimental results that demonstrated the attraction of hatchlings to light at
sea over 150 m (Thums et al. 2016), suggests that hatchlings carried by currents into the vicinity (estimated
500 m–1,000 m) of a pipelay barge can become trapped by light (Pendoley 2017). While hatchling turtles
in the sea are attracted to artificial lights, the influence on turtle behavior and impact to hatchlings was
considerably less compared to the effects of light on hatchlings on the shoreline. The results of this study
indicated that hatchling turtles were misoriented towards artificial light once entering the sea, however, the
misorientation did not result in disorientation. The presence of artificial light in the study did not prohibit
hatchling turtles from migrating offshore, but did result in hatchling turtles spending a greater period
during night hours in areas of the sea illuminated by artificial light compared to non‐illuminated conditions.
Thums et al. (2016) suggested that the increased time spent by hatchlings in artificially illuminated areas
at sea may increase the risk of predation. Of the 40 hatchlings tagged during the study, Thums et al. (2016)
suggested one may have been predated. It is of note that the artificial light source used in the study was
intense (400 W metal halide light), directed towards the natal beach, and located approximately 200‐300 m
from the beach. This is not consistent with the potential light emitted from the pipelay vessel, which will be
over 6 km from the nearest nesting beach at the closest possible point within the pipeline corridor. At this
distance, the illumination perceived by hatchling turtles on the nearest beaches on the Tiwi Islands with be
considerably less intense, comparable to the light level on a moonless clear night sky and a quarter moon
sky, and therefore, is unlikely to have the same effect.
The risk of trapping and possible increased risk of predation is greatest in the southern end of the pipeline
corridor where it passes at its closest point to Bathurst Island off Cape Fourcroy. The risk of this occurring
is considered relatively low when taking into account: the limited time the pipelay vessel and associated
support vessel will be present at any one location off the west coast of the Tiwi Islands, the temporally
restricted peak hatchling season (June – September for flatback turtles and April – August for olive ridley
turtles), the low risk of hatchlings intersecting a small zone (approximately 500 m–1,000 m) around the
pipelay vessel over which they might be influenced to orient towards the vessel lights, the currents in the
area mean there is a low likelihood the hatchlings will be in slow moving water (< 0.5 knots) that would
allow them to swim against a current towards the light source and then remain in the light, and the short
(overnight) time frame the hatchlings could be trapped. Any hatchlings that do become trapped in the light
spill from a vessel may be at risk from an increased risk of predation, however, the risk of this is likely reduced
due to the distance offshore from predator rich inshore waters. The risk to the flatback and olive ridley turtle
populations from the light spill during pipelay installation activities is therefore considered to be low and
undetectable against normal population fluctuations.
An assessment against the significance impact criteria in the Significant Impact Guidelines 1.1 – Matters of
National Environmental Significance is provided in Appendix Q. The installation of the Barossa gas export
pipeline at any time of year is not expected to represent a significant risk to flatback and olive ridley turtles
at a population level, taking into consideration:
•

No pipeline installation activities will occur at any time (including peak hatchling and emergence
periods) within the olive ridley turtle internesting BIA

•

the relatively short 6–12 month time frame of the pipeline installation is insignificant within the
context of the long breeding period of marine turtles and so the time frame the breeding females
are potentially exposed to the project is low

•

pipelay vessels are mobile and will not be on any one location for extended periods of time. Any
exposure of internesting females or dispersing hatchlings to project related risk will be temporary.

•

the seasonally dispersed nesting behaviour reduces the risk of exposure to the entire breeding
population

•

while migrating offshore, hatchlings will be dispersed by currents across large areas of ocean, under
the influence of tides and currents which will reduce the opportunity for individuals to intercept or
pool around a vessel

•

hatchlings are unable to swim against fast moving tides and currents and a few individuals might
be trapped by light spill from a vessel if they are carried directly to the vessel location by tides or
currents

•

hatchlings will only be able to engage in directional swimming (i.e. to actively swim directly towards
a vessel light) during the few hours a day when water speeds are very slow or at slack water and
will be swept away as the tide gains strength. The number of individuals potentially impacted are
expected to be low.
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In summary, the impact evaluation demonstrates that impacts to turtles from light during pipeline
installation at any time of year are not anticipated to result in impacts at a population level, with the
risk to the marine turtle populations from the proposed pipeline installation considered to be low and
undetectable against normal population fluctuations. Determinable impacts at a population level from
temporary and localised changes in internesting habitat critical to the survival of flatback and olive ridley
turtles are not expected given the fact that the light emitted from project vessels will only affect turtles
present within a small portion of the available internesting habitat critical to the survival of these species.
With regard to potential impacts to hatchlings, individual female turtles also generally do not breed each
year. For example, flatback turtles have been observed to breed at intervals between one to five years
(mean of 2.7 years) (DoEE 2017e). Olive ridley turtles, however, differ to the other marine turtle species
in that the majority (over 60%) of females nest every year (IUCN 2017). Taking this into account, the
likelihood of population level impacts is further reduced as it is unlikely that the entire population will be
nesting/internesting in any one season. The implementation of key management controls will provide for
acceptable environmental outcomes, taking into account the short‐term transient nature of effects during
the pipeline activities.
Studies have shown that sea snakes display varying responses to light. For example, Hydrophine species
appear to be attracted to light and have been observed floating on the sea surface and swimming up to
light (pers. comm. M. Guinea, CDU, 2014). However, the Aispysurus species of sea snake do not appear to be
attracted to light and are not seen on the surface at night (pers. comm. M. Guinea, CDU, 2014). The majority
of sea snakes are likely to be associated with the offshore shoals/banks in the Timor Sea, with the closest
bank to the Barossa offshore development area being Lynedoch Bank, which is approximately 27 km to
the south-east. There are a couple of shoals/banks in close proximity to the gas export pipeline corridor.
It is recognised that some pelagic sea snake individuals (Pelamis genus) may occur in the vicinity of the
project area and may be attracted to the light from the project. However, while such individuals may come
to investigate the light source, it is considered unlikely that they will stay within the area (pers. comm. M.
Guinea, CDU, 2014). In addition, as mentioned above, there are no permanent light sources proposed along
the gas export pipeline.
A number of migratory bird species may transit the project area along their migratory pathway, as outlined
in Table 5-4. Research indicates that seabirds may be attracted to artificial light, thereby possibly affecting
migration patterns, and could potentially collide with infrastructure and flares. In general, the impacts
are considered to be dependent on weather conditions. During clear weather conditions, well-lit offshore
structures have minimal or no impact on avifauna. Offshore structures can actually provide additional
roosting sites for species flying through the area. During conditions of persistent light rain fog or mist,
which are unusual events in the Timor Sea, the reflectance of light from offshore structures is increased,
compounding the disorientation effects of avifauna and potentially resulting in high mortalities due to
collision with structures. The likelihood and frequency of such events leading to significant mortalities in
the Timor Sea are considered low as such events are unusual and generally localised. Furthermore, artificial
light from the Barossa offshore development area is unlikely to attract a significant number of individuals
considering the vast distance to key feeding, breeding or aggregation areas, such as the Tiwi Islands
(100 km), Ashmore Reef (750 km) and Cartier Island (735 km).
Studies in the North Sea indicate that migratory birds are attracted to lights on offshore platforms when
travelling within a radius of 5 km from the light source while outside this zone their migratory paths
are unaffected (Shell 2009). Given the relatively small number of transiting individuals passing within
the vicinity of the project area relative to the extensive scale of the East Asian-Australasian Flyway, any
behavioural effects such as disorientation or attraction, or mortality from collisions are expected to be
minor.
Migratory shorebirds, such as the red knot, do not typically interact with the sea surface and do
not generally land on man‐made structures, such as the facilities proposed for the Barossa offshore
development area, in significant numbers (pers. comm. R. Clarke, Monash University, 2016). Given the
distances to the nearest emergent shorelines (where these migratory species breed, forage and rest)
from the Barossa offshore development area, impacts on these species from light are considered unlikely.
Migratory shorebirds are also unlikely to interact with the pipelay vessels during the installation of the gas
export pipeline given the limited nature of the light emissions.
A BIA for the crested tern, a migratory seabird, has been designated at the northern tip of Melville Island
including a 20 km buffer from the breeding shoreline of Seagull Island noted as a foraging zone (DoEE
2017c). Light emissions from the pipelay installation vessels are not anticipated to impact the breeding
population of crested terns located on the shoreline of Seagull Island given its distance from the light
sources on project vessels (> 19 km). Impacts to species foraging within the 20 km buffer are unlikely to
be disorientated by light emissions given the scale of lighting required for pipelay vessels, the relatively
short term nature of the activity (in the order of 6–12 months) and their pre-existing exposure to other
anthropogenic light sources in the surrounding area (e.g. adjacent shipping activities; Figure 5-26).
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There are no areas of biological importance recognised in the NMR for whale sharks. Due to their widespread
distribution and highly migratory nature, whale sharks may occur — albeit in very low numbers — in the
Barossa offshore development area and northern end of the gas export pipeline. Therefore, light impacts to
whale sharks from the Barossa offshore development area and vessels during pipeline installation will not
occur at a population level and are expected to be negligible to individuals transiting the area.
Sharks and rays identified as potentially occurring in the project area typically inhabit nearshore coastal
waters (e.g. green sawfish, largetooth sawfish, dwarf sawfish, speartooth shark, northern river shark, reef
manta ray and giant manta ray). While individuals (e.g. great white and mako sharks) may transit the open
ocean environments surrounding the Barossa offshore development and gas export pipeline areas, impacts
from light will not result in population level effects and will not extend to any areas of biological importance
for these species.

Impact and risk summary
In conclusion, the residual risk of impact to marine fauna from light emissions during installation and
operations in the Barossa offshore development area is considered low given the predicted area of influence
from lighting does not contain any significant feeding, breeding or aggregation areas for marine fauna,
or emergent shorelines. Minimal light (levels comparable to between a clear to overcast moonless sky)
influencing the surface waters above the nearest shoals/banks is not anticipated to significantly impact
marine fauna at these locations. Light impacts to marine fauna within the vicinity of the gas export pipeline
corridor during pipeline installation (in particular flatback and olive ridley turtles, and the crested tern) are
anticipated to be minor given the distance from emergent shorelines on the Tiwi Islands where turtle and
crested tern nesting areas are located (approximately > 6 km), and the consideration of seasonal presence/
activity in the installation of the gas export pipeline.
The project is considered consistent with the relevant requirements of the Recovery Plan for Marine Turtles
in Australia and species conservation advices as related to light emissions (Table 6‐30). A summary of
the potential impacts, proposed key management controls, acceptability and EPOs for light emissions are
presented in Table 6‐31.
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Table 6-30: Summary of alignment with relevant EPBC management plans for light emissions

6 Evaluation of environmental
impacts and risks

Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further
context)

Marine reptiles -

Recovery Plan for Marine Turtles in

Minimise light pollution.

•

External lighting on offshore facilities/infrastructure will be minimised to that required for
navigation.

Loggerhead turtle
Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle

Australia 2017‐2027 (June 2017)
(DoEE 2017a)

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

•

There are no regionally significant feeding, breeding or aggregation areas for turtles within
the Barossa offshore development area.

•

No pipeline installation activities will occur within the internesting BIA for olive ridley
turtles at any time, including peak nesting and hatchling emergence periods.

•

Light spill from the pipelay vessels is expected to be largely insignificant on the Tiwi Islands
where hatchlings are most susceptible (i.e. light spill will be comparable to the light level
on a moonless clear night sky and a quarter moon sky).
The risk of hatchlings becoming trapped by light (and therefore being predated upon)
is low given the limited time the pipelay vessel will be in any one location, the restricted
peak hatchling season, the small zone over which hatchlings may orient towards the vessel
lights (500 m–1,000 m of a pipelay barge), the currents in the area are likely to be stronger
than the hatchlings swimming ability (either to swim to the light and/or remain there), and
the short (overnight at most) timeframe the hatchlings could be trapped if not moved on
by currents.

Manage anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.

•

•

There is no evidence that suggests internesting and nesting turtles are impacted by light
from offshore vessels, and nothing in their biology would indicate this is a plausible threat.

•

The short term/temporary presence of the pipelay vessels in the area will not significantly
increase the volume of existing commercial shipping traffic in the area.

•

Given that light emitted from project vessels will only affect a small portion of the
internesting BIA/habitat critical for the survival of these species, even if a marine turtle
was to move from the immediate location of an activity, there is widespread internesting
habitat available in the immediate vicinity that marine turtles could continue to use
within the identified habitat critical and the potential impacts are not expected to impact
biologically important behaviours or prevent those behaviours from occurring.

•

An assessment against the significance impact criteria in DoEE’s Significant Impact
Guidelines 1.1 – Matters of National Environmental Significance concluded that the
installation of the gas export pipeline is not expected to represent a significant risk to
flatback and olive ridley turtles at a population/stock level given the relatively short
installation timeframe, the mobility of the pipelay vessels, seasonally dispersed nesting
behaviour and large ocean currents which reduce the ability of hatchlings to intercept or
pool around the vessel.

It is concluded that the implementation of management controls will allow the activities to
be managed to ensure marine turtles are not displaced from identified habitat critical to their
survival and that biologically important behaviour can continue.
Birds – Red knot
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No specific actions or requirements are
identified for disturbance from night
lighting.

•

There are no regionally significant feeding, breeding or aggregation areas for the red knot
within the project area.

•

The short term/temporary presence of the pipelay vessels in the area will not significantly
increase the volume of light emitted from existing commercial shipping traffic in the area.

•

External lighting on offshore facilities/infrastructure will be minimised to that required for
navigation, safety and safety of deck operations, except in the case of an emergency.

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Light
emissions

Marine reptiles.

Change in fauna
movements and/
or behaviour, such
as the attraction or
disorientation of
individuals.

All vessels in Australian waters adhere to the navigation safety requirements
contained within COLREGS, Chapter 5 of SOLAS, the Navigation Act 2012 and
subordinate Marine Order 30 (Prevention of Collisions) (as appropriate to vessel
class) with respect to navigation and workplace safety equipment (including
lighting).

The potential impacts and risks
associated with light emissions from
the project are considered broadly
acceptable given:

Light spill from
the MODUs/drill
ships, FPSO facility
and project vessels
will be limited to
that required for
safe operations
and working
requirements.

Birds.

IALA Recommendation O-139 on The Marking of Man-Made Offshore Structures
will be followed.

•

The residual risk is considered
low as:
•

External lighting on offshore facilities/infrastructure will be minimised to that
required for navigation, safety and safety of deck operations, except in the case
of an emergency.
No pipeline installation activities will occur within the internesting BIA for olive
ridley turtles at any time, including peak nesting and hatchling emergence
periods.
Installation schedule of the gas export pipeline will take into consideration
seasonal presence/ activity of marine turtles to prevent significant adverse
impacts during peak seasonal internesting period for flatback (June to
September) and olive ridley (April to August) turtles in proximity to the Tiwi
Islands. Should pipeline installation activities be required to be undertaken
during this period, within proximity (60 km) of the Tiwi Islands, the following
process will be undertaken to identify how the pipeline will be installed to
reduce impacts to ALARP and acceptable levels:
1

identify the pipeline installation methods that can achieve the technical
requirements of the project and use this to define the operational area
within which all pipeline installation activities will be undertaken and
within which all environmental impacts and risks relating to pipeline
installation will be assessed and managed to achieve the EPOs

2. update of latest knowledge on marine turtle density and seasonal
movements within the internesting habitat critical to the survival of flatback
and olive ridley turtles, drawing on latest literature, any field observations
from future pipeline survey work and advice from discipline experts –
building on the information presented in this OPP

•

the predicted area of
influence from lighting
within the Barossa
offshore development
area does not contain
any significant feeding,
breeding or aggregation
areas for marine fauna,
or emergent shorelines

No significant
impacts to turtle
populations from
installation of the gas
export pipeline.

minimal light (levels
comparable to between
a quarter and full moon)
influencing the surface
waters above the nearest
shoals/banks from
the Barossa offshore
development area
(located 27 km–35 km
away) is not anticipated
to significantly impact
marine fauna at these
locations
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Table 6-31: Summary of impact assessment, key management controls, acceptability and EPOs for light emissions

6 Evaluation of environmental
impacts and risks

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

3. combine the outputs from items 1 and 2 above with understanding of the
existing environment to identify key environmental values/sensitivities at
risk from pipeline installation activities with consideration of any seasonal
presence

•

light impacts to marine fauna
within the vicinity of the gas
export pipeline (in particular
turtles and the crested tern)
are anticipated to be minor
given the distance (> 6 km)
from emergent shorelines on
the Tiwi Islands where turtle
hatchlings and crested tern
nesting areas are located no
permanent light sources are
required along the gas export
pipeline

•

no permanent light sources
are required along the gas
export pipeline.

4. undertake an additional impact assessment that builds on the assessment
presented in this OPP and incorporates the information from items 1, 2
and 3 above to evaluate the environmental impacts and risks and verify
the impact assessment conclusions are consistent with those presented in
this OPP. Note: if required, additional controls and/or mitigation measures
will be identified to demonstrate consistency with the impact assessment
presented in this OPP.
As part of the development and implementation of the gas export pipeline
installation EP, measures will be defined including no anchoring on shoals/
banks, definition of speed limits that will be enforced during pipeline
installation, and implementation of practical controls for key aspects (e.g.
sedimentation/turbidity, underwater noise emissions and light emissions).

349

CONOCOPHILLIPS AUSTRALIA

•

The key management measures
are considered effective to
manage the risks. EPOs specific to
this aspect are framed to achieve
sustainable management of
impacts and risks.

•

The proposed management
controls are determined to be
appropriate to manage the risk to
an acceptable level.

•

The project aligns with relevant
legislative requirements,
standards, industry guidelines
and ConocoPhillips requirements
and applicable recovery plans and
conservation advices. Table 6-30
demonstrates how the project
aligns with the requirements of
applicable MNES management
plans, as defined in Section 3.5
relevant to the key factors for this
aspect.

Environmental
performance
outcome

6 Evaluation of environmental
impacts and risks

6.4.8

Planned discharges
Over the course of the project life‐cycle, a number of planned discharges to the marine environment will be
required (as outlined in Section 4) and will include drill cuttings and fluids, PW, cooling water, wastewater,
flooding fluid from dewatering and brine. These planned discharges are typical of, and consistent with, those
associated with offshore oil and gas facilities in terms of their nature, volume and duration and have been
used to inform the impact assessment presented in this OPP. These discharges are considered representative
of the outer envelope that may be routinely influenced by the project and allow all potential impacts and
risks to the marine environment to be assessed. As described in Section 4, other small planned discharges
may occur during the project, such as hydraulic fluids from the BOP and excess cement during development
drilling, well testing and completion fluids during pre‐commissioning and testing activities, lubrication
oil from planned maintenance of in‐field subsea infrastructure, or corrosion inhibitor/inhibited seawater
or MEG from the pig receiver located at the gas export pipeline tie‐in location during pigging activities.
However, these discharges will be for a short duration (instantaneous) and, given the small volumes, will be
localised in scale. Therefore, as noted above, any potential impacts are expected to occur within the area
influenced by the larger planned discharges. The full range of potential planned discharge sources that may
be associated with the different stages of the project will be further assessed and defined as the engineering
design progresses and detailed in activity‐specific EPs.
All planned discharges associated with the project will be managed to meet relevant legislative
requirements and ConocoPhillips’ standards.
The risk assessment for potential impacts to the marine environment is summarised in Table 6-32.
Table 6-32: Planned discharges risk assessment

Risk

Impacts to the marine environment from planned discharges, such as drill cuttings
and fluids, PW, cooling water, dewatering of flooding fluid and vessel overboard
discharges (e.g. brine and wastewater).

Geographic project Barossa offshore development area, gas export pipeline corridor (installation and
pre-commissioning)
reference
Key project stage

All – particularly operations (Barossa offshore development area)

Key factor(s)
(see Table 6-7)

Physical environment (water

KEFs

quality, sediment quality)
Shoals and banks

Other relevant
factor(s)
(see Table 6-7)

Marine mammals

Fish

Marine reptiles

Sharks and rays

Birds

Potential impact(s)

•

Localised and temporary reduction in water quality associated with increased
turbidity, water temperature or salinity leading to impacts to marine fauna.

•

Localised displacement, smothering (mainly associated with discharge of
drill fluids and cuttings) or toxicity of benthic habitats/communities that are
regionally widespread.

Risk assessment
Consequence

Likelihood

Risk rating

Inherent risk

3 Moderate (Bio)

1 Improbable

3 Low

Residual risk

3 Moderate (Bio)

1 Improbable

3 Low

Confidence

High
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Impact assessment and risk evaluation
A number of planned discharges to the marine environment will be required throughout the life of the
project and will include drill cuttings and fluids, PW, cooling water, wastewater, dewatering of flooding
fluid and brine. The key planned discharge sources include the FPSO facility and project vessels (including
MODUs/ drill ships).
Planned discharges have the potential to cause a localised and temporary reduction in water quality that
could result in indirect impacts to marine fauna that may be present in the project area. Further discussion
of the potential impacts to the marine environment, as relevant to the key discharge streams and informed
by detailed modelling, is provided in Section 6.4.8.2 to Section 6.4.8.7.

6.4.8.1

Overview of planned discharge modelling
Discharge modelling was undertaken by RPS APASA (2012, 2017a‐d) for the key planned discharges to
the marine environment associated with the project, including drill cuttings and fluids, PW, cooling water,
wastewater and flooding fluid from dewatering of the gas export pipeline. The planned discharges were
modelled as point sources from:
•

a potential MODU/drill ship location, in closest proximity to the nearest shoals/banks – for drill
cuttings and fluids only

•

the FPSO facility (conservative location5) – for PW, cooling water and wastewater discharges

•

the riser base manifold (located at the FPSO facility location) – for dewatering of flooding fluid from
thegas export pipeline.

Drill cuttings and fluids modelling were undertaken for both discharges directly to the seabed and at
the sea surface. Modelling of PW, cooling water and wastewater discharges were undertaken from an
approximate source depth of 10 m below the mean sea level, as informed by early engineering information.
Dewatering discharge modelling was undertaken from an approximate depth of 3.5 m above the seafloor at
the proposed riser base manifold location.
The RPS APASA discharge models took into consideration regional tidal currents, as informed by the
HYDROMAP model which has been thoroughly tested and verified by field measurements collected around
the globe (Isaji and Spaulding 1984; Isaji et al. 2001; Zigic et al. 2003, cited in APASA 2012 and RPS 2017a‐e),
and large‐scale ocean currents. To account for the natural annual and seasonal variation of oceanographic
conditions, modelling of the PW, cooling water, wastewater and flooding fluid dewatering discharges was
undertaken for each month for three years (2010, 2012 and 2014, to represent a La Niña weather event,
a neutral (mixed) and El Niño year respectively), with results reported on a combined seasonal basis (i.e.
summer, winter and the transitional periods). Modelling of the drill cuttings and fluids considered each
month of the 2004 ocean current data as it included periods where strong ocean currents travelled towards
the nearest shoals, thereby providing a conservative assessment of potential sediment deposition (APASA
2012). The current data and discharge characteristics were then added into advanced three‐dimensional
models to predict the movement and settlement/dilution of the planned discharges.
The modelling of operational discharges considered the data collected during the extensive and robust
Barossa marine studies program to validate the hydrodynamic model (Section 5.2). These data are
considered the most accurate for this particular region and have been used to validate the models applied
and provide confirmation of accuracy with regard to inputs of currents, winds and depth profiles of water
temperature and salinity (RPS 2017a-e). As a result of the validation process, the models and inputs used
by RPS APASA to inform the modelling are considered best available and highly representative of the
characteristics influencing the marine environment, particularly within the Barossa offshore development
area, and provide high confidence in the modelling outputs (RPS APASA 2015).
The modelling provides an accurate representation of the key characteristics and volumes of the
planned discharges associated with the project, given the current engineering definition. Modelling
was completed to evaluate the maximum area that could be affected by these planned discharges and,
therefore, assess potential impacts to the marine environment, particularly to the immediate receiving
open ocean waters and closest shoals/banks. Therefore, the discharge modelling scenarios have informed
the overall determination of environmental consequence and acceptability for the project in relation to
planned discharges. It is recognised that other specific planned discharges may be identified which require
modelling as activity-specific discharge stream characteristics are better defined as design and execution
planning progresses, and these will be assessed in activity-specific EPs. The specific planned discharges in
the Barossa offshore development area are expected be within the area of influence defined in this OPP.
The key modelling parameters, assumptions, results and conclusions in relation to the key values and
sensitivities are summarised in Section 6.4.8.2 to Section 6.4.8.5 below. These sections also assess
the potential impacts and risks to the marine environment, with detailed consideration of the planned
discharge modelling outputs.
5
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As the project is still in the early design phase, the location of the FPSO facility (as shown in Figure 4-2) is indicative and may be subject to
refinement as engineering design progresses. Therefore, for the purposes of the modelling a conservative location closest to the nearest
shoals/banks of Evans Shoal and Tassie Shoal was selected to assess the potential impacts and risks associated with planned discharges from
the FPSO facility. The modelling location is approximately 8.1 km south-west of the indicative FPSO facility.
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Modelling variability analysis
The impact assessment presented in this OPP is considered to appropriately represent all values and
sensitivities that may be affected by planned discharges associated with the project. This assessment is
informed by:
•

the results of the baseline studies (Section 5) which have demonstrated that the benthic habitats
and features within and surrounding the Barossa offshore development area are typical of the open
offshore environment, with no significant variability in values and sensitivities

•

the results of the modelling and previous impact assessment studies, as presented in Section
6.4.8.2 to Section 6.4.8.6, which show that the planned discharges are expected to be diluted
below levels of environmental significance within a conservative radius of approximately 21 km
from the discharge location in the Barossa offshore development area.

•

the point of origin for the modelling studies has been conservatively selected to be in the southwest corner of the Barossa Field, as the nearest potential location to the closest regionally significant
values/sensitivities of Evans Shoal and Tassie Shoal.

Therefore, sufficient dilution of planned discharges is expected to occur within the boundary of the Barossa
offshore development area (Figure 4-2).
The assessment concept is to define an outer area, within which impacts and risks are characterised at this
early stage OPP level. Irrespective of the variability of the specific location of the FPSO facility/riser base
manifold (which will be located within the Barossa Field) and modelling origin, this does not materially
influence the outcomes or conclusions of environmental impact and risk associated with the planned
discharges.
Discussion of the planned discharge modelling parameters and results, and a supporting impact assessment
and risk evaluation, for each of the key planned discharges is provided in the following sub-sections.

6.4.8.2

Drill cuttings and fluids
Overview, modelling parameters and assumptions
To understand the distribution of the drill cuttings and fluids, ConocoPhillips commissioned RPS APASA to
undertake a dispersion modelling study for an appraisal drilling campaign in the NT/RL5 permit area, which
is located within the Barossa offshore development area. As the exact locations of the appraisal wells were
not defined at the time of the study commencing, modelling was based on a release location at the southwest corner of NT/RL5, as it represents a conservative point to the nearest environmental values/sensitivities
(i.e. Evans Shoal, Tassie Shoal and Lynedoch Bank) (APASA 2012). The location modelled is considered a
conservative estimate of potential impacts and risks to these values/sensitivities as the development wells
are expected to located at a similar, or greater, distance. The key inputs that informed the modelling study
are also considered appropriate to represent the nature and scale of potential impacts and risks associated
with any development wells.
The key modelling parameters and assumptions included:
•

Continuous drilling of the well with no interval between the drilling of different well sections. This
assumption provides a conservative estimate as the results will predict a higher intensity of cuttings
discharge than is likely to occur during development drilling.

•

The sediment grain sizes, settling velocities and distributions according to the drill fluid type and
class of drill cutting were based measurements obtained during the drilling of a previous appraisal
well in the Barossa Field, and therefore are considered to provide a suitable representation of the
cuttings expected from the developed drilling locations for the project.

•

Seabed and sea surface discharge of drilling cuttings for each well was equivalent to 341 m3 and
143 m3, respectively

•

Seabed discharge of WBM drill fluid/residual SBM on drill cuttings for each well was equivalent to
1,642 m3.
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Modelling results
In summary, the modelling results (APASA 2012) showed:
•

No contact by any drill fluids or cuttings with the closest shoals (i.e. Evans Shoal and Tassie Shoal)
was predicted as a result of the discharge of drill cuttings and fluids (near-seabed and near-sea
surface) at any time of the year.

•

The near-seabed discharge of drill fluids and cuttings results showed larger sediments (diameter
> 150 mm) settled close to the well (within approximately 60 m), with smaller sediments (< 0.15 mm
diameter) deposited further from the well (up to 3 km–4 km), due to slower settling velocities, as
a very thin layer of sediments. Within 100 m of the release site, the average and maximum bottom
thickness was 4.5 mm and 11 mm, respectively. No sediments were predicted to make contact
with Evans Shoal or Tassie Shoal at a measurable level (above a value of 0.0026 mm or 10 grams
per square metre (g/m2))6. The minimum distance from Evans Shoal and Tassie Shoal to the 10 g/m2
contour was approximately 53 km and 62 km, respectively.

•

The near-sea surface discharge results of drill fluids and cuttings indicated sediment material would
be transported further from the release location as a result of being exposed to ocean current forces
for a longer period of time. Therefore, the sediment settled over a larger area as a thinner layer. The
seabed accumulation was much less compared to the near-seabed discharges, with the average
and maximum bottom thickness predicted as 0.5 mm and 2.4 mm, respectively, within 100 m of
the release site. No sediments were predicted to make contact with Evans Shoal or Tassie Shoal at a
measurable level (i.e. 10 g/m2). The minimum distance from Evans Shoal and Tassie Shoal to the
10 g/m2 contour3 was approximately 60 km and 68 km, respectively.

•

Predicted deposition values of drill fluids and cuttings from the combined near-seabed and nearsea surface discharges (i.e. total accumulation) were shown to decrease with increasing distance
from the well (Figure 6-9). Within 100 m of the discharge location, the average bottom thickness
decreased to < 15 mm for the combined near-seabed and near-sea surface discharges.

Refer to Appendix G for the full report.

6 The modelling applied a conservative threshold of 10 g/m2 total (non-temporal, total load), over the entire modelling period (i.e. total
period of discharge), equating to an average sedimentation rate of 0.2 g/m2/day. The threshold is well below values reported to impact reef
systems. For example, a study by Brinkman et al. 2010 for the Browse FLNG Development referral (Woodside 2013) reported that natural
sedimentation rates are low at Scott Reef (< 8 g/m2/day).
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Figure 6-9: Predicted accumulation of drill cuttings and fluids discharges from seabed and sea surface
discharges during development drilling

Impact assessment and risk evaluation
As outlined by the modelling results discussed above, the discharge of drill cuttings and fluids to the
seabed (during riserless drilling) is expected to result in a cuttings pile developing immediately around the
development well site (Figure 6-9). The discharge of drill cuttings and fluids near the sea surface (while
drilling with a riser) will result in a sediment plume with its dispersion and settlement dependent on the
current directions, prevailing wind and tidal influence. Therefore, potential impacts from the discharge of
drill cuttings may include direct but localised smothering of the seabed or a localised, temporary reduction
in water quality associated with increased turbidity leading to impacts to marine fauna, and displacement,
smothering or toxicity of benthic habitats/communities.
No significant benthic communities within, or in the vicinity of, the Barossa offshore development area
(including the Perth Treaty area) have been identified or are considered likely to be present at the depths of
approximately 130 m–350 m that occur there. Information derived from previous seismic surveys acquired
by ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015 and 2017, ROV footage collected
during pre and post-spud surveys during exploration and appraisal drilling campaigns and from the
extensive baseline studies undertaken across the area (refer Section 5.2) has confirmed that the seabed
comprised relatively homogenous flat, soft sediments that lacked hard substrate and did not support any
significant benthic habitats or communities (Jacobs 2016c). Macrofauna were recorded in low numbers and
were dominated by common species of octocorals (particularly sea pens) and motile decapod crustaceans
(mostly prawns and squat lobsters) (Jacobs 2016c). The infauna communities were characterised by low
abundance and species diversity of burrowing taxa and demersal fish. In general, the deep water benthic
characteristics were broadly consistent with those observed in the broader NMR and support widespread
macrofauna and infauna species (Jacobs 2016c).
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The discharge of drill cuttings and fluids is expected to result in a localised and temporary increase in
turbidity levels in the water column, particularly when discharging near the sea surface. Considering the
Barossa offshore development area is located in open, offshore waters any elevated suspended solids
concentrations are expected to rapidly dilute with increasing distance from the development well locations
as a result of the action of currents. Pelagic fauna species that may be transiting the area are unlikely to be
significantly affected as they are likely to exhibit avoidance behaviour. If any contact does occur, it will be for
a short duration due to the rapid dispersion of the plume within a localised area, as supported by modelling
(described above), and the transient movement of pelagic marine fauna.
The potential displacement or smothering of benthic organisms is expected to be limited to the immediate
vicinity of the cuttings pile with minor sediment loading anticipated to reach background levels within
several kilometres (with most of the sediment deposited within several hundred metres of the release
location). Impacts are expected to be confined to sediment burrowing infauna and surface epifauna
invertebrates inhabiting the seabed around the well location, where cuttings deposition is greater than
approximately 5 mm thickness, generally within approximately 500 m around the well location. Sediment
deposition away from the immediate area of the well site will be low, equating to a thin layer of settled drill
cuttings which will likely be naturally reworked into the top layers of sediment including by bioturbation
(United States EPA 2000). Considering the low sensitivity and widely represented nature of the benthic
communities in the Barossa offshore development area (including the Perth Treaty area), and the relatively
short duration of the drill cuttings/fluids discharge, the ecological consequence of near-field burial or
far-field potential impacts are expected to be minor and temporary. Recovery of affected benthic infauna,
epifauna and demersal communities is also expected to occur relatively quickly, given the short-term,
localised extent of the impact and natural resilience to turbid conditions.
Drilling fluids also have the potential to cause physical damage to benthic organisms through abrasion or
clogging, or by changes in sediment texture that can inhibit the settlement of planktonic polychaete and
mollusc larvae (Swan et al. 1994). However, these impacts are not expected to be significant given the rapid
biodegradation (Bakhtyar and Gagnon 2012; Whiteway et al. 2014) and dispersion of drilling fluids and
that most benthic organisms are expected to be able to recover within four months (Terrens et al. 1998).
However, it is recognised that the rate of recovery of the benthic communities may vary depending on
specific local conditions as other studies have noted slower rates of recovery of up to a year (Genesis 2014). A
number of studies have observed that the potential impacts are localised and generally range between
50 m and 200 m from the discharge location (Oliver and Fisher 1999; Smith and May 1991; Candler et al.
1995, cited in Genesis 2014). Considering this, and the lack of significant benthic habitats/communities in
the Barossa offshore development area, impacts are expected to be relatively minor.
While the Barossa offshore development area occurs within the bounds of the KEF of the shelf break and
slope of the Arafura Shelf, the ecological values associated with this unique seafloor feature (i.e. patch
reefs and hard substrate pinnacles) were not observed during the previous seismic surveys acquired by
ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015 and 2017, ROV footage collected
during pre and post-spud surveys during exploration and appraisal drilling campaigns and from the
extensive baseline studies undertaken across the area (refer Section 5.2). Therefore, it is considered highly
unlikely that the discharge of drill cuttings and fluids will significantly impact the sensitive benthic habitat
values associated with this feature. The potential area of localised deposition, as shown by the modelling,
will also be limited to within 100 m. Consequently, this represents a very small extent (approximately
0.03 km2 or approximately 0.0003%) in comparison to the overall area covered by the shelf break and slope
of the Arafura Shelf (approximately 10,844 km2).
Drill fluids used in Australian drilling operations range in toxicity from non-toxic to slightly toxic, depending
on the marine organisms tested (APPEA 1998). The low toxicity is attributed to the low solubility of drill fluids
(e.g. barite) in the water column and low to negligible concentrations of aromatic hydrocarbons in SBM
drill fluids, which are the primary source of environmental toxicity (APPEA 1998). In addition, some of the
components of the drilling fluids, such as barite and bentonite, are considered to ‘Pose Little or No Risk to the
Environment’ (OSPAR 2004).
There is little risk of direct toxicity to water-column organisms (i.e. marine mammals, marine reptiles and fish)
based on the volumes of discharges, dilution, and low toxicity (Neff et al. 2000). Studies investigating the
environmental impacts of WBM have observed that the toxicity to marine fauna within the water column is
low (Neff et al. 2000). With regard to SBM, the risk of water column exposure to marine fauna is considered
minimal as the drill fluid tends to clump together and therefore rapidly settle to the seabed (Neff et al. 2000).
A range of SBM fluids are available, which can be classified according to the chemical composition of
their synthetic base fluids, for example olefins, paraffins or esters. The aquatic toxicity of various SBM base
chemicals has been assessed for species of mysid shrimp, the standard organism used in toxicity tests, with
the findings presented in Table 6-33. In assessing the ecotoxicological response to different types of SBM,
the American Chemistry Council (2006) concluded that toxicity test results showed that olefin and paraffin
SBM are non-toxic to the water-dwelling organisms studied. When sediment toxicity tests are considered,
internal olefin and some alpha olefin products have significantly less toxicity (four to 20 times) compared to
most paraffin materials.
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It is recognised that the effects from SBM are not driven by single chemical constituents, and that it is more
appropriate to consider effects from SBM as a combined fluid. While specific SBM fluids are not known at
this early stage of the project, it is reasonable to conclude that the risk of direct toxicity of the settling SBM
cuttings to water column organisms is typically low. This is supported by the conclusions of Burke and Veil
(1995) that essentially all field study results indicate that because of rapid settling and dilution, drilling fluid
and drill cuttings discharges do not cause significant biological effects in the water column.
In terms of the potential for drill fluids to bioaccumulate in the marine environment, the rate and extent of
bioaccumulation by marine organisms is dependent on the relative affinities of the base chemical for the
ambient water phase and the tissue lipid phase (Neff et al. 2000). For example, SBM fluids that contain esters
as the base chemical are moderately soluble and may be bioavailable to marine fauna. However, they are
readily biodegradable and therefore are unlikely to bioaccumulate to significant concentrations in tissues
of marine fauna (Neff et al. 2000). Marine fauna can also readily breakdown esters within the liver and gut,
converting the resulting alcohols and fatty acids to organic nutrients (Neff et al. 2000). Olefins and paraffins
within SBM base chemicals are relatively large linear chains that do not permeate membranes efficiently
and therefore have a low potential to bioaccumulate (Neff et al. 2000). Therefore, it is considered that the
bioaccumulation of SBM base chemicals represents a very low risk to marine fauna.
Although some of the drill cuttings and fluid constituents such as barite, bentonite and some of the
SBM base fluids may contain heavy metal concentrations, the metals are present primarily as insoluble
mineralised salts (Kramer et al. 1980; Trefry et al. 1986; Leuterman et al. 1997; Trefry and Smith 2003, cited
in Neff 2008). Solid metal sulfides have limited environmental mobility and low toxicity to plants and
animals (Neff 2008). Consequently, they are not released in significant amounts to the pore water of marine
sediments and therefore the risk of contamination of the sediments is very low.
Constituents such as heavy metals are likely to remain within the cuttings pile unless physical disturbance
from platform activities, storms, or trawling provoke the dispersion of material and enhance the leakage of
contaminants (Breuer et al. 2004, cited in Tomero et al. 2016). All of the metals in the drilling fluids also have
a low bioavailability to fauna that may come into contact with them, through either the marine sediments or
water column (Neff et al. 2000; Neff 2008; Trefry and Smith 2003; Crecelius et al. 2007). Therefore, the metals
within the drill fluids are not considered to substantially contribute to the toxicity of the fluids (Neff et al.
2000).
In summary, based on the location of drilling within the Barossa offshore development area, volumes
discharged and relatively short duration of development drilling at any one location, it is considered that
the discharge of drill cutting and fluids will not result in a potential impact beyond temporary minor effects
to water quality (e.g. turbidity increase) and localised burial, smothering and displacement of commonly
represented benthic habitats and communities.
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Table 6-33: Summary of water column aquatic toxicity data for SBM base chemicals

SBM base chemical Species
Mysid shrimp
(species 1)
96-h LC50 (ppm)

Reference
Mysid shrimp
(species 2)
96-h LC50 (ppm)

Mysid shrimp
(species 3)
96-h LC50 (ppm)

Internal olefins
IO 1420
IO 1518
IO 1618
Internal olefins

540,000 – 1,000,000

Chevron, Phillips –
unpublished

> 1,000

Neff et al. 2000, Shell –
unpublished

> 1,000

Neff et al. 2000, INEOS
Oligomers – unpublished

103,000 – 124,000

> 1,000

Neff et al. 2000

> 1,000

Neff et al. 2000

Alpha olefins
LAO
LAO 14
LAO 16
LAO 1416
LAO 1618

120,000

Shell, INEOS Oligomers –
unpublished

250,000

Shell, INEOS Oligomers –
unpublished

17,000 – 45,000

INEOS Oligomers –
unpublished

124,000 – 177,000

INEOS Oligomers –
unpublished

Paraffins
C15-16
branched paraffin

> 1,000

Shrieve MSDS

C10-13 linear paraffin

> 1,000

Shell – unpublished

Esters
Methyl laurate

< 10,000

INPEX 2010

Isopropyl palmitate

271,701

INPEX 2010

Isopropyl oleate

52,319

INPEX 2010

C4-10 alcohols

< 10,000

INPEX 2010

C16 alcohol

30,158

INPEX 2010

LC50 – The “lethal concentration 50%” represents the concentration at which the chemical will cause the mortality of 50% of a group of
specific test species exposed to the chemical in a given time. The LC50 is a measure of the short-term poisoning potential of a substance.
(Source: Adapted from American Chemistry Council 2006; INPEX 2010)
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6.4.8.3

Produced water
Modelling parameters and assumptions
A summary of the expected discharge volumes and key parameters for the PW assessment, are presented in
Table 6-34.
The modelling included the following considerations and assumptions to facilitate a conservative approach:
•

The assessment considered the OIW content to be 30 mg/L 24-hour average in line with former
regulatory allowable concentrations stipulated in the OPGGS (E) Regulations. A general rule has also
been applied in Australia and elsewhere internationally of a 24-hour average of 30 mg/L (Australian
Government 2001, OSPAR 2014).

•

For the purposes of this assessment, the hydrocarbon content (i.e. the OIW content) is considered
to represent the most toxic component of the PW discharge stream, with the other constituents
(such as mixture of hydrocarbons, dissolved inorganic salts, metals, process chemicals and mercury)
present in much smaller, and therefore less toxic, concentrations. Therefore, modelling of the OIW
content is considered to provide the maximum area that may be influenced by the PW plume. The
other constituents that may be present in very low concentrations are not expected to change the
risk or impact profile beyond the discharge plume assessed.

•

The assessment criteria for evaluating potential impacts to the environment from hydrocarbons
was a dilution level of 1:4,285 (or < 7 µg/L OIW concentration), as this represents a 99% species
protection low reliability trigger level based on ANZECC & ARMCANZ (2000) guidelines. This dilution
level is considered highly conservative as ecotoxicity testing of the Barossa reservoir fluid (herein
referred to as Barossa condensate) determined that the 99% species protection threshold for
unweathered Barossa condensate was 456 μg/L (Jacobs 2017), which equates to a dilution level of
approximately 1:65 (Section 6.4.10.4).

•

The assessment criteria for evaluating potential impacts to the marine environment from increased
water temperature was a 3°C exceedance above ambient, in line with International Finance
Corporation (IFC) guidelines for cooling water. This criterion was conservatively applied to the PW
discharge stream.

Table 6-34: Summary of PW modelling parameters

Parameter

Value

Flow rate

Minimum flow rate: Approximately 1,590 m3/day
Maximum flow rate: Approximately 3,260 m3/day

Outlet pipe internal diameter

0.31 m

Depth of pipe below sea surface

10 m

Discharge salinity

15 ppt

Discharge water temperature

60°C

Discharge OIW (i.e. hydrocarbon) concentration

30 mg/L
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Modelling results
In summary, the modelling results, which took into account the higher flow rates expected towards the end
of field life (RPS 2017a), showed:
•

Overall, the area influenced by PW discharges from the proposed FPSO facility was relatively
localised during all seasons.

•

Contact with shoals/banks, reefs and islands, AMPs or KEFs was not predicted during any season.

•

The PW plume was predicted to extend downward to approximately 1 m below the outlet pipe (i.e.
to 11 m below the sea surface), depending on the discharge flow rate and current strengths.

•

The temperature of the PW plume reduced to within 3°C of ambient water temperature within 2 m
horizontally of the release location. Figure 6-10 shows the temperature of the PW plume during
minimum flow rates in transitional conditions (where the temperature decline was the slowest)
under varying current speeds.

•

The level of dilution was directly attributable to the speed of the current. Weaker currents had
minimal effect on the plume during the rise process, meaning it reached the surface quicker and
thus, slowed the rate of dilution. Strong currents were able to push the buoyant plume up to a
maximum horizontal distance of approximately 36.3 m and 26.3 m for the minimum and maximum
flow rate, respectively, allowing for additional mixing prior to reaching the sea surface.

•

Upon encountering the sea surface, the diameter of the PW plume at the sea surface ranged from
approximately 2.9 m to 10.6 m during weak and strong currents respectively.

•

Dilution levels of 1:50, 1:75 and 1:100 were predicted at a maximum distance of approximately 20 m,
40 m and 70 m from the discharge location for the anticipated minimum and maximum discharge
flow rates for all seasons.

•

A dilution level of 1:4,285 (or < 7 µg/L OIW concentration) was predicted at a maximum distance
of approximately 4.6 km and 6.1 km from the discharge location for the anticipated minimum and
maximum discharge flow rates, respectively, for all seasons (Figure 6-11). Considering the maximum
distance of the 1:4,285 dilution contour and the location of the closest shoals/banks, no toxic
impacts associated with residual OIW concentration are expected to non-transitory environmental
values/sensitivities.

•

Based on a 1:4,285 dilution contour, the PW discharge was predicted to cover approximately
4.3 km2 and 12.4 km2 for all seasons for minimum and maximum discharge flow rates, respectively.

Refer to Appendix H for the full modelling report.
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Figure 6-10: Predicted change in PFW plume temperature as a function of distance from release location u
Figure 6-10:
Predicted
PW plume
temperature
weak,
medium
and strong
current
strengths during transitional conditions (1,590 m3/d)
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a) Minimum discharge rate (1,590 m3/day)

b) Maximum discharge rate (3,260 m3/day)
Figure 6-11: Predicted extent of the PW oil-in-water dilutions

Impact assessment and risk evaluation
As shown by the modelling results, the discharge of PW is expected to result in a localised and temporary
increase in water temperature (within approximately 2 m horizontally of the release location) and decline in
water quality associated with the constituents within the PW plume (e.g. mixture of hydrocarbons, dissolved
inorganic salts, metals and process chemicals) in the upper water column (within approximately 11 m below
the sea surface).
The PW discharge is expected to be low salinity (15 ppt) and warmer than receiving waters (60°C) and will
therefore rise to the surface. Mixing and dilution will be facilitated by the release point being below the
surface. Further mixing and dilutions will occur due to surface currents, winds and wave action.
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The risks from PW generally diminish significantly within short distances from the discharge due to rapid
dilution. The modelling results for the project reported initial near-field average dilutions of 89–190 fold
being achieved within < 10 m of the discharge with average dilutions of 318–1,224 fold achieved within
10 m–37 m of the discharge location, depending on the season (RPS 2017a). The discharge diluted to
a 99% species protection threshold (1:4,285 or < 7 µg/L OIW concentration) at a maximum distance of
approximately 4.6 km and 6.1 km from the discharge location. As outlined above, this dilution level is
considered to be highly conservative considering the 99% species protection threshold for unweathered
Barossa condensate was determined to be 456 μg/L (1:65 dilution) (Jacobs 2017). Considering this, potential
toxicological impacts are not predicted to be observed more than tens of metres beyond the discharge
point. For comparison, assessment of PW from the Sunrise Gas Project (approximately 210 km west of the
Barossa offshore development area) concluded that impacts associated with chemical toxicity from the PW
stream would not be experienced further than a radial distance of 15 m and at a depth of 3.3 m below the
point of PW discharge (Office of Environment and Heritage 2003).
The potential impacts and risks associated with the discharge of PW are determined by the fate of the
constituents released to the marine environment. Residual amounts of dissolved hydrocarbon compounds
that remain in the PW stream following treatment may include benzene, toluene and xylenes (BTEX),
PAHs and phenols. BTEX are generally the most abundant hydrocarbons in PW, however they are also
highly volatile and are therefore lost rapidly during treatment of PW and mixing with the receiving
waters (International Association of Oil and Gas Producers (IOGP) 2005; Neff et al. 2011; Ekins et al. 2007).
BTEX also biodegrades rapidly in the marine environment and is not known to accumulate to significant
concentrations within marine organisms (IOGP 2005). BTEX are toxic to marine fauna as they have potential
to alter the permeability of cell membranes, particularly in the gills of fish, and can cause developmental
defects in marine biota fauna (Fucik et al. 1994; National Research Council 2003). However, given the rapid
loss of BTEX components, exposure to marine fauna is extremely low (IOGP 2005).
PAHs are less volatile than BTEX, relatively insoluble and can accumulate in the marine environment (IOGP
2005; Ekins et al. 2005). PAHs can be broadly divided into two types; those of low molecular weight and
those of high molecular weight. PAHs dissolved in PW are predominantly low molecular weight and, while
moderately toxic, they are not mutagenic nor carcinogenic (Neff 2002; IOGP 2005). Higher molecular weight
PAHs are rarely detected in treated PW as, due to their low aqueous solubility, they are associated primarily
with dispersed oil droplets which are removed during treatment by the PW treatment system (Neff et al.
2011). Higher molecular PAHs are also unlikely to be present in the PW discharged in the Barossa offshore
development area, as the majority of the PAHs within the Barossa condensate are the lower molecular PAHs
(one ring and two ring aromatics) (RPS 2017e). PAHs are generally removed from the water column through
volatilisation to the atmosphere upon reaching the sea surface, particularly the lower molecular weight
fractions (Schmeichel 2017). PAHs can also degrade in the water column with half‐lives ranging from less
than a day to several months, with the more abundant and lower molecular weight compounds being more
degradable (OGP 2002, cited in Ekins et al. 2005).
As outlined above, PAHs are toxic to marine fauna as they can affect reproductive and biological functions.
In addition, higher molecular weight PAHs can be also be carcinogenic (Schmeichel 2017). Lower molecular
weight PAHs are less toxic as their ability to accumulate in the tissue of marine fauna is lower when
compared to higher molecular weight PAHs (IOGP 2005). However, higher molecular PAHs generally have
low availability to marine organisms as they tend to remain associated with oil droplets and sorb tightly to
particulates; though, this allows them to remain in marine sediments for months to years where they can
affect benthic fauna (Schmeichel 2017). In well‐mixed offshore waters, such as those in the Barossa offshore
development area, elevated concentrations of higher molecular PAHs in sediments have been observed to
be limited to within several hundred metres from a high‐volume PW discharge location (Neff et al. 2011).
Given this, and that the Barossa condensate comprises a small percentage of higher molecular weight PAHs,
the potential for environmental impact associated with accumulation of PAHs in sediments is considered to
be very low. Phenols may also be dissolved in the PW stream; however, they are highly volatile and rapidly
biodegraded by micro‐organisms in seawater, and therefore pose a low risk to marine fauna (IOGP 2005). In
summary, given the reservoir characteristics of Barossa condensate exhibiting predominantly low molecular
weight PAHs, and their lower toxicity relative to higher molecular weight PAHs, and the low residual
concentrations expected to be released, the risk of significant impact is low.
The various trace metals that may be present in low concentrations in the PW stream are generally in a low
oxidative state and on release to the marine environment rapidly oxidise and precipitate into solid forms.
Marine fauna have the ability to regulate the availability of many trace metals, with few trace metals shown
to accumulate significantly (IOGP 2005). While concentrations of trace metals in PW can be significantly
greater than those in the marine environment, they are rapidly reduced through dilution and mixing
processes, and other physicochemical reactions to levels that pose a low risk to the receiving environment
(IOGP 2005).
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Mercury is a key metal of concern and may occur in low concentrations in the PW discharged. Mercury is
expected to be mainly in the form of liquid elemental mercury, with production of some mercury sulphide
likely. Liquid elemental mercury is relatively unreactive and insoluble in water (Neff 2002; Boszke et al. 2002).
Of the different forms of mercury, methyl‐mercury is of greatest concern as it is readily bioavailable, has
potential to bioaccumulate and can cause toxicological effects at very low doses. While methyl‐mercury is
not expected to be present in the reservoir(s), as the presence of this form of mercury in natural gas and
natural gas liquids (which includes condensate) is uncommon (Row and Humphrys 2011; Carnell and Row
2014), it has been conservatively assumed for the purposes of this assessment that trace amounts may be
present within the PW stream. Methylation of elemental mercury can also occur in the marine environment
by microorganisms (Risher 2003). However, the formation of methyl‐mercury mainly occurs in anaerobic
conditions and is enhanced in low pH (i.e. acidic) waters (Risher 2003; Boszke et al. 2002); which are not
characteristic of the conditions in the Barossa offshore development area (Section 5.4.4). Considering this,
and based on the conservative assumption that methyl‐mercury is present within the reservoir (which is
highly unlikely), it is possible that there may be a slight accumulation of mercury in marine sediments within
the vicinity of the PW discharge (within hundreds of metres). When taking into account the low sensitivity
and widely represented nature of the benthic communities in the Barossa offshore development area, the
ecological risk of slight increases of mercury in the sediments is expected to be low.
Trace levels of process chemicals may be present in the PW. Some of the process chemicals will be in
concentrations below that which are toxic to marine fauna, such as scale inhibitors, while others may be
at concentrations that have potential to cause impact or contribute to the aquatic toxicity of the PW, such
as corrosion inhibitors and biocides (Neff 2002). The ecotoxicological impacts of process chemicals in PW
discharges was investigated in a study by Henderson et al. (1999). The study tested 11 commonly used
process chemicals (including biocides, corrosion inhibitors and demulsifiers) for their acute toxicity to
marine bacterium, both directly in aqueous preparations and following their partitioning between oil and
water phases. The chemicals selected represented a range of toxicities as per the OCNS ranking system. With
regard to the relevance of the oil and water phases, the toxic components of the process chemicals have
different affinities to these phases. For example, the toxic components of biocides partition into the water
phase of the PW discharge, corrosion inhibitors partition primarily into the water phase while demulsifiers
partition into the oil phase (Schmeichel 2017).
The Henderson et al. (1999) study observed that for the majority of the process chemicals tested, the toxicity
of the water phase to the test organism following partitioning against the oil phase, was not significantly
altered by the presence of process chemicals when used in their normal operational dosage concentrations.
However, the study also stated that, should the chemicals be used in high concentrations, they may increase
the toxicity of the PW as higher concentrations could increase the partitioning of the oil phase components
into the water phase (Henderson et al. 1999). A toxicological review of this study by Schmeichel (2017) notes
that the study concluded that process chemicals make a small contribution to the overall acute toxicity
profile of PW discharges and even chemicals which are classified as highly toxic, may not actually present an
acute toxicity risk at dosages representing normal operating conditions. Considering the observations by
Henderson et al. (1999) and Schmeichel (2017), and that concentrations of the process chemicals used for
the Barossa project will align with normal operational dosages, it is considered that ecological risk associated
with trace levels of process chemicals in the PW discharge stream will be low.
The accumulation of PW chemical constituents in the water column and benthic sediments is influenced by
the volume/concentration in PW discharges and subsequent rate of dilution, the ability of the constituents
to be taken up by sediments, the area of the seabed that is contacted and re-suspension, bioturbation and
microbial decay in the water column and on the seabed. Results from monitoring programs have generally
shown that natural dispersion processes control the concentrations of toxic metals in the water column and
sediments slightly above natural background concentrations (Neff et al. 2011).
Considering the Barossa offshore development area (including the Perth Treaty area) is located in open,
offshore waters, which are subject to large-scale currents and mixing from the influence of the ITF, the
elevated water temperatures and concentrations of the constituents within the PW plume are expected
to rapidly dilute and reach levels below those which may cause harm to marine species, as demonstrated
by the modelling outcomes. A PW plume such as that expected within the Barossa offshore development
area will be very well mixed and have little interaction with the seabed and sediments in any elevated
concentrations. Consequently, impacts are expected to be relatively localised (i.e. limited to deep offshore
waters), with the PW plume not expected to impact non-transitory environmental values/sensitivities, such
as the surrounding shoals and banks. This is supported by the modelling results, as discussed above.
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The PW discharge is not expected to contact the KEF of the shelf break and slope of the Arafura shelf as
the values associated with the KEF, a unique seafloor feature comprising patch reefs and hard substrate
pinnacles, were not observed to occur in the Barossa offshore development area during the previous seismic
surveys acquired by ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015 and 2017, ROV
footage collected during pre and post-spud surveys during exploration and appraisal drilling campaigns
and from the extensive baseline studies undertaken across the area (refer Section 5.2). Considering this,
and that the PW discharge plume only extends 11 m below the water surface (i.e. approximately a vertical
separation of > 119 m above the seabed), the risk of the plume contacting the sensitive benthic habitat
values associated with the KEF is highly unlikely.
Large numbers of pelagic marine fauna species are unlikely to be impacted as the Barossa offshore
development area does not contain any significant feeding, breeding or aggregation areas for marine fauna.
Therefore, marine fauna within the area are likely to be relatively limited in number, transient and well
represented throughout the region. If contact with the plume does occur with any marine fauna, it will be
for a short duration due to the rapid dispersion of the plume and the transient movement of marine fauna,
such that exposure time may not be of sufficient duration to cause a toxic effect.
As outlined in Section 5.7.12, engagement with the commercial fishermen operating in the Timor Reef
Fishery determined that the Barossa offshore development area is not intensively fished. Recent fishing
effort has increased to the south-west area of the fishery, which is at least 50 km from the Barossa offshore
development area. Considering this, and the nature of the PW discharge plume as described above,
potential impacts to the commercial fishery are unlikely.
The potential for impact associated with the bioaccumulation of PW constituents in benthic sediments is
considered low and limited to a potential localised effect on a limited number of benthic fauna species
immediately surrounding the FPSO facility.
During operations, verification monitoring of hydrocarbon concentrations of the PW discharge stream will
be undertaken prior to discharge. The results will be reviewed to confirm compliance with the management
controls presented in this OPP and in the relevant activity-specific EP. Refer to Section 7.2.3 for further detail
on the environmental monitoring that will be undertaken throughout the life of the project. ConocoPhillips
will also adopt an adaptive management framework (Section 7.3) to actively manage PW discharges
throughout the life of the project.

6.4.8.4

Cooling water
Modelling parameters and assumptions
A summary of the expected discharge volumes and key parameters for the cooling water assessment are
presented in Table 6-35.
The modelling included the following considerations and assumptions to facilitate a conservative approach:
•

•

The assessment criteria for evaluating potential impacts to the environment from chlorine were:
•

a dilution level of 1:231 (or 13 ppb chlorine concentration), as this represents the predicted
no effect concentration for acute exposure at the 99% species protection level based on
Chariton and Stauber (2008)

•

a dilution level of 1:1,500 (or 2 ppb chlorine concentration), as this represents the predicted
no effect concentration for chronic exposure at the 99% species protection level based on
Chariton and Stauber (2008).

The assessment criteria for evaluating potential impacts to the marine environment from increased
water temperature was a 3°C exceedance above ambient within 100 m of the release locations, in
line with IFC guidelines.
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Table 6-35: Summary of cooling water modelling parameters

Parameter

Value

Flow rate

Minimum flow rate: 288,000 m3/day
Maximum flow rate: 360,576 m3/day

Outlet pipe internal diameter

1m

Depth of pipe below sea surface

10 m

Discharge salinity

33.6–34.1 practical salinity units/ppt (variation
based on ambient mean seasonal considerations)

Discharge water temperature

45°C

Residual chlorine concentration

3 ppm (3,000 ppb)

Modelling results
In summary, the modelling results (RPS 2017b) showed:
•

Overall, the area influenced by cooling water discharges from the FPSO facility was relatively
localised during all seasons.

•

Contact with shoals/banks, reefs and islands, AMPs or KEFs was not predicted during any season.

•

The cooling water discharge was predicted to initially extend downward, due to the momentum of
the plume, creating a turbulent mixing zone ranging between approximately 40 m and 70 m below
the sea surface (maximum flow rate). The cooling water extended deeper into the water column
under weak current conditions. However, the plume was still a significant distance above the seabed
(approximately > 60 m).

•

Upon encountering the sea surface, the diameter of the cooling water plume at the sea surface
ranged from approximately 17.6 m to 43.0 m (maximum flow rate) during weak and strong currents,
respectively.

•

The level of dilution was directly attributable to the speed of the current. Weaker currents had
minimal effect on the plume during the rise process, meaning it reached the surface quicker and
thus slowed the dilution rate.

•

The temperature of the cooling water plume returned to within 3°C of ambient water temperature
within approximately 12 m of the discharge location for all discharge scenarios and seasons. Figure
6-12 shows the temperature of the cooling water plume during maximum flow rates in transitional
conditions (where the temperature decline was the slowest) under varying current speeds.

•

A dilution level of 1:231 (or 13 ppb chlorine concentration) was predicted at a maximum distance
of approximately 3.6 km and 4.6 km from the discharge location for the anticipated minimum and
maximum discharge flow rates, respectively, for all seasons.

•

A dilution level of 1:1,500 (or 2 ppb chlorine concentration) was predicted at a maximum distance of
approximately 19.3 km and 20.5 km from the discharge location for the anticipated minimum and
maximum discharge flow rates, respectively, for all seasons.

•

Considering the maximum distance of the 1:231 and 1:1,500 dilution contours and the location
of the closest shoals/banks, no toxic impacts associated with residual chlorine concentration are
expected to non-transitory environmental values/sensitivities.

•

Based on the 1:231 dilution contours, the cooling water discharge was predicted to cover
approximately 22.3 km2 and 34.0 km2 for all seasons for minimum and maximum discharge flow
rates, respectively (Figure 6-13).

•

Based on the 1:1,500 dilution contours, the cooling water discharge was predicted to cover
approximately 376.2 km2 and 420.2 km2 for all seasons for minimum and maximum discharge flow
rates, respectively (Figure 6-13).

Refer to Appendix I for the full modelling report.
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Figure
6-12: Predicted
change
in temperature
cooling water plume temperature as a function of distance from relea
Figure
6-12: Predicted
cooling water
plume

location under weak, medium and strong current strengths during transitional conditions (360,576 m3/
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a) Minimum discharge rate (288,000 m3/day)

b) Maximum discharge rate (360,576 m3/day)
Figure 6-13: Predicted extent of residual chlorine in the cooling water plume
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Impact assessment and risk evaluation
The discharge of cooling water is expected to result in a localised and temporary increase in water
temperature and chlorine in the upper to mid water column (< 70 m below the sea surface).
Elevated seawater temperatures have been observed to cause alteration of the physiological processes
(particularly enzyme-mediated processes) in marine biota (Wolanski 1994) and can result in a range of
effects, such as behavioural responses (including attraction or avoidance behaviour), minor stress and
potential mortality from prolonged exposure. However, as the temperature of the cooling water plume is
predicted to return to within 3°C of ambient water temperature within approximately 12 m of the cooling
water discharge location the area influenced by elevated water temperatures is limited and the potential for
any behavioural responses is expected to be extremely minor. Furthermore, prolonged exposure is highly
unlikely as the underwater noise monitoring survey (JASCO 2016a) has shown that marine fauna individuals
transit through the Barossa offshore development area, rather than spending time feeding, breeding or
aggregating in the local marine environment.
The majority of the chlorine injected into the cooling water system will react and be neutralised by the
system, with discharged concentrations in the order of 3 ppm. Chlorine is a strong oxidant and following
discharge, the residual chlorine-produced oxidants (hypochlorous acid, hypochlorite ions and hypobromous
acid) react rapidly with inorganic constituents (e.g. sodium, iron (II), nitrite and sulphide to produce nonharmful chlorides, such as sodium chloride (salt)). Therefore, the decay of the chlorine-produced oxidants
released to the marine environment is rapid.
A study by Taylor (2006) investigating the effects of chlorination (from biofouling agents used in seawater
cooling units) on coastal and estuarine environments suggested very limited impact of oxidant use and
the associated chlorination by-products on receiving waters, both in terms of plume toxicity or any more
widespread ecotoxicological influence.
As discussed in Section 6.4.8.4, given the location of the Barossa offshore development area (including
the Perth Treaty area) in a high-mixing marine environment, impacts are expected to be relatively localised
(i.e. limited to deep offshore waters), with cooling water discharges unlikely to impact non-transitory
environmental values/sensitivities, such as the surrounding shoals and banks. This is supported by the
modelling results, as discussed above. In summary, any potential for acute toxicity1, chronic toxicity2 and
thermal impacts to marine biota would be expected to be limited to within approximately 4.6 km, 20.5 km
and 12 m from the discharge location, respectively.
The cooling water discharge is not expected to contact the KEF of the shelf break and slope of the Arafura
shelf, as the seabed features associated with the KEF, a unique seafloor feature comprising patch reefs and
hard substrate pinnacles, were not observed to occur in the Barossa offshore development area during the
previous seismic surveys acquired by ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015
and 2017, ROV footage collected during pre and post-spud surveys during exploration and appraisal drilling
campaigns and from the extensive baseline studies undertaken across the area (refer Section 5.2). Given
this, and that the cooling water discharge plume extends 40 m–70 m below the water surface (i.e. a vertical
separation of approximately > 60 m above the seabed), the risk of the plume contacting the benthic habitat
values associated with the KEF is highly unlikely.
Relatively few individuals of pelagic fauna, including marine mammals, marine reptiles, fish, sharks and rays,
are expected to inhabit the Barossa offshore development area as it does not contain any significant feeding,
breeding or aggregation areas for marine fauna. Therefore, marine fauna within the area are likely to be
transient and well represented throughout the region. If contact does occur with any marine fauna it will be
for a short duration due to the rapid dispersion of the plume and the transient movement of marine fauna,
such that exposure time may not be of sufficient duration to cause a toxic effect.
The cooling water discharge is not expected to affect commercial fishermen operating in the Timor Reef
Fishery. Engagement with the commercial fishermen determined that the Barossa offshore development
area is not intensively fished, with recent fishing effort focused in the south-west area of the fishery at least
50 km from the Barossa offshore development area (Section 5.7.12). Considering this, and the nature of the
cooling water discharge plume as described above, potential impacts to the Timor Reef Fishery are unlikely.

1

The predicted no effect concentration in the event of acute exposure (i.e. a single exposure lasting less than one day) to chlorine at the 99%
species protection level.

2

The predicted no effect concentration in the event of acute exposure (i.e. a single exposure lasting less than one day) to chlorine at the 99%
species protection level.
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6.4.8.5

Wastewater modelling parameters
A summary of the expected discharge volumes and key parameters for the assessment of wastewater
(sewage, greywater, bilge and deck drainage) are presented in Table 6-36.
Table 6-36: Summary of wastewater modelling parameters

Parameter

Value

Flow rate

Commissioning flow rate: 96.1 m3/day
Operational flow rate: 45 m3/day

Outlet pipe internal diameter

0.03 m

Depth of pipe below sea surface

10 m

Discharge salinity

1 ppt

Discharge water temperature

25°C

Discharge OIW (i.e. hydrocarbon) concentration

30 mg/L

Discharge total suspended solids concentration

50 mg/L

Discharge coliform bacteria

250 col/100 mL

Modelling results
In summary, the modelling results (RPS 2017c) showed:
•

Overall, the area influenced by wastewater discharges was relatively localised during all seasons.

•

Contact with shoals/banks, reefs and islands, AMPs or KEFs was not predicted during any season.

•

The wastewater plume was predicted to initially extend downward, due to the momentum of the
plume, to approximately < 1 m below the outlet pipe (i.e. to < 11 m below the sea surface) under all
current conditions.

•

There were no observable differences between the final plume temperature and ambient water
temperature under all discharge flow rates (i.e. commissioning and operations) and all current
speeds.

•

The wastewater discharge stream would mix to very low levels (1:5,000 dilution with regard to oil/
grease, total suspended solids and coliform bacteria) within a maximum distance of approximately
53.3 m from the discharge location (based on the higher flow rates expected during commissioning
and strong currents), as a result of a combination of low discharge volumes, buoyancy of the stream
and high near-field dispersion rates.

•

A minimum dilution of 1:10 was achieved for both commissioning and operations wastewater
discharges within a maximum of < 0.4 m from the discharge location based on all seasons modelled.

•

A 1:100 dilution was achieved for both commissioning and operations wastewater discharges within
a maximum of < 3.6 m from the discharge location based on all seasons modelled.

•

The level of dilution was directly attributable to the speed of the current. Weak currents had limited
influence on the discharge plume as it rose through the upper water column; therefore, the plume
rose faster and thus slowed the rate of dilution. Medium and strong currents were able to push the
buoyant plume horizontally, therefore allowing for greater dilution of the discharge plume.
Figure 6-14 shows the temperature and dilution results for the commissioning phase discharge flow
for the summer months (where the temperature decline was the slowest and the dilution distance
the longest) under varying surface currents.

Refer to Appendix J for the full modelling report.
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Figure 1 Near-field average temperature and dilution results for constant weak, medium and strong summer currents (96.1 m3/d flow rate)
Note the differing scales for the x- and y-axis.

Figure 6-14: Commissioning phase discharge temperature and dilution results for wastewater
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Impact assessment and risk evaluation
Considering the relatively low discharge rates, predicted plume characteristics and location of the Barossa
offshore development area in open, offshore waters (which are subject to large‐scale currents and high
dilution forces), no significant impacts to the marine environment are expected from the planned discharge
of wastewater. Any potential impacts are also expected to be highly localised and temporary and will not
affect non‐transitory environmental values/sensitivities, such as the surrounding shoals and banks, and
unique seabed KEFs. This is supported by the modelling results, as discussed above.
As the Barossa offshore development area does not contain any significant feeding, breeding or aggregation
areas, any marine fauna within the area are likely to be relatively limited in number, transient and well
represented throughout the region. If contact does occur with any marine fauna, it will be for a short
duration due to the rapid dispersion of the plume and the transient movement of marine fauna, such that
exposure time is highly unlikely to be of a duration that will cause significant adverse effect.
As outlined in Section 4.3.1, should the concept to develop the Caldita Field include a WHP, small volumes
of wastewater may be discharged from the WHP when personnel are present to undertake infrequent
routine operational maintenance activities. As typical manning during maintenance would be less than 10
persons for a single shift, any wastewater discharge will be significantly smaller than the operational flow
rate of the FPSO facility assessed above and therefore, any discharges will be localised (i.e. affect the waters
in the immediate vicinity of the discharge location within the Barossa offshore development area) and
temporary (i.e. in the order of several days).

6.4.8.6

Dewatering of flooding fluid
Modelling parameters and assumptions
A summary of the expected discharge volumes and key parameters for the dewatering discharge
assessment from the gas export pipeline, at the FPSO facility riser base manifold located within the Barossa
offshore development area, are presented in Table 6‐37.
The modelling included the following considerations and assumptions to facilitate a conservative approach:
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•

As the type of biocide to be used for the project is yet to be selected, three biocides were modelled;
Gluteraldehyde, Tetrakis (hydroxymethyl) phosphonium sulfate (THPS) and Hydrosure 0‐3670R.

•

For the purposes of this assessment, biocide is considered to be the primary chemical constituent of
interest within the dewatering discharge as it is identified as having the highest toxicity to marine
receptors. Therefore, modelling of the biocide concentration is considered to provide the maximum
area that may be influenced by the dewatering discharge.

•

The residual discharge concentration of the biocide was assumed to be the same as the initial
dosing concentration. This represents a conservative approach as it does not account for the
expected degradation/decay of the active ingredients during residence time in the pipeline.

•

The assessment criterion for evaluating potential impacts to the environment from biocide was
1ppm (equivalent to 1 mg/L). This threshold concentration/trigger value was informed by a review
of published literature (Chevron 2015, 2014a; Sano et al. 2004; Tjandraatmadja 2005; European
Chemicals Agency 2017; Hugdins 1991, cited in NT Government 2003) and is considered to
represent a conservative presented LC50 value (i.e. concentration at which there is mortality of 50%
of a group of specific test species) for the three biocides.
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Table 6-37: Summary of dewatering discharge modelling parameters

Parameter

Value

Maximum discharge volume

96,710 m3

Maximum flow rate

280 m3/hour

Discharge duration

345.5 hours

Outlet pipe internal diameter

26 inch

Depth of pipe below sea surface

248.5 m

Height of pipe above seafloor

3.5 m

Discharge salinity

33.9 practical salinity units/ppt

Discharge water temperature

12.7 °C–12.8 °C (variation based on ambient mean
seasonal considerations)

Initial biocide concentration

Gluteraldehyde – 1,250 mg/L
THPS – 550 mg/L
Hydrosure 0‐3670R – 550 mg/L

Modelling results
In summary, the modelling results (RPS 2017d) showed:
•

Overall, the area influenced by the dewatering discharge was localised to the vicinity of the release
location during all seasons.

•

Contact with shoals/banks, reefs and islands, AMPs or KEFs was not predicted during any season.

•

The near‐field results showed that due to the relative weak currents at the discharge depth
(248.5 m), in combination with the lack of density and temperature differences between the
dewatering plume and receiving environment (which would otherwise promote plume mixing and
thus dilution), the plume maintained a low profile immediately above the seafloor, whilst drifting
horizontally from the release location.

•

Due to the limited seasonal variability of ambient water column conditions near the seabed
the seasonal near‐field modelling results demonstrated no discernible difference in the plume
behaviour between summer, winter and transitional seasons.

•

Within 100 m from the discharge location, the minimum average dilution of the plume ranged from
1:32 to 1:58 under strong and weak currents, respectively.

•

The diameter of the dewatering plume near the seabed ranged between 6.1 m and 20.4 m at 100 m
from the discharge location.

•

A dilution level of 1:1,250 (or 1 ppm of the Glutaraldehyde biocide concentration) was predicted at
a maximum distance of approximately 1.27 km from the discharge location for all seasons (Figure
6‐15).

•

A dilution level of 1:550 (or 1 ppm of the THPS and Hydrosure 0‐3670R biocide concentration) was
predicted at a maximum distance of approximately 0.92 km from the discharge location for all
seasons (Figure 6‐15).

•

Based on the 1:1,250 and 1:550 dilution contours, the dewatering discharge was predicted to cover
approximately 1.14 km2 and 0.75 km2 for all seasons, respectively.

•

Considering the maximum distance of the 1:1,250 and 1:550 dilution contours and the location
of the closest shoals/banks, no toxic impacts associated with residual biocide concentration are
expected to non‐transitory environmental values/sensitivities.

Refer to Appendix K for the full modelling report.
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Figure 6‐15: Predicted extent of the dewatering biocide concentration dilutions

Impact assessment and risk evaluation
The addition of biocides, corrosion inhibitors, scale inhibitors and oxygen scavengers to the flooding fluid is
necessary in order to limit activity of corrosion inducing microbial and bacterial micro‐organisms in the water to
preserve long‐term integrity of the gas export pipeline. While the toxicity of biocides, corrosion inhibitors, scale
inhibitors and oxygen scavengers is influenced by the specific type of chemical product, ConocoPhillips’ preference
to select low toxicity chemicals, which still meet technical requirements, will reduce the potential for any risks to the
marine environment to a low level.
The selection of chemical products within the dewatering discharge stream will be subject to a chemical assessment
process, as described in Section 4.3.5.8. Products that are rated as Gold or Silver under the OCNS CHARM model
or have a OCNS group rating of D or E (i.e. are considered inherently biodegradable and nonbioaccumulative) are
considered suitable for use and controlled discharge to the marine environment is permitted. Products that do
not meet these criteria will only be considered following assessment and approval. The Gluteraldehyde and THPS
biocides are rated as Gold or Silver (Centre for Environment, Fisheries and Aquaculture Science (CEFAS) 2017),
are readily biodegradable and do not bioaccumulate (Dow 2013, 2010). Hydrosure 0‐3670R is not currently listed
under the OCNS CHARM model, however other comparable Hydrosure products are Gold or Silver rated chemicals
(CEFAS 2017). Based on a review of Hydrosure 0‐3670R and testing on analogous substances containing the same
active chemical component as Hydrosure (e.g. quaternary ammonium chloride or alkyl dimethyl benzyl ammonium
chloride), the components were not found to bioaccumulate and displayed a degradation rate or half‐life in seawater
of 8–15 days (i.e. biodegradable) (Chevron 2015). The acute toxicity (96 hour LC50¬) for Hydrosure has been reported
at 1 ppm (Chevron 2015).
While biocide is the predominant chemical constituent of interest in the dewatering discharge, other chemicals
will also be present within the discharge stream and have the potential to interact with the marine environment.
Ethylene glycols, such as MEG and TEG, form a homogeneous mixture with water, do not volatilise nor undergo
photodegradation, and are not adsorbed on to soil particles (Hook and Revill 2016). Studies on a green alga
(Chlorella tusca), a freshwater crayfish (Procambarus sp.) and a golden orfe carp (Leuciscus idus melanotus) revealed
low potential for bioaccumulation of ethylene glycols in the marine environment (International Programme on
Chemical Safety 2000). Ethylene glycols biodegrade readily when released to the environment, and several strains
of micro‐organisms are capable of using ethylene glycol as a carbon source. Evans and David (1974) studied the
biodegradation of ethylene glycol in four samples of river water under controlled laboratory conditions. The samples
were dosed with 0 mg/L, 2 mg/L or 10 mg/L of ethylene glycol and incubated at two temperatures (20°C or 8°C). At
20°C, primary biodegradation was complete within three days in all four samples, while at 8°C, it was complete after
14 days. Water temperatures near the seabed in the Barossa offshore development area generally range between
approximately 11– 13°C (Jacobs 2016a) and therefore biodegradation is expected to be occur within two weeks.
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The INPEX Ichthys EIS presented LC50 values (i.e. concentration at which there is mortality of 50% of a
group of specific test species) for the effects of MEG on various aquatic species ranging from 5,000 ppm
(goldfish, Carassius auratus) to 180,624 ppm (brine shrimp, Artemia salina) for a 24‐hour exposure period.
Other studies have reported the toxicity of MEG as being 10,000 ppm (48 hr LC50 for algae and Daphnia;
96 hr LC50 for fish) (RPS 2017d). The high LC50 values indicate low toxicity to aquatic species. Further, MEG
and TEG are ranked as gold or silver (depending on the chemical supplier) under the OCNS CHARM ranked
list of notified chemicals and are considered inherently biodegradable, non‐bioaccumulative and suitable
for discharge to the marine environment (CEFAS 2017). Given the low residual concentrations of hydration
inhibitors of MEG/TEG expected, rapid biodegradation and low toxicity, no significant impacts are expected
to the marine environment.
The dewatering discharge associated with the project is expected to result in a localised and temporary
decline in water quality immediately above the seabed. The biocide concentration is expected to dilute
to below ecological threshold concentrations within approximately 1.27 km from the discharge location
for all seasons and biocide types (Figure 6‐15). The area potentially affected by the plume above the
threshold ranged between 0.75 m2 to 1.14 km2 for all seasons and biocides. As shown by the modelling, the
dewatering plume is not expected to rise up through the water column, but move horizontally immediately
across the seabed.
Based on the modelling results, the area influenced above ecological thresholds from the dewatering
discharge is limited to the open offshore waters within the Barossa offshore development area. The
dewatering plume is not expected to impact non‐transitory environmental values/sensitivities, such as the
surrounding shoals and banks, as the nearest feature is approximately 27 km from the Barossa offshore
development area. There are no known BIAs, breeding grounds or sensitive habitats critical to EPBC‐listed
species within the Barossa offshore development area. While individuals of marine fauna may pass through
the area, they are unlikely to come into contact with the dewatering discharge for any significant periods
of time. Given the dispersion characteristics of the plume and the transient movement of marine fauna,
exposure times of sufficient duration that may lead to toxic effects are not expected. The majority of marine
fauna species (e.g. turtles, whales, sea snakes, fish) are also generally present within pelagic waters and are
not known to dive regularly to these depths (see Section 5.6). Therefore, contact with the discharge plume
is unlikely as they are expected to transit the area above the plume. The likelihood of potential impacts is
also further reduced by the temporary nature of the discharge (approximately 14.5 days).
As the plume is expected to travel in close proximity to the seabed, there is the potential for localised
exposure of benthic habitats and associated species within the vicinity of the discharge location. There are
sparse benthic communities within the Barossa offshore development area with the seabed consisting of
soft sediments. No protected or sensitive benthic habitats have been identified with the potential to be
exposed to the dewatering plume. The dewatering discharge is not expected to contact the KEF of the shelf
break and slope of the Arafura shelf as the values associated with unique seafloor feature were not observed
to occur in the Barossa offshore development area during the Barossa marine studies program, nor are these
topographically distinct features evident from the bathymetry data derived from previous seismic surveys
acquired by ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015 and 2017, ROV footage
collected during pre and post-spud surveys during exploration and appraisal drilling campaigns and from
the extensive baseline studies undertaken across this area.
Therefore, the risk of the plume contacting the sensitive benthic habitat values associated with the KEF is
improbable. Any potential impacts to benthic communities from the dewatering discharge are expected to
be a minor and temporary, given the localised area affected and the short‐term nature of the discharge.
Although commercial fisheries overlap the Barossa offshore development area, consultation to date has not
identified any areas of peak fishing activity in the vicinity of the project. In addition to this, given the nature
and scale of the dewatering discharge (a non‐continuous discharge over a number of days which affects a
small area near the seabed) and limited exposure expected to targeted commercial fish species, impacts to
commercial fisheries are considered to be insignificant.
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6.4.8.7

Other planned discharges
Brine
Brine generated from RO units used to create potable water for use on the FPSO facility will be routinely
discharged to the marine environment throughout the life of the project. The discharged brine will have an
elevated salinity concentration (approximately 30% higher than the intake seawater) and will tend to sink in
the water column because of its higher density. The brine will be subject to rapid dilution and dispersion as a
result of the prevailing ocean currents that exist within the Barossa offshore development area. Considering
this, the small volumes released (approximately 96 m3 per day) and that the brine is only approximately 30%
more saline than the marine environment, the discharge is expected to return to background salinity levels
within a short distance from the discharge location (within a few metres). Therefore, the potential to affect
marine fauna that may be transiting through the area is highly unlikely.
Most marine species are also able to tolerate short-term fluctuations in salinity of 20–30% (Walker and
McComb 1990). Therefore, it is expected that any pelagic species (including marine mammals, marine
reptiles, fish, sharks and rays) passing through the denser saline brine discharge would not experience any
adverse impacts.

Pigging
Pigging activities will be undertaken throughout the life of the project on a routine basis for a number of
purposes including maintenance and infrastructure integrity. Pigging at the tie-in location is of relevance
given its proximity to Shepparton Shoal. Pigging activities at the tie-in location may be undertaken once
every 2–5 years each pigging operation will result in very small volumes (< 5 m3) of dry gas, corrosion
inhibitor and inhibited seawater or MEG being released to the marine environment. No solids are expected
to be released during pigging activities. Given the limited frequency of these activities and the very small
volume associated with the release, impacts to Shepparton Shoal are anticipated to be negligible.

Hydrotest water
Discharged hydrotest water from the in-field flowlines and gas export pipeline will have very similar
characteristics to the dewatering discharges associated with the project. Hydrotest water will consist of
filtered inhibited seawater containing residual chemicals, which may include biocides, corrosion inhibitor,
scale inhibitor and oxygen scavengers. It is also possible that hydrate inhibitors (e.g. MEG and TEG) may be
introduced to aid in drying and pre-conditioning of the gas export pipeline.
The volume of hydrotest water to be discharged is significantly smaller than the dewatering discharge and
is expected to be in the order of approximately 3,000 m3 (refer Section 4.3.5.8). The largest single, one‐off
discharge of approximately 1,300 m3 will be associated with hydrotesting of the gas export pipeline and be
discharged at the sea surface, at either the FPSO facility end of the export pipeline or at the Bayu‐Undan
pipeline tie‐in end of the export pipeline. The discharge of hydrotest water is expected to cause a localised
and temporary decline in water quality in the upper water column. As with the dewatering discharge,
biocides are considered to be the predominant chemical constituent of interest within the hydrotest
discharge as they have the highest toxicity to marine receptors. As discussed in Section 6.4.8.6, the types
of biocides that may be used for the project are biodegradable and do not bioaccumulate.
The concentrations of the residual chemicals in the hydrotest discharge are expected to rapidly reduce
through dilution and mixing processes driven by ocean and tidal currents, and winds. Therefore, while
the initial concentrations of the chemicals may be above ecological thresholds (see Section 6.4.8.6) in
the immediate surrounds of the discharge location they are expected to rapidly reduce to levels below
these threshold concentrations. Consequently, and considering the short discharge duration (< 1 day), the
likelihood of the hydrotest discharge plume contacting marine fauna or the upper reaches of any shoals/
banks (e.g. Shepparton Shoal) at toxic concentrations for periods of time that may lead to toxic effects (e.g.
96 hour LC50) is remote. The discharge plume will not interact with the seabed given the surface nature of
the release, and therefore the likelihood of impacts to benthic habitats is considered improbable.
Although commercial fisheries overlap the project area, consultation to date has not identified any areas of
peak fishing activity within, or in the vicinity of, the project. In addition to this, given the nature and scale
of the hydrotest discharge (i.e. a single, one‐off surface release for less than 1 day) and limited exposure
expected to commercial fish species, impacts to commercial fisheries are considered to be negligible.
As outlined in Section 6.4.8.6, a chemical assessment process will be implemented for the project to help
ensure that any potential environmental impacts resulting from chemical use and discharge are minimised.
Considering the controls that will be implemented, and the nature and scale of the hydrotest discharge, the
risk to the marine environment is considered low.
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Impact and risk summary
In conclusion, the residual risk of impact to the marine environment as a result of planned discharges
associated with the project is considered low given the location of the Barossa offshore development area in
open, ocean waters which are distant to shoals/banks and biologically important areas for marine fauna, and
the relatively localised or short term duration of the discharges.
The project is considered consistent with the relevant requirements of the Blue Whale Conservation
Management Plan, Recovery Plan for Marine Turtles in Australia and relevant marine fauna species
conservation advices as related to planned discharges (Table 6‐38). A summary of the potential impacts,
proposed management control measures, acceptability and EPOs for planned discharges are presented in
Table 6‐39.
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Table 6-38: Summary of alignment with relevant EPBC management plans for planned discharges

Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Marine mammals
‐ Blue whale

Blue Whale Conservation
Management Plan (October 2015)
(DoE 2015a)

Demonstrably minimise anthropogenic
threats, including habitat modification
through acute/chronic chemical discharge.

•

The discharge extent for all planned discharges is localised and rapid dilution is predicted to occur
within the deep offshore waters, reaching levels below those that may cause harm to marine
species within the Barossa offshore development area.

Marine mammals
‐ Sei whale

Conservation advice (October 2015)
(DoE 2015c)

•

There are no significant feeding, breeding or aggregation areas for marine mammals within the
Barossa offshore development area.

•

Marine mammals
‐ Fin whale

Conservation advice (October 2015)
(DoE 2015d)

Pollution (persistent toxic pollutants) has
been identified as a threat to sei and fin
whales, however, no specific actions or
requirements have been defined.

The implementation of the key management controls, including the establishment of discharge
limits and environmental monitoring program for PW and cooling water, and the application of a
chemical selection process, will minimise the area influenced by planned operational discharges.

Marine reptiles –
Loggerhead turtle
Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle

Recovery Plan for Marine Turtles in
Australia 2017‐ 2027 (June 2017)
(DoEE 2017a)

Minimise chemical discharge.
Manage anthropogenic activities to ensure
marine turtles are not displaced from
identified habitat critical to the survival of
the species.
Marine anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.

•

The discharge extent for all planned discharges is localised and rapid dilution is predicted to occur
within the deep offshore waters, reaching levels below those that may cause harm to marine
species within the Barossa offshore development area.

•

There are no significant feeding, breeding or aggregation areas for marine turtles within the
Barossa offshore development area.

•

The implementation of the key management controls, including the establishment of discharge
limits and environmental monitoring program for PW and cooling water, and the application of a
chemical selection process, will minimise the area influenced by planned operational discharges.

•

No planned discharges are proposed from the gas export pipeline during operations. Therefore, no
interactions of operational discharges with the flatback or olive ridley internesting BIAs or habitat
critical to the survival of these species is expected.

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure marine turtles are not displaced from identified habitat critical to their survival and
that biologically important behaviour can continue.
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Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Birds - Red knot

Conservation advice (May 2016) (DoE
2016f )

•

The discharge extent for all planned discharges is localised and rapid dilution is predicted to occur
within the deep offshore waters, reaching levels below those that may cause harm to marine
species within the Barossa offshore development area.

•

There are no significant feeding, breeding or aggregation areas for the red knot within the Barossa
offshore development area.

•

The species is capable of flying non‐stop along their migratory route and tends to use only a few
staging areas (Bamford et al. 2008, cited in DoE 2016f ). Therefore, the red knot is unlikely to interact
frequently, if at all, with waters in the project area.

•

The implementation of the key management controls, including the establishment of discharge
limits and environmental monitoring program for PW and cooling water, and the application of a
chemical selection process, will minimise the area influenced by planned operational discharges.

Sharks and rays Great white shark

Recovery Plan for the White Shark
(Carcharodon carcharias) (August
2013) (DSEWPaC 2013a)

Sharks and rays Grey nurse shark

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

Sharks and rays ‐
Speartooth shark
Northern river
shark
Green sawfish
Largetooth
sawfish
Dwarf sawfish

Sawfish and River Sharks Multispecies
Recovery Plan (November 2015) (DoE
2015j)

No specific actions or requirements are
identified for pollution/contamination for
this species.

No specific actions or requirements are
•
identified for assessing the threat of habitat
modification/degradation for these species
from pollution, as relevant to the project.
•
•
Reduce and, where possible, eliminate
adverse impacts of habitat degradation
and modification.

The discharge extent for all planned discharges is localised and rapid dilution is predicted to occur
within the deep offshore waters, reaching levels below those that may cause harm to marine
species within the Barossa offshore development area.
There are no significant feeding, breeding or aggregation areas for sharks within the Barossa
offshore development area.
The implementation of the key management controls, as outlined above, will minimise the area
influenced by planned operational discharges.

Conservation advice: speartooth
shark (April 2014) (DoE 2014b),
northern river shark (April 2014) (DoE
2014c), dwarf sawfish (October 2009)
(DEWHA 2009) and green sawfish
(2008) (DEWHA 2008b)
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Table 6-39: Summary of impact assessment, key management controls, acceptability and EPOs for planned discharges

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Planned
discharges

Physical
environment

Localised and
temporary
reduction in water
quality associated
with increased
turbidity, water
temperature or
salinity leading to
impacts to marine
fauna.

General

The potential impacts and risks
associated with planned discharges
from the project are considered
broadly acceptable given:

All planned
operational
discharges from the
FPSO facility:

•

•

will not exceed
the natural
variation of
existing baseline
water quality
conditions for
temperature and
hydrocarbons,
and mercury
or chlorine
concentrations
outside the
Barossa offshore
development
area, and

•

will not impact
areas of
seabed that are
associated with
the seafloor
features/
values of KEFs
or the nearest
shoals/banks of
Lynedoch Bank,
Tassie Shoal
or Evans Shoal
(located > 27 km
away from the
Barossa offshore
development
area, which is
beyond the
outer boundary
of planned
operational
discharges), and

– water quality
and sediment
quality.
Shoals and
banks.
KEFs – shelf
break and
slope of the
Arafura Shelf.

Localised
displacement,
smothering (mainly
associated with
discharge of drill
fluids and cuttings)
or toxicity of
benthic
habitats/
communities that
are regionally
widespread.

All planned discharges from vessels will comply with relevant MARPOL
73/78 and Australian Marine Order requirements (as appropriate for vessel
classification).
All planned operational discharges will be managed in accordance with a
project Waste Management Plan (and as detailed in activity-specific EPs).
Pre-installation surveys will be undertaken to confirm the FPSO facility is not
located in the vicinity of areas of seabed that are associated with the seafloor
features/values of the shelf break and slope of the Arafura Shelf KEF (i.e. patch
reefs and hard substrate pinnacles) and nearby shoals and banks (including
Lynedoch Bank, Tassie Shoal and Evans Shoal, all > 27 km away).
A maintenance program will be developed and implemented for the FPSO
facility which includes inspection and maintenance of treatment systems to
confirm discharge limits are met.
All chemicals (hazardous and non-hazardous) used on the FPSO facility
will undergo a HSE assessment and be approved prior to use. The HSE
assessment required by the procedure aims to identify and control health and
environmental risks during transport, use and storage of the chemicals. The
procedure includes:
• definition of key roles and responsibilities
•

the process for approvals and registration of chemicals

•

key requirements for safe transport, handling and storage.

ConocoPhillips will confirm that the selection of chemical products within the
planned discharge streams that are discharged to the marine environment are
subject to a chemical assessment process. Products that meet at least one of the
following environmental criteria are considered suitable by ConocoPhillips for
use and controlled discharge to the marine environment is permitted:
• rated as Gold or Silver under OCNS CHARM model
•
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if not rated under the CHARM model, have an OCNS group rating of D or E
(i.e. are considered inherently biodegradable and non-bioaccumulative).

The residual risk of impact
from planned discharge of drill
cuttings and WBM fluids in the
Barossa offshore development
area is considered low given
the relatively short duration of
development drilling, the fact
that discharge of sediment is
contained within the Barossa
offshore development area
where no significant benthic
communities have been
identified, and no contact is
predicted with the closest
shoals/ banks. Impacts beyond
temporary minor effects to water
quality (e.g. turbidity increase)
and localised burial, smothering
and displacement of commonly
represented benthic habitats and
communities are not anticipated.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

The use of products that do not meet these criteria will only be considered
following assessment and approval through a chemical assessment process, as
outlined above. The assessment will also be informed by an environmental risk
assessment which will help ensure that any potential environmental impacts
resulting from chemical use and discharge are minimised.

•

•

Drill fluids
No planned discharge of whole SBM will occur overboard.
When using SBM, the solids control equipment will reduce the residual base
fluid on cuttings content prior to discharge overboard. Residual base fluid on
cuttings will be less than 10% by weight (w/w), averaged over all well sections
drilled with SBM.
PW and cooling water
An environmental monitoring program (Section 7.2.3) and adaptive
management framework (Section 7.3) will be applied to manage PW and
cooling water discharges.
Mercury levels in PW discharge will be subject to monitoring during operations
to confirm that concentrations remain within acceptable discharge limits.
PW and cooling water will be discharged below the sea surface to maximise
dispersion
Development of a predicted mixing zone(s) for PW and cooling water within the
Operations EP, as informed by modelling and validation studies.
•

The residual risk of impact from
planned discharge of PW, cooling
water, wastewater and brine is
considered low given that the
discharge extent is localised and
strong currents and mixing within
the open ocean environment
are predicted to cause rapid
dilution, reaching levels below
those which may cause harm
to marine species within the
Barossa offshore development
area. Therefore, contact with
shoals/banks, reefs and islands,
AMPs or KEFs was predicted to
be highly unlikely. The potential
for impact associated with
the bioaccumulation of PW,
cooling water or wastewater
constituents in benthic sediments
is considered low and limited to
a potential localised effect on a
limited number of benthic fauna
species immediately surrounding
the FPSO facility.
The residual risk of impact from
planned dewatering discharge
is considered low given the
expected area of influence
associated with the discharge
is localised within the Barossa
offshore development area,
exposure is of a short term
duration, and the nature of
benthic habitats and associated
species within the vicinity of the
FPSO facility are represented
elsewhere.

meet relevant
ANZECC/
ARMCANZ
and/or natural
variation in
ambient baseline
conditions
(where
determined to be
more relevant to
the site-specific
context to derive
reference values)
beyond the
predicted mixing
zone(s).

Dewatering
discharges will not
extend beyond the
Barossa offshore
development area
and will not impact
areas of seabed that
are associated with
the seafloor features/
values of KEFs or the
nearest shoals/banks
of Lynedoch Bank,
Tassie Shoal or Evans
Shoal.
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Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

•
During operations, verification monitoring and reporting of temperature and
chlorine concentrations of the cooling water discharge stream and hydrocarbon
concentrations of the PW discharge stream will be undertaken prior to
discharge.
Residual chlorine levels in the cooling water discharges will comply with a
target of concentration of less than or equal to 3 ppm at the point of discharge
to maintain safe operations.
The temperature of the cooling water discharge plume from the FPSO will
return to within 3 oC of the ambient temperature within 100 m of the discharge
point

•

The key management measures
are considered effective at
managing the risks. EPOs specific
to this aspect are framed to
achieve sustainable management
of impacts and risks.

•

The project aligns with relevant
legislative requirements,
standards, industry guidelines
and ConocoPhillips requirements
(e.g. OPGGS Act 2006, MARPOL
73/78 and Marine Orders,
ConocoPhillips Chemical
Management Procedure, North
Marine Bioregion Plan).

•

The project aligns with applicable
management/recovery plans and
conservation advices. Table 6‐38
demonstrates how the project
aligns with the requirements of
applicable MNES management
plans, as defined in Section 3.5.

•

The proposed management
controls are determined to be
appropriate to manage the risk to
an acceptable level.

PW discharges will have a hydrocarbon content that is no greater than an
average of 30 mg/L over any 24-hour period.
The OIW concentration of PW will be continuously monitored by an installed
OIW analyser which will be fitted with an alarm that activates if OIW
concentration is > 30 mg/L.
Baseline, periodic and ‘for cause’ (e.g. exceedance of contaminants) toxicity
testing of PW discharges will be undertaken against the recognised ecotoxicity
assessment methodology defined in ANZECC/ARMCANZ (2000).
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The residual risk of impact from
planned hydrotest discharge
is considered low given the
expected area of influence
associated with the discharge
is localised, exposure is of a
short term duration and there
is no predicted contact with the
seabed.

Environmental
performance
outcome
All discharges of SBM
residual base fluid on
cuttings from drilling
activities will be
below 10% w/w oilon-cuttings averaged
over all well sections
drilled with SBM.
Reduce impacts
to the marine
environment
from planned
discharges through
the application
of a chemical
assessment process,
which includes an
environment risk
assessment.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Dewatering of flooding fluid
The location of the dewatering discharge will be selected to minimise impact
on areas of regional environmental importance (e.g. shoals, banks, coral reefs,
islands, etc.) to the extent practicable.
Flooding fluid chemicals (e.g. biocide, oxygen scavengers and dye) will be
selected for environmental performance (i.e. low toxicity chemicals), whilst
maintaining technical performance requirements, and follow the chemical
assessment process (as detailed above).
The dewatering of flooding fluid will be detailed in the relevant activity‐specific
EPs developed during the detailed engineering and design studies for the
project. The EPs will detail dewatering requirements, including definition of
discharge characteristics (i.e. chemical additives and concentrations), discharge
location and volumes, methodology and species thresholds.
MEG stream
The FPSO facility will have facilities that will regenerate and reclaim MEG for reuse or onshore disposal, if continuous MEG injection is used for flow assurance.
Wastewater and other planned discharges
Oily bilge water from machinery space drainage is treated to a maximum
concentration of 15 ppm OIW prior to discharge from vessels, as specified in
MARPOL 73/78 (Annex I).
Offshore discharge of sewage from vessels will be in accordance with MARPOL
73/78 (Annex IV) and Marine Order 96.
Food wastes from vessels will be macerated to < 25 mm diameter prior to
discharge, in accordance with MARPOL 73/78 (Annex V) and Marine Order 95.
Detailed performance criteria for planned discharges will be defined in the
activity-specific EPs.
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6.4.9

Waste management
Over the course of the project life-cycle, a range of solid and liquid wastes will be generated that will require
responsible management. The risk assessment for potential impacts to the marine environment arising from
inappropriate management of general solid non-hazardous or hazardous wastes is shown in Table 6-40.
Table 6-40: Waste management risk assessment

Risk

Inappropriate management of non-hazardous or hazardous waste.

Geographic project Barossa offshore development area, gas export pipeline corridor
reference
Key project stage

All

Key factor(s)
(see Table 6-7)

Physical environment

Marine reptiles

(water quality)
Marine mammals

Other relevant
factor(s)
(see Table 6-7)

Birds

Potential impact(s)

•

Temporary and localised reduction in water quality, i.e. pollution or
contamination of the marine environment.

•

Interaction of marine fauna with solid wastes, such as plastic packaging, which
may result in physical injury or mortality (through ingestion or entanglement)
of the individual.

Sharks and rays

Fish

Risk assessment
Consequence

Likelihood

Risk rating

Inherent risk

1 Negligible (Bio)

2 Remote

2 Low

Residual risk

1 Negligible (Bio)

2 Remote

2 Low

Confidence

High

Impact assessment and risk evaluation
General wastes will be produced throughout the life of the project and may include domestic wastes (such
as paper, plastic, bottles, scrap materials) and industrial/operational wastes (such as chemicals, chemical
drums, waste oil, mercury removed during offshore processing on the FPSO facility and consumables).
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Depending on the option selected for mercury removal, mercury disposed may be in solid (contained within
absorbent beads) or liquid (if condensed in gas drums) form (Section 4.3.3.1). Irrespective of the form of mercury,
it will be appropriately packaged and transported to shore for disposal at an approved facility. The frequency of
disposal depends on the option selected and may range between every few months to once every 4–5 years. Given
the management of mercury and the controls that will be implemented throughout operations, it is highly unlikely
that it will be accidentally released and therefore the exposure risk to the receiving marine environment is extremely
low. Considering the waste management controls that will be implemented and enforced through auditing and
reviews, and the location of the majority of the project in the open ocean, it is considered highly unlikely that waste
will result in significant impacts to key values and sensitivities, including EPBC protected species.
Should an unplanned liquid discharge (e.g. chemicals or waste oil) occur to the marine environment, the discharged
fluids would be subject to rapid dispersion and dilution as a result of the prevailing ocean currents that exist within
the project area. Given the typical small volumes and temporary (i.e. instantaneous) duration of accidental discharge
events, impacts to water quality would be temporary and highly localised. Subsequently, there would be limited
potential for toxicity to marine fauna due to temporary exposure and low toxicity as a result of rapid dilution.
Therefore, any potential impacts to marine fauna would be limited to any individuals that may be transiting within
the immediate area of the discharge (within tens to several hundred metres). However, the likelihood of this is very
low considering the majority of the project area does not contain any significant feeding, breeding or aggregation
areas for marine fauna. While the southern end of the gas export pipeline corridor overlaps a portion of internesting
habitat critical to the survival of flatback and olive ridley turtles, impacts are still considered highly unlikely given the
highly localised and temporary nature (only relevant to installation and periodic maintenance/inspection activity)
of the potential unplanned event. No contact with the Tiwi Islands is expected as the gas export pipeline corridor
is approximately 6 km from the coastline at its closest point and taking into account the preventative controls and
response framework that will be implemented. A detailed evaluation of potential impacts associated with large‐scale
unplanned liquid discharges is provided in Section 6.4.10.

Impact and risk summary
In conclusion, the residual risk of impact from unplanned discharge of liquid or solid waste to the marine
environment is considered low given the management controls, low likelihood of occurrence and the nature of the
existing environment in the immediate vicinity of project activities (e.g. no areas of significant feeding, breeding or
aggregation for marine fauna).
The project is considered consistent with the relevant requirements of the Blue Whale Conservation Management
Plan, Humpback Whale Recovery Plan 2005‐2010 (under review), Recovery Plan for Marine Turtles in Australia, Whale
Shark Recovery Plan 2005‐2010, Sawfish and River Sharks Multispecies Recovery Plan and relevant marine fauna
species conservation advices as related to waste management (Table 6‐41). A summary of the potential impacts,
proposed key management controls, acceptability and EPOs for waste management are presented in Table 6‐42.
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The unplanned discharge of solid (hazardous and non‐hazardous) waste as a result of inappropriate storage or
handling/transfer is likely to result in minor impacts only. Attempts to recover wastes or dropped objects will be
made where safe and practicable to do so. Non-buoyant materials not able to be recovered are expected to sink
to the seabed within the immediate vicinity of the project and cause a small, localised impact to benthic habitats.
However, as discussed in Section 6.4.2, the infauna and macrofauna communities and benthic habitat in the
Barossa offshore development area is known to be generally uniform and consistent with that associated with deep
water environments, and are representative of the broader Bonaparte Basin and Timor Sea. Buoyant materials, which
are mostly inert and non-hazardous, have the potential to impact marine fauna individuals through ingestion or
entanglement as they transit the area. Good housekeeping practices will be implemented on all project vessels,
therefore reducing the risk of accidental over board discharge of solid waste on marine fauna.

6 Evaluation of environmental
impacts and risks

Table 6-41: Summary of alignment with relevant EPBC management plans for waste management

Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Marine mammals
‐ Blue whale

Blue Whale Conservation
Management Plan (October 2015)
(DoE 2015a)

•

Marine mammals ‐ Humpback Whale Recovery Plan
Humpback whale1 2005‐2010 (May 2005) (under review)
(DEH 2005a)

Demonstrably minimise anthropogenic
threats, including habitat modification
through marine debris.

•
No specific actions or requirements are
identified for assessing the threat of marine
debris.
•

Conservation advice (October 2015)
(DoE 2015b)
Marine reptiles –
Loggerhead turtle
Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle

Recovery Plan for Marine Turtles
in Australia 2017‐2027 (June 2017)
(DoEE 2017a)

Fish ‐ Whale shark

Whale Shark Recovery Plan
2005‐2010 (May, 2005) (May 2005)
(DEH 2005b)

Reduce the impacts from marine debris.
Manage anthropogenic activities to ensure
marine turtles are not displaced from
identified habitat critical to the survival of
the species.
Manage anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.
No specific actions or requirements are
identified for assessing the threat of marine
debris.

Conservation advice (October 2015)
(DoE 2015i)
Birds ‐ Curlew
sandpiper

Conservation advice (May 2015) (DoE
2015e, f )

Birds ‐ Eastern
curlew

(notes that the threats are particularly
relevant to eastern and southern
Australia)

Birds ‐ Australian
Lesser noddy2

Conservation advice (October 2015)
(DoE 2015g)
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No specific actions or requirements are
identified for habitat loss and degradation
from pollution for these species.

Good housekeeping practices will be enforced through auditing and reviews, and applied at all
stages of the project, to minimise the risk of impact from marine debris.
There are no significant feeding, breeding or aggregation areas for marine mammals, whale sharks,
river sharks, sawfish or birds within the project area that would be subject to impacts from marine
debris from project activities.
Marine debris will not be intentionally introduced to the marine environment during installation
or operation of the pipeline. In the unlikely event of an unplanned release of waste/marine debris
(specifically within the habitat critical to the survival of flatback and olive ridley turtles during
installation of the gas export pipeline), it will not represent a significant contribution to marine
debris or associated habitat degradation, and no population level impacts are expected as a result
of the activities.

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure marine turtles are not displaced from identified habitat critical to their survival and
that biologically important behaviour can continue.

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Birds ‐ Great knot2

Conservation advice (May 2016)
(DoE 2016a)

Birds ‐ Greater
sand plover2

Conservation advice (May 2016)
(DoE 2016b)

Birds ‐ Lesser sand
plover2

Conservation advice (May 2016)
(DoE 2016c)

Birds ‐ Western
Alaskan bar‐tailed
godwit2

Conservation advice (May 2016)
(DoE 2016d)

Birds ‐ Northern
Siberian bar‐tailed
godwit2

Conservation advice (May 2016)
(DoE 2016e)

Birds ‐ Red knot2

Conservation advice (May 2016)
(DoE 2016f )

Sharks and rays Great white shark

Recovery Plan for the White Shark
(Carcharodon carcharias) (August
2013) (DSEWPaC 2013a)

Sharks and rays Grey nurse shark

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

No specific actions or requirements are
identified for assessing the threat of habitat
modification/degradation for these species
from pollution, as relevant to the project.

Sharks and rays ‐
Speartooth shark
Northern river
shark
Green sawfish
Largetooth
sawfish
Dwarf sawfish

Sawfish and River Sharks Multispecies
Recovery Plan (November 2015) (DoE
2015j)

Reduce and, where possible, eliminate any
adverse impacts of marine debris.

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Protect important habitat in Australia.

Conservation advice: speartooth
shark (April 2014) (DoE 2014b),
northern river shark (April 2014) (DoE
2014c), dwarf sawfish (October 2009)
(DEWHA 2009) and green sawfish
(2008) (DEWHA 2008b)

1

Although the species were identified in the EPBC Protected Matters search they are highly unlikely to occur in the project area, which is outside the species range or preferred habitat (see Section 5.6.2 for humpback whales). However, the species may occur within the area
of influence.

2

These species were identified only in the area of influence EPBC Protected Matters search.
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Table 6-42: Summary of impact assessment, key management controls, acceptability and EPOs for waste management

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Waste
management

Physical
environment –
water quality.

Temporary and
localised reduction
in water quality,
i.e. pollution or
contamination
of the marine
environment.

All wastes generated offshore will be managed in accordance with relevant
legal requirements, including MARPOL 73/78 and Australian Marine Order
requirements (as appropriate for vessel classification).

The potential impacts and risks
associated with inappropriate waste
management are considered broadly
acceptable given:

Zero unplanned
discharge of
hazardous and nonhazardous wastes
into the marine
environment as a
result of project
activities.

Marine
mammals.
Marine reptiles.

Interaction of
marine fauna
with solid wastes,
such as plastic
packaging, which
may result in
physical injury or
mortality (through
ingestion or
entanglement) of
the individual.
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A project Waste Management Plan will be developed and implemented, and
will include details of:
•

the types of waste that will be generated by the project and will require
containment, transport to, and disposal at, a licensed facility onshore

•

management protocols for the handling, segregation and responsible
disposal of wastes. For example, non-hazardous and hazardous solid and
liquid wastes will be transported safely to shore and disposed onshore at
licensed treatment and disposal facilities.

•

measurable performance criteria

•

competency and training

•

audits, reporting and review, including compliance checks via waste
manifests.

Hydrocarbon and chemical storage and handling procedures will be
implemented, including:
•

secure storage of bulk hydrocarbons and chemicals in areas with secondary
containment

•

storage of hydrocarbon and chemical residues in appropriate containers

•

stocks of SOPEP spill response kits readily available to respond to deck spills
of hazardous liquids and personnel trained to use them

•

planned maintenance system including maintenance of key equipment
used to store and handle hydrocarbons/chemicals (e.g. bulk transfer hoses,
bunding)

•

MSDS available on board for all hazardous substances.

•

The residual risk of impact is
considered low as:
•

the likelihood of occurrence
and the nature of the
existing environment in the
immediate vicinity of project
activities (e.g. no areas of
significant feeding, breeding
or aggregation for marine
fauna)

•

any potential impacts to local
water quality are likely to be
for a short duration only.

•

good housekeeping practices
will be implemented
on all project vessels,
therefore reducing the risk
of accidental overboard
discharge of wastes on the
receiving environment.

Hazardous waste
will be transported
onshore for
treatment and/or
disposal at licenced
treatment and
disposal facilities.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Non-hazardous and hazardous wastes will be managed, handled and stored in
accordance with their MSDS, and tracked from source to their final destination
at an appropriately licensed waste facility.

•

The key management measures
are considered effective at
managing the risk and will be
enforced through auditing and
reviews. EPOs specific to this
aspect are framed to achieve
sustainable management of
impacts and risks.

•

The proposed management
controls are determined to be
appropriate to manage the risk to
an acceptable level.

•

The project aligns with relevant
legislative requirements,
standards, industry guidelines
and ConocoPhillips requirements
(e.g. MARPOL and Marine Orders,
relevant recovery plans).

•

The project aligns with applicable
management/recovery plans and
conservation advices. Table 6‐41
demonstrates how the project
aligns with the requirements of
applicable MNES management
plans, as defined in Section 3.5.

Heavy lifting operations between vessels and the MODU/drill ship or FPSO
facility will be undertaken using competent personnel and certified lifting
equipment and accessories to minimise the risk of dropped objects.

Environmental
performance
outcome
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6.4.10

Unplanned discharges
There is a low probability risk of release of unplanned discharges (i.e. hydrocarbon or chemical spills) to the
marine environment through unplanned events such as a refuelling/bunkering incident, vessel collision or
long-term well blowout. The risk assessment for potential impacts to the marine environment is summarised
in Table 6-43.
The risk assessment presented below is considered highly conservative as it is based on low likelihood
largest maximum credible spill scenarios, with no spill response measures taken, of:
•

long-term well blowout in the Barossa offshore development area that could occur during
development drilling or operations and result in the discharge of condensate

•

large-scale release of intermediate fuel oil (IFO) from a pipelay vessel due to a vessel collision during
installation of the gas export pipeline, in close proximity to the Tiwi Islands.

ConocoPhillips has successfully undertaken previous appraisal drilling campaigns in the Barossa offshore
development area and will apply the same responsible approach to managing the risk of unplanned releases
for the project.
The industry has learnt a lot in terms of the assessment, preventative management and response in the
unlikely event of a major release. These learnings have been incorporated into the management framework
and key management controls presented in this OPP.
Table 6-43: Unplanned discharges risk assessment

Risk

Unplanned discharge of hydrocarbons or chemicals to the marine environment.

Geographic project Barossa offshore development area, gas export pipeline corridor
reference
Key project stage

All. The low likelihood long-term well blowout scenario is considered to represent
the maximum credible spill scenario associated with spills that may occur in the
Barossa offshore development area (i.e. has the greatest area of influence). The
low likelihood scenario of a pipelay vessel collision is assessed as representing the
maximum credible spill scenario associated with spills that may occur along the gas
export pipeline route, and is only applicable during installation of the pipeline.

Key factor(s)
(see Table 6-7)

Physical environment (water

Birds

quality and sediment quality)
Shoals and banks

Fish

Tiwi Islands

Sharks and rays

Other offshore reefs, islands and Commercial fishing
NT/WA mainland coastline
Marine mammals

Recreational and traditional fishing (Tiwi Islands)

Marine reptiles

Other relevant
factor(s)
(see Table 6-7)

Plankton

Tourism, recreation and scientific research

AMPs

Commercial shipping

KEFs

Offshore petroleum exploration and operations

Commonwealth Heritage places Defence activities
Marine archaeology
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•

Reduction in water quality.

•

Direct toxic or physiological effects on marine biota, including corals,
mammals, reptiles, birds, fish and sharks/rays.

•

Hydrocarbon/chemical contact with shoals/banks, reefs and islands at
concentrations that result in adverse impacts.

•

Alteration of biological communities as a result of the effects on key marine
biota.

•

Socio-economic impacts on marine archaeology, commercial fishing,
traditional fishing (with particular reference to the Tiwi Islands), tourism,
recreation and scientific research, and commercial shipping.

6 Evaluation of environmental
impacts and risks

Potential impact(s)

Risk assessment
Barossa offshore development area
Consequence

Likelihood

Risk rating

Inherent risk

4 Significant (Bio)

2 Remote

8 Medium

Residual risk

4 Significant (Bio)

2 Remote

8 Medium

Consequence

Likelihood

Risk rating

Inherent risk

4 Significant (Bio)

2 Remote

8 Medium

Residual risk

4 Significant (Bio)

2 Remote

8 Medium

Confidence

High

Gas export pipeline

6.4.10.1

Overview of maximum credible hydrocarbon spill scenarios
A number of maximum credible spill scenarios resulting in the unplanned release of hydrocarbons to the
marine environment associated with the project were identified and are summarised in Table 6-44. In
determining the scenarios, particular focus was placed on identifying risks associated with development
drilling, installation of the gas export pipeline, and operation of the FPSO facility and associated
activities with the potential to result in the release of a significant volume of hydrocarbons to the marine
environment. The AMSA Technical Guidelines for preparing contingency plans for marine and coastal
facilities (AMSA 2015) were also taken into consideration when defining the credible spill scenarios and
maximum credible spill volumes.
The consequence ranking for each scenario was informed by the modelling outputs that provide an
indication of the extent and severity of potential impact, combined with information identified in Section 5
regarding the existing environment and key environmental values/sensitivities. Comprehensive quantitative
three-dimensional hydrocarbon spill modelling (stochastic and deterministic), including predictions of
surface films, entrained hydrocarbons and dissolved aromatic hydrocarbons, has been undertaken by RPS
APASA to assess the risk of exposure to the sea surface and the surrounding shoals/banks, offshore reefs and
islands from these scenarios (RPS 2017e).
The likelihood rating was informed by historical spill data to determine event probability and the collective
knowledge and experience of the subject matter experts involved in the risk assessment process. Likelihood
was ranked in accordance with the process outlined in Section 6.2.3.2. Event probability for each scenario
was determined through referral to a range of publicly available sources that cite likelihood probabilities
for hydrocarbon spills with similar characteristics as those identified in Table 6-44. Key sources reviewed
included the DNV Final Report Assessment of the Risk of Pollution from Marine Oil Spills in Australian Ports
and Waters for the Australian Maritime Safety Authority (2011), the Browse Upstream EIS (Woodside 2011),
Browse FLNG EIS (Woodside 2014) and the Ichthys EIS (INPEX 2010). While references cited do not provide
directly comparable spill release scenarios, they are indicative within the same order of magnitude of
the likely probabilities of release for the Barossa project context. For example, INPEX (2010) cites a loss of
containment probability for a vessel collision with an FPSO facility. This probability has been used to support
the likelihood rating allocated by subject matter experts in the risk assessment for Scenarios 2, 3, 5 and 6 in
Table 6-44, given the nature of the scenario is similar (i.e. related to vessel collisions in offshore waters).
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Table 6-44: Summary of maximum credible hydrocarbon spill scenarios

Maximum Location
credible
spill
scenario

Description Hydrocarbon
type and
volume

Spill duration Risk assessment

1

Barossa

Refuelling

Marine diesel

Instantaneous

offshore

incident

– 10 m3 surface

to 4.9 x 10-2

release

(once every

development

Consequence Likelihood

Event
Probability

Residual
risk rating

1 Negligible

1.38 x 10-2

4 Low

4 Probable

area – FPSO
facility1

2

20–72 years)
6 hours

2 Minor

2 Remote

3.0 x10-4

Vessel

Marine diesel2

collision

– 2,975 m3

(once in

leading to

surface release

3,333 years)

4 Low

loss of a
single FPSO
facility fuel
tank

3

6 hours

3 Moderate

2 Remote

3.0 x10-4

6 Medium

Vessel

Barossa

collision

condensate

(once in

leading

– 19,400 m3

3,333 years)

to loss of

surface release

a single
FPSO facility
condensate
storage tank3

4

Long-term

Barossa

80 days

4 Significant

2 Remote

well blowout condensate –

5

1.33 x 10-5

8 Medium

to 8.4 x 10

-4

16,833 m3 or

(once in

210.1 m3/day

1,190 –

subsea release

75,188 years)
6 hours

3 Moderate

2 Remote

3.0 x10-4

Vessel

Heavy fuel oil

collision

(HFO) – 650 m3

(once in 3,333

leading

surface release

years)

6 Medium

to loss of
an offtake
tanker fuel
tank

6

6 hours

4 Significant

2 Remote

Vessel

IFO-180 –

pipeline

collision

500 m3 surface

(once in 3,333

– nominal

leading

release

years)

location close to loss of
to Bathurst

a single

Island4

pipelay
vessel fuel
tank

1

As the project is still in the early design phase, the location of the FPSO facility (as shown in Figure 4-2) is indicative and may be subject to
refinement as engineering design progresses. Therefore, for the purposes of the modelling a conservative location closest to the nearest
shoals/banks of Evans Shoal and Tassie Shoal was selected to assess the potential impacts and risks associated with unplanned releases
from the FPSO facility. The modelling location is approximately 8.1 km south-west of the indicative FPSO facility.

2

The FPSO facility may also be fuelled by marine gas oil – see further discussion below in Section 6.4.10.4.

3

Scenario 3 was used to provide a conservative evaluation for the scenario of a vessel collision leading to the loss of Barossa condensate
from an offtake tanker cargo tank. Based on a review of standard, globally-used offtake tankers, the largest offtake tanker cargo tank size
is expected to be in the order of 10,000 m3 to 14,000 m3. This is well within the volume that is represented by Scenario 3 (19,400 m3) and
the spill duration is expected to be the same. While the residual risk rating for a vessel collision with an offtake tanker while it is within the
Barossa offshore development area is likely to be lower than for the scenario of a collision with the FPSO facility, given the offtake tanker
is expected to be required approximately every 80–100 days. For the purposes of this early stage assessment, the residual risk rating is
conservatively assumed to be the same.

4

A nominal location close to the Tiwi Islands (i.e. Bathurst Island) was selected to provide an estimate of the maximum potential
environmental impacts and risks from a vessel collision during installation of the gas export pipeline.
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It is important to note that the maximum credible spill volumes modelled for the vessel collision scenarios
resulting in the loss of hydrocarbons to the marine environment in the Barossa offshore development area
(Scenarios 2, 3 and 5) or along the gas export pipeline (Scenario 6) are considered highly conservative as
they assume:
•

large vessels, such as the offtake tanker, are travelling at speeds that are likely to result in severe
damage to the FPSO facility, offtake tanker or pipelay vessel

•

failure of multiple key controls, such as standard navigational, safety and in-field/installation vessel
speed requirements

•

significant damage to structural integrity occurs. The level of damage required for the modelled
scenarios to occur is only considered possible in a situation where an errant vessel has lost capacity
to control both its speed and course and failed to respond or provide radio warnings.

The scenarios modelled are considered to provide a credible representation of the types and volumes
of hydrocarbons and possible release locations associated with the project (including potential future
development of the Caldita Field with or without a WHP; Section 4.3.1). The definition of these scenarios has
allowed for a rigorous evaluation of all potential impacts to a vast range of key regionally important values
and sensitivities (e.g. shoals/banks, reefs, shorelines, AMPs, marine fauna, habitat critical to the survival of
flatback and olive ridley turtles, BIAs, commercial fishing areas), and therefore, has informed the overall
determination of environmental consequence and acceptability for the project in relation to unplanned
discharges. These scenarios also represent a range of spill volumes which allow for appropriate planning and
assessment of emergency response capabilities and resources. It is recognised that other spill scenarios may
be identified as the project becomes more defined and these will be assessed in activity-specific EPs. Given
the conservative nature of the maximum credible spill scenarios modelled, it is anticipated that the other
spill scenarios will be either representative or a subset of the area of influence assessed within this OPP. As
outlined in Section 5.1, the assessment of risks/impacts in the OPP is based on the largest area of influence
associated with a long-term blowout and pipelay vessel collision at the southern end of the gas export
pipeline. The full extent of the area of influence has been taken into account in the assessment of potential
impacts, as a conservative approach. Therefore, the scenarios modelled allow for the comprehensive
assessment of a wide range of different environmental and socio- economic values/sensitivities that may
occur in the marine environment.
While the overarching objective of the modelling was to assess the impacts and risks to regionally relevant
values/sensitivities, such as submerged shoals/banks, offshore islands and reefs, the impact and risk
evaluation also takes into account the key values and sensitivities, as informed by Section 5, which includes
MNES, marine mammals, marine reptiles, birds, corals and socio-economic values/sensitivities.
A preliminary analysis and evaluation of a potential subsea release of gas from the gas export pipeline,
which is considered to be of very low likelihood, has also been considered as part of the OPP. Refer to
Section 6.4.10.13 for further details on the scenario considered, and the potential impacts and risks.

Spill volumes and release duration
Spill volumes and release durations for the spill scenarios modelled were determined based on a review of:
•

transfer hose inventory (volumes and flow rates) and spill prevention measures, including ‘dry break’
or ‘break away’ couplings, rapid shutdown of fuel pumps, to determine the volumes that would
likely be released in the event of a refuelling incident. The spill duration was considered to be almost
instantaneous (i.e. in the order of minutes) as shutdown mechanisms would be triggered instantly
and refuelling rapidly stopped.

•

hydrocarbon volumes (fuel and condensate) stored within FPSO facility. Based on the review,
the fuel type and size of the storage tanks were considered to represent an appropriate upper
order estimate for the various vessels that may be present in the Barossa offshore development
area, such as heavy lift vessels and in-field or offshore support vessels. Given the size of the tanks
and the expected release rate, the hydrocarbons are expected to be discharged over a period of
approximately six hours.

•

reservoir pressure and flow rates identified in the Barossa 2013/14 appraisal drilling campaign, to
inform the volume of condensate that would be released as a result of a long‐term well blowout.
The spill duration was based on 80 days of continuous discharge from the well, which represents an
indicative maximum predicted timeframe for the drilling of a relief well (as informed by the Montara
wellhead platform well blowout that occurred in the Timor Sea in 2009).

•

fuel types and storage tanks inventory of offtake tanker and pipelay vessels, to determine the
maximum volumes that could be released as a result of a vessel collision with an offtake tanker
during operations or pipelay vessel during installation of the gas export pipeline. The release
duration assessed was approximately six hours, in alignment with the other vessel collision scenarios
modelled.
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While the potential well blowout scenario is based on the Barossa Field, well testing activities during the
Caldita drilling program observed similar flow rates to that seen in the 2013/2014 Barossa appraisal drilling
campaign. Therefore, it is considered that the modelling results for the Barossa condensate spill scenarios as
discussed in this OPP provide an appropriate representation of the nature and scale of equivalent releases
of Caldita condensate as there are no significant differences in terms of core inputs and parameters that
underpin the modelling.

6.4.10.2

Modelling method
The hydrocarbon spill modelling study was undertaken in several stages. Firstly, a five-year ocean and
tidal current dataset (2010–2014) was developed combining the influence of the ocean and tidal currents.
Secondly, the currents, local winds and detailed hydrocarbon characteristics were entered into the threedimensional spill model to replicate the drift, spread, weathering and fate of the spilled hydrocarbons. The
model also considered the data collected during the extensive and robust Barossa marine studies program
(Section 5.2). As outlined in Section 6.4.8.1, the modelling is considered highly representative of the
characteristics influencing the marine environment, particularly within the Barossa offshore development
area (RPS 2017e).
For each spill scenario, 100 single trajectories per season were modelled, with each trajectory characterised
by the same spill information (i.e. release location, spill volume, duration and composition of hydrocarbons)
but varying start times. This ensured that each spill trajectory was subjected to a range of varying wind
and current conditions. Modelling was undertaken for each of the three distinct seasons to account for
different combinations of wind, current and water temperatures that occur throughout annual cycles:
summer (December to February), winter (April to August) and the transitional (March and September to
November) seasons. This approach assists in identifying the key values and sensitivities that would be at risk
of exposure on a seasonal basis.
To assess the potential impacts to environmental values/sensitivities, the modelling results were reported
against a series of defined sea surface, entrained and dissolved hydrocarbon thresholds. Further discussion
on the thresholds applied to the modelling study is detailed in Section 6.4.10.3 and Appendix L. To assess
the potential impacts to submerged values/sensitivities, the modelling presented the probability of contact
with entrained and dissolved hydrocarbons at depth specific intervals applicable for each value/sensitivity
(RPS 2017e). For offshore reefs, shoals and banks, the model used the minimum depth of the feature while
the surface water layer (0 m–10 m) was used for the AMPs (noting that at the time of the modelling study
they were named Commonwealth Marine Reserves). The KEFs and commercial fisheries were assessed at
different depths as relevant to the maximum depth layer modelled for the scenario. Potential impacts to
the KEFs and commercial fisheries were assessed at depths of 40 m–50 m for Scenario 2 (vessel collision
releasing marine diesel) as this was determined as the maximum depth to which the in‐water component
would extend. In the case of Scenario 3 (vessel collision releasing Barossa condensate) and Scenario 4 (long‐
term well blowout), a 90 m–100 m depth layer was assessed. The 90 m–100 m depth layer is considered an
appropriate and conservative representation of potential impacts that may occur in benthic waters, within
which the KEFs and commercial fisheries are located, and given the plume dynamics of a well blowout of
Barossa condensate.
It is important to note that in interpreting the stochastic modelling, the results are calculated independently
for each location from many simulations (i.e. 100 single spill trajectories per season). Therefore, the
stochastic model output does not represent the actual extent of any single spill trajectory, but rather
provides a summary of all trajectories run for each scenario and each season. In general, the potential
extent and duration of exposure from an individual spill would be significantly smaller, shorter and unlikely
to extend simultaneously over vast areas. An example of the difference in results between a single spill
trajectory (i.e. deterministic modelling) and stochastic modelling outputs for the same scenario (2,975 m3
surface release of marine diesel over six hours during winter conditions; Scenario 2) is shown in Figure 6‐16.
The simulation lengths of the modelling runs were carefully selected for each scenario based on extensive
sensitivity testing process (RPS 2017e). During the process, sample spill trajectories are run for longer
than intended durations for each scenario and the results carefully assessed to examine the persistence
of the oil (i.e. has the maximum evaporative loss been achieved for the period of time; and volume of
hydrocarbons in the water column (if any)) in conjunction with the extent of sea surface exposure based
reporting thresholds. The persistence of the hydrocarbons on the sea surface and entrainment within the
water column is based on several factors including the nature of release (duration, volume and type (subsea
or surface)), residual properties of the hydrocarbon type and weathering. Once there is alignment between
these two factors the simulation length is deemed appropriate as the final fate of hydrocarbon is accounted
for and the full exposure area is identified (RPS 2017e).
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Therefore, presentation of the stochastic modelling results herein for the maximum credible spill scenarios is
considered highly conservative in terms of the potential impacts and risks arising from these low likelihood
spill scenarios.
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Figure 6-16: Comparison of spill modelling results at the same location from a single hydrocarbon spill
simulation (deterministic modelling) with results from multiple simulations (stochastic
modelling)
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6.4.10.3

Sea surface, entrained and dissolved thresholds
As the model is able to track hydrocarbons to levels lower than biologically significant or visible to
the naked eye, reporting thresholds have been specified to account for “exposure” on the sea surface
and “contact” to environmental values/sensitivities at meaningful levels. Sea surface, entrained and
dissolved hydrocarbon thresholds were defined based on available scientific literature and applied to
the hydrocarbon spill modelling to assess the environmental impacts and biological consequences in
the unlikely event of a hydrocarbon spill. These thresholds have been used to show the area that may be
affected in the event of a spill, both in terms of contact and impact. The area that may be affected has
been defined using low, moderate and high exposure zones, with the outer limit of the adverse exposure
zone (i.e. area within which impact may occur) represented by the moderate threshold boundary. The high
exposure threshold occurs within the moderate threshold boundary, and therefore presentation of the
moderate exposure boundary represents a more conservative approach. This boundary also represents the
outer limit of the area of influence as assessed in this OPP.
The thresholds for the surface, entrained and dissolved hydrocarbons, and their correlation with the zones
of exposure and area of influence, are presented in Appendix L.

6.4.10.4

Hydrocarbon characterisation
This section provides an overview of the hydrocarbon characteristics, weathering properties and behaviour
for the types of hydrocarbons which may be released as a result of the maximum credible spill scenarios
identified for the project – marine diesel, Barossa condensate, HFO and IFO-180.
Refer to Appendix L for further description of the characteristics, fate and weathering of the hydrocarbons
modelled.

Marine diesel
Marine diesel is a mixture of volatile and persistent hydrocarbons with low viscosity (RPS 2017e). If released
to the marine environment, marine diesel will spread quickly and thin out to low thickness levels, thereby
increasing the rate of evaporation. Generally, up to approximately 60% of the hydrocarbon will evaporate
over the first two days, depending upon the prevailing conditions and spill volume (RPS 2017e). Marine
diesel also has a strong tendency to entrain into the upper water column (0 m–20 m) (and consequently
reduce evaporative loss) in the presence of moderate winds (> 10 knots) and breaking waves (RPS 2017e).
However, diesel re‐surfaces when the conditions calm. Approximately 5% of the hydrocarbon is considered
persistent and, therefore, unlikely to evaporate, and will decay over time (RPS 2017e).
Marine gas oil may be used by the FPSO facility. In addition, vessels refuelled in Australia are likely to
operate on marine gas oil. The key characteristics (i.e. density and viscosity) of marine gas oil, which
influence the behaviour, weathering and fate of the hydrocarbon, are broadly similar to marine diesel.
However, it is important to note that marine gas oil has a higher volatile component in comparison to
marine diesel and will, therefore, spread out and evaporate more quickly. Therefore, it is considered that
modelling of a marine diesel spill provides a more conservative representation of the nature and extent of a
potential spill of marine gas oil.

Barossa condensate
The physical-chemical properties of Barossa condensate were based on an assay obtained during the
2013/14 Barossa appraisal drilling campaign. The assay is considered to be representative of the reservoir
characteristics of the Barossa Field (i.e. unprocessed, ‘volatile enriched’ condensate) and the composition
used to determine the weathering characteristics of the Barossa condensate.
The condensate is characterised by a low viscosity and is considered a Group I oil (non‐persistent), as per
the grouping classification presented by the International Tanker Owners Pollution Federation (ITOPF), IMO
and United States EPA/United States Coastguard (AMSA 2015). On release to the sea surface the condensate
would rapidly spread and thin out resulting in a large surface area of hydrocarbon for evaporation (RPS
2017e). Group I oils (non‐persistent) tend to dissipate completely through evaporation within a few hours
(ITOPF 2015). Based upon the Barossa condensate assay, up to 57% of the hydrocarbon would evaporate
over the first few hours, with up to 79% evaporated after two days when on the sea surface (RPS 2017e).
Only 7% of the condensate is considered persistent, with breakdown of this component due to decay
weathering processes. Barossa condensate released to the sea surface may also become entrained into the
water column in the presence of moderate winds and breaking waves, however, it would re‐surface under
calm conditions (RPS 2017e).
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For the subsea Barossa condensate release scenario (Scenario 4 – long‐term well blowout) modelling was
undertaken to understand the plume dynamics due to the amalgamation of gas and condensate. The gas
and condensate from a well blowout is released at the seabed into the water column as a hot plume under
high pressure. As a result, the blowout will initially behave like a jet, which dissipates in the water column
over a short distance (< 5 m). Following this, the buoyancy of the gas and condensate mixture relative to the
surrounding waters controls the plume rise until it penetrates the surface waters or loses its momentum.
Modelling showed that the condensate would be expected to separate into droplets of variable sizes
between 18.4 μm and 92.1 μm (RPS 2017e). The minimum time for the condensate droplets to reach the
surface at concentrations above the minimum sea surface threshold (1 g/m2) was approximately one‐hour
post release. However, due to varying wind and current conditions, smaller condensate droplets can remain
in the water column for days or weeks before reaching the sea surface. Therefore, evaporation rates would
initially be expected to be rapid during the early phase of the release scenario, where larger droplets surface,
and then decline over time (RPS 2017e).
On release from the seabed, the plume is predicted to rise through the water column (average velocity of
approximately 3 m per second) and rupture at the sea surface (RPS 2017e). Therefore, the concentration of
entrained hydrocarbons is predicted to be greatest in the sea surface layer and lowest at the seabed. The
maximum core diameter of the plume was predicted to be approximately 31 m (RPS 2017e).
On reaching the sea surface, the Barossa condensate would undergo a series of changes to appearance,
colour and phase state as it weathers. Within 24 hours of release, the remaining condensate would be
expected to be almost semi‐solid at average sea surface temperature (RPS 2017e). As weathering on the
sea surface continues, the weathered residues of the Barossa condensate would be mostly in the form of
paraffins, which would remain afloat as the oil spread out and thinned while it continued to weather at
sea. As the residues became solid, they would form thin, clear sheets and white crystalline ‘pancakes’ which
would then begin to break up into small, white waxy flakes due to the action of the waves and wind over
time (RPS 2017e).
Hydrocarbons that cause most of the “aquatic toxicity” are generally the smaller aromatic and soluble
components of oil (one ring and two ring aromatics) or the PAHs (RPS 2017e). The low volatility fraction of
the Barossa condensate contains very low levels of aromatics in the three ring and above PAHs. Therefore,
the weathered residues of the condensate are not considered to present an ecotoxicological threat in the
water column (RPS 2017e).
While the potential condensate release scenarios (Scenarios 3 and 4) are based on Barossa condensate,
review of an assay obtained during the 2005 Caldita exploration drilling program has shown that the key
physical‐chemical properties (i.e. density and API gravity) of the Caldita condensate are comparable. The
Caldita condensate, like Barossa condensate, is a Group I oil (non‐persistent). The condensates are also very
similar in composition in terms of the volatile and residual components. Based upon the Caldita condensate
assay, up to 45% of the hydrocarbon would evaporate over the first few hours, with up to 75% evaporated
after two days when on the sea surface. Only 12% of the condensate is considered persistent (refer to
Section 6.4.10.4 for details on the Barossa condensate). Given this, and the comparability of the physical
chemical properties, the behaviour, weathering and fate of the hydrocarbons are expected to be similar. As
part of the spill modelling study (RPS 2017e) further comparative analysis was also undertaken, including
reviewing the results of the Barossa condensate ecotoxicity assessment (Jacobs 2017; refer below) to assess
the comparability of the potential toxicity impacts from Barossa or Caldita condensate. Given the similarity
of the condensates, especially the BTEX compounds which are known to contribute to toxicity (Barossa
condensate – approximately 6.9% weight and Caldita condensate – approximately 5.3% weight), the review
concluded that the Barossa condensate ecotoxicity study is representative of Caldita condensate. Refer to
(RPS 2017e; Appendix L for further detail.
Ecotoxicity assessment of Barossa condensate
To inform the assessment of the potential for toxicity impacts from unweathered (i.e. fresh) and weathered
Barossa condensate to sensitive marine biota, ConocoPhillips commissioned ecotoxicology tests on a broad
range of representative taxa of ecological relevance for mainly tropical Australia (Jacobs 2017; Appendix M).
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The ecotoxicity testing focused on the dissolved aromatic hydrocarbon concentration of the water
accommodated fraction (WAF) as these hydrocarbons are more biologically available to organisms through
absorption into their tissues when compared to entrained hydrocarbons (Jacobs 2017). The toxicity of
the unweathered condensate was tested on a range of species and life stages, however, the weathered
condensate was only tested on fish. This approach was taken following a review of the spill modelling results
from the maximum credible spill scenarios and considered the hydrocarbon characteristics (i.e. weathering
and fate) of the Barossa condensate (Jacobs 2017). Given the spill modelling did not predict any contact of
the WAF at the nearest non‐transient submerged values/sensitivities within 24 hours (the period in which
the majority of the volatiles would be lost), it was considered that fish would be the most likely value/
sensitivity to be exposed to the weathered condensate given the proximity of the Timor Reef Fishery (Jacobs
2017). To provide a conservative assessment of potential ecotoxicological effects on key values/sensitivities a
weathering test period of 12 hours was selected for the toxicity tests.
The toxicity tests were undertaken in alignment with well-established and accepted standard test protocols
developed by Ecotox Services Australia (Jacobs 2017). The laboratory-based toxicity tests used a range of
WAF concentrations of unweathered and weathered condensate to expose the different test organisms. The
ecotoxicology tests mainly focused on the early life stages of the test organisms when they are generally
at their most sensitive to hydrocarbons (Jacobs 2017). The condensate sample tested was considered
representative of the Barossa condensate.
Aliquots of the Barossa condensate sample were weathered using the Mackay Chamber Testing techniques
for a 12 hour weathering period, with a wind speed of 5.5 m/s and water temperature of 28.8°C (Jacobs
2017). The weathering period and conditions (i.e. wind speed and water temperature) were informed by the
Barossa marine studies program, understanding of the key environmental values/sensitivities, and review of
results of the maximum credible spill scenarios. For example, weathering information was based upon the
season in which spawning occurs for goldband snapper (January to April with a peak during March) as this is
the key target species of the Timor Reef Fishery.
The WAF was prepared by combining a prescribed quality of weathered or unweathered condensate to
filtered seawater (Jacobs 2017). The combined samples were mixed and then allowed to settle before the
WAF was siphoned off. The WAFs were then diluted with filtered seawater to prepare the remaining test
concentrations. Table 6-45 provides a summary of the no observed effect concentration (NOEC) of the WAF
for each test organism. All of the values were significantly > 1,000 ppb, with the exception of the sea urchin
(fertilisation) test organism. Based on the tests, the 95% species protection threshold for unweathered
Barossa-3 condensate was 1,146 μg/L (1.146 mg/L) (Jacobs 2017). In summary, the results showed that
the unweathered and weathered (for fish) Barossa condensate had almost negligible chronic aquatic
toxicity according to the Group of Experts on Scientific Aspects of Marine Environmental Protection (2002)
classification (Jacobs 2017).
Based on the ecotoxicology tests, the dissolved aromatic thresholds applied in this OPP (Appendix L) are
considered highly conservative for the Barossa condensate. Specifically, the threshold used to define the
outer boundary of the adverse exposure zone for dissolved aromatic hydrocarbons for the purposes of the
hydrocarbon spill modelling study (i.e. a concentration of 50 ppb is considered to represent the 95% species
protection threshold; Appendix L) is approximately 23 times more conservative than that for the Barossa
condensate (1,146 ppb for the 95% species protection threshold).
Chemical analysis of the Barossa condensate showed that the main difference between the unweathered
and weathered condensate was the change in BTEX. The weathered condensate had much lower
concentrations, particularly of benzene and toluene (Jacobs 2016). BTEX compounds are acutely toxic to
aquatic organisms if exposure is sustained. Because of the volatility of BTEX, aquatic organisms typically only
experience short exposure times in the order of 12 hours which may circumvent toxic effects. All of the PAHs
analysed were below the laboratory detection limit, with the exception of naphthalene (Jacobs 2017).
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Table 6-45: Summary of ecotoxicity tests for unweathered and weathered Barossa condensate

Test organism (life stage)

Exposure duration

NOEC (ppb or µg/L)

Unweathered Barossa condensate
Microalgal (growth)

72 hours

6,670

Macroalgal (germination success)

14 days

1,673

Sea urchin (fertilisation)

1 hour

350

Sea urchin (larval development)

72 hours

14,060

Milky oyster (larval development)

48 hours

7,160

Copepod (development)

5 days

8,560

Sea anemone

8 days

28,040

Fish (imbalance)

7 days

15,830

Fish (growth – biomass)

7 days

15,830

(pedal lacerate development)

Range

350–15,830

Average

10,908

Weathered Barossa condensate
Fish (imbalance)

7 days

22,480

Fish (growth – biomass)

7 days

22,480

Average

22,480

HFO
HFO comprises of a high percentage of persistent components (approximately 83%) which will not
evaporate. If released to the marine environment, HFO will initially remain as a liquid and the volatile
components (1%) immediately lost via evaporation (RPS 2017e). The physical properties will change quickly
as the lighter components evaporate and disperse, with the residual persistent component becoming semisolid to solid at ambient temperatures. Weathering tests with HFO have shown that both the pour point
and the viscosity of the hydrocarbon increase with time (by an average of two orders of magnitude within
96 hours of weathering). Once the pour point of oil exceeds the seawater temperature (within 9–12 hours
during all seasons) the hydrocarbon weathers to a point where mostly solid non-spreading hydrocarbon
remains (up to 70% of HFO remained as a solid residue even after the most extreme weathering tests).
Laboratory tests with the bunker fuel Bunker C crude oil, which has similar physical properties to the HFO
modelled in this study, have shown that HFO does not form stable emulsions (RPS 2017e). Instead, when
released to the marine environment, HFO rapidly takes up water over a short energy range and the stability
of the water-oil mixture remains the same in that it does not stabilise with increasing energy. This behaviour
is consistent with entrained water in hydrocarbon, where released hydrocarbon will first appear as a black
viscous liquid with large water droplets and within one week will become separated into hydrocarbon and
water as water energies abate (RPS 2017e).
The toxic potential of weathered HFO is low in comparison to marine diesel and condensate as weathered
oil is insoluble and the bioavailable portion of the oil is rapidly lost through evaporation (RPS 2017e).
However, the solid persistent residues can remain in the marine environment for extended periods, with
the longevity dependent on the physio-chemical properties of the HFO. The heaviest fractions (> C20)
often break into discrete patches and may float or sink depending on density relationships and become
incorporated into soils or sediments (American Petroleum Institute 2012). Biodegradation can also deplete
hydrocarbons on sediments and on the sea surface overtime (Lee et al. 2003).
BAROSSA OFFSHORE PROJECT PROPOSAL

398

6 Evaluation of environmental
impacts and risks

IFO-180
IFO-180 consists mainly of low volatile and persistent hydrocarbons with high viscosity, which significantly
limits large amounts of evaporation and dispersion. If released to the marine environment the light volatiles
(1%) are rapidly lost via evaporation while the residual component (approximately 64%) is expected to
become semi-solid to solid at ambient temperatures (RPS 2017e). IFO-180 does not tend to entrain in the
upper water column based on the hydrocarbon characteristics.
IFO can form stable or meso-stable water-in-oil emulsions in which seawater droplets become suspended
into the oil matrix (Fingas and Fieldhouse 2004). This process requires physical mixing (i.e. wave action)
with the stability of the emulsion influenced by the properties of the hydrocarbon product, including
viscosities and asphaltene and resin content. Stable emulsions generally have an average water content
of approximately 80% after 24 hours and have been shown to remain stable for up to four weeks under
laboratory and test tank conditions (Fingas and Fieldhouse 2004). Mesostable water-in-oil emulsions have
an average water content of around 70% after
24 hours which decreases to approximately 30% after one week (Fingas and Fieldhouse 2004). Mesostable emulsions generally become unstable within three days, as shown under laboratory conditions.
Emulsification of IFO-180 will affect the spreading and weathering of the oil and increase the volume of oily
material. If not within an emulsion state, the decay of IFO-180 is more rapid in comparison to condensates
and marine diesel as microbial decay is generally faster for hydrocarbons with higher viscosity (RPS 2017e).
The toxic potential of IFO-180 is largely dependent on the properties it has been blended with but generally
contains <10% distillate with the remaining 90% composed of HFOs. The volatile and soluble components
include those that are responsible for producing most of the aquatic toxicity due to its bioavailability to
marine organisms in the water column (RPS 2017e). Therefore, Barossa condensate and marine diesel are
considered to have a higher aquatic toxicity potential in comparison to IFO-180. However, non-persistent
components are short-lived and susceptible to evaporation and degradation. The weathered portion of IFO
would behave similar to HFO. The residual components would eventually become insoluble in seawater and
end up adhered to sediment or biota reducing the risk of acute toxicity.

6.4.10.5

Hydrocarbon spill modelling results
A summary of the key modelling outputs for each of the maximum credible scenarios is presented in the
following sections. The presentation of the results focusses on the moderate sea-surface, entrained and
dissolved aromatic thresholds as these are considered to define the outer boundary of the adverse exposure
zone, and therefore, the area that may be affected by the spill scenario (i.e. area of influence). Refer to
Appendix L for a detailed technical summary of the results.
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Scenario 1: Refuelling incident (10 m3 marine diesel)
In summary, the stochastic modelling results showed:
•

The maximum distance from the source for the sea surface adverse exposure zone is predicted to vary between
seasons at approximately 1.4 km, 2.7 km and 3.0 km during summer, transitional and winter conditions,
respectively.

•

No contact is predicted with the sea surface films at shores, reefs or open waters of the AMPs for any threshold in
any season. Figure 6-17 shows the potential sea surface adverse exposure zone for all seasons.

•

Contact is predicted by the sea surface adverse exposure zone with the open waters above the KEF of the shelf
break and slope of the Arafura Shelf (a unique seafloor feature) in all seasons, as the Barossa offshore development
area is located within the bounds of this KEF.

•

No entrained or dissolved aromatic hydrocarbon exposure is predicted at any threshold in any season and
therefore, no contact with submerged or in-water values/sensitivities is expected.

Figure 6-16: Stochastic modelling outputs showing the potential adverse exposure zone on the sea
surface
fromStochastic
a refuelling
incident
releasing
(10 m3adverse
)
Figure 6-17:
modelling
outputs
showing MDO
the potential
exposure zone on the sea surface from
a refuelling incident
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6.4.10.6

6 Evaluation of environmental
impacts and risks

6.4.10.7

Scenario 2: Vessel collision leading to loss of a single FPSO facility fuel tank (2,975 m3 marine diesel)
In summary, the stochastic modelling results showed:
•

The maximum distance from the source for the sea surface adverse exposure zone is predicted to vary
between seasons at approximately 319 km, 392 km and 124 km during summer, transitional and winter
conditions, respectively.

•

Some contact is predicted at low probability (1–14% probability) by sea surface films within the adverse
exposure zone with the surface waters above a number of submerged shoals/banks (total of 13) and KEF
of the carbonate bank and terrace system of Van Diemen Rise, and the open waters of the Oceanic Shoals
marine park, depending on the season (Figure 6-18).

•

Contact by the sea surface adverse exposure zone with the waters above the KEF of the shelf break and
slope of the Arafura Shelf (a unique seafloor feature) and open waters of the Timor Reef Fishery is predicted
in all seasons, as the Barossa offshore development area is located within the bounds of these features.

•

Contact is predicted (1–37% probability) by entrained hydrocarbons within the adverse exposure zone for
various submerged shoals/banks (total of 25), open waters of the Oceanic Shoals, Arafura, Ashmore Reef
and Cartier Island AMPs, waters above the KEFs of the shelf break and slope of the Arafura Shelf, carbonate
bank and terrace system of Van Diemen Rise, pinnacles of the Bonaparte Basin, carbonate bank and terrace
system of Sahul Bank and tributary canyons of the Arafura Depression, waters of the Timor Reef Fishery, and
the Indonesian and Timor-Leste coastline, depending on the season (Figure 6-19).

•

Some contact is predicted at low probability (1% probability) by entrained hydrocarbons within the adverse
exposure zone at Ashmore Reef and Hibernia Reef during transitional conditions only.

•

Some contact is predicted at low probability (1–2% probability) by dissolved aromatic hydrocarbons within
the adverse exposure zone for 10 submerged shoals/banks, open waters of the Oceanic Shoals marine park,
waters above the KEFs of the shelf break and slope of the Arafura Shelf and carbonate bank and terrace
system of Van Diemen Rise, and waters of the Timor Reef Fishery, depending on the season (Figure 6-20).

•

No contact within the adverse exposure zone for sea surface, entrained or dissolved hydrocarbons is

predicted
with the NT/WA
coastline
or adjacent
islands. the potential adverse exposure zone on the sea
Figure 6-16:
Stochastic
modelling
outputs
showing
surface from a refuelling incident releasing MDO (10 m3)

Figure 6-17: Stochastic modelling outputs showing the potential adverse exposure zone on the sea
3
Figure 6-18:
outputs
showing
the potential
adverse
exposure zone on the sea surface from a
surface
fromStochastic
a vesselmodelling
collision
releasing
MDO
(2,975 m
)
vessel collision releasing marine diesel
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Figure 6-19:
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6.4.10.8

Scenario 3: Vessel collision leading to loss of a single FPSO facility condensate storage tank
(19,400 m3 Barossa condensate)
In summary, the stochastic modelling results showed:
•

The maximum distance from the source of the sea surface adverse exposure zone is predicted to vary
between seasons at approximately 320 km, 560 km and 303 km during summer, transitional and winter
conditions, respectively.

•

Some contact is predicted at low probability (1–13% probability) by sea surface films within the adverse
exposure zone with the surface waters above a number of submerged shoals/banks (total of 14), KEFs of the
carbonate bank and terrace system of Van Diemen Rise and pinnacles of the Bonaparte Basin, and the open
waters of the Oceanic Shoals marine park, depending on the season (Figure 6-21).

•

Contact by the sea surface adverse exposure zone with the waters above the KEF of the shelf break and
slope of the Arafura Shelf (a unique seafloor feature) and open waters of the Timor Reef Fishery is predicted
in all seasons as the Barossa offshore development area is located within the bounds of these features.

•

Contact is predicted (1–8% probability) by entrained hydrocarbons within the adverse exposure zone for
various submerged shoals/banks (total of 24), Cartier Island, open waters of the Oceanic Shoals, Arafura,
Ashmore Reef and Cartier Island AMPs, waters above the KEFs of the shelf break and slope of the Arafura
Shelf and carbonate bank and terrace system of Van Diemen Rise, waters of the Timor Reef Fishery, and the
Indonesian and Timor-Leste coastline, depending on the season (Figure 6-22).

•

Contact was predicted (1–36% probability) by dissolved aromatic hydrocarbons within the adverse exposure
zone for various submerged shoals/banks (total of 23), open waters of the Oceanic Shoals and Arafura
AMPs, waters above the KEFs of the shelf break and slope of the Arafura Shelf and tributary canyons of the
Arafura Depression, waters of the Timor Reef Fishery, and the Indonesian coastline, depending on the season
(Figure 6-23).

•

No contact with the adverse exposure zone for sea surface, entrained or dissolved hydrocarbons was
predicted with the NT/WA coastline or adjacent islands.

Figure
Stochastic
modelling
showing
the
potential
adverse
zone
on
Figure 6-20:
6-21: Stochastic
modelling
outputsoutputs
showing the
potential
adverse
exposure
zone onexposure
the sea surface
from
a the sea
surface from a vessel collision releasing Barossa condensate (19,400 m3)
vessel collision releasing Barossa condensate
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Figure Figure
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(0-10form depth
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modelling outputs
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(0-10 m depth
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hydrocarbons
from
a
vessel
collision
releasing
Barossa
condensate
(19,400
m 3)
entrained hydrocarbons from a vessel collision releasing Barossa condensate

Figure Figure
6-22: Stochastic
modelling outputs showing the potential adverse exposure zone (0-10 m depth
6-23: Stochastic modelling outputs showing the potential adverse exposure zone (0-10 m depth layer) for
layer) for dissolved aromatic hydrocarbons from a vessel collision releasing Barossa condensate
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Figure 6-20: Stochastic modelling outputs showing the potential adverse exposure zone on the sea
surface from a vessel collision releasing Barossa condensate (19,400 m3)
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6.4.10.9

Scenario 4: Long-term well blowout (16,833 m3 Barossa condensate)
In summary, the stochastic modelling results showed:
•

The maximum distance from the source of the sea surface adverse exposure zone is predicted to vary
between seasons at approximately 34 km (south-south-west), 227 km (west) and 17 km (east-north-east)
during summer, transitional and winter conditions, respectively.

•

No contact with waters above the various submerged shoals/banks for the sea surface adverse exposure
zone was predicted during any seasonal conditions.

•

Low probability of contact predicted (3%) by sea surface films within the adverse exposure zone with the
surface waters above the KEF of the carbonate bank and terrace system of Van Diemen Rise, depending on
the season (summer and transitional conditions only) (Figure 6-24).

•

Contact by the sea surface adverse exposure zone with the waters above the KEF of the shelf break and
slope of the Arafura Shelf (a unique seafloor feature) and open waters of the Timor Reef Fishery was
predicted in all seasons as the Barossa offshore development area is located within the bounds of these
features.

•

Contact was predicted (variable ranging from 1–90% probability) by entrained hydrocarbons within the
adverse exposure zone for various submerged shoals/banks (total of 35), Ashmore Reef, Cartier Island,
Hibernia Reef, Seringapatam Reef, Scott Reef, open waters of the Oceanic Shoals, Arafura, Arnhem, Ashmore
Reef, Cartier Island and Kimberley AMPs, KEFs of the shelf break and slope of the Arafura Shelf, carbonate
bank and terrace system of Van Diemen Rise, carbonate bank and terrace system of Sahul Shelf, pinnacles of
the Bonaparte Basin and continental slope demersal fish communities, waters of the Timor Reef Fishery, and
the Indonesian and Timor-Leste coastline, depending on the season (Figure 6-25).

•

Contact was predicted (1–74% probability) by dissolved aromatic hydrocarbons within the adverse exposure
zone for various submerged shoals/banks (total of 31), Ashmore Reef, Hibernia Reef, open waters of the
Oceanic Shoals, Arafura and Ashmore Reef AMPs, waters above the KEFs of the shelf break and slope of
the Arafura Shelf, carbonate bank and terrace system of Van Diemen Rise, tributary canyons of the Arafura
Depression, pinnacles of the Bonaparte Basin, carbonate bank and terrace system of the Sahul Shelf and
continental slope demersal fish communities, waters of the Timor Reef Fishery, and the Indonesian and
Timor-Leste coastline, depending on the season (Figure 6-26).

•FigureNo
contact
with the adverse
exposure
zone for showing
sea surface,the
entrained
or dissolved
hydrocarbons
waszone (0-10 m depth
6-22:
Stochastic
modelling
outputs
potential
adverse
exposure
predicted
with thearomatic
NT/WA coastline
or adjacent islands.
was
not predicted
with theBarossa
Tiwi Islandscondensate
layer) for
dissolved
hydrocarbons
from aContact
vessel
collision
releasing
3 regional ocean currents in the Timor Sea – the ITF and Holloway Current (Figure 5‐4) – direct ocean
the
(19,400asm
)
waters in a prevailing north‐east/south‐west direction. Refer to Appendix L for further detail on the ocean
currents in the area.
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6.4.10.10

Scenario 5: Vessel collision leading to loss of an offtake tanker fuel tank (650 m3 HFO)
In summary, the stochastic modelling results showed:
•

The maximum distance from the source of the sea surface adverse exposure zone is predicted to vary
between seasons with approximately 393 km, 277 km and 805 km during summer, transitional and winter
conditions, respectively.

•

Contact was predicted (1–17% probability) by sea surface films within the adverse exposure zone to surface
waters above a number of submerged shoals/banks (total of 13), KEFs of the carbonate bank and terrace
system of Van Diemen Rise, tributary canyons of the Arafura Depression and the open waters of the Oceanic
Shoals and Arafura AMPs, depending on the season (Figure 6-27).

•

Contact by the sea surface adverse exposure zone with the waters above the KEF of the shelf break and
slope of the Arafura Shelf (a unique seafloor feature) and open waters of the Timor Reef Fishery was
predicted in all seasons as the Barossa development area is located within the bounds of these features.

•

No entrained or dissolved aromatic hydrocarbon exposure is predicted at any threshold in any season and,
therefore, no contact with submerged or in-water values/sensitivities is expected through this exposure
pathway.

•

No shoreline contact was predicted within the adverse exposure zone during any season.

Figure 6-26: Stochastic modelling outputs showing the potential adverse exposure zone on the sea
3
Figure 6-27:
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modelling
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exposure zone on the sea surface from an
surface
from
a vessel
collision
releasing
(650 m
)
offtake tanker vessel collision releasing HFO
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6.4.10.11

Scenario 6: Vessel collision leading to loss of a single pipelay vessel fuel tank (500 m3 IFO-180)
In summary, the stochastic modelling results showed:
•

The maximum distance from the source of the sea surface adverse exposure zone is predicted to
vary between seasons at approximately 136 km, 120 km and 395 km during summer, transitional
and winter conditions, respectively.

•

A low probability of contact is predicted (1–16%) by sea surface films within the adverse exposure
zone with the surface waters above submerged shoals/banks and reefs (0-10 m), and KEF of the
carbonate bank and terrace system of Van Diemen Rise (40–70% probability), and the open waters
of the Oceanic Shoals marine park, depending on the season (Figure 6-28).

•

Contact is predicted (1–34% probability) by sea surface films within the adverse exposure zone with
Bathurst Island, Melville Island and the Darwin coastline in the summer and transitional seasons
only.

•

No entrained or dissolved aromatic hydrocarbon exposure is predicted at any threshold in any

Figure 6-26:
modelling
outputs
showing
the potential
adverse
exposure zone on the sea
seasonStochastic
and, therefore,
no contact with
submerged
or in-water
values/sensitivities
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surface through
from athis
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exposure
pathway.

Figure 6-27: Stochastic modelling outputs showing the potential adverse exposure zone on the sea
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6.4.10.12

Impact assessment and risk evaluation
Table 6-46 presents a summary of the key environmental, socio-economic and cultural features that may be
contacted by the adverse exposure zone (i.e. exposed to surface, entrained and dissolved hydrocarbons at or
above moderate threshold concentrations), as predicted by the stochastic modelling (RPS 2017e). All of the
features listed in Table 6-46 occur within the broader area of influence for the project.
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Table 6-46: Summary of predicted hydrocarbon contact for the maximum credible spill scenarios

Key environmental, socio-economic
and cultural features

Physical
environment

Biological
environment

Commonwealth waters
– water quality
Indonesian, Timor and
Timor-Leste waters –
water quality
Shoals and banks (e.g.
Evans Shoal, Tassie
Shoal, Lyndoch Bank,
Goodrich Bank, Marie
Shoal, Shepparton
Shoal)
Tiwi Islands
Other offshore reefs
and islands (i.e.
Ashmore Reef, Cartier
Island, Hibernia Reef,
Seringapatam Reef,
Scott Reef )
NT/WA mainland
coastline
Indonesian and TimorLeste coastline
Marine fauna: marine
mammals, marine
reptiles (turtles and
sea snakes), birds
(seabirds and migratory
shorebirds), fish and
sharks and rays*
Plankton

Socioeconomic
and cultural
environment

Oceanic Shoals marine
park

Sea surface
hydrocarbon film

Entrained
hydrocarbons

Dissolved
aromatic
hydrocarbons

(all scenarios)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 3, 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 6)

No contact
predicted

No contact
predicted

No contact
predicted

(Scenario 2, 3, 4)

(Scenario 4)

(waters above)
(Scenario 2, 3, 4,
5, 6)

(Scenario 5 –
Darwin coast only)
No contact
predicted

No contact
predicted

No contact
predicted

(Scenario 2, 3, 4)

(Scenario 3, 4)

(all scenarios)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(all scenarios)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 5, 6)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 5)
No contact

(Scenario 2, 3, 4)

(Scenario 3, 4)
No contact

predicted

(Scenario 4)

predicted

No contact
predicted

(Scenario 4)

(Scenario 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 2, 3, 4)

(Scenario 2)

(Scenario 4)

Arafura marine park
Arnhem marine park
Kimberley marine park
KEF – shelf break and
slope of the Arafura
Shelf
KEF – carbonate bank
and terrace system of
the Van Diemen Rise
KEF – pinnacles of the
Bonaparte Basin
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(waters above)
(Scenario 1, 2, 3,
4, 5)
(waters above)
(Scenario 2, 3, 4,
5, 6)
(waters above)
(Scenario 3)

Hydrocarbon contact with the adverse exposure zone in
the area of influence (maximum credible spill scenario)
Sea surface
hydrocarbon film

Entrained
hydrocarbons

Dissolved
aromatic
hydrocarbons

(waters above)
(Scenario 5)

(Scenario 2, 3)

(Scenario 4)

No contact
predicted

(Scenario 2)

(Scenario 4)

No contact
predicted

(Scenario 4)

(Scenario 4)

No contact
predicted

(Scenario 4)

(Scenario 4)

No contact
predicted

(Scenario 2, 3, 4)

(Scenario 4)

No contact
predicted

(Scenario 2, 3, 4)

No contact
predicted

No contact
predicted

(Scenario 4)

No contact
predicted

No contact
predicted

(Scenario 4)

No contact
predicted

(waters above)
(Scenario 6)

No contact
predicted

No contact
predicted

(all scenarios)

(Scenario 2, 3, 4, 5)

(Scenario 2, 3, 4, 5)

(waters above)
(Scenario 2, 3, 4, 6)

(Scenario 2, 3, 4, 5)

(Scenario 2, 3, 4, 5)

(Scenario 6)

No contact
predicted

No contact
predicted

(Scenario 6)

No contact
predicted

No contact
predicted

(Scenario 2, 3, 4,
5, 6)

(Scenario 2, 3, 4)

(Scenario 3, 4)

Offshore petroleum
exploration and
operations
Defence activities

(Scenario 6)

(Scenario 2, 3, 4)

(Scenario 3, 4)

(NAXA)

(Scenario 2, 3, 5)

(Scenario 2, 3, 4)

(Scenario 3, 4)

KEF – tributary
canyons of the Arafura
depression
KEF – carbonate bank
and terrace system of
the Sahul Shelf
KEF – continental
slope demersal fish
communities
KEF – ancient coastline
at 125 m depth contour
Ashmore Reef –
marine park, KEF,
Commonwealth
Heritage place and
Ramsar wetland
Cartier Island – marine
park and KEF
Seringapatam Reef –
KEF and Commonwealth
Heritage place
Scott Reef –
Commonwealth
Heritage place
Marine archaeology
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Key environmental, socio-economic
and cultural features

Commercial fishing
Recreational fishing
– in the vicinity of
the Barossa offshore
development area
Recreational and
traditional fishing – in
the vicinity of the Tiwi
Islands
Tourism, recreational
and scientific research
Commercial shipping

* Includes consideration of BIAs associated with marine fauna and habitat critical to the survival of flatback and olive ridley turtles
(Section 5.6).
Scenario 1: Refuelling incident (10 m3 marine diesel).
Scenario 2: Vessel collision leading to loss of a single FPSO facility fuel tank (2,975 m3 marine diesel).
Scenario 3: Vessel collision leading to loss of a single FPSO facility condensate storage tank (19,400 m3 Barossa condensate).
Scenario 4: Long-term well blowout (16,833 m3 Barossa condensate).
Scenario 5: Vessel collision leading to loss of an export tanker fuel tank (650 m3 HFO).
Scenario 6: Vessel collision leading to loss of a single pipelay vessel fuel tank (500 m3 IFO-180).
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Based on the key environmental, socio-economic and cultural factors that may be affected by a
hydrocarbon spill as summarised in Table 6-46, the broad values/sensitivities at risk may include:
•

benthic communities and habitats, particularly those associated with shoals, banks, offshore reefs
and islands

•

Tiwi Islands (coastline)

•

NT and WA mainland (coastline)

•

marine fauna (marine mammals, marine reptiles, seabirds and migratory shorebirds, fish and sharks/
rays, including species of conservation significance)

•

plankton

•

AMPs

•

KEFs

•

marine archaeology

•

commercial, recreational and traditional fishing

•

tourism, recreation and scientific research

•

commercial shipping

•

offshore petroleum exploration and operations

•

defence activities (NAXA)

•

Indonesian and Timor-Leste (coastline).

Overall, potential impacts from hydrocarbons released into the marine environment are influenced by the
characteristics of the hydrocarbon, the location of the hydrocarbon in the water column (i.e. sea surface,
entrained and/or dissolved aromatics) and the degree of weathering. The discussion below outlines the
main impacts that may be experienced as a result of an unlikely hydrocarbon spill.
It should be noted that this assessment conservatively assumes no spill response arrangements are
deployed. In reality, a comprehensive management and monitoring framework would be implemented
in rapid response to the unplanned scenarios presented in this OPP. Refer to Section 7 for an outline of
ConocoPhillips emergency preparedness and response framework.

Benthic communities and habitats (including those associated with shoals/banks, offshore reefs
and islands)
Benthic communities, such as macrofauna and infauna (e.g. filter feeders, brittle stars, crustaceans,
polychaete and molluscs) and BPPH (e.g. macroalgae, seagrass and corals), are vulnerable to hydrocarbons
(surface, entrained and dissolved). Lethal and/or sub‐lethal effects include mortality and changes in
population recruitment, growth and reproduction leading to changes in community composition and
structure (Wei et al. 2012). Filter feeders are particularly susceptible as they are likely to directly ingest
hydrocarbons while feeding. This may cause mortality or sub‐lethal impacts such as alteration in respiration
rates, decreases in filter feeding activity and reduced growth rates, biochemical effects (Keesing and Edgar
2016).
The impact of hydrocarbons on macroalgae and seagrass varies depending on the type of hydrocarbon,
degree of contact and species morphology, which influences the amount of hydrocarbon that may adhere
to the algae/seagrass. Potential impacts may include smothering or coating (intertidal areas, and more
commonly associated with IFO-180/HFO as the hydrocarbon does not intend to entrain but becomes semisolid to solid), reduced photosynthesis (due to direct contact or through absorption of the water soluble
fraction, which is most commonly associated with marine diesel and condensate spills as they entrain
within the water column) and a reduction in tolerance to other stress factors (Runcie et al. 2004; Taylor and
Rasheed 2011).
Seagrass in the intertidal zone, such as that of the Tiwi Islands, is particularly susceptible if surface
hydrocarbons associated with more persistent hydrocarbons types (e.g. IFO-180) come into contact with
the seagrass. The surface oil has the potential to become stranded on the seagrass and smother it during
the rise and fall of the tide, resulting in reduced growth rates, blackened leaves and mortality (Howard et
al. 1989, cited in Runcie et al. 2004). Studies have shown that impacts on algae and seagrasses are variable;
however, they do not appear to be significantly affected by hydrocarbon spills and generally recover
quickly (Runcie et al. 2004; Taylor and Rasheed 2011). A study by Wilson and Ralph (2010) concluded that
long-term impacts to seagrass are unlikely unless hydrocarbons are retained within the seagrass meadow
for a prolonged duration, which is more likely to be associated with the release of persistent hydrocarbons
(IFO-180/HFO).
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Benthic communities in the Barossa offshore development area may be affected by hydrocarbons released
from a subsea well blowout. Based on the plume dynamics of the scenario modelled, a study investigating
the impacts to deep, soft-bottom benthic invertebrates from the Macondo spill in the Gulf of Mexico
observed that within 3 km of the release location benthic communities exhibited a significant reduction in
faunal abundance and diversity (Montagna et al. 2013). Evidence of these impacts became less conclusive
with increasing distance from the release location, with no detectable impacts recorded > 15 km from
the well blowout (Montagna et al. 2013). It is important to note that the impacts associated with a subsea
well blowout in the Barossa offshore development area is a different context, considering the differences
in hydrocarbon type (Barossa condensate versus Macondo light crude, which is a ‘heavier’ and more
persistent hydrocarbon than the Barossa condensate) and sub-surface plume trajectories (Section 6.4.10.4).
Nonetheless, the findings from the Macondo spill may provide a broad indication of the likely nature and
scale of potential impacts.
There are no significant benthic communities in the Barossa offshore development area (Jacobs 2016c).
Macrofauna in the Barossa offshore development area were recorded in low numbers and were dominated
by common species with infauna communities characterised by low abundance and species diversity of
burrowing taxa and demersal fish. In general, the deep water benthic characteristics were broadly consistent
with those observed in the broader NMR and support widespread macrofauna and infauna species. Given
the low sensitivity and widely represented nature of the benthic communities in the Barossa offshore
development area, the ecological consequence of potential impacts are considered minor.
Studies and field observations have shown that coral species are susceptible, at varying degrees, to
hydrocarbons (e.g. marine diesel, condensate, HFO and IFO-180) and display a range of effects including
mortality, decreases in coral reproduction (i.e. reduction in coral fertility), inhibited growth rates, reduced
colonisation capacity; and feeding and behavioural responses (Shigenaka 2001; National Oceanic and
Atmospheric Administration (NOAA) 2010a). Specific stress responses observed have included excessive
mucous production, polyp retraction, changes in calcification rates, changes in primary production rates,
bleaching (loss of zooxanthellae) and muscle atrophy (NOAA 2010a). It is thought that many of the sublethal effects are the result of affected corals trading off normal physiological functions (e.g. reproduction
and growth) for exposure related responses, such as cleaning and damaged tissue regeneration (Shigenaka
2001). This reallocation of energy ultimately reduces the fitness of the affected corals, therefore making
them more susceptible to mortality and natural stressors. The mortality of a number of coral species may
result in the reduction of coral cover and longer term effects on the coral community structure and habitat.
For example, branching corals (e.g. Acropora species) appear to be more sensitive to oil coating and
retention when compared with massive corals (Shigenaka 2001).
The location of the coral community in the water column may influence the level and type of hydrocarbon
exposure. In general, shallow water communities (< 20 m–30 m) are more likely to be at risk of being
contacted by hydrocarbons than those in deeper waters, based on the nature of most hydrocarbons and
considering that most hydrocarbon spill scenarios that may occur during the project are surface releases.
Corals present on reef flats are more likely to be directly contacted by surface hydrocarbons while sub-tidal
corals may be exposed to entrained and dissolved aromatic hydrocarbons, which are more likely to be
associated with marine diesel and condensate spills.
Impacts to coral communities have the potential to be more pronounced if the hydrocarbon spill occurs
during a coral spawning event as the early life stages of corals may be more sensitive than adult colonies
(Negri and Heyward 2000). Coral gametes and larvae are susceptible to surface hydrocarbons as they display
a tendency to float in or remain near the upper water column, where they may be contacted by the WAF
(Villanueva et al. 2008). Hydrocarbons may also cause the premature release of underdeveloped larvae,
reduce survivorship, reduced rates of fertilisation, metamorphosis and inhibit settlement of larvae, and
decrease growth rates (Goodbody-Gringley 2013; van Dam 2011; Villanueva et al. 2008).
Studies have reported that the dispersed oil (i.e. combination of hydrocarbons and chemical dispersants) is
significantly more toxic to larvae than the WAF (Goodbody-Gringley 2013; Lane and Harrison 2000). A study
of broadcast scleractinian coral larval observed that the lifespan of the larvae varied substantially between
species, with median lifespans (50% mortality) of 4–138 days and maximum longevity ranging from
23 days to 244 days (Graham et al. 2008). However, it was also noted that, despite the long lifespans,
the species exhibited high mortality rates in approximately the first two weeks and then again after
100 days, when energy reserves reached critically low levels (Graham et al. 2008). Woodside (2014) suggests
that the vulnerability of coral planktonic stages to surface hydrocarbons would be largely confined to up
to three weeks after spawning events. However, potential impacts to coral larvae may extend beyond this
period if contacted by entrained or dissolved hydrocarbons.
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Based on the maximum credible spill scenarios and the predicted adverse exposure zone from stochastic
modelling, contact with benthic communities and habitats associated with shoals/banks, offshore reefs
and islands, may occur. While the nearest shoals/banks are predicted to be contacted in some seasons by
entrained and dissolved hydrocarbons within approximately 1–4 days (Scenarios 2, 3 and 4), the majority
of the shoals/banks have a long time to contact (ranging between > 4 days and 68 days, depending on the
spill scenario and season), with the reefs and islands of Ashmore, Cartier, Hibernia, Seringapatam and Scott
having a contact time of between 15 days and 72 days. In the unlikely event of a significant hydrocarbon
spill in the Barossa offshore development area, potential impacts to these communities/habitats from the
released hydrocarbons is not expected to be significant (i.e. cause large‐scale death of corals and affect coral
populations) in most cases when considering the times to contact and taking into account the hydrocarbon
characteristics and weathering/decay of the entrained and dissolved hydrocarbons (Section 6.4.10.4). For
example, Barossa condensate has very low levels of aromatics in the three ring PAHs and above in the low
volatility fraction, meaning that the weathered residues of the condensate are not considered to present
ecotoxological threat in the water column (RPS 2017e).
The review of the regional shoals and banks undertaken by AIMS (Heyward et al. 2017; Appendix F)
demonstrated that benthic communities in the Barossa offshore development area show strong similarity
with neighbouring shoals and banks (i.e. within 100s of km’s), frequently sharing approximately > 80%
of benthic community composition (Heyward et al. 2017) (refer Section 5.5.3). Variability in benthic
communities observed between individual shoals/banks, e.g. relative abundance of common taxa, in
many cases has been attributed to dynamic response to differing cycles of disturbance history such as
storms/cyclones or thermal stress events (Appendix F). AIMS concluded that there is an extensive series of
“stepping stone” habitats available to recruit larvae and connect these ecosystems at ecological time scales.
As relevant to this aspect, it is noted that these findings demonstrate a strong level of regional connectivity
across the shoals and banks in the area of influence. Connectivity between shoals and banks across the
bioregion is considered to be high, with nearest neighbour shoals/banks likely to act as source reefs for
shoals/banks downstream. Therefore, in the unlikely event of a significant hydrocarbon release affecting
a shoal or bank, potential impacts would be similar and given the interconnectivity, an impact on a single
feature does not necessarily translate into significant ecological loss at a regional scale.
Contact by dissolved and entrained condensate at moderate or high exposure thresholds (Section
6.4.10.3) at the shoals/banks within a short time period (approximately < 1 day) will likely have lethal and
sub-lethal impacts to those benthic communities contacted. However, as the hydrocarbon concentration
decreases and weathers, the communities are expected to recover. Woodside (2014) noted that should coral
communities at Scott Reef, which is located within the (previously) proposed Browse FLNG Development
Area, be affected by a large-scale hydrocarbon release of Browse condensate, the communities would
take from less than a decade to up to several decades or longer to recover. Corals affected at the shoals/
banks in the vicinity of the hydrocarbon release would be expected to exhibit similar recovery timeframes.
The likelihood of such impacts occurring is assessed as low, given a large-scale release is considered very
unlikely due to the key management controls that will be implemented throughout the life of the project.
Potential impacts to the benthic communities of the Tiwi Islands and any shoals/banks of the Van Diemen
Gulf which extend into the upper water column (0 m–10 m) from a large-scale hydrocarbon release at the
southern end of the gas export pipeline (i.e. Scenario 6) are likely to be greater than spills originating in the
Barossa offshore development area or northern end of the pipeline given their proximity to the pipeline
and the characteristics of the hydrocarbon that may be released (i.e. IFO-180; Section 6.4.10.4). Impacts
associated with IFO-180 are likely to be associated with smothering or coating as the hydrocarbon is not
expected to dissolve or entrain in the water column. Benthic communities that come into contact with the
hydrocarbon for an extended period of time (i.e. stranded oil) are expected to experience some mortality
and sub-lethal effects. However, significant loss of benthic communities at the Tiwi Islands is not expected
as the only portions of the waters around the islands are predicted to be affected by the large-scale release
at the southern end of the pipeline (Figure 6-28). Considering the key management controls that will be
implemented over the life of the project, that will be subject to further assessment and demonstration of
ALARP and acceptable controls as part of the activity-specific EP, this scenario of a large-scale release is
highly unlikely to occur during installation of the gas export pipeline.

Tiwi Islands coastline
The adverse exposure zone associated with a pipelay vessel collision at the southern end of the gas
export pipeline route (Scenario 6 – release of IFO-180) has the potential to contact the shorelines of the
Tiwi Islands. IFO/HFO typically contains mainly persistent hydrocarbons (Section 6.4.10.4) that have the
potential to cause damage in the shoreline habitats through smothering.
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The Tiwi Islands support a number of shoreline habitats, including extensive stands of mangroves, tidal
mudflats, sandy beaches, seagrass meadows and fringing reef habitats (INPEX 2010). Mangroves are
vulnerable to surface, entrained and dissolved hydrocarbons. The physical smothering of aerial roots by
surface and stranded hydrocarbons (e.g. IFO‐180/HFO) can block the trees’ breathing pores used for oxygen
intake and result in the asphyxiation of sub‐surface roots (International Petroleum Industry Environmental
Conservation Association (IPIECA) 1993). The lower molecular weight aromatic hydrocarbons (more
commonly associated with marine diesel or condensate) can damage root cell membranes and interfere
with the trees’ salt exclusion process (IPIECA 1993). These physical and toxic effects can lead to reduced
survival and growth rates, reduced seedling recruitment, mangrove dieback (e.g. canopy loss) or mortality
(Duke and Burns 2003). Hydrocarbons trapped in mangrove habitats can persist and remain toxic for
extended periods of time as the anaerobic nature of sediments slows biodegradation of the hydrocarbons
and allows aromatic components to persist (Duke and Burns 2003). Mangrove habitats are also a low energy
environment and the likelihood of stranded hydrocarbons being removed by wave action is low.
Observations of offshore hydrocarbon spill events have shown that oil spills can result in persistent or
permanent loss of mangrove habitat. As a representative example, post‐spill monitoring of mangroves
affected by a crude oil spill (which has a high percentage of persistent hydrocarbons) in the Parramatta River
(Sydney) showed a reduction in leaves and small branches three years after the incident (Holzheimer et al.
2010). The release of 14,000 barrels of bunker fuel (which is similar to HFO) off the coast of Panama resulted
in the severe oiling of mangroves, causing deforestation (observed 5 years after the spill) and death of a
large number of mangrove seedlings (with new recruits observed 11 years post‐spill) (NOAA 2014). While
mangroves may be affected by hydrocarbon spills, they have shown that they can also recover from these
events over time. For example, mangroves at a site that became heavily defoliated following a spill of HFO
off the coast of Trinidad showed extensive new growth on both oiled and unoiled trees approximately
6–12 months after the spill (Dahlin et al. 1994). There was some sign of chlorosis and no signs of oil on the
roots. Close inspection of the formerly oiled fringing mangroves indicated these trees were healthy—fully
foliated, with no signs of chlorosis (Dahlin et al. 1994). In other instances, small coastal spills in WA have been
reported to have caused short‐term (< 2 years) defoliation of small areas of mangroves (< 1 ha) (Duke and
Burns 1999, cited in Holzheimer et al. 2010). In another example, the release of 450 tonnes of fuel oil from a
bulk ore carrier in 1988 led to heavy oiling of mangroves at Cape Lambert (WA), however no deforestation or
death of mangroves was observed (Duke & Burns 1999, cited in Holzheimer et al. 2010). These case examples
show variability in response of mangrove environments to hydrocarbon spills, but with some capacity to
recover over time.
Tidal mudflats, like mangroves, are a low energy environment and are, therefore, susceptible to potential
impacts from persistent surface or stranded hydrocarbons. Hydrocarbons in contaminated sediments can
persist for years and result in significant impacts, particularly on benthic infauna, and their dependent
migratory shorebird populations (Duke and Burns 2003). Saenger (1994) noted that mudflats were the most
severely affected habitat two years after the Gulf War spill, with no sign of living epibiota.
Persistent hydrocarbons (e.g. IFO-180/HFO) that become stranded on sandy beaches are likely to persist for
extended periods and become buried into the sediments. Fernandez-Fernandez et al. (2011) studied the
long-term persistence of HFO (similar general characteristics to IFO in terms of a high persistent fraction)
in sandy beaches on the coast of Spain, for seven years following the Prestige oil spill. The study recorded
that low concentrations of HFO were buried within the sand as tar balls or oil coatings (last step of physicochemical degradation) seven years after the spill.
The potential impacts to the benthic communities of seagrass meadows and fringing reefs habitats are
considered above. The Tiwi Island coastline also supports important nesting sites for marine turtles,
significant seabird rookeries, and some major aggregations of migratory shorebirds (DLRM 2009). The
potential impact to these marine fauna groups are discussed in detail in the following sub-section below.
In summary, hydrocarbons released from a pipelay vessel collision at the southern end of the gas export
pipeline route have the potential to contact the shorelines of the Tiwi Islands at concentrations which
could result in adverse impacts to shoreline habitats and marine fauna, without the implementation of
appropriate management controls or spill response strategies. Potential impacts could include long term
damage and/or contamination of shoreline habitats, mortality of individual adult turtles or hatchlings or
mortality of individual seabirds/shorebirds if they come into contact with oiled sections of the shoreline.
Only a portion of the shoreline habitat is expected to be affected and therefore impacts at regional benthic
community distribution or population level are considered unlikely. As the hydrocarbon disperses over time
the shoreline habitats are expected to recover. While this assessment is conservative, the application of key
management controls for the prevention, planning and response framework to mitigate the risk of such a
release will be implemented to demonstrate ALARP and acceptable outcomes through the activity-specific
EP. Refer to the discussion below for further detail on the potential impacts to marine fauna from surface or
stranded hydrocarbons.
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NT and WA mainland coastline
The Darwin coastline supports a diverse range of habitats including mangroves, intertidal flats, shoals,
rocky shores and pavements, sand beaches and mud flats. The coastline also provides habitat for protected
marine fauna species including seabirds and migratory shorebirds, turtles, sea snakes, dugongs, dolphins,
fish, sharks and rays.
The nearshore and coastal environments of the Kimberley support a diverse array of marine habitats and
communities including coral reefs, sandy beaches, rocky shores, seagrass meadows, mangroves, sponge
gardens, wetlands and estuaries (DEC 2009). These communities provide important habitat for a number
of marine fauna, including specially protected and culturally and commercially important species such as
marine turtles, cetaceans, dugongs, fish, prawns and birds (DEC 2009).
Based on the maximum credible spill scenarios and the predicted adverse exposure zone from stochastic
modelling, some impact to the NT mainland coastline may occur. As the modelling did not predict contact
with the WA coastline from a large-scale release originating in the project area, potential impacts to the
WA coastline are not expected. However, in the unlikely event that contact does occur, impacts are not
expected to be significant considering the long time to contact and taking into account the hydrocarbon
characteristics and weathering/decay of the released hydrocarbons (Section 6.4.10.4).
In the unlikely event of a vessel collision in the southern end of the gas export pipeline, some areas of the
Darwin coastline may be affected. While the probability of contact is very low (1–2%), the time to contact is
in the order of 5–6 hours. Based on the characteristics of IFO-180 (Section 6.4.10.4), some smothering of
benthic communities and marine fauna may occur. The potential impacts to these values/sensitivities are
discussed both above and below.

Marine fauna
Marine mammals
As identified in the EPBC Protected Matters search and Barossa marine studies program, a number of whale
and dolphin species and the dugong may occur or have habitat in the project area (refer Section 5.6).
Marine mammals are highly mobile with various studies suggesting they are able to detect and actively
avoid contact with surface hydrocarbons (Smith et al. 1983; Geraci and St. Aubin 1988; Woodside 2011). For
example, pods of tucuxi (an estuarine/river dolphin) were reported to have immediately left Guanabara
Bay (Rio de Janeiro) for the open coastline following a large spill of bunker fuel and were observed to
return to feeding habitats within the bay once these habitats were free from oil (Kirwan and Short 2003).
However, other observations have noted that marine mammals have swum directly into areas affected by
hydrocarbons without appearing to detect or actively avoid the area (Volkman et al. 1994; Woodside 2011;
NOAA 2017). For example, there is evidence from recent spill events, such as Macondo, to suggest that
marine mammals such as the common bottle nose dolphin in the vicinity were significantly affected from
contact with crude oil and therefore do not always exhibit avoidance behaviours (Balmer et al. 2015; Lane et
al. 2015; Schwackeet al. 2013).
Marine mammals that come into direct physical contact with surface, entrained or dissolved hydrocarbons
may become coated, ingest or inhale the hydrocarbons. The direct physical coating of marine mammals
(which is more likely to occur with more persistent hydrocarbons such as HFO and IFO‐ 180) is expected to
be relatively minor given whales, dolphins and dugongs are generally smooth skinned with limited areas of
hair (Woodside 2011). The skin of marine mammals also generally consists of a thick epidermal layer which
acts as a barrier to any potential toxic effects associated with hydrocarbons (Volkman et al. 1994; Englehardt
1983).
The ingestion (direct or through consumption of prey) or inhalation of hydrocarbons may cause irritation
of sensitive membranes (e.g. eyes, mouth, digestive and respiratory tracts, and organs), burns to mucous
membranes, impairment of the immune system or neurological damage (Etkins 1997; IPIECA 2004). Baleen
whales, such as pygmy blue, Bryde’s whales and humpbacks, may have an increased risk of ingesting
contaminated foods based on their preference for feeding at/near the sea surface. However, their main food
source (zooplankton) is able to rapidly process hydrocarbons and regenerate, with oil particles incorporated
into faecal pellets (Pidcock et al. 2003; Varela et al. 2006). Therefore, the greatest risk is likely to be associated
with feeding directly in or around a fresh hydrocarbon spill (Pidcock et al. 2003). Studies on the impacts
of hydrocarbons on the feeding ability of baleen whales also showed that feeding efficiency was only
temporarily reduced (Pidcock et al. 2003).
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Dugongs could be indirectly affected if the released hydrocarbons cause the dieback of seagrass. Therefore,
the availability of feeding areas may be reduced if hydrocarbons smother or coat subtidal and intertidal
seagrass. Based on modelling of the pipelay vessel collision, hydrocarbons, in particular the persistent
fraction of IFO/HFO, have the potential to smother a portion of the intertidal feeding areas in the vicinity
of the Tiwi Islands and Darwin Harbour, to a lesser extent. Impacts at a population level are considered
highly unlikely as the spill is not expected to result in the loss of entire seagrass meadows, with any affected
seagrass likely to recover. Population impacts are also not anticipated as the spill will not encompass the
entire range over which dugongs have been recorded or impact the significant dugong and seagrass sites
on the north-west of Melville Island (Figure 5-17).
The adverse exposure zone associated with some of the maximum credible spill scenarios (Scenarios 2 to
5) originating from the Barossa offshore development area are predicted to encompass a small portion of
the biologically important foraging and migration areas (Commonwealth waters) for pygmy blue whales
and open waters of the humpback whale calving/resting/nursing and migration area. In Scenarios 2 to 4,
the hydrocarbon will spread and evaporate rapidly on the sea surface or become entrained/dissolved in the
upper water column (0 m–10 m) but will not persist in the environment given the characteristics of marine
diesel and Barossa condensate (Section 6.4.10.4). While HFOs (Scenario 5) are typically highly persistent
and may smother individuals if they come into direct contact with the hydrocarbon on the sea surface while
transiting the area. Toxic effects are less likely as HFOs have low solubility and low bioavailability (RPS 2017e;
ITOPF 2011). Migrations of both pygmy blue whales and humpback whales extend over several months
and encompass a large geographical area. Feeding during these migrations is generally low level and
opportunistic and, as such, the opportunity for ingestion of hydrocarbons is reduced. Therefore, the whole
population of the species is unlikely to be within the adverse exposure zone and, as such, a hydrocarbon
spill associated with the project is not expected to affect an entire population or the overall viability of the
population.
The adverse exposure zone associated with a pipelay vessel collision at the southern end of the gas export
pipeline route (Scenario 6) has potential to encompass a small portion of the biologically important
breeding, calving and foraging area for the Indo-pacific humpback dolphin in the vicinity of Darwin Harbour.
Considering the wide distribution of the species along the northern Australian coastline, and that individuals
have been observed to migrate between sites along the NT coastline (Section 5.6.6.2), potential impacts are
likely to be limited to a number of individuals as compared to a population level.
Marine reptiles
Adult marine turtles do not appear to exhibit avoidance behaviour on encountering hydrocarbon spills
(Odell and MacMurray 1986). Contact with hydrocarbons can result in coating of body surfaces causing
irritation of mucous membranes in the nose, throat and eyes which can then cause inflammation and
infection (Gagnon and Rawson 2010, NOAA 2010b). Potential impacts to the respiratory and digestive
systems may also result from inhalation of toxic vapours when they come to the surface to breathe or
through ingestion of hydrocarbons. Respiratory impacts are likely to be more commonly associated with
marine diesel and condensate as they have a high proportion of volatiles (Section 6.4.10.4). However, given
the volatile nature of these hydrocarbons, the hydrocarbon on the sea surface is expected to evaporate
rapidly (in the order of approximately 60–79% of the hydrocarbon over the first two days) and therefore
the potential for respiratory impacts is relatively temporary. The predicted adverse exposure zone from the
maximum credible spill scenarios of marine diesel and condensate (Scenarios 2 to 4) also does not intersect
the entire internesting habitat critical to the survival of flatback and olive ridley turtles. Considering the large
area utilised by internesting flatback (approximately 32,478 km2) and olive ridley turtles (approximately
7,791 km2) in the vicinity of the Tiwi Islands, and that they generally do not feed during internesting but
rest on the seabed, the potential for impacts at a population level are unlikely considering the fate and
weathering of the hydrocarbons.
While little is known about the sensitivity of sea snakes to hydrocarbons, impacts from direct contact with
surface hydrocarbons are likely to be similar to those experienced by marine turtles, such as potential skin
damage and irritation of mucous membranes of the eyes, nose and throat. They may also be impacted
when coming to the sea surface to breathe through the inhalation of the toxic vapours associated with the
hydrocarbons, thereby causing damage to the respiratory system. While there is no information available in
relation to impacts on saltwater crocodiles, potential effects to crocodile eggs are expected to be similar to
turtles (Oates 2016a).
The adverse exposure zone associated with some of the maximum credible spill scenarios from the Barossa
offshore development area has potential to influence various BIAs/habitat critical to the survival of turtles,
in particular the internesting areas for flatback turtles and foraging areas for flatback, green, olive ridley and
loggerhead turtles. There are no BIAs for sea snakes within the adverse exposure zone, however, they are
generally associated with coral reefs in an offshore context. While individual turtles and sea snakes may be
affected in the event of a hydrocarbon spill as they transit the Barossa offshore development area, impacts
at a regional scale and population level are considered unlikely considering the lack of, or low likelihood of,
hydrocarbons contacting shorelines, the long time to contact with the BIAs/habitat critical to the survival of
turtles and taking into account the weathering/decay of the hydrocarbon released (Section 6.4.10.4).
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The entrained and dissolved adverse exposure zone associated with some of the maximum credible spill
scenarios (Scenarios 2 to 4) from the Barossa offshore development area has the potential to contact a
portion of the waters directly adjacent to the biologically important nesting areas for green turtles at
Ashmore Reef and Cartier Island (Figure 5‐18) at low probabilities (1–5%). Given the long time to contact
with the nesting BIAs, and considering the weathering/decay of the hydrocarbon released (Section
6.4.10.4), significant impacts to nesting beaches, and turtle populations utilising these beaches, are not
expected.
A pipelay vessel collision at the southern end of the gas export pipeline route (Scenario 6) may lead to
a greater impact to marine turtles given its relatively close proximity to the Tiwi Islands, which are an
important nesting and internesting area. Potential impacts would be greatest during the peak internesting
season for flatback and olive ridley turtles (between June and September for flatback turtles and April to
August for olive ridley turtles) (Section 5.6.3.2). However, population level impacts are considered unlikely
as the hydrocarbons are not predicted to contact the entire nesting and internesting habitats critical to the
survival of these species. Additionally, the number of female turtles nesting have been observed to vary
markedly between years and can be attributed to environmental conditions and food availability (DoEE
2017a). Individual females also generally do not breed each year. For example, flatback turtles have been
observed to breed at intervals between one to five years (mean of 2.7 years) (DoEE 2017e). Olive ridley
turtles, however, differ to the other marine turtle species in that the majority (over 60%) of females nest
every year (IUCN 2017). Taking this into account, and that contact is not predicted with the entire nesting/
internesting habitat critical to the survival of these species, the likelihood of population level impacts is
considered remote.
The area of influence associated with a pipelay vessel collision (Scenario 6) is predicted to contact portions
of the Tiwi Island shorelines which support turtle nesting. Adult and juvenile turtles may be exposed to
hydrocarbons on shorelines (e.g. HFO or IFO-180 emulsions) when they come ashore seasonally to nest or
when internesting in the surrounding waters (Table 5-12). Any stranded hydrocarbon interacting with the
coastal fringes of the Tiwi Islands is likely to represent the persistent fraction in the form of viscous liquid
in the earlier stages and as tar balls as the hydrocarbon weathers. Adult and juvenile turtles may become
coated in the hydrocarbon as they move to/from shore and may also ingest surface oil as they pass through
the affected area. While turtle eggs are unlikely to be exposed to beached hydrocarbons, as most turtles
nest well above the high-tide level, they may be directly exposed through the transfer of hydrocarbons
from the oiled female turtle (Shigenaka 2003). The degree of weathering of the hydrocarbon influences the
potential impact of egg viability; weathered hydrocarbons having little impact while fresh hydrocarbons
may have a significant impact on success rate (Milton et al. 2002).
In summary, considering the project location and existing environment context, no population level
impacts are expected to marine reptiles as a result of unplanned hydrocarbon releases. Individuals may
be affected as they move through the area of influence with impacts dependent on the nature and scale
of a potential release. The implementation of key management controls for the prevention, planning and
response framework will further mitigate the risk of such a release and will be defined in detail in the
activity-specific EP.
Seabirds and migratory shorebirds
Birds may be exposed to hydrocarbon spills through several pathways, primarily immersion, ingestion
and inhalation. The adherence of hydrocarbons to feathers can cause them to matt, lose their insulation
(and, therefore, lead to hypothermia), buoyancy or water repellent characteristics, which may result in
the inability to fly or feed and lead to drowning (IPIECA 2004). Physical contact with hydrocarbons may
also result in anaemia, pneumonia and irritation of eyes, skin, nasal cavities and mouths (IPIECA 2004) and
result in mortality from the ingestion of hydrocarbons via preening or contaminated food. Ingestion of
hydrocarbons can result in sub-lethal effects including internal organ damage, decline in immune system,
reduced reproduction capability, reduction in number of eggs and egg fertility, and disruption of normal
breeding and incubating behaviours (AMSA 2016). Exposure can also occur through inhalation of volatile
fumes, causing damage to the lungs, pneumonia and neurological impairments such as ataxia (IPIECA
2004). As outlined above, respiratory impacts are likely to be more commonly associated with releases of
marine diesel and condensate. However, given the volatile nature of these hydrocarbons, the potential for
respiratory impacts is relatively temporary as the majority of the spill is predicted to evaporate in the first
few days.
It has been noted that seabirds do not appear to exhibit avoidance behaviour to surface hydrocarbons and
therefore may come into contact with the spill while feeding or resting on the sea surface.
Shorebirds are generally not as susceptible to direct oiling when compared to seabirds; however, they
can be affected indirectly through impacts on their feeding/foraging and breeding habitat. In terms of
nesting, oil can be transferred from the parent’s feathers to the young or eggs (ITOPF 2011). Contamination
of the eggs by hydrocarbons can result in eggshell thinning, failure of the egg to hatch and development
abnormalities (ITOPF 2011).
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The adverse exposure zone associated with some of the maximum credible spill scenarios (Scenarios 2 and
4) is predicted to influence a number of biologically important breeding and foraging areas in the vicinity of
Ashmore Reef and Cartier Island for seabirds, at very low probabilities. Individuals utilising the area may be
affected if they come into direct contact with the sea surface adverse exposure zone (> 10 g/m2). However,
considering the low density of seabirds and migratory shorebirds in the open waters of the area and
significant distance to key seabird roosting/nesting sites, and taking into account the nature and weathering
of the hydrocarbons (Section 6.4.10.4), impacts at a population level are considered unlikely. No shorelines
of significant importance for seabird breeding or aggregation are predicted to be contacted by the surface
adverse exposure zone for any of the maximum credible spill scenarios modelled in the Barossa offshore
development area. It was reported from wildlife response operations implemented as a result of the Montara
well blowout incident that 27 birds in the Timor Sea region were affected by the spill, with 17 of these dying
as a result of being oiled (Short 2011).
The adverse exposure zone associated with the maximum credible spill scenario of a pipelay vessel collision
at the southern end of the pipeline (Scenario 6) has potential to influence the Tiwi Islands coastline and
nearshore waters, mainly to the south and west of Bathurst Island. Therefore, the persistent fraction from an
IFO/HFO spill may affect portions of the breeding/nesting and resting sites for a large number of seabirds
and shorebirds on the Tiwi Islands. In particular, there is the potential to contact a portion of the BIA for a
large breeding colony of crested terns, which includes a 20 km foraging buffer extending off the northern
tip of Melville Island. Potential impacts are likely to be greatest during the nesting period between April
and July (Table 5-12). Birds that come into direct contact with the adverse exposure zone may be subject
to smothering (i.e. oiling of plumage) as well as lethal or sub-lethal toxic impacts through ingestion of
the hydrocarbon from preening of feathers. Contact with weathered IFO/HFO may also cause irritation or
ulceration of the eyes, skin, mouth or nasal cavities (AMSA 2016).
The long-term effects of large-scale hydrocarbon spill on seabirds and shorebirds have been reported
as variable. Some reports state that biological systems are inherently variable such that the effects of oil
mortality are statistically undetectable and therefore relatively insignificant (Wiens 1995, cited in Oates
2016b). Other studies have reported that large unplanned spills can potentially deplete bird populations
and cause desertion of single seabird colonies, although resilience of seabird populations to these single
catastrophic events has generally been observed (Oates 2016b). Seabird populations can recover from
large-scale spills through a number of mechanisms. For example, species with long life spans and high
survival rates contain a substantial number of non-breeders in the population that may buffer the loss of
reproductive adults, while other species have a higher reproductive potential such that adult losses can
be more rapidly replaced (Oates 2016b). Other long-term studies have indicated that seabird populations
affected by significant spills (e.g. Prestige oil spill in the North Atlantic) have not recovered to pre-spill levels
8–10 years after the spill occurred. However, it is acknowledged that predicting population recovery times is
difficult as the effects of oil pollution cannot always be differentiated from natural environmental variation
and population dynamics (Oates 2016b).
Considering the modelling outcomes and the existing environment context, significant impacts to bird
populations are unlikely to occur as a result of unplanned hydrocarbon releases. A number of individuals
may be affected if they come into the contact with the area of influence, with impacts dependent on the
nature and scale of a potential release. However, key management controls will be implemented throughout
the life of the project to mitigate the risk of a large-scale release occurring.
Fish
Pelagic fish generally do not experience acute mortality from hydrocarbon spills as they are able to detect
and avoid surface waters underneath hydrocarbon spills by swimming into deeper water or away from
the affected areas (Scholz et al. 1992). Demersal fish are highly unlikely to be impacted by surface spills
as they generally inhabit waters near the seabed. However, they may be impacted in the event of subsea
well blowout if they are in close proximity (< 1 km) to the release location and come into contact with the
hydrocarbons either directly or indirectly (e.g. through ingestion in-water or via consumption of prey).
Contamination of the seabed in the vicinity of the release location may also result in localised impacts to
demersal fish habitat and therefore result in displacement of populations from the area.
Contact with surface hydrocarbons and direct coating/smothering can lead to acute physical effects in
fishes which cause changes in olfactory senses or vision, skin lesions, tainting of flesh, changes in feeding or
mortality (Davies et al. 1993, Carls et al. 1996, Marty et al. 1999, cited in Westera and Babcock 2016). Chronic
effects associated with the toxic components in the water soluble fraction (i.e. entrained and dissolved
component of marine diesel and condensate) of the hydrocarbon can include growth inhibition, inhibited
swimming ability, reduced reproductive success, immune system responses, deformities and visible skin and
organ lesions (Westera and Babcock 2016).
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Mass fish mortalities associated with hydrocarbon spills are rare, with those mortalities that have occurred
being associated with very high, localised concentrations of dispersed oil in the water column (ITOPF
2011). Fish have an increased susceptibility to hydrocarbons during their early life stages (eggs, larvae
and juveniles) with potential impacts from low concentrations of PAHs including reduced survival rates
due to sub-lethal effects, developmental defects of the skeletal system and disruption of cardiac function
(Incardona et al. 2004).
Studies on the toxicological and physiological effects of the Montara well blowout incident involved
assessment of effects of the hydrocarbon on fishes (including biopsies of fish tissue samples and olfactory
analysis of fish fillets) through sampling within a week of the control of the hydrocarbon release and
repeated sampling for two years thereafter. Four fish species were sampled and comprised two demersal
species (goldband snapper and red emperor) and two pelagic species (Spanish mackerel and rainbow
runner). The study reported that, in the short term, fishes were exposed to, and metabolised, petroleum
hydrocarbons but there were few broad scale negative effects (Westera and Babcock 2016). Two years after
the incident, biomarker levels in goldband snapper and red emperor had generally returned to reference
levels, except for liver size, which was larger in fishes collected close to the Montara well location (within
50 km) (Westera and Babcock 2016). However, this was potentially attributed to local nutrient enrichment,
or to past exposure to petroleum hydrocarbons.
The area of influence associated with the large-scale credible scenarios affect open ocean waters which
support a number of fish species (Section 5.6.5). Individuals that come into contact with the hydrocarbon
as they traverse through the area may experience acute or chronic effects. However, impacts at a population
level are considered unlikely given the vast habitat through which fish species move through. Entrained and
dissolved condensate is unlikely to cause significant toxicity effects as the low volatility fraction of
the hydrocarbon contains very low levels of aromatics, which have the greatest potential to cause toxicity
effects (Section 6.4.10.4).
Whale sharks may be at risk of exposure to hydrocarbons through ingestion, either directly while feeding at/
near the sea surface or indirectly through contaminated prey. As with cetaceans, ingestion of hydrocarbons
may lead to contamination of tissues and internal organs, reduced function of the immune system, irritation
of sensitive membranes (e.g. eyes, mouth, digestive and respiratory tracts and organs) or possibly poisoning
resulting in mortality. Stochastic modelling for Scenarios 2 to 4 shows that the adverse exposure zone
extends to the northern section of the foraging BIA for whale sharks, at very low probabilities. Therefore,
while individual whale sharks that have direct contact with hydrocarbons may be affected, significant
impacts to migratory whale shark populations are not expected as the species is highly migratory and
forages over a broad geographical area.
Sharks and rays
Sharks, rays and sawfish may be affected by hydrocarbons as a result of direct contact or through
contamination of tissues and internal organs (including via the food chain through consumption of prey).
As with fish, it is likely that pelagic species are able to detect and avoid surface expressions of a hydrocarbon
spill by swimming into deeper water or away from the affected areas. Individuals that come into contact
with hydrocarbons in the water column may experience irritations of sensitive membranes (e.g. eyes,
mouth, digestive and respiratory tracts and organs) or possibly poisoning through ingestion of prey.
The open offshore waters within the adverse exposure zone do not contain known significant breeding and
feeding habitats for large numbers of sharks, rays and sawfish to be exposed to hydrocarbons in the unlikely
event of a maximum credible spill scenario being realised from the Barossa offshore development area.
Considering this, and that there are no BIAs in the adverse exposure zone, it is expected that any potential
impacts to sharks, rays and sawfish would be limited to transient individuals that may be passing through
the area of influence. No threat to the overall population viability is anticipated.
The adverse exposure zone associated with the maximum credible spill scenario of a pipelay vessel collision
at the southern end of the pipeline (Scenario 6) is predicted to affect waters in close proximity to the Tiwi
Islands and Darwin coastline. Coastal and estuarine waters provide suitable habitat for the speartooth
shark, northern shark and sawfish (green, largetooth and dwarf ). Individuals of these species that come into
contact with the adverse exposure zone may be subject to lethal or sub-lethal impacts. While individuals
may be affected, population impacts are not anticipated as the spill will not encompass the entire range of
these species.
Plankton
Plankton communities are not considered to be highly sensitive to disturbance as they are variable in space
and time and undergo regular recruitment (American Petroleum Institute (API) 2001). In general, surface
hydrocarbon spills that do not entrain or dissolve in the water column have a reduced impact on plankton
as only a small proportion of the community is close to the surface and therefore susceptible to exposure
from hydrocarbons (API 2001).
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The main pathways for direct exposure and contamination of plankton are ingestion, absorption and
adherence of hydrocarbons to the external body wall or gills. The short regeneration time of plankton
(9–12 hours) and rapid replacement of stocks from adjacent areas due to water circulation will usually
prevent any impact at the population or community level (Batten et al. 1998). However, this does depend
upon the geographical scale of the spill and plankton distribution within the area. Indirect impacts include
smothering, ingestion of contaminated food, changes to behaviour, loss of recruitment, and changes to
trophic dynamics that impact productivity. Derivatives of hydrocarbons have been observed to decrease
feeding and growth rates of copepods (Hjorth and Nielsen 2011).
A study investigating the effects of PAHs on mesozooplankton following the Macondo spill in the Gulf of
Mexico observed impacts to the species extended for a period of up to two months after the well blowout
ceased (Mitra et al. 2012). As the average life expectancy of mesozooplankton in the Gulf of Mexico is
approximately seven days, Mitra et al. (2012) suggested that PAHs were accumulating in the species
and being transferred to future generations via their lipid rich eggs. Therefore, exposure of plankton to
hydrocarbons has the potential to result in lagging impacts through the means of bioaccumulation, as they
are the base of the food chain. The study also revealed that the exposure of mesozooplankton was patchy,
with communities close to the well location appearing unaffected by PAHs while individuals up to 180 km
away showed signs of being exposed (Mitra et al. 2012).
Considering the spatial and temporal variation of phytoplankton and zooplankton communities within
marine waters, significant impacts to plankton communities are unlikely.

Australian Marine Parks
Stochastic modelling results indicate that a number of AMPs may be affected by the adverse exposure zone
for sea surface, entrained and dissolved aromatic hydrocarbons should a maximum credible spill scenario
occur (Table 6‐40).
Potential impacts to the key values and sensitivities that may occur within the AMPs, such as marine fauna,
offshore reefs and islands, shoals and banks are discussed in detail above.

Key ecological features
Potential impacts to the key values and sensitivities, such as benthic habitats/communities (e.g. macrofauna,
infauna, macroalgae, seagrass) and marine fauna (e.g. whales, dolphins, turtles, sea snakes, seabirds,
migratory shorebirds, fish, sharks and rays), that are associated with the KEFs of Ashmore Reef, Cartier Island
and Seringapatam Reef and Commonwealth waters in the Scott Reef complex, are discussed in detail above.
The open waters above the seabed KEFs of the shelf break and slope of the Arafura Shelf, carbonate bank
and terrace system of the Van Diemen Rise, pinnacles of the Bonaparte Basin, tributary canyons of the
Arafura depression, carbonate bank and terrace system of the Sahul Shelf and ancient coastline at
125 m depth contour may be contacted by the adverse exposure zone. Impacts to these seabed KEFs are
considered to be minimal given their location on the seabed and the surface nature of the majority of the
spills (e.g. vessel collisions), and the behaviour of the Barossa condensate plume from a subsea well blowout,
in which the concentration of the entrained and dissolved hydrocarbons is highest in the upper water
column (RPS 2017e). As the plume from the subsea well blowout will rise rapidly to the surface water layer
(0 m–10 m) within a short distance from the release location (Section 6.4.10.4) the likelihood of direct
contact at these features with the released hydrocarbons is reduced. The KEFs of the tributary canyons of the
Arafura depression and carbonate bank and terrace system of the Sahul Shelf are also significantly distant
from the Barossa offshore development area (> 240 km) and therefore, taking into account the nature and
weathering of the marine diesel and condensate hydrocarbons (Section 6.4.10.4), significant impacts to
these features are considered unlikely.
While the seabed in the immediate vicinity of the well blowout location may be affected (within
approximately 100 m) (as discussed in ‘Benthic communities and habitats’ above), impacts to the KEF of the
shelf break and slope of the Arafura Shelf are considered highly unlikely as the previous seismic surveys
acquired by ConocoPhillips in 2007 and 2016, recent geophysical surveys in 2015 and 2017, ROV footage
collected during pre and post-spud surveys during exploration and appraisal drilling campaigns and from
the extensive baseline studies undertaken across the area (refer Section 5.2) did not observe any of the
sensitivities attributed to the KEF within the Barossa offshore development area (Section 5.5.2.1).
The KEF of the continental slope demersal fish communities has been identified as being contacted by the
adverse exposure zone for entrained and dissolved hydrocarbons (Scenario 4 only). The potential impacts
to fish from hydrocarbons are discussed above. Significant impacts to this KEF are considered unlikely
considering the long time to contact (> 31 days) and weathering characteristics of the hydrocarbons
(Section 6.4.10.4). The modelling also predicted a very low probability (1–2%) of contact with this KEF.
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Marine archaeology
Stochastic modelling predicts that the sea surface adverse exposure zone associated with a significant
hydrocarbon release at the southern end of the gas export pipeline (i.e. Scenario 6) extends over the waters
of three historic shipwrecks (two steamer ships and a submarine) listed under the Commonwealth Historic
Shipwrecks Act 1976. However, significant impact to these shipwrecks is considered highly unlikely given
they are located in waters > 6 m in depth and a potential spill would be on the sea surface (i.e. IFO-180 does
not entrain or dissolve in to the water column).

Commercial fishing
The predicted adverse exposure zone associated with some of the maximum credible spill scenarios has
the potential to result in impacts to the area fished by a number of Commonwealth and NT/WA commercial
fisheries (Table 5-9). These fisheries generally target demersal and pelagic finfish species, prawns and
sharks.
Toxic impacts from entrained and dissolved hydrocarbons associated with more volatile hydrocarbons,
such as condensate and marine diesel, are of primary concern to commercial fisheries. The extent of
the area of influence for the entrained and dissolved component of condensate and marine diesel spills
(particularly Scenarios 2 to 4) have the potential to interact with various commercial fisheries. No entrained
and dissolved hydrocarbon exposure was predicted for the HFO/IFO‐180 releases (Scenario 5 and 6,
respectively). Discussion of potential acute and chronic impacts to fish is provided above.
Fish exposure to hydrocarbons can result in ‘tainting’ of their tissues (Upton 2011, Hofer 1998). Even low
levels of hydrocarbons can impart a taint or ‘off’ flavour or smell in seafood. However, tainting is generally
reversible, although it is influenced by level of hydrocarbon contamination. Adult fish exposed to low
entrained hydrocarbon thresholds are likely to metabolise the hydrocarbons and excrete the derivatives
with studies showing that fish have the ability to metabolise petroleum hydrocarbons, although it is
dependent upon the magnitude of the hydrocarbon contamination (Eisler 1987). In general, fish are not
expected to retain a taint for longer than a week post-exposure to entrained or dissolved hydrocarbons
(Gagnon and Holdway 2000, cited in Westera and Babcock 2016). In addition, the risks of tainting from oil
discharges are usually low or localised (Davies et al. 1993, Hofer 1998, cited in Westera and Babcock 2016).
Testing for tainting of fish flesh was undertaken following the Montara well blowout and reported no
differences between impacted and non-impacted sites (Westera and Babcock 2016). It has been noted that
crustaceans (e.g. prawns) have a reduced ability to metabolise these hydrocarbons (NOAA 2002).
Seafood safety is a major concern associated with spill incidents. Therefore, actual or potential
contamination of seafood can affect commercial and recreational fishing, and can impact seafood markets
long after any actual risk to seafood from a spill has subsided (NOAA 2002). A major spill would result
in the establishment of a safety exclusion zone around the area affected by the spill and a temporary
prohibition on fishing activities implemented for a period of time. The extent of the exclusion zone would
be dependent on the nature and scale of the spill and would remain in place until it was deemed safe. This
may be in the order of a number of days in the event of a large spill from a vessel collision or up to several
months in the event of a long‐term well blowout. Therefore, there is potential for subsequent direct short
to medium term economic impacts to affected commercial fishing operators, with the nature and scale of
these impacts dependent on the characteristics of the spill.
As outlined in Section 6.4.10.4, the entrained and dissolved component of the Barossa condensate is
unlikely to cause significant toxicity effects as the low volatility fraction of the hydrocarbon contains
very low levels of aromatics, which have the greatest potential to cause toxicity effects. Considering this,
and the nature and scale of the large-scale releases, it is recognised that individual fish may be affected
by hydrocarbons. However, long-term population impacts are not expected. The likelihood of such a
large-scale release is also inherently low given the key management controls that will be implemented
throughout the life of the project.

Recreational and traditional fishing
As outlined in Section 5.7.14. a number of fishing charters operate in the coastal waters along the NT
coastline and in the vicinity of the Tiwi Islands. Consultation undertaken by ConocoPhillips has also
identified one fishing charter operator who conducts tours in the vicinity of Evans Shoal and Goodrich
Bank during the main fishing season (September to December). In the unlikely event that a large-scale
hydrocarbon spill occurs in the Barossa offshore development area, impacts to these activities may occur.
Recreational and traditional fishing activities in the vicinity of the Tiwi Islands may be impacted in the event
of a large-scale release during the installation of the gas export pipeline, specifically at the southern end if
an unplanned release occurred during the installation of the gas export pipeline (e.g. Scenario 6).
Refer to the discussion above for further detail on the potential impacts to fishing activities.
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Tourism, recreation and scientific research
There is limited tourism and recreation in remote, offshore waters and on the Tiwi Islands. However,
specimen shell collection occurs and diving charters operate in the vicinity of Ashmore Reef, Cartier Island,
Hibernia Reef and Seringapatam Reef. Considering the location of the project and distance to these areas,
large-scale spills in the Barossa offshore development area are highly unlikely to significantly affect these
socio-economic activities. There may be an increased risk of affecting recreation and research activities
should there be a large release in the vicinity of the Tiwi Islands (e.g. Scenario 6).

Commercial shipping
The main commercial shipping channel is approximately 90 km to the west of the Barossa offshore
development area (Figure 5-26). Based on the stochastic modelling, the sea surface adverse exposure
zone may extend into this commercial shipping channel in the highly unlikely event of a vessel collision
(Scenarios 2 and 3) or long-term well blowout (Scenario 4) in the Barossa offshore development area. A
pipelay vessel collision at the southern end of the gas export pipeline route (Scenario 6) may cause a greater
impact to commercial shipping given its relative proximity to the Darwin Port.

Offshore petroleum exploration and operations
The stochastic modelling results show that other operator petroleum retention leases and exploration
permit leases occur within the adverse exposure zone. However, as there are no operational production
facilities and in-field subsea infrastructure within the immediate vicinity of the project, any exclusion
zones that would be implemented in the unlikely event of a large-scale hydrocarbon release are unlikely to
significantly affect other oil and gas operators.

Defence activities
The stochastic modelling results indicate that the open waters of the NAXA may be within the adverse
exposure zone (sea surface, entrained or dissolved hydrocarbons ). However, any potential exclusion zones
that would be implemented in the unlikely event of a large‐scale hydrocarbon release are considered
unlikely to extend into the NAXA given it is relatively distant to the project area. ConocoPhillips would
consult with the Department of Defence should a large hydrocarbon release occur and track towards the
NAXA.

Indonesian and Timor-Leste
The coastlines of these countries support a range of habitats and communities, including sand and gravel
beaches, rocky shores and cliffs, intertidal mud flats, mangroves, seagrass and coral reefs (Tomascik et al.
1997; Asian Development Bank 2014). The coastal waters provide habitat for a number of protected species,
including humphead wrasses, marine turtles, giant clams, some mollusc species, crustaceans, cetaceans
(dolphins and whales) and dugongs, and commercially important species of fish, shrimps and shellfish
(Asian Development Bank 2014). The potential impacts to these shoreline habitats and marine fauna groups
are considered in detail above.
Based on the maximum credible spill scenarios and the predicted adverse exposure zone (entrained and
dissolved hydrocarbons only) from stochastic modelling, some impact to the coastlines may occur. However,
should a large-scale hydrocarbon spill occur in the Barossa offshore development area, significant potential
impacts to the coastlines are not expected given the relatively long time to contact (> 12 days) and taking
into account the hydrocarbon characteristics and weathering/decay of the released hydrocarbons (Section
6.4.10.4).
ConocoPhillips has established communication lines with DFAT and would engage the agency if a
hydrocarbon spill occurred and modelling predicted it would reach international waters/shorelines.
ConocoPhillips also has offices in Indonesia, which would be engaged to provide local support in the event
that a spill entered Indonesian waters.
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6.4.10.13

Other unplanned discharges
Preliminary evaluation of subsea gas export pipeline release
While the evaluation of impacts and risks associated with the project is underpinned by the largest
maximum credible scenarios (as presented in detail in Section 6.4.10.6 to Section 6.4.10.11), a preliminary
evaluation of a potential release of dry gas from the gas export pipeline has been considered. Given this
represents a low probability scenario and the potential release of hydrocarbons is assessed and addressed
in full in the maximum credible scenarios as described above, the following summary is provided for this
early stage OPP assessment. It is important to note that the magnitude of any potential release from the
gas export pipeline would be significantly smaller than the other maximum credible scenarios assessed. It is
expected that with further pipeline engineering definition and design, a further assessment of this scenario
would be provided as part of an activity-specific EP for the operational pipeline, once the details of design
specifications and preventative integrity controls are known.
A preliminary analysis of potential subsea release scenarios from in‐field subsea infrastructure was
undertaken for the Barossa project by Intecsea (2017), as part of early concept engineering studies. The
scenarios considered included a full bore rupture of a production riser and a release from the tie‐in point
with the gas export pipeline (i.e. PLET) in the Barossa offshore development area. Intecsea (2017) reported
the maximum volume of hydrocarbon released from a full bore rupture of a production riser is limited to
approximately 1 m3–6 m3 depending on whether a subsea isolation valve is fitted. No liquid hydrocarbons
are expected to be released from the gas export pipeline scenario given the dry gas composition. Based
on the composition of the Barossa condensate and the export gas specification for the project, the heavier
hydrocarbon components (C5 or greater) are expected to account for less than 0.08mol% of the dehydrated
gas composition within the export pipeline. Considering the very small to nil volumes of hydrocarbons
that would be released from these subsea release scenarios, detailed spill modelling is not considered
warranted for this minor volume of release. Furthermore, the release scenarios modelled in the Barossa
offshore development area (Scenarios 1 to 5) are considered to represent a highly conservative estimate of
the potential area that may be influenced by these subsea releases. Therefore, all potential impacts and risks
associated have been assessed through consideration of the scenarios modelled and discussed in this OPP.
A release from the gas export pipeline will result in a plume of gas rising rapidly to the sea surface and
forming a ‘boil’ area, in which the gas bubbles break through the surface (Intecsea 2017). In terms of the
area that may be affected by a rupture of the gas export pipeline, it is not the volume of gas but rather the
release rate and depth of a dry gas release that is important in determining the extent of a dry gas bubble
or ‘boil zone’ and atmospheric gas plume (Holland 1997). Studies have concluded that the boil zone at the
sea surface is approximately 20% of the water depth (Holland 1997; Intecsea 2017). Shell gives the range as
10–32% depending on release rate, based on observations such as the West Vanguard shallow gas blowout
which occurred in 220 m water depth (Holland 1997). Assuming a full bore release of the gas export pipeline
within the Barossa offshore development area in an average water depth of 240 m, and by applying the
approach defined above, the boil zone at the sea surface would be approximately 48 square metres (m2). A
similar release in shallower water depths of the pipeline in Commonwealth waters (50 m) would result in a
boil zone of approximately 10 m2.
If the gas release rate is large enough, a flammable cloud is formed above the area of the release. The worst
case flammable atmospheric plume associated with a full bore gas export pipeline release in water depths
of 240 m and 50 m was calculated to extend up to approximately 1.7 km and 2.4 km (no wind), respectively,
from the release location at 1 m above the sea surface (Intecsea 2017). These conditions were expected to
occur for less than one day.
The predominant gas properties interacting with the environment during a gas release include methane
gas, higher alkane gases (e.g. ethane, propane and butane), and small quantities of natural gas liquids
and waxes. A study undertaken by Total and the U.K. authorities to characterise the effects of various gas
properties from a gas leak at the Elgin Field (gas condensate reservoir) in the North Sea, concluded that the
overall impact to the environment was negligible (Marine Scotland 2012). The gas that leaked dissipated
naturally. Most of the condensate evaporated, while the remaining surface hydrocarbon sheen (<1/10th of
a micron) also dispersed or evaporated in a few days, and any residue wax deposited within the immediate
vicinity of the well causing contamination to a localised area. As a part of this study, Marine Scotland (2012)
collected fish, water and sediment samples from the edge of a two-nautical mile (approximately 3.7 km)
exclusion zone around Total’s Elgin platform. While the study found traces of hydrocarbon contamination in
sediment and seawater samples above background levels, the biomarker profiles were not consistent with
those from the gas condensate. Therefore, the study concluded that there was no impact at this distance to
sediment and seawater from the Elgin gas leak. Analyses of the 18 fish flesh samples collected confirmed
there was no evidence of hydrocarbon contamination in any of the species analysed, and no taint was
detected in any of the sampled fish species. Total confirmed that there had been no sightings of affected
marine mammals or seabirds during the 32 aerial surveillance flights undertaken as part of the post-leak
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monitoring program (Marine Scotland 2012). The study concluded that there were no impacts to marine
mammals at a population level given that there had been no impacts to fish (a lower order marine fauna
species more susceptible to change than larger marine mammal species), no confirmed sightings to affected
marine mammals, and that the area did not contain any important breeding, feeding or aggregation areas
for marine mammals, and therefore only transitory individuals were likely to be present (Marine Scotland,
2012).
Potential environmental consequences arising from the ecotoxicological effects of gas releases from pipeline
ruptures on marine biota, may result from the potential pathway of dissolution of gas in the water column.
Exposure effects from gas on fish, for example, have been documented to be influenced by a range of factors
(especially temperature and oxygen regime) which can significantly change the direction and symptoms
of the effect (Patin 1999). In particular, increasing temperature may intensify the toxic effect of substances
on fish due to the direct correlation between the level of fish metabolism and water temperature. Another
environmental factor that directly influences the gas impact on water organisms is the concentration
of dissolved oxygen. Numerous studies show that the oxygen deficit directly controls the rate of fish
metabolism and decreases their resistance to many organic and inorganic compounds (Patin 1999).
Observations of fish response to the exposure of gas in the water agrees with the general pattern of typical
response of organisms to any toxic or stress impact. This pattern involves consequent stages of indifference,
stimulation (excitement), depression, and potential mortality (Patin 1999). The primary response to the gas
presence has been observed to develop much faster than fish response to most other toxicants in the water.
Clear signs of such response – increased motor activity – are observed within the first seconds after gas goes
into the water. There may be a relatively short period between the first contact with gas and persistent signs
of toxicological effect (latent phase). The duration of this phase in acute experiments is 15–20 minutes. The
gas has potential to rapidly penetrate the bodies of fish, doing direct damage to gills, skin, chemoreceptors
and eyes, and filling up the gas bladder, resulting in the fish being unable to control its buoyancy (Novaczek
2012).
Using fish as an indicator of biological response to gas releases in the water column, impacts to higher order
marine fauna species, such as internesting turtles, may occur within the localized extent of the gas plume
over a short duration given the rapid rise to the surface. However, impacts further afield from dissolved
fractions are unlikely based on the outcomes previous studies described above (e.g. no taint detected in fish
species approximately 3.7 km from the gas release location) (Marine Scotland 2012).
In the context of this project, it is reasonably assumed that the Barossa gas export pipeline will be
constructed to a high standard of engineering specification. As noted previously in Section 4.3.3.2, it will
be a 24–28 inch diameter carbon-steel pipeline with external anti-corrosion coating and anodes to maintain
structural integrity, and a concrete coating to provide stability and mechanical protection. Given this, the
inherent likelihood of a major gas release from the pipeline during operation is very low.
Oil and Gas UK had reported only 31 incidents involving loss of containment/leakage from operating steel
and flexible pipelines in the North Sea up to 1991, mainly due to impact (e.g. vessels, trawling equipment),
anchoring or corrosion (AME 1993). This finding is supported by other reviews (for example, Papadakis, 1999)
that concluded that external interference, mostly third party activity involving interference using machinery,
has been recognised as a dominant failure mechanism both in gas and oil industry pipelines. Taking into
account the subsea installation of the proposed Barossa gas export pipeline, third party interference risks are
limited in comparison to onshore facilities that may be subject to more frequent interactions.
Given the above findings, it is expected that any impacts from a pipeline rupture scenario would be localised
and short term in nature. Dissolution effects of gas in the water column are expected to be localised to
individual marine organisms that may be present in the vicinity of the potential leak location, in the vertical
profile from the pipeline at seabed to the surface. This preliminary assessment has characterised the nature
of the release to be a high velocity release of gas that will rise the surface within the localised boil zone.
Therefore, the duration of exposure can be reasonably concluded to be short-term, however influenced by
the nature and duration of release.
Considering the potential impacts to the marine environment from a full bore rupture of the gas export
pipeline are very limited in terms of the boil zone (i.e. in the immediate vicinity of the rupture), and
eco-toxicological effects, and the relatively localised and short term nature of the potential gas plume,
all potential impacts and risks are considered to be addressed through the assessment of the maximum
credible scenarios detailed in this OPP (i.e. they are within the area of influence) (Table 6-44). Given the
controls that will be implemented for the project, including monitoring to assess structural integrity of the
pipeline and for any potential leaks, the likelihood of the gas export pipeline rupturing is considered very
remote and the consequence negligible. ConocoPhillips has been operating the Bayu-Undan to Darwin gas
export pipeline without incident since 2006.
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As described earlier, a further assessment of this risk of pipeline failure would be undertaken as part of an
activity-specific EP for the operational pipeline, once the details of design specifications and preventative
integrity controls are known.

Wet buckle during the gas export pipeline installation
One of the risks that exists during installation of the gas export pipeline is buckling. If a buckle occurs, it
could result in rupture of the pipeline and seawater flooding the pipeline. This is referred to as ‘wet buckle’
and may occur anywhere along the gas export pipeline route between the Barossa offshore development
area and the tie-in location with the existing Bayu-Undan to Darwin pipeline.
Should a wet buckle occur the seawater could lead to corrosion and reduced pipeline integrity if not
removed. In the unlikely scenario that a wet buckle occurs the raw seawater would be displaced with
chemically-treated seawater that may consist of biocides, corrosion inhibitor, scale inhibitor, dye and oxygen
scavengers. The chemically-treated seawater would be separated from the raw seawater by bi-directional
pig(s) pre-installed in the pipeline. The pipeline would then be dewatered either via the section where the
wet buckle has occurred or through the entire gas export pipeline with compressed air depending on the
location and extent of the buckle to enable pipelay to continue safely.
The volume of chemically-treated seawater that would be discharged in the event of a wet buckle depends
on the location, extent and repair method. As a worst-case example, if installation of the pipeline was close
to finishing, complete dewatering of the gas export pipeline and discharge of up to approximately
96,710 m3 of chemically-treated seawater may be required to safely recover the pipeline and continue
installation. Conversely, only the catenary length of the pipeline being recovered on board the pipelay
vessel could be dewatered at this stage and the remaining volume of treated-seawater in the pipeline
could be displaced during final re-flooding of the pipeline on completion of pipelay activities (e.g. during
hydrotesting).
In the event wet buckling occurs during installation of the gas export pipeline, the maximum volume
of discharge and the chemical characteristics of the filtered inhibited seawater flushed through the gas
export pipeline and discharged are likely to be similar to that undertaken for dewatering. Therefore, the
impacts and risks summarised for flooding fluid discharge are also applicable to wet buckling (Section
6.4.8.6). While the impact consequences described for dewatering are similar for wet buckling, the nature
of this unplanned event means that there is a lower likelihood of wet buckling occurring during pipeline
installation activities.

Impact and risk summary
The outer boundary of the worst case credible spill scenarios has the potential to result in a number of
impacts including a reduction in water quality, direct toxic or physiological effects on marine biota such
as corals and fauna of conservation significance including mammals, reptiles, birds, fish and sharks/
rays, degradation of shoals/banks, reefs and islands, and socio-economic effects on commercial fishing,
traditional fishing (Tiwi Islands) and tourism. Impacts from highly volatile hydrocarbons that have the
potential to result in toxic effects to marine biota, such as condensate and marine diesel, are likely to be
short in duration given the rapid evaporation experienced upon release. More persistent hydrocarbons
such as HFO and IFO-180 are more likely to result in surface and smothering impacts. The predicted adverse
exposure zone from a HFO release is limited to deeper offshore waters where there is limited sensitive
benthic habitats prone to smothering effects and is not within any significant breeding or feeding areas
for marine fauna. The adverse exposure zone from a release of IFO-180 may result in surface impacts (no
impacts from dissolved and entrained hydrocarbons predicted) to contacted shorelines on the Tiwi Islands
and smothering of key protected EPBC species where internesting habitat critical to the survival of flatback
and olive ridley turtles and the crested tern BIA are present within the adverse exposure zone. While the
potential consequence of the worst case credible spill scenario to local and regional sensitivities described
above has been classified as significant, the likelihood of occurrence is remote and therefore, the residual
risk of impact to the marine environment as a result of unplanned discharges associated with the project
is considered moderate. The key management controls that will be implemented take into consideration
the key values and sensitivities of the marine environment within the area of influence from a potential
spill and are considered to manage potential impacts and risks to an acceptable level. A summary of the
potential impacts, proposed key management controls, acceptability and EPOs for unplanned discharges are
presented in Table 6-46.
The project is considered consistent with the relevant requirements of the Blue Whale Conservation
Management Plan, Recovery Plan for Marine Turtles in Australia, Whale Shark Recovery Plan 2005‐2010
and relevant marine fauna species conservation advices as related to unplanned discharges (Table 6‐47).
A summary of the potential impacts, proposed key management controls, acceptability and EPOs for
unplanned discharges are presented in Table 6‐48.
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Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Marine mammals ‐ Blue Whale Conservation
Blue whale
Management Plan (October 2015)
(DoE 2015a)

Demonstrably minimise anthropogenic
threats, including habitat modification
through acute/chronic chemical discharge.

•

Marine mammals ‐ Conservation advice (October 2015)
(DoE 2015c)
Sei whale

Pollution (persistent toxic pollutants) has
been identified as a threat to sei and fin
whales. However, no specific actions or
requirements have been defined.

The area of influence is predicted to encompass a small portion of the BIA for pygmy blue whales.
Migrations of pygmy blue whales extend over several months and encompass a large geographical
area. Therefore, a hydrocarbon spill associated with the project is not expected to affect the entire
population or the overall viability of the population.

•

There are no BIAs for sei whales and fin whales in the area of influence.

•

A comprehensive suite of well‐defined engineering controls will be implemented to minimise risks
throughout the life of the development. All aspects of the project will be undertaken in accordance
with the highest safety standard.

•

Core elements of the management framework to manage the risk of unplanned discharges include:

Marine mammals
‐ Fin whale

Marine reptiles
- Loggerhead
turtle Green turtle
Leatherback turtle
Hawksbill turtle
Olive ridley turtle
Flatback turtle

Conservation advice (October 2015)
(DoE 2015d)

Recovery Plan for Marine Turtles
in Australia 2017‐2027 (June 2017)
(DoEE 2017a)

Manage anthropogenic activities to ensure
marine turtles are not displaced from
identified habitat critical to the survival of
the species.
Manage anthropogenic activities in
biologically important areas to ensure
that biologically important behaviour can
continue.

•

maintenance of petroleum safety zones to minimise risk of collisions

•

controls for hydrocarbon and chemical storage and bunkering

•

comprehensive well design and control activities in accordance with approved regulatory
requirements

•

spill response preparedness and training, with Incident Management and Response
planning, training and audits in place

•

a comprehensive spill response strategy appropriate to the nature and scale of a potential
release, supported by an OSMP.

•

No population level impacts are expected as a result of unplanned discharges, although individuals
may be affected in the area of influence (as dependent on the nature and scale of the potential
release).

•

Considering the remote likelihood of a large spill occurring and the management measures that
will be implemented to minimise the risk of such an event occurring, the project is consistent with
the management plan/conservation advices.

•

In the unlikely event that a large unplanned release occurs, the predicted adverse exposure zone
from the maximum credible spill scenarios is not expected to affect the entire internesting BIAs or
habitat critical to the survival for flatback and olive ridley turtles.

•

Although individuals may be affected in the area of influence, considering the large area utilised by
internesting turtles (including internesting habitat critical to the survival and BIAs), the potential for
impacts at a population level are unlikely.

•

A comprehensive suite of well‐defined engineering controls will be implemented to minimise risks
throughout the life of the development. All aspects of the project will be undertaken in accordance
with the highest safety standard.

Ensure spill risk strategies and response
programs adequately include management •
for marine turtles and their habitats,
particularly in reference to ‘slow to recover
habitats’, e.g. nesting habitat, seagrass
meadows or coral reefs.

Core elements of the management framework to manage the risk of unplanned discharges include:
•

maintenance of petroleum safety zones to minimise risk of collisions

•

controls for hydrocarbon and chemical storage and bunkering

•

comprehensive well design and control activities in accordance with approved regulatory
requirements

•

spill response preparedness and training, with Incident Management and Response
planning, training and audits in place

•

a comprehensive spill response strategy appropriate to the nature and scale of a potential
release, supported by an OSMP. The OSMP will include individual operational and scientific
monitoring plans for key values and sensitivities, such as turtles.
CONOCOPHILLIPS AUSTRALIA

426

6 Evaluation of environmental
impacts and risks

Table 6-47: Summary of alignment with relevant EPBC management plans for unplanned discharges
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Relevant factor

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Marine reptiles
‐ Short‐nosed sea
snake1
Leaf‐scaled sea
snake1

Conservation advice: short-nosed sea
snake (December 2010) (DSEWPaC
2010a) and leaf‐scaled sea snake
(December 2010) (DSEWPaC 2010b)

Fish ‐ Whale shark

Whale Shark Recovery Plan
2005‐2010 (May 2005) (DEH 2005b)

Ensure there is no disturbance in areas
where the species occurs, excluding
necessary actions to manage the
conservation of the species.

No specific actions or requirements are
identified for managing pollution.

Conservation advice (October 2015)
(DoE 2015i)
Birds ‐ Curlew
sandpiper
Eastern curlew

Conservation advice (May 2015)
(DoE 2015e, f )

Birds ‐ Australian
lesser noddy1

Conservation advice (October 2015)
(DoE 2015g)

Birds ‐ Great knot1

Conservation advice (May 2016)
(DoE 2016a)

Birds ‐ Greater
sand plover1

Conservation advice (May 2016)
(DoE 2016c)

Birds ‐ Lesser sand
plover1

Conservation advice (May 2016)
(DoE 2016c)
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No specific actions or requirements are
identified for habitat loss and degradation
from pollution for these species.

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)
•

A comprehensive range of key management controls will be implemented at all stages of the
project to minimise the risk of unplanned discharges occurring.

•

An appropriate spill response framework will also be implemented in the unlikely event of a large
release.

•

No population level impacts are expected as a result of unplanned discharges, although individuals
may be affected in the area of influence (as dependent on the nature and scale of the potential
release).

•

Considering the remote likelihood of a large spill occurring and the management measures that
will be implemented to minimise the risk of such an event occurring, the project is consistent with
the management plans/conservation advices.

It is concluded that the implementation of management controls will allow the activities to be
managed to ensure marine turtles are not displaced from identified habitat critical to their survival and
that biologically important behaviour can continue.

Relevant management plan/
Specific requirement(s) as relevant to
recovery plan/conservation advice the project

Birds ‐ Western
Alaskan bar‐tailed
godwit1

Conservation advice (May 2016)
(DoE 2016d)

Birds ‐ Northern
Siberian bar‐tailed
godwit1

Conservation advice (May 2016)
(DoE 2016e)

Birds ‐ Red knot

Conservation advice (May 2016)
(DoE 2016f )

Sharks and rays Great white shark

Recovery Plan for the White Shark
(Carcharodon carcharias) (August
2013) (DSEWPaC 2013a)

Sharks and rays Grey nurse shark

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

Sharks and rays ‐
Speartooth shark
Northern river
shark
Green sawfish
Largetooth
sawfish
Dwarf sawfish

Sawfish and River Sharks Multispecies
Recovery Plan (November 2015) (DoE
2015j)

1

Demonstration of alignment
(refer to the ‘Impact assessment and risk evaluation’ discussion above for further context)

Protect important habitat.

No specific actions or requirements
are identified for habitat modification/
degradation for these species from
pollution as relevant to the project.

Reduce and, where possible, eliminate
adverse impacts of habitat degradation
and modification.

Conservation advice: speartooth
shark (April 2014) (DoE 2014b),
northern river shark (April 2014) (DoE
2014c), dwarf sawfish (October 2009)
(DEWHA 2009) and green sawfish
(2008) (DEWHA 2008b)

These species were identified only in the area of influence EPBC Protected Matters search.
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Table 6-48: Summary of impact assessment, key management controls, acceptability and EPOs for unplanned discharges

Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Unplanned
discharges

Physical
environment –
water quality,
sediment
quality.

Reduction in water
quality.

General

The potential impacts and risks
associated with unplanned discharges
from the project are considered
broadly acceptable given:
• The residual risk is considered
acceptable, as the proposed
key management controls
are considered good industry
practice, take into consideration
the key values and sensitivities of
the marine environment within
the area of influence from a
potential spill and manage any
potential additional impacts and
risks which may be introduced
as a result of the implementation
of the mitigation measures (i.e.
OPEPs and OSMP).

Zero unplanned
discharge of
hydrocarbons or
chemicals to the
marine environment
as a result of project
activities.

Shoals and
banks.
Tiwi Islands.
Other offshore
reefs and
islands and NT/
WA mainland
coastline.
Marine
mammals.
Marine reptiles.

Hydrocarbon/
chemical contact
with shoals/ banks,
reefs and islands at
concentrations that
result in adverse
impacts.

Sharks and
rays.

Alteration
of biological
communities as a
result of the effects
on key marine
biota.

Commercial
fishing.
Recreational
and traditional
fishing (Tiwi
Islands).

Socio-economic
impacts on
commercial fishing,
traditional fishing
(Tiwi Islands) and
tourism.

Birds.
Fish.
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Direct toxic or
physiological
effects on marine
biota, including
corals, mammals,
reptiles, birds, fish
and sharks/rays.
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The OPGGS Act 2006 – Section 616 (2) Petroleum safety zones will be complied
with, including establishment and maintenance of a petroleum safety zone
around the well, offshore structure or equipment which prohibits vessels
entering or being present within the specified area without written consent.
Bunkering procedures will be implemented, which include:
•

use of bulk hoses that have dry break couplings, weak link break-away
connections, vacuum breakers and floats

•

correct valve line-up

•

defined roles and responsibilities – bunkering to be undertaken by trained
staff

•

visual inspection of hose prior to bunkering to confirm they are in good
condition

•

testing emergency shutdown mechanism on the transfer pumps

•

assessment of weather/sea state

•

maintenance of radio contact with vessel during bunkering operations.

Hydrocarbon and chemical storage and handling procedures appropriate to
nature and scale of potential risk of accidental release will be implemented,
which will include:
•

bulk hydrocarbons and chemicals stored in designated areas, with
secondary containment

•

stocks of SOPEP spill response kits readily available onboard and personnel
trained to use them

•

MSDS available on board for all hazardous substances.

•

There is the potential for minor
impacts to benthic communities
located at Shepparton Shoal
adjacent to the tie in location in
the event wet buckling occurs in
the immediate vicinity. However,
the likelihood of wet buckling
occurring within the immediate
vicinity of the tie-in location
is unlikely and the exposure
timeframe associated with a wet
buckling event at this location is
relatively short duration. Further,
given the ecological connectivity
predicted amongst shoals in the
region (Heyward et al. 2017) there
are unlikely to be any unique
features of significance at these
locations, and as such impacts
from wet buckling are expected
to be minor.

An activityspecific OPEP that
demonstrates
adequate
arrangements for
responding to and
monitoring oil
pollution, in the
event of a major
unplanned release,
will be accepted by
NOPSEMA prior to
commencing the
activity.
An OSMP will be
implemented in the
event of a major
unplanned release.
The OSMP will
include a number
of operational
monitoring plans and
scientific monitoring
plans to guide the
spill response, and
assess potential
environmental
impacts.

Key factors

Potential impact
for key factors

Key management controls

Acceptability

An Inspection Monitoring and Maintenance Program will be developed for the
gas export pipeline to assess structural integrity and for any potential leaks.

•

The key management measures
align with relevant legislative
requirements, standards, industry
guidelines and ConocoPhillips
HSEMS, HSE Policy, SD Policy, and
Company standards and systems.

•

The comprehensive preventative
management and response
arrangements that ConocoPhillips
has in place.

A simultaneous operations (SIMOPS) procedure will be implemented to control
and manage any concurrent SIMOPS activities.
Long-term well blowout prevention
All well design and control activities will be undertaken in accordance with a
NOPSEMA approved WOMP and as detailed in activity-specific EPs.

All drilling activities will be undertaken in accordance with accepted procedures
that meet the requirements of the:
•
• ConocoPhillips Well Construction and Intervention standard, which outlines
minimum requirements (including testing and maintenance) for well
control equipment (e.g. blowout preventer, casings/tubings and drilling
•
mud systems)
•

ConocoPhillips Well Design and Delivery Process documentation including
Well Engineering Basis of Design, Critical Well Review and Shallow Hazard
Study

•

ConocoPhillips Wells Management System, which includes the requirement
for a minimum of two barriers that are tested and maintained during all well
operations.

A MODU/drill ship Safety Case Revision will be developed and implemented,
which describes the ConocoPhillips and MODU Operators agreed well control
interface.

Environmental
performance
outcome

The approach applied to the
project is consistent with the
principles of ESD, as discussed
below:
Of particular relevance to this
aspect:
•

Physical environment (water
quality and sediment quality)
– the impact evaluation
identifies the low probability
of unplanned discharges and
the potential evaluation of
consequences, as relevant
to the existing environment
relevant to this proposal.
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Aspect

Key factors

Potential impact
for key factors

Key management controls

Vessels/facilities
The FPSO facility will be designed so that hull shall be double hull or double
sided and compartmentalised condensate storage tanks.
Vessel specific controls will align with MARPOL 73/78 and Australian Marine
Orders (as appropriate for vessel classification), which includes managing spills
aboard, emergency drills and waste management requirements.
Vessel movements will comply with maritime standards such as COLREGS and
Chapter V of SOLAS.
Offtake vessels will be piloted during berthing and offloading operations.
Visual monitoring of the offloading manifold and hose will be maintained
during offtake operations to allow for rapid emergency shut down.
All marine contracted vessels will undergo the ConocoPhillips Global Marine
vetting process, which involves inspection, audit and a review assessment for
acceptability for use, prior to working on the project.
Vessel selection criteria will make considerations for designs and operations
which reduce the likelihood of hydrocarbon spills to the marine environment as
a result of a vessel collision.
All vessels involved in the project will have a valid SOPEP or SMPEP (as
appropriate for vessel classification).
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Acceptability

•

Benthic habitats (including
shoals and banks, Tiwi
Islands, other offshore
reefs and islands and
mainland coastline) – the
key management controls
that will be implemented
take into consideration the
key values and sensitivities
of the marine environment
within the area of influence
from a potential spill and
are considered to manage
potential impacts and risks
to an acceptable level. An
activity-specific OPEP that
demonstrates adequate
arrangements for responding
to and monitoring oil
pollution, in the event of a
major unplanned release, will
be accepted by NOPSEMA
prior to commencing the
activity.

Environmental
performance
outcome

Key factors

Potential impact
for key factors

Key management controls

Response measures (refer to Section 7.2.2 for further discussion of emergency
preparedness and response)
Spill response in the event of a hydrocarbon or chemical spill will be
implemented safely and be commensurate with the type, nature, scale and risks
of the spill to key values and sensitivities, as defined in activity-specific OPEPs.
A Crisis Management Plan will be implemented in the event of a spill, which
includes:
•

emergency response planning

•

emergency management structure

•

incident notification

•

emergency response responsibilities and support providers.

An OSMP will be initiated and implemented as appropriate to the nature
and scale of the spill and the existing environment, as informed by a net
environmental benefit assessment.
ConocoPhillips will have additional contingency plans in place in the event of a
well blowout, including side track relief well drilling, well capping and existing
contracts with spill response agencies to facilitate efficient implementation of
appropriate spill response measures.

Acceptability

•

Environmental
performance
outcome

Marine fauna (including
marine mammals, marine
reptiles, birds and fish)
‐ the project aligns with
applicable management/
recovery plans and
conservation advices. Table
6‐47 demonstrates how
the project aligns with the
requirements of applicable
MNES management plans,
as defined in Section 3.5
relevant to the key factors
for this aspect. Consistent
with the above conclusion,
the application of key
controls to be applied at
all stages of the proposal,
will be implemented to
minimise risk. No population
level impacts are expected
as a result of unplanned
discharges, although
individuals may be affected
in the area of influence that is
dependent on the nature and
scale of a potential release,
and the appropriate spill
response framework.
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Aspect

Key factors

Potential impact
for key factors

Key management controls

Acceptability

ConocoPhillips has been operating
in Australia and the Joint Petroleum
Development Area since the mid1990s. The Company is successfully
operating the Bayu-Undan gas
condensate field and has successfully
completed a number of drilling
campaigns in the Timor Sea and
Browse Basin through its Australian
business units without major
incident. Operations at Bayu-Undan
have included the safe transfer of
hydrocarbons to tankers offshore and
more than 600 shipments to overseas
markets.
Titles for oil and gas exploration are
released based on commitments to
explore with the aim of uncovering
and developing resources. To satisfy
offshore permit retention lease
requirements, ConocoPhillips has an
obligation to undertake exploration
in the Barossa offshore development
area and develop commercially viable
hydrocarbon reserves in a safe and
responsible manner.
The conservation of biological
diversity and overall ecosystem
integrity has been considered in the
environmental risk assessment, and
has been informed by a detailed
understanding of the existing marine
environment within the Barossa
offshore development area and
surrounds (Section 5). Specifically,
ConocoPhillips has undertaken
a comprehensive and robust
environmental baseline studies
program to characterise the existing
marine environment (Section 5.2).
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Environmental
performance
outcome

Key factors

Potential impact
for key factors

Key management controls

Acceptability

Environmental
performance
outcome

Where limited scientific information
exists within the area of influence,
ConocoPhillips conservatively
assumes that the marine environment
is of high inherent value and,
therefore, implements all practicable/
feasible measures to prevent potential
impacts. ConocoPhillips corporate
HSE Policy and SD Position outline
expectations and principles of
operations that require consideration
of sustainability, the environment and
communities within areas in which
the Company operates (Figure 2-2
and Figure 2-3).
ConocoPhillips recognise there is an
inherent risk of unplanned discharges
in undertaking the project. However,
through the implementation of
established and comprehensive
policies, standards, procedures
and processes, in conjunction with
relevant legislation, ConocoPhillips
considers that despite this risk,
the extremely low likelihood of a
significant spill event (e.g. vessel
collision leading to a significant loss
of hydrocarbons or long-term well
blowout) being realised is broadly
acceptable. ConocoPhillips also
considers the overall level of risk is
broadly acceptable as the likelihood
of such an event occurring during the
project is similar to the Bayu-Undan
operations, which has not had a
significant spill event since installation
activities commenced in 2004.
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6.5

Cumulative impacts
Cumulative impacts may result from the long-term cumulative effects of a project over time (i.e. in a
temporal context), or may include the cumulative effects of other activities in the area (i.e. in a spatial
context). Therefore, in assessing the overall acceptability of a project, it is important to consider potential
significant cumulative impacts and risks.

6.5.1

Scope of the assessment
The cumulative impact assessment presented in this OPP takes into consideration potential project impacts
and impacts of other activities, including existing activities and potential future oil and gas developments.
The activities included in the assessment have been defined according to the following criteria:
•

activities not already assessed previously in this OPP (i.e. not taken into consideration as part of the
existing environment or baseline conditions)

•

activities which have aspects that may impact the same values and sensitivities as the project.
Considering the small spatial extent of potential impacts resulting from planned project activities
and operations (Section 6.4.1 to Section 6.4.9), activities more than a 150 km radius from the
project (Barossa offshore development area and gas export pipeline) have been excluded. This is
considered a highly conservative buffer given the physical footprint of the project and that planned
discharges are expected to be well below levels of environmental significance within a radius of
approximately 21 km from the discharge location in the Barossa offshore development area. The
buffer is also considered conservative in terms of any potential exclusion zones that may be put in
place in the unlikely event of a large-scale unplanned release.

•

activities that exist or have a high degree of certainty of proceeding in the future, such as those
under construction or for which approvals and capital investment have been obtained

•

activities for which sufficient information is available to conduct a qualitative assessment to a
reasonable standard.

As described in Section 5.7, a number of activities currently exist within or in close proximity to the project,
specifically commercial fishing (Commonwealth and NT-managed fisheries) and shipping. As outlined
in Section 5.7.18, while a number of oil and gas companies hold petroleum permits in the vicinity of
project, there are no established operations within, or in the immediate surrounds. The closest operational
production facility to the Barossa offshore development area is the Bayu-Undan platform approximately
360 km to the west-south-west. For the purposes of the OPP, the cumulative impact assessment takes into
consideration offshore oil and gas projects that will be of comparable spatial and temporal scales, and their
potential to interact with the project. For example, the assessment considers offshore oil and gas activities
at a whole-of-project level (e.g. Bayu-Undan project, Ichthys project) as opposed to individual oil and gas
appraisal and exploration activities (e.g. appraisal drilling, seismic surveys). The assessment also takes into
account all key stages and aspects of the potential projects, as discussed in Section 4, which aligns with the
whole-of-life-cycle view to be taken at an OPP level of assessment.
The assessment considers both existing and reasonably foreseeable offshore oil and gas projects and
provides a qualitative evaluation of these activities, noting the inherent difficulties associated with accessing
commercial-in-confidence data associated with other proposed developments.
A summary of the activities considered in the cumulative impact assessment is provided in Table 6-49.
In addition to the activities considered in Table 6-49, it is understood that potential development of the
Evans Shoal Field (approximately 10 km north-north-west from the Tassie Shoal project) remains under
evaluation. At the time of publication of this OPP, no field development plans are available and therefore
unable to be meaningfully incorporated into this assessment.
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Table 6-49: Activities considered in the cumulative impact assessment

Activity

Description

Status

Included in cumulative
impact assessment

INPEX Masela
Abadi FLNG
project

The potential development
is located approximately
10 km (closest point) to
the north of the Barossa
offshore development area
in Indonesian waters in the
Arafura Sea. The proponent’s
current preferred
development plan is
a FLNG facility.

Yes
Indonesian authorities
have approved an initial
development plan of a FLNG
facility. INPEX are evaluating
methods to optimise
development plans centred
on a large-scale FLNG and
are in discussions with the
Indonesian government.
The Indonesian Government
is seeking an onshore LNG
processing option to be
considered. This remains
uncertain at the time of
publication, and the project
is on hold.

Melbana Energy
(previously
MEO) Tassie
Shoal methanol
project

The potential development
is located approximately
37 km to the west of
the Barossa offshore
development area in the
Timor Sea. The potential
Tassie Shoal project would
comprise one LNG and
two methanol production
facilities.

Approved. Updated
environmental approvals
extending the approvals
period for the project to
2052, and increasing the
flexibility to process gas of
varying qualities into LNG,
were received in August
2016.

Yes

Other marine
users

Commercial fishing and
shipping

Existing – these activities
are ongoing and are not
anticipated to significantly
change in the immediate or
near future in terms of scale
or location.

No – as these activities are
existing they are considered
as part of the existing
baseline socio-economic
environment (Section 5.7).
Therefore, the potential
impacts and risks to these
activities associated with
the project have been
considered and assessed in
detail as part of the project
specific impacts and risks
assessment (Section 6.4).
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6.5.2

Assessment of cumulative impacts
A summary of the cumulative impact assessment is presented in Table 6-50.
Table 6-50: Cumulative impact assessment summary

Aspect

Summary of assessment

Physical
presence
of offshore
facilities/
infrastructure,
equipment and
project related
vessel
movements

Offshore facilities/infrastructure and equipment
The physical presence of project facilities/infrastructure, equipment and vessels will not
have a cumulative impact on marine fauna as it represents a small physical footprint in
the context of known regional migratory movements and patterns.
While interactions with other marine users are considered remote, given the relatively
minor physical scale of the project, combined with the relatively low level of activity
within the open offshore waters of the project area, the potential cumulative impact of
oil and gas petroleum safety zones restricting commercial fishing areas is acknowledged.
However, the petroleum safety zones associated with oil and gas projects are spatially
small (typically 500 m radius) compared to the area available to commercial fisheries.
The risk of significant cumulative impacts from the physical presence of infrastructure
associated with the project in combination with the Abadi and Tassie Shoal projects, even
if the project activities coincide temporally, is therefore low.
Vessel movements
Vessel movements will be associated with all stages of the Barossa, Abadi and Tassie
Shoal projects. The presence of vessels is expected to be similar for all of the projects,
with peak numbers anticipated during installation activities. The potential environmental
impacts associated with vessels are considered to be largely similar for offshore oil and
gas developments in terms of interactions with marine fauna and planned emissions (e.g.
light and air) and discharges (e.g. cooling water and wastewater).
As the majority of the vessel movements will be within the vicinity of each project’s
facilities/infrastructure and equipment (e.g. FPSO/FLNG facility and subsea infrastructure),
overlap of each project’s vessel movements is considered unlikely. In addition, given the
broad marine area and the open shipping navigational areas available for vessels in the
Timor Sea, this potential for impact ‘in‐field’ is very low. Therefore, the risk of cumulative
impacts at a local scale from associated with the project in combination with the Abadi
and Tassie Shoal projects is low.
At a regional scale, there may be a minor cumulative impact associated with the
concurrent transit movement of vessels between Darwin and the Barossa and Tassie
Shoal project areas. However, it is unlikely that installation activities would occur at the
same time for both projects, which is when vessel movements between Darwin and the
project areas would be highest.
While noting that it is outside the scope of this OPP, a more plausible cumulative impact
scenario is the concurrent demand for vessel supply/berthing needs in Darwin, which is
more relevant to a future NT‐specific project planning need. To date the NT Government
has managed this demand by expanding its port facilities and allowing dedicated marine
supply bases in the area. This potential cumulative impact will be managed as part of the
forward logistical planning at a ‘whole‐of project’ level.
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Summary of assessment

Seabed
disturbance

The physical presence of project facilities/infrastructure, equipment and vessels will
not have a significant cumulative impact on the seabed features and the benthic
environment as it represents a small physical footprint in the context of the Timor Sea.
The physical footprint of the Abadi and Tassie Shoal projects, should they proceed, will
be smaller in scale in comparison to the Barossa project as the current development
concepts proposed do not require a gas export pipeline. As a surrogate for a FLNG
concept comparable to Abadi, the Browse FLNG development EIS stated a seabed
footprint of approximately 67 ha for all subsea infrastructure, and this may be used as a
conservative estimate. Should the Abadi project proceed as an onshore LNG concept,
a gas export pipeline would be required but would be installed in Indonesian waters.
The approved Tassie Shoal proposal included the installation of two concrete gravity
structures, with a total development footprint of approximately 7 ha cited in the referral
for the LNG component of the development (Gastech Systems 2003). Taking into account
additional seabed disturbance from subsea infrastructure and rock armouring that was
not quantified, an indicative total footprint for Tassie Shoal may be in the order of
10–15 ha for broad comparison purposes.

6 Evaluation of environmental
impacts and risks

Aspect

The Tassie Shoal project is likely to occur within a small portion of the KEF of the shelf
break and slope of the Arafura Shelf (approximately 10,844 km2) and/or carbonate
bank and terrace system of the Van Diemen Rise (approximately 31,278 km2). However,
significant cumulative impacts are not expected given the small spatial extent of the
project in the context of the overall area covered by the KEF. As a conservative estimate,
the total cumulative footprint of Barossa, Abadi and Tassie Shoal projects represent
143 ha, or 0.003% of the total KEF areas of 42,122 km2 (4,212,200 ha).
Therefore, the risk of significant cumulative impacts from seabed disturbance associated
with the project in combination with the Abadi and Tassie Shoal projects is low.
Biosecurity
(IMS)

As discussed in Section 6.4.4, the risk of introducing IMS is inherently limited by the
location of the Barossa offshore development area in deep waters (130 m–350 m) that are
not directly adjacent to any shoals/banks. Given the location of the Abadi project in deep
offshore waters (400 m–900 m), the risk profile for this project is expected to be similar.
The Tassie Shoal project is proposed to be located in shallow waters (approximately
15 m). However, in a local context, MODU/drill ships and vessels associated with the
project are not expected to overlap vessel movements associated with the Tassie Shoals
project, should it proceed. Therefore, no significant cumulative impacts are expected.

Underwater
Underwater noise emissions are expected to be greatest during the installation stages of
noise emissions the project which will extend for a relatively short period in the context of the project life.
Therefore, the risk of cumulative impacts associated with underwater noise generated
during installation of the Barossa, Abadi and Tassie Shoals projects is assessed as low.
Long-term, ongoing underwater noise emissions will be generated during operation of
the project. As discussed in Section 6.4.5, underwater noise modelling during normal
operations and offtake predicted that noise levels of 120 dB re 1μPa would occur within
approximately 1.4 km and 11.4 km, respectively.
In terms of underwater noise that may be emitted from an FLNG facility, the Browse
FLNG Development can be used as a surrogate for the Abadi project; while noting
that the different localities, seabed and bathymetric profiles will affect the actual area
influenced. Underwater noise modelling for the Browse FLNG Development predicted
that underwater noise emissions during normal operations and offloading activities at
the FLNG facilities at Torosa would fall below 120 dB re 1 μPa approximately 4 km and
approximately 10 km respectively from the facility (Woodside 2014). Considering the
short distance between the Barossa offshore development area and the Abadi project
(approximately 10 km at the closest point), there may be minimal overlap of underwater
noise emissions for the projects. However, this is considered highly unlikely as the Barossa
FPSO facility is not proposed to be located in close proximity to the northern boundary
of the Barossa offshore development area as it will be within the Barossa Field. Therefore,
the Barossa FPSO facility and Abadi FLNG facility will be greater > 20 km apart and no
significant cumulative impacts are expected.
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Aspect

Summary of assessment

Atmospheric
emissions

Atmospheric and GHG emissions will be produced throughout the life of the Barossa,
Abadi and Tassie Shoal projects. In a local context, atmospheric emissions disperse
relatively rapidly and therefore cumulative impacts are not expected. At domestic and
global scales, the project will result in an incremental increase in GHG concentrations.

Light emissions Light emissions will be associated with all stages of the Barossa, Abadi and Tassie
Shoal projects. Given the relative proximity of the Masela Abadi project (approximately
10 km to the north at the closest point to the Abadi Field) and Tassie Shoals project
(approximately 37 km to the west), and taking into consideration the results of the
Browse FLNG Development light density modelling study (Section 6.4.7), there may
be some overlap in light emissions from the projects. For example, the modelling
predicted that light density levels of 0.025–0.05 Lux (comparable to light levels between
a quarter moon and a full moon) and less than 0.002 Lux (comparable to a clear to
overcast moonless sky) would occur between 7 km and 10 km and beyond 33 km,
respectively (Woodside 2014). This may lead to an incremental increase in light emissions
predominantly over open ocean waters, with very slight additive increases at Tassie
Shoal and Evans Shoal possible. However, these cumulative increases are expected to
be minimal and are therefore not expected to have a significant cumulative impact on
marine fauna.
Planned
discharges

Planned discharges to the marine environment, such as drill cuttings and fluids, cooling
water and wastewater, will be associated with the various stages of the Barossa, Abadi
and Tassie Shoal projects. As demonstrated in Section 6.4.8, conservative modelling of
the planned discharges for the project predicted that the discharges would be below
levels of environmental significance within a conservative radius of approximately
21 km from the discharge location. Planned discharges from the Abadi and Tassie Shoal
developments such as PW and cooling water will also be localised and expected to
disperse rapidly within close proximity to discharge points, with no expected cumulative
effect from liquid discharges associated with the project. Daily discharge volumes of
PW and cooling water for these projects are not published, therefore limited direct
comparison can be made. The locational context of the Barossa offshore development
area is an open ocean environment, a localised impact zone as informed by modelling
studies, with a separation distance from nearby sensitive environmental values/
sensitivities and other potential field developments central to the project planning.
A monitoring program will be established to verify that concentrations of planned
discharges will meet relevant ANZECC/ARMCANZ guidelines (or within natural variation
or background concentration) beyond the predicted mixing zone(s). Considering this,
no significant cumulative impacts from planned discharges of PW and cooling water are
expected.
Subject to schedule requirements and availability, concurrent drilling using two MODUs/
drill ships may be considered during development drilling. The drilling method would be
identical and therefore the planned emissions and discharges would be duplicated, but
for a shorter period. The well drilling planned discharges will be a significantly smaller
volume and for a shorter duration in comparison to operations, confined to a localised
impact footprint. Therefore, no cumulative impacts are anticipated.
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Waste
management

Discharge of hazardous and non-hazardous waste to the marine environment is not
proposed as part of the project, with the application of good practice waste handling and
management. Therefore, no material cumulative impacts are anticipated.

Unplanned
discharges

While ConocoPhillips acknowledge that large-scale releases have occurred from offshore
oil and gas activities, the risk of cumulative impacts from unplanned discharges is
considered extremely remote. As outlined in Section 7.2.2, each proponent or titleholder
is required to have an approved OPEP in place prior to commencing the activity. In
addition, in the very unlikely event of an unplanned release, mutual arrangements are in
place for offshore titleholders to support in the rapid response effort, in coordination with
responsible agencies such as AMSA.
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6.5.3

Cumulative impacts conclusion
The project will not result in any material cumulative impacts to the marine environment at a local scale as
there is no significant overlap with other proposed offshore oil and gas projects. No cumulative impacts to
MNES, particularly EPBC listed species, are expected. Therefore, the residual risk rankings detailed in
Section 6.4 of this OPP remain unchanged.
Regional cumulative impacts may occur in terms of incremental increases in vessel movements and GHG
emissions. However, these have been assessed as minor and do not change the residual risk rankings for any
of the potential impacts assessed in this OPP (Section 6.4).
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