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Section at a glance:

Project overview: The project is a gas and light 
condensate project that proposes to provide a new 
source of dry gas to the existing DLNG plant for 
approximately 25 years. Project facilities will comprise 
a Floating Production Storage and Offloading (FPSO) 
facility, subsea production system, supporting in-field 
infrastructure and gas export pipeline. The FPSO facility 
will store and offload condensate to a separate vessel for 
export and will treat and export dry gas through a new 
pipeline that is proposed to tie into the existing Bayu-
Undan to Darwin pipeline in Commonwealth waters. 
Environmental baseline studies completed as part of the 
Barossa marine studies program informed this design 
concept.

Project location and schedule: The Barossa offshore 
development area is in Commonwealth waters, 
approximately 300 km north of Darwin, 227 km north 
of the NT coastline and 100 km north of the Tiwi Islands 
at its closest point. The new pipeline that will transport 
the dry gas from the Barossa offshore development 
area will be approximately 260 km–290 km long and 
could pass approximately 6 km west of the Tiwi Islands 
at its closest point. While appropriate commercial 
arrangements are yet to be put in place, it is proposed to 
connect to the existing Bayu-Undan to Darwin pipeline 
in Commonwealth waters.  

Assuming all the required approvals are in place, 
offshore development work, starting with the drilling of 
development wells, will start around 2019. During this 
period, the FPSO facility will be built and then towed to 
the development area and other subsea infrastructure 
and the gas export pipeline will also be installed.

After a commissioning stage where all the systems are 
tested, operations will start in about 2023. The total 
number of wells drilled is anticipated to be in the order 
of 10–25. Decommissioning of the project will occur at 
the end of the field life and requires a separate EP before 
it can occur. Decommissioning is expected to occur from 
about 2043.

Project activities: A description of the key characteristics 
of the project is provided including the proposed 
wells and drilling methods, the FPSO facility, subsea 
production system, supporting in-field infrastructure, the 
gas export pipeline, fibre optic cable and the potential 
for the project to include future development of the 
Caldita Field. As the exact route of the pipeline is not final 
and subject to further studies, the impacts and risks of 
laying the pipeline within a broader corridor have been 
assessed. The new pipeline and associated installation 
activities will occur within that corridor.  

Assessment of alternatives: A number of development 
concepts including an FPSO, an offshore fixed jacket 
platform, a floating LNG facility and ‘no development’ 
option were considered. Assessment of the different 
concepts involved consideration of a number of 
factors including environmental acceptability, 
technical feasibility, safety, commercial viability 
and ConocoPhillips’ objectives for sustainable and 
environmentally responsible development.

Two of these concepts, an FPSO facility and an offshore 
fixed jacket facility, were selected for further assessment 
and subjected to a rigorous and detailed evaluation. 
The evaluation concluded that an FPSO facility will 
be safer, more environmentally acceptable and will 
make the eventual decommissioning of the field easier. 
The FPSO concept also has lower capital expenditure 
cost, increasing the commercial viability of the project 
which increases the likelihood of securing the capital 
funding necessary to develop the project and capture 
the benefits associated with development. This section 
also contains a description of some design and activity 
alternatives still under consideration.

Key aspects associated with the project: Key aspects 
of the project (as relevant to the environment) described 
include physical presence, vessel movements, seabed 
disturbance, underwater noise emissions, biosecurity 
(invasive marine species), atmospheric emissions, 
light emissions, waste management and planned and 
unplanned discharges. 

Section 4 summary

Purpose:

This section describes the development concept that 
forms part of the proposal and which will be subject 
to further engineering design before the final concept 
is detailed in activity-specific Environment Plans. 
Discussion of alternatives, including the types of facilities 
that were considered and not carried forward, is also 
presented with a focus on the environmental impacts 
and risks involved.

The typical stages of an offshore project’s development 
and the relevant activities within each stage are also 
described.
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4 Description of the project and alternatives analysis 
This section of the OPP provides a comprehensive description of the key project stages and activities 
(based on current engineering definition and subject to the required commercial arrangements being put 
in place) as relevant to the assessment of environmental impacts and risks, such as the key discharge and 
emission sources. It defines the nature and scale of the project and has informed an appropriate description 
of the existing marine environment (Section 5). Understanding both the project and the existing marine 
environment allows the sources of impacts and risks to be appropriately evaluated (Section 6). 

This section aligns with OPGGS Regulation 5A (5(b) and f ) and the NOPSEMA OPP Guidance Note (NOPSEMA 
2016a): “To provide information important to the context of the OPP by identifying and describing all its 
component activities at an appropriate level of detail and particularly those activities relevant to environmental 
impact and risk”. It only addresses those aspects of the project that will occur in Commonwealth waters.

4.1 Project overview

The proposed development concept for the project comprises an FPSO facility, subsea production system, 
supporting in-field subsea infrastructure, and gas export pipeline (Figure 4-1). The FPSO facility will be 
the central processing facility to stabilise, store and offload condensate, and to treat, condition and export 
gas. The condensate will be periodically transported to market from the Barossa offshore development 
area by export tankers. The FPSO facility will be permanently moored and remain in the Barossa offshore 
development area for the life of the project. The FPSO facility will also accommodate offshore personnel.

The extracted dry gas will be exported from the FPSO facility through a gas export pipeline that will tie into 
the existing Bayu-Undan to Darwin gas export pipeline in Commonwealth waters (Figure 1-1), which then 
transports the dry gas to the DLNG facility (subject to appropriate commercial arrangements being put in 
place). The new gas export pipeline will be notionally in the order of 260 km–290 km, depending on the 
route selected and tie-in location into the existing Bayu-Undan to Darwin gas export pipeline. 

The design of the development concept has been informed and influenced by data and information derived 
from the comprehensive environmental baseline studies completed as part of the Barossa marine studies 
program, and supplemented by published literature (Section 5). At this preliminary engineering stage, 
some design/activity alternatives are still being evaluated, such as the final location of the FPSO facility, 
type and configuration of in-field subsea infrastructure, the gas export pipeline route within the defined 
corridor, and the location of the export pipeline tie-in to the Bayu-Undan to Darwin gas export pipeline. It is 
necessary to include these alternatives at this stage of the project as further detailed engineering is needed 
to finalise the development concept. Detailed engineering will occur following acceptance of the OPP, 
aligned with ConocoPhillips’ project phases (Figure 3-1). Impact and risk assessments undertaken for this 
OPP have considered all reasonable design/activity alternatives, in order to fully evaluate the environmental 
acceptability of the project. Evaluation and comparison of environmental impacts and risks for key design/
activity alternatives is discussed in Section 4.4.

Key considerations in the design of the project include:

• ensuring the health and safety of personnel working on the project through its full design life

• minimising negative impacts the project may have on environmental, social and heritage values and 
sensitivities 

• providing a reliable supply of gas and condensate to market through the most appropriate route 
to market, with particular consideration for continued use of existing infrastructure (Bayu-Undan 
to Darwin gas export pipeline and DLNG facility) and socio-economic benefits to the Darwin 
community.
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Figure 4-1: Indicative schematic of the FPSO facility development concept 

4.2 Project location and schedule

4.2.1 Project location

The Barossa offshore development area is located in Commonwealth waters, approximately 227 km north 
of the NT coastline and 100 km north of the Tiwi Islands at its closest point (Figure 1-1), with water depths 
ranging between 130 m and 350 m. 

The gas export pipeline corridor is located in Commonwealth waters and is approximately 6 km west of 
the Tiwi Islands at its closest point (Figure 1-1). Water depths within the pipeline corridor range from 
approximately 30 m to 240 m deep, with the exception of a shallow water area (approximately 30 km long) 
immediately east of the Oceanic Shoals marine park (Figure 4-12) where minimum water depths may be 
as shallow as approximately 5 metres. The gas export pipeline shall be routed within the corridor to reduce 
environmental impacts to local seabed features where practicable.

The closest major populated centre is Darwin, located approximately 300 km south of the Barossa offshore 
development area. The location of the Barossa offshore development area and the indicative location of the 
FPSO facility, which will be located within the Barossa Field, is presented in Figure 4-2. 

4.2.1.1 Definition of project area

The Barossa offshore development area and gas export pipeline corridor define the geographic extent 
of the project area that is applicable for planned activities, which are considered and risk assessed in this 
OPP. For the purposes of this OPP, the extent of the Barossa offshore development area is considered to 
comprise the area outlined in Figure 4-2. The area encompasses ConocoPhillips’ interests in the Bonaparte 
Basin (i.e. petroleum retention leases NT/RL5 and NT/RL6; herein referred to as the permit areas), the 
Barossa Field, Caldita Field, MODU/drill ship, FPSO facility, subsea production system, supporting in-field 
subsea infrastructure, and marine environment that may be affected by planned discharges (as identified 
from modelling, which is presented in (Section 6.4.8). The extent of the Barossa offshore development 
area (Figure 4-2) also accommodates the movement of project vessels in the vicinity of the FPSO facility 
and in-field subsea infrastructure. expected to be significantly smaller than the area shown in Figure 4-2, 
ConocoPhillips has taken a conservative approach and has defined a larger project area to inform the basis 
of the impact and risk assessment. Including a buffer also provides flexibility to account for the early design 
phase and potential future expansion of the project.

As the location of the gas export pipeline route is subject to further field survey and detailed engineering 
studies to inform selection of a route that mitigates the risks during installation and operation as far as 
practicable, a pipeline route corridor has been defined in which the physical footprint of the pipeline and 
project vessel installation or operations activities will occur (Figure 4-3). The entire corridor has been 
assessed in this OPP. As with the Barossa offshore development area, the area directly influenced by the 
gas export pipeline will be significantly smaller than the area shown in Figure 4-3, given the size and likely 
installation footprint of the pipeline. 

In-field subsea 
infrastructure

Gas export pipeline

FPSO facility
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The OPP considers the potential impacts and risks to the existing environment that may be affected 
from both planned (as mentioned above) and unplanned activities. The outer boundary of the existing 
environment that may be affected (i.e. the ‘area of influence’) has been defined using the most conservative 
extent of the adverse exposure zone (i.e. area within which impact may occur) for hydrocarbons from 
unplanned release scenarios relevant to the project. Refer to Section 5.1 for further discussion on the 
definition of the area of influence. 

This OPP does not include the transit of vessels to or from the Barossa offshore development area or to 
or from the gas export pipeline corridor. These activities will be undertaken in accordance with relevant 
maritime legislation – most notably, the Commonwealth Navigation Act 2012 – and, therefore, fall within 
the jurisdiction of the AMSA. Therefore, activities undertaken by the vessels beyond the Barossa offshore 
development area or gas export pipeline corridor boundary are not considered in this OPP. 

The OPP excludes the operation of onshore support facilities required during installation, commissioning 
and operation, as these will be assessed under relevant NT government planning and approvals processes.

4 D
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4.2.2 Project schedule

The pre-FEED work for the project, which aligns with the ConocoPhillips select phase, is currently underway 
and is anticipated to be followed by FEED in 2018 (Figure 3-1). The final investment decision as to whether 
to execute the project is anticipated to be made in 2019. 

Following FID, it is anticipated it will take approximately four years for the purpose-built FPSO facility to be 
constructed, after which it will be towed to location. The development drilling program is expected to occur 
in multiple phases to reflect the staged development of the reservoir across the life of the project.

The life of the project is expected to be approximately 25 years from first gas, although this may vary based 
on field performance and economic conditions and commercial terms of access to existing infrastructure. 
The design life of the project facilities will be engineered to meet the expected life of the project.

The timeframes and development schedule of key project activities are presented in Table 4-1. The 
specific timing and schedule of the project activities will be influenced by commercial decisions, approvals, 
contracting, fabrication, vessel and equipment availability, and weather conditions.

Table 4-1: Project indicative timeframe 

Project activity Target date/timeframe

Development drilling 

Phase 1 Approximately 6 months–2 years post-FID

Phase 2 Approximately 4 years post first gas 

Phase(s) 3(+) During operations (this may include development 

of the Caldita Field if it is found to be economically 

viable)

Installation, pre-commissioning and commissioning

Gas export pipeline installation (including gas 

export pipeline infrastructure and fibre optic 

cable)

Approximately 1–3 years post-FID

In-field subsea infrastructure installation Approximately 2–4 years post-FID 

Tow-out and hook up of the FPSO facility Approximately 3–5 years post-FID 

Commissioning Approximately 4 years post-FID

Operations

First gas Approximately 4–5 years post-FID

Operations Duration of approximately 25 years post first gas

Decommissioning Approximately 25 years post first gas
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4.3 Project activities

As per the requirements of Regulation 5A (5)(b) of the OPGGS (E) Regulations, the following subsections 
provide a comprehensive description of the project, including locations, operational details, and any 
additional information relevant for consideration of environmental impacts and risks associated with the 
project. A detailed assessment of the potential environmental impacts and risks related to the project 
activities is provided in Section 6.

The key characteristics of the project are summarised in Table 4-2. ConocoPhillips is targeting a production 
rate of approximately 3.7 Mtpa of LNG, and approximately 1.5 MMbbl/yr of condensate.

Table 4-2: Barossa project key characteristics

Project characteristic* Description

Overview

Basin Bonaparte

Gas field Barossa and Caldita

Location Approximately 300 km north of Darwin

Anticipated hydrocarbon Natural gas and condensate

Approximate LNG production rate 3.7 Mtpa (existing DLNG facility capacity)

Water depths (approximate) Barossa offshore development area: 130 m–350 m 

Gas export pipeline corridor: ranging from approximately 30 m to 240 

m deep, with the exception of a shallow water area (approximately 30 

km long) immediately east of the Oceanic Shoals marine park where 

minimum water depths may be as shallow as approximately 5 m.

Proposed wells Anticipated to be in the order of 10–25 subsea wells. Additional wells 

may be required following future near-field exploration campaigns 

but only inside the Barossa offshore development area. These will be 

drilled using similar techniques as outlined in this OPP  

(Section 4.3.2), and will be detailed in activity-specific EPs.

Operating life Approximately 25 years

First gas Target approximately 4-5 years post-FID

FPSO facility FPSO facility in the Barossa offshore development area, which collects 

and processes raw well fluids, and prepares condensate for direct 

export by offtake tankers and treats dry gas for transport via a gas 

export pipeline to the DLNG facility. 

In-field umbilicals In-field umbilicals providing chemicals, power, control signals and 

monitoring signals will connect the subsea Christmas trees, wells and 

manifolds to the FPSO facility. Subsea umbilical distribution units 

may be used to distribute chemicals, power and signals to the various 

manifolds and subsea wells.

In-field subsea infrastructure Manifolds, flowline end terminations, riser base structures connect 

flowlines, risers, spools and jumpers together.

4 D
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Project characteristic* Description

In-field flowlines A production gathering system of flowlines and risers transfer 

reservoir fluids from the subsea wells to the FPSO facility. Other 

in-field flowlines may include water, gas and chemical lines. Smaller 

diameter flowlines or service lines may be used to assist with well 

start up and reservoir/production management.

Gas export pipeline A single new gas export pipeline (in the order of approximately  

260 km–290 km in length and 24–26 inches in diameter) will connect 

the FPSO facility to the existing Bayu-Undan to Darwin gas export 

pipeline within the defined corridor. Provision for connecting a 

subsea intelligent pig launcher (temporary installation only) will 

be provided at the FPSO facility end of the gas export pipeline (see 

Section 4.3.3.2 for further detail). Provision for connecting a subsea 

intelligent pig receiver, for local receipt of pigs, may be required at the 

tie-in point with the existing Bayu-Undan pipeline subject to the tie in 

design as agreed with the Bayu-Undan-DLNG pipeline owners.

Fibre optic cable A fibre optic cable connection between the FPSO facility and Darwin 

may be installed. This cable may incorporate power used to boost 

the optic signal subject route length and system design. While the 

fibre optic cable route is still subject to refinement, the current 

premise is to follow a broadly similar route to the gas export pipeline, 

except for the southern end, where it may tie-in to an existing cable 

infrastructure subject to the selected concept. The cable may be 

installed using a variety of methods, including laying on the seabed 

and burial via trenching and jetting. The forward approvals process for 

this connection is subject to financial and commercial arrangements, 

and the timing of other customer negotiations and connections. 

Further information regarding layout, design and installation 

methodology will be addressed in an activity-specific secondary 

approval to be obtained in accordance with regulatory requirements 

at the time commercial arrangements are agreed.

* ConocoPhillips will not commence production related activities until a production licence is approved.

4.3.1 Key project stages

The key project stages summarised in this OPP are as follows:

• development drilling (phased program)

• installation, pre-commissioning and commissioning of the FPSO facility, subsea production system, 
supporting in-field subsea infrastructure, gas export pipeline and fibre optic cable

• operations

• decommissioning.

Onshore support facilities required during installation, commissioning and operation will be located in 
the existing ports such as Darwin or Port Melville. The operation of the onshore facilities will be subject to 
consideration under relevant NT government planning and approvals processes (as applicable) and are 
outside the scope of this OPP.

At this early stage of the project design phase, specific details on the exact volumes of discharges and 
emissions are not yet available. These details will become available as the engineering design progresses 
and will be included in the activity-specific EPs, which will be submitted for NOPSEMA acceptance prior to 
the activity commencing. This OPP provides conservative estimates or broad ranges of likely discharge and 
emissions volumes to inform a robust environmental impact and risk identification and evaluation.
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Caldita Field 

Potential future staged development of the Caldita Field has been considered as part of the project. While 
the concept to develop the Caldita Field is subject to further engineering and economic assessment, the 
proposed concept is for a subsea tie-back to the FPSO facility in the Barossa Field. The development of the 
Caldita Field will be within the Barossa offshore development area (Figure 4-2) and will broadly involve the 
same key project stages and activities as those used in the development of the Barossa Field:

• development drilling (single or phased program)

• installation and commissioning of in-field subsea infrastructure to connect to the Barossa FPSO 
facility 

• operations

• decommissioning.

It is not envisaged that the Barossa FPSO facility will be relocated, nor is a new gas export pipeline expected 
to be constructed for the development of the Caldita Field. Provisions required for future potential 
development of the Caldita Field will be incorporated into the Barossa FPSO facility and subsea architecture 
design. For example, spare riser slots or the reuse of existing riser slots can be used for connecting in the 
Caldita Field. 

Future engineering work and/or subsurface requirements will further define the engineering concept and 
the Caldita in-field subsea infrastructure would comprise the same key elements as for the Barossa Field, 
as summarised in Table 4-4. Refer to Section 4.4.3 for discussion of an alternative concept to develop the 
Caldita Field using an unmanned WHP. Should alternate engineering approaches be progressed for the 
development of the Caldita Field, the description of key activities and aspects in this OPP (Section 4.3.5) are 
sufficiently representative to incorporate potential future design changes.

4.3.2 Development drilling 

The proposed production wells may be drilled using a moored or semi-submersible MODU, or dynamically 
positioned drill ship (Figure 4-4). The approach selected will be influenced by the final well layout and 
detailed in the activity-specific EP. 

Wells will be drilled using directional drilling, a technique that allows wells and subsea facilities (e.g. 
manifolds) to be clustered in drill centres. Directional drilling will allow multiple reservoir targets from drill 
centre locations, with each capable of accommodating multiple well slots.

It is anticipated that the development drilling program for the project will be undertaken in multiple phases 
with the drilling and completion of an individual well expecting to take up to four months (Table 4-3). While 
the exact number of wells to be drilled in each phase is yet to be determined, the total number is anticipated 
to be in the order of 10–25 subsea wells. An indicative number of wells for each phase is provided in Table 
4-3. The number of wells and their locations will seek to optimise the recovery of gas and condensate fluids 
from the reservoir. Note that the duration of the program is subject to availability of the MODU/drill ship, 
well design, weather conditions and operational efficiencies and will be defined more precisely in the 
activity-specific EP.

a) Semi-submersible MODU 
(source: Petro.No 2017, Maritime Connector 2017)

b) Drill ship

Figure 4-4: Example of a semi-submersible MODU and a drill ship
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Table 4-3: Proposed development drilling program summary

Development 
drilling phase

Proposed number 
of wells1

Expected duration 
of drilling program 
(maximum)2 Target date/timeframe

1 6 to 8+ 24–32 months Approximately 6 months–2 years post-

FID 

2 4 to 7+ 16–36 months Approximately 4 years post first gas

3(+) 0 to 10+ 0–40 months During operations – as required 

following future near-field exploration 

campaigns in the Barossa offshore 

development area. This may also 

include the development of the 

Caldita Field if the reservoir is deemed 

economically viable.

1 The number of wells drilled during Phase 2 and 3(+) will be dependent on the production of the wells drilled during the Phase 1  
development drilling program. However, the total number of wells drilled for all phaser is anticipated to be in the order of 10–25.

2 Based on the assumption of using a single MODU/drill ship. However, use of an additional MODU/drill ship for concurrent drilling activities  
may be considered depending on availability.

Based on data from previous appraisal drilling campaigns, naturally occurring radioactive materials 
(NORMs) are not anticipated within the Barossa offshore development area during development drilling 
or operations (i.e. production) and are not considered further within this OPP. However, should NORMS be 
encountered during any stage of the project, the management of NORMs will be addressed through the EP 
process in accordance with the OPGGS (E)  Regulations.

4.3.2.1 Drilling method

The upper sections of the wells will be drilled riserless, using seawater with high viscosity gel sweeps (i.e. 
water based mud (WBM)). The WBM will be circulated to the seabed with the drill cuttings accumulating 
close to the wellhead. It is considered standard industry practice to return drill cuttings and WBM to the 
seabed when drilling the upper sections of the well. Once the upper sections of the well have been drilled 
and cased, a blowout preventer (BOP) and riser will be connected to the wellhead. When drilling the lower 
sections of the well, the drilling fluids and cuttings will be circulated to the MODU/drill ship. The lower 
sections targeting the reservoir may be drilled using a synthetic based mud (SBM). SBM is preferable for 
drilling the deeper well hole sections for a variety of reasons, including improved wellbore stability and 
suitability of the mud system for higher temperature applications. The drill cuttings from these sections 
will pass through solids control equipment to reduce the amount of residual SBM on cuttings and then 
discharged overboard. The reclaimed SBM will be retained onboard the MODU/drill ship and recycled into 
the mud system.

As each section of the well is completed, a protective steel casing will be run and cemented in place. This 
steel casing and cement will isolate each hole section from the subsequent hole sections and provide 
stability. The final steel casing will provide a conduit for wellbore production to the seabed production 
tie-in. Cementing of the well casings may result in the release of small amounts of cement (in the order 
of approximately < 50 m3–100 m3 per well) when the cement mixture is circulated to the seabed during 
grouting of the surface casing strings or when surplus fluids require disposal after cementing operations. 
Cementing fluids used can include cement, surfactants, defoamers, lignins and inorganic salts.

The BOP system will provide secondary well control during drilling. The BOP system is comprised of a 
series of hydraulic rams capable of isolating the well in an emergency. The BOP system will be configured 
with hydraulic rams capable of shearing the drill pipe and isolating the wellbore if required. The hydraulic 
pressure rating of the BOP system will be sufficient to overcome formation pressures encountered during 
development drilling, whilst at the same time shearing the drill pipe if necessary. 

Once the well has been drilled and completed, a permanent subsea wellhead known as a ‘Christmas tree’ is 
installed and the well will be cleaned-up, tied into the production system and commissioned for production.
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4.3.2.2 Drilling fluids 

Drilling fluids (i.e. WBM and SBM) are used in the drilling process to lubricate and cool the drill bit, maintain 
overbalanced conditions, and remove drilling cuttings from the wellbore. Drilling fluids consist of a base 
fluid with a range of solid and liquid additives to produce specific fluid properties (including density, salinity, 
pH and viscosity). 

The general constituents of drilling fluids include:

• WBM – seawater or freshwater base fluid, bentonite, barite, brine and gellents (e.g. guar gum or 
xanthum gum)

• SBM – synthetic base fluid (which may consist of olefins, paraffins or esters), organophilic clays, 
barite, fluid loss control agents, lime, aqueous chloride, rheology modifiers, bridging agents and 
emulsifiers.

The specific drilling fluid formulation varies based on the technical drilling requirements for each hole 
section. The drilling fluid selected is either mixed on the MODU/drill ship, or received pre-mixed, and stored 
in a series of tanks onboard the MODU/drill ship. The selection of drilling fluids will be undertaken once 
detailed well design information is available so that drilling fluids are appropriate for the drilling conditions. 
The selection of drilling fluids and other substances routinely discharged to the marine environment will 
follow an environmental risk assessment and approval process. 

The expected volumes of drill fluids associated with development drilling wells will be further defined and 
accounted for in the activity-specific EP once development well design requirements have been determined. 
The well design for the 2017 Barossa appraisal drilling campaign estimated the volume of drill fluids 
(combining WBM and residual SBM on drill cuttings) to be discharged would be in the order of 1,700 m3 per 
well.

4.3.2.3 Drill cuttings

While drilling with WBM, cuttings will either be discharged at the seabed while drilling the riserless well 
sections, or returned to the MODU/drill ship following installation of the riser. Drill cuttings discharged 
directly to the seabed are expected to accumulate close to the wellhead (see Section 6.4.8.3 for further 
discussion based on observations during previous appraisal drilling and the results of modelling). On return 
to the MODU/drill ship, the drilling fluid and cuttings will be separated by the solids control equipment and 
drill cuttings discharged 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.

The expected cuttings volumes will be further defined in the activity-specific EP once development 
well design requirements have been determined. The well design for the 2017 Barossa appraisal drilling 
campaign estimated the volume of drill cuttings (combining WBM and residual SBM) to be discharged 
would be in the order of 500 m3 per well.

4.3.2.4 Blowout prevention

A BOP will be installed (latched) on the wellhead to provide a secondary barrier to manage well integrity 
by providing a means to seal, control and monitor the well during drilling operations. The typical BOP 
includes annular preventers and pipe rams, both of which are designed to seal around tubular components 
in the well. In addition to this, blind/shear rams are installed capable of shearing the drill pipe. The BOP 
may be used if there is an influx of formation fluid, referred to as a ‘kick’, from the wellbore as a result of 
encountering a permeable formation that has a higher pore pressure than the hydrostatic pressure of the 
drilling fluid. In this scenario, the appropriate component of the BOP will be activated to close or ‘shut the 
well in’ and stop the influx of fluids. The drilling crew should then be able to regain control of the well using 
procedures such as increasing the drill mud weight to overbalance the formation pressure and circulate out 
the influx under a controlled manner. This should allow the BOP to be re-opened once the well has stabilised 
and it is safe to continue drilling operations.

Function and pressure tests of the BOP will be regularly conducted during drilling operations to ensure the 
system reliability is maintained. The operation of the BOP (valves) uses open hydraulic systems and each 
time the BOP is operated (including testing) a small volume of BOP hydraulic fluid is discharged to the water. 
The BOP hydraulic fluids generally consist of water mixed with a glycol based detergent or equivalent water 
based anti-corrosive additive.

Each function or pressure test of the BOP will result in approximately 250 L–300 L of BOP hydraulic fluid (i.e. 
hydraulic fluid chemical diluted in water), depending on the BOP specifications, being discharged to the 
marine environment.
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ConocoPhillips also has additional contingency plans in place in the event of a loss of well control, including 
spill response, side track relief well drilling, well capping and existing contracts with spill response agencies 
to facilitate efficient implementation of spill response measures (Section 6.4.10). 

4.3.2.5 Well completions

Following drilling operations, the well will be completed in preparation for production. Well completion 
operations include:

• casing of the well with steel pipe and cementing of the casings to maintain its integrity

• perforation of the casing, or use of a pre-perforated liner, to allow reservoir fluids to flow into the 
well

• installation of a lower production completion package with down-hole sand control capability and 
zonal isolation packers to prevent formation solids from entering the well 

• installation of a subsea Christmas tree, which consists of a number of valves that control the well 
flow.

Well completion fluids will be circulated through the well to confirm the well is clear of solids/debris and 
prevent blockage in the reservoir. Small amounts of well completion fluid, in the order of 100 m3 per 
well, may be released to the marine environment provided it meets oil-in-water threshold criteria. Well 
completion fluids will be assessed against the ConocoPhillips drilling fluid environmental risk assessment 
and approval process to determine acceptability.

4.3.2.6 Well clean-up and testing

Prior to commencement of production, the well will be cleaned up to remove any remaining drilling fluids, 
solids, debris and completion fluids using the MODU/drill ship or FPSO facility. The well flow testing will 
also be used to obtain samples from the reservoir and collect information on reservoir characteristics. Well 
clean-up and testing will also validate and protect the integrity of the well, and subsea and FPSO facility 
infrastructure prior to them being commissioned.

During well clean-up, the reservoir fluids stream may flow through separator equipment to separate the 
fluid phases. Methanol or glycol may be used during the test to suppress hydrates and allow the well fluids 
to maintain flow. Gas from the separator is piped to a gas flare (burner) and burnt off. The condensate 
phase will be piped to the burner booms where it will be flared off with the gas phase. Any water from the 
separator will be discharged overboard, provided it meets oil-in-water threshold criteria.

Well testing will be undertaken in accordance with the approved WOMP as required under the Offshore 
Petroleum and Greenhouse Gas Storage (Resource Management and Administration) Regulations 2011. 
Well specific guidelines will contain information related to individual well tests, including information such 
as target flow rates, flow periods and shut-in periods.

Following successful well clean-up and commissioning using the MODU/drill ship or FPSO facility, the well 
may remain shut-in for a period of time until it commences production permanently to the FPSO facility.

4.3.2.7 Vertical seismic profiling

Vertical seismic profiling (VSP) may be undertaken on individual development wells. This technique involves 
deploying a small sound source from the MODU/drill ship below the water surface while receivers are 
positioned at different depths within the drilled hole (Figure 4-5). Alternatively, in some circumstances 
a mobile sound source (e.g. onboard a small vessel) could be used to undertake “walkaway” VSP. In this 
instance, the sound source is moved progressively further away from the development well to allow more 
continuous coverage. VSP provides a seismic image of the geology in the immediate vicinity of the well, 
with the survey taking approximately eight to 24 hours per well (i.e. in the order of 25 days in total over the 
duration of the phased development drilling program). 

The sound source used for VSP of individual wells is typically much smaller than that used during a 2D or 
3D marine seismic survey, e.g. an airgun array of approximately 450 cubic inch (three by 150 cubic inch) 
capacity is likely to be used. For each depth level the airgun will generate acoustic pulses five times at 
approximately 20 second intervals, lasting between five to seven minutes. Receivers will be placed down-
hole at selected depths or at regular intervals on the seabed away from the well for walkaway VSP to record 
acoustic signals. Note that for some VSP arrays (i.e. down-hole) it may not be possible to shut down the 
airgun operation immediately due to technical, equipment and safety constraints.
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4.3.3 Installation, pre-commissioning, commissioning and operations

Key activities that will be undertaken during this stage of the project include:

• seabed intervention – may be required to provide stability for subsea infrastructure

• installation of the gas export pipeline, including tie-in to the existing Bayu-Undan to Darwin 
pipeline 

• subsea infrastructure installation on the seabed (may involve heavy lift operations)

• tow-out and installation of the FPSO facility at the defined mooring location (may involve heavy lift 
operations), and hook up of subsea infrastructure

• integrity testing of the subsea production system and supporting subsea infrastructure 
(hydrotesting) and preparing flowlines and the pipeline for hydrocarbons (dewatering and drying)

• testing, refinement and monitoring of all FPSO facility systems (e.g. flaring system)

• operations – including maintenance.

(source: Shafiq et al. 2015) 

Figure 4-5: Schematic showing VSP from MODU
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4.3.3.1 FPSO facility, subsea production system and supporting in-field subsea infrastructure 

FPSO facility

The FPSO may be a ship shaped floating facility, with the hull being either a converted very large crude 
carrier, or a new build hull. Alternative non-ship shaped FPSO facility designs may also be considered. The 
facility will enable in-field hydrocarbon processing and condensate storage and export. The processed dry 
gas will be sent via a gas export pipeline, to a proposed tie-in point on the existing Bayu-Undan to Darwin 
gas export pipeline for transport to the DLNG facility. An example FPSO facility, the FPSO Hai Yang Shi You 
117, is shown in Figure 4-6. 

Figure 4-6: Example FPSO facility 

A ship shaped FPSO facility will be permanently moored using a turret mooring system to enable 
positioning in all metocean conditions. The mooring system will have multiple legs anchored to the seabed. 
The FPSO facility shall remain on station and be able to weather 10,000 year cyclonic metocean conditions, 
ensuring no loss of cargo containment or structural integrity. A ship shaped FPSO facility may have thrusters 
to enable heading control of the facility to assist with operational requirements.

The main design elements, facilities and services of the FPSO facility are likely to include:

• subsea control system to manage operation of the in-field subsea infrastructure, for example the 
control of the subsea chokes and valves, in the Christmas trees and manifolds, working together 
with the inlet production manifold systems to receive production fluids from the production wells 
in a controlled manner 

• chemical injection package to provide dosing chemicals such as mono-ethylene glycol (MEG)/
methanol (depending on the design of the FPSO facility), scale/corrosion/wax inhibitors and 
hydraulic fluids. These chemicals ensure flow assurance is managed and maintained

• facilities for gas-liquid separation. The production separation system removes liquids from the gas 
facilities to separate condensate and produced water (PW)

• facilities where the gas is processed to meet the feed gas requirements of the DLNG facility (e.g. 
dehydration, hydrocarbon dewpoint and partial carbon dioxide (CO₂) removal)

• mercury removal and disposal of hazardous waste to shore

• facilities where the hydrocarbon liquid (condensate) is stabilised to meet market delivery 
requirements, stored and offloaded

• compression facilities to discharge gas at sufficient pressure to allow delivery to the DLNG facility

• gas turbine generators for supply of electricity power requirements 

• accommodation facilities for approximately 150 offshore personnel 

• reverse osmosis plant to provide potable water for both process and personnel needs

• cooling water systems in which seawater is used as a heat-exchange medium for the cooling of 
facilities, particularly the gas-liquid separation and processing facilities 

• facilities for the treatment of PW for disposal overboard

• sewage and greywater treatment systems to manage wastes generated from domestic processes 
such as toilets, dishwashing, laundry and showers 

• open and closed drainage systems to separate deck drainage (consisting of mainly washdown water 
or rainwater) from areas which contain hazardous and non-hazardous materials
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• bilge system to treat and remove bilge water that has collected in any watertight compartments at 
the base of the FPSO facility hull

• ballast water system to manage stability

• facilities for the separation and regeneration of MEG (if this method of flow assurance is selected)

• storage facilities for fuel and production support chemicals, such as MEG/methanol and scale/
corrosion/wax inhibitors

• helicopter deck to enable transfer offshore personnel.

Facilities and services that pose the lowest safety risk will be located closest to the accommodation. Spacing 
between facilities will also be optimised during the engineering design process to minimise the overall risk.

The processes on the FPSO facility separate the reservoir fluids into separate gas and condensate streams. 
The gas stream is dehydrated, stripped of condensate, treated for partial CO2 removal and compressed for 
export via the gas export pipeline. The export pipeline will operate dry and free of liquids which protects 
the pipeline against internal corrosion. Recovered condensate will be cooled and stabilised and stored in 
tanks in the hull of the FPSO facility. During normal operating conditions, a portion of the produced gas 
is conditioned as fuel gas for the gas turbine drivers (compressors and power generation). During periods 
when the normal gas source is unavailable the power generation system will operate on low sulphur diesel 
in compliance with MARPOL. An indicative process flow diagram for the FPSO facility is shown in Figure 4-7. 
Refer to Section 4.3.5.8 for further detail on planned discharges from the FPSO facility.

The partial offshore CO2  removal is currently planned to be achieved via a two stage membrane system that  
will reduce the CO2  content of the feed gas stream to a level compatible for processing at the existing 
DLNG facility (in the order of 6%). This system is not a method of stripping CO2  or other GHGs out of  
exhaust  streams associated with fuel gas consumption or other point sources. Rather, it is a method of  
treating the raw feed gas to pipeline specification required by DLNG, removing bulk CO2 from the system  
early and  thus help reduce process equipment sizing downstream. Membrane separation is based on the  
selective diffusion of gas through a permeable membrane, in which gases are separated on the basis of  
their  solubility and diffusivity through the membrane barrier when under an imposed pressure gradient. 
Constituent components of the natural (feed) gas diffuse at different rates: H2O, CO2  and H2S have high  
permeation rates, methane has a medium rate and heavier hydrocarbons like butane have a much lower 
permeation rate. The two stage process has the advantage of much lower losses of methane, typically 2‐3% 
(as compared to 6‐8% for a single stage system). 

As some methane is carried over post CO2 removal process, the excess CO2 stream removed from the feed 
gas will be routed for treatment to the thermal oxidizer to burn off residual methane ahead of discharge to 
atmosphere. Methane is known to be approximately 30 times more potent as a GHG than CO2. Therefore the 
thermal oxidizer is used to combust the remaining methane in the discharge stream to reduce the total GHG 
potency in the emissions.

For reliability and operability, an acid gas flare will be used as a back-up to the thermal oxidizer. Part of the 
second stage CO2 membrane’s permeate is expected to be used as a portion of the fuel gas for gas turbines, 
and hence reduce the overall greenhouse gas emissions.

An alternative to the membrane system being considered to remove bulk CO2 from the feed gas is an amine 
system. The amine units are large contactors allowing for the chemical bonds to form trapping CO2 until 
the solvent is saturated with CO2 and requires regeneration.  In amine based processes, chemical reactions 
bind CO2 to amines at low temperatures, and regeneration occurs by breaking these chemical bonds with 
heating. 

At this early stage of conceptual design, the optimal technology to achieve CO2 removal is yet to be selected. 
Irrespective, the nature of the emissions profile and management options remain similar. These will be 
subject to further engineering evaluation as the project progresses.

Condensate that is recovered from the gas is stabilised, cooled and stored in tanks in the hull of the FPSO 
facility. The condensate is then periodically offloaded to export tankers using a tandem offloading system, 
similar to that used on many FPSOs around the world.

The flow assurance management strategy for the project is yet to be defined and may include the use of 
either MEG or methanol as the hydrate inhibitor. Both MEG and methanol have a low environmental risk 
as they are water soluble, do not bioaccumulate, and have very low toxicity (Hook and Revill 2016). Should 
continuous MEG injection be selected for hydrate prevention in the production flowlines, the FPSO facility 
may include processes to regenerate the MEG and treat the PW stream. MEG/methanol would be treated as 
part of the PW stream to remove both free oil and dissolved hydrocarbons so it meets a discharge limit of 30 
mg/L oil-in-water over any 24‐hour period prior to discharge to the marine environment.
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Based on the understanding of the reservoir fluids, very low concentrations of mercury may be present 
in the gas stream which may need to be removed to meet market specification requirements for the 
condensate product. If required, mercury may be removed through either absorbent material in a mercury 
removal unit or decanting of mercury in gas drums associated with the processing facilities on the FPSO 
facility. The mercury removal unit will consist of absorbent beads that collect mercury as the gas passes 
through the unit. When the absorbent beads in the mercury removal unit become saturated, they will be 
packaged and transported to shore for disposal at an approved facility. It is expected that the absorbent 
material will be replaced approximately every 4–5 years. In the case of the gas drums, mercury that 
condenses from the gas stream in the processing facility would be collected within these drums and 
periodically decanted into sealed storage containers, and transported to shore for disposal at an approved 
facility. The frequency at which the containers are transported to shore is dependent on the final design and 
size of the sealed containers, and could range to from every few months, annually or less frequently.

The stored condensate is periodically offloaded to export tankers moored in a tandem configuration with 
the FPSO facility. In tandem offloading, the tanker is positioned at a safe distance (e.g. 100 m) from the 
FPSO facility with its bow generally in line with the stern of the FPSO facility. Condensate will be offloaded  
to tankers via a stern offloading hose system. Based on the expected condensate production rate of the  
field, the frequency of vessel movements relating to the export of condensate is expected to be one shuttle 
tanker every 80–100 days, depending on vessel size, production rate and field composition. Liquefaction 
and offtake of LNG is proposed to occur at the existing DLNG facility. 

On completion of installation activities, subsea infrastructure (in-field and gas export pipeline) and the FPSO 
facility will be commissioned. Gas stream will be introduced into the system by partially opening a single 
well to enable safe pressurisation. The gas will then begin to flow through to the FPSO facility and the first 
gas commissioning activities will commence. While the FPSO facility design is under development, the 
following are likely to represent key steps involved in the commissioning process: 

• initial cold venting to clear nitrogen from the inlet system piping

• early establishment of the flare system, including lighting of the pilot burner system 

• the topside processing facilities will be pressured up one section at a time to test for leaks and 
purge through to the flare

• the condensate handling system will be commissioned 

• the main gas processing path will be opened in small steps to check for leaks and will purge 
through to the flare

• fuel gas will initially be used to switch power generation from diesel fuel to gas fuel

• when export quality gas is being produced, the gas will be directed to the gas export pipeline

• following establishment of specification gas delivery to the gas export pipeline, production rates 
will be stepped up slowly to raise production to system capacity.
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The steps for initial commissioning are expected to take a few months as the complex systems are started 
with produced gas. Produced gas is needed to run the equipment and until all the processes are functioning 
sufficiently to deliver specification gas, the gas must go to the flare.

Figure 4-7: Indicative process flow diagram

Subsea production system and in-field subsea infrastructure

The main categories of subsea infrastructure that will be installed for the project are summarised in  
Table 4-4. Figure 4-8 shows indicative locations of the subsea wells and drill centres with connecting 
subsea infrastructure. Figure 4-9 provides a general layout of the subsea infrastructure.

Following installation and hook up of the in-field subsea infrastructure, all subsea flowlines, umbilicals 
and risers will be hydrotested to confirm their integrity. This will be undertaken using treated seawater 
and hydrotest fluids, with the internal pressures monitored to detect any leaks. Further information on 
hydrotesting is provided in Section 4.3.5.8.
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Table 4-4: Key in-field subsea infrastructure descriptions

In-field subsea infrastructure Description

Flowlines – production, service and 

MEG supply (includes flowline end 

terminations (FLETs) and in-line 

tees (ILT))

Subsea flowlines will transport production fluids (gas and 

condensate) from subsea wells and manifolds to the FPSO facility. 

The flowlines will not be trenched and may be either rigid, flexible or 

bundled. 

If flexible flowlines or bundles are not used, flowline lateral buckling 

or walking is predicted for the production and service flowlines and 

will be mitigated by installing displacement initiators (e.g. skids, 

counteract structures) at intervals along the flowline length or 

pinning the flowlines in place.

Manifolds (includes connectors, 

valves and mud mat foundation)

Manifolds are structures that co-mingle and direct production fluids 

(gas and condensate) from multiple wells into the in-field flowlines 

and / or service lines, which are connected to the FPSO facility.

It is anticipated that all manifolds will be offset from the route of 

the flowlines and tie-in to ILT/FLET on the flowlines. The manifold 

structures foundations are likely to be either gravity or suction based 

and have a separable shallow skirt mudmat.

Christmas trees/wellhead (includes 

installation and workover control 

system and well work over riser 

system)

The Christmas tree is installed on the wellhead, to enable reservoir 

fluids to flow from the well into the manifolds, and consists of an 

arrangement of valves, controls and instrumentation. The Christmas 

tree will have safety valves to enable isolation of the reservoir in the 

event of a mechanical failure or loss of system integrity and a ‘choke’ 

valve to control fluid flow and pressure from the well to the flowline.

Umbilicals (includes umbilical 

termination assemblies (UTAs))

Umbilicals transfer power (electrical and hydraulic fluid), chemicals 

(such as MEG, methanol and scale/corrosion/wax inhibitor), 

communications to the wells, Christmas trees, manifolds and other 

subsea systems requiring remote control. The umbilicals will connect 

to the FPSO facility through UTAs.

Risers Flexible risers connect the end of the flowline near the FPSO facility 

to the turret and accommodate movement of the FPSO facility. The 

production flowlines and risers transport the production stream 

including produced hydrocarbons, PW and injected fluids such as 

MEG, methanol and scale inhibitor. 

Orientation of the risers will take into consideration space 

requirements so that the individual risers do not contact the FPSO 

facility hull or mooring lines.

Pipeline end termination (PLET) The PLETs are located at either end of the new gas export pipeline 

and allow connection of the pipeline to the FPSO facility and Bayu-

Undan to Darwin pipeline. The PLET at the FPSO facility includes a 

connection for a seabed pig launcher, while the PLET at the Bayu-

Undan to Darwin pipeline may include a connection for a seabed pig 

receiver (subject to the tie-in design). Refer to Section 4.3.3.2 for 

further detail.
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Figure 4-9: General layout of the in-field subsea infrastructure 
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Figure 4-8: Indicative field layout showing subsea facilities
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The FPSO facility will be connected to the existing Bayu-Undan to Darwin pipeline (subject to suitable 
commercial arrangements being in place) via a new dry gas export pipeline. The new section of pipeline will 
have a length in the order of approximately 260 km–290 km and may take approximately six to 12 months 
to install on the seabed (depending on the extent of seabed intervention required such as preparation of 
the seabed for laying and stabilisation, with options described further later in this sub-section and in the 
assessment of alternatives in Section 4.4.3). Note the duration is subject to availability of the pipeline/ 
pipelay installation vessels, pipeline route and design, weather conditions and operational efficiencies and 
will be defined more precisely in the activity-specific EP.

The proposed connection to the existing pipeline will be subsea and no permanent surface facilities are 
required at, or in the vicinity of, the tie-in. The tie-in of the new gas export pipeline to the existing pipeline 
may occur in the early or latter stages of the installation phase of the project. The scheduling of the tie-in 
of the new gas export pipeline to the existing pipeline, in relation to the installation of the new gas export 
pipeline, is subject to commercial arrangements which are yet to be negotiated.

A subsea pig receiver structure (approximately 6–9 m in length) may be located at the tie-in of the existing 
pipeline to facilitate receipt and recovery of intelligent pigs launched from the subsea launch facilities at 
the FPSO; such a structure could be required in the case of a two phase tie-in. Pigging activities at the tie-in 
location may occur once every approximately 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.

ConocoPhillips is proposing to tie-in to the existing Bayu-Undan to Darwin pipeline to avoid duplication of 
existing pipeline infrastructure within the vicinity of Darwin Harbour. This approach minimises the potential 
environmental impacts and risks to a number of key values and sensitivities in Darwin Harbour.

The seabed disturbance for the project, as described further in Section 4.3.5.2, includes the direct footprint 
of the gas export pipeline, as currently known from conceptual design, and associated seabed intervention 
techniques from physical infrastructure and physical placement of any excavated materials directly on the 
seabed. Localised indirect sources of seabed disturbance are also described in Section 4.3.5.2.

Pipeline route

The gas export pipeline route is still subject to refinement within the designated corridor (Figure 4-3). As 
part of the forward environmental approvals process, ConocoPhillips is committed to undertaking further 
targeted surveys as the engineering design progresses to facilitate selection of the best route, which takes 
into account any potential engineering design constraints and environmental considerations. Therefore, for 
the purposes of this OPP, a corridor has been assessed, which encompasses both the gas export pipeline 
route and vessel movements associated with the installation of the pipeline. One area that may require 
further evaluation is a 30 km shallow water area within the pipeline corridor to the east of the Oceanic 
Shoals marine park (Figure 4-12). Within this area of the pipeline corridor, minimum water depths are 
less than 30 m, with the implication that an anchored pipelay vessel and secondary stabilisation (such as 
trenching/dredging) may be required in this area (specifically shown on Figure 4-12 as the ‘Gas export 
pipeline shallow water area’).  It is important to note that the pipeline route will only comprise a small 
portion (<0.01%) of the pipeline corridor shown in Figure 4-3. The typical arrangement of the gas export 
pipeline on the seabed, excluding seabed intervention, is shown in Figure  4-10.

Figure 4-10: Typical arrangement of the gas export pipeline on the seabed
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To provide some initial context to inform project design, a preliminary geophysical survey was undertaken 
within the pipeline corridor by Fugro in November 2015 to gain an understanding of the water depths and 
seabed features that may be encountered. A subsequent bathymetric and geophysical survey that mapped 
the water depth and seabed topography within the pipeline corridor was completed by Fugro in August 
2017. In general, the surveys observed that the seabed along the length of the corridor varied from relatively 
smooth and gently sloping to irregular areas including sandwaves, seabed channels, ridges and mound 
structures with steep gradients (Fugro 2016, 2017). An indicative profile of the bathymetry within the gas 
export pipeline corridor is shown in Figure 4-11 (Fugro 2016).

Figure 4-11: Bathymetry surveyed along the length of the gas export pipeline corridor

Evaluation of the data gained from the geophysical surveys, combined with the review of bathymetry, 
water depths and seabed features (including sediment type and topography), identified several key design, 
engineering and environmental considerations, which were taken into account in the definition of the gas 
export pipeline corridor. While ConocoPhillips recognises that a portion of the pipeline corridor intersects 
the Oceanic Shoals marine park to the west of the Tiwi Islands (Figure 4-3), routing of the gas export 
pipeline further to the east to remain outside of the marine park in this area has the potential to result in 
greater environmental impacts during pipeline installation. Water depths between the pipeline corridor and  
the Tiwi Islands are indicated to be as shallow as approximately 4 m, as highlighted on Admiralty Charts (as 
shown in Figure 4-12). 

Since the OPP public consultation period, further engineering definition has been undertaken to 
understand potential pipeline routing and thus, refine the gas export pipeline corridor. Given that draft 
management plans for the North AMPs continue to be developed the refined pipeline corridor continues 
to maintain the option to install the gas export pipeline immediately adjacent to the east of the Oceanic 
Shoals marine park (Figure 4-3). While current understanding of the requirements to install the pipeline has 
identified that installing the pipeline outside the marine park will require greater seabed intervention, the 
pipeline corridor has been limited to the area identified to require the least seabed intervention for a route 
located outside of the marine park.  Refer to Section 4.4.3 (Table 4-10) for a comparative assessment of the 
pipeline corridors and route options considered for the project.

Analyses of the geophysical and bathymetric survey data have confirmed that the minimum water depth 
is approximately 30 m within the gas export pipeline corridor (Fugro 2016, 2017), with the exception of a 
shallow water area immediately to the east of the Oceanic Shoals marine park (Figure 4-12).

A range of seabed intervention techniques to support pipeline installation are currently being considered 
and are described in more detail below. Refer to Section 6 for discussion regarding potential impacts 
associated with seabed intervention techniques that may be used during installation of the gas export 
pipeline, subject to final routing.

CONOCOPHILLIPS AUSTRALIA PTY LTD
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5.2 Export Pipeline Route B

5.2.1 Bathymetry

Maximum and minimum water depth recorded along the route are 241.8 m at KP 0.00 and 35.5 m at
KP 200.8. The bathymetric profile along the route centreline is shown as Figure 5.6.

Figure 5.6: Barossa Route B bathymetry profile 

General bathymetry along the proposed route presents a seabed with varying topography as follows.

KP 0.0 to KP 61.0
Water depth gradually decreases with increasing KP along this section of Route B. Water depth ranges
between a maximum of 241.8 m and a minimum of 105.8 m within this section. A relatively smooth
seabed with low gradient is interpreted within the majority of this section. Large gradients, up to a 
maximum of 28°, are recorded at KP 14.05 where the route traverses a seabed channel (Figure 5.7).
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Figure 4-12: Shallow water area of the gas export pipeline corridor east of the Oceanic Shoals marine park 
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4 D
escription of  the project and  

alternatives analysis

ConocoPhillips is committed to a process to:

• undertake further targeted geophysical and environmental surveys and engineering review to 
select a pipeline route and installation method that reduces the environmental impact to as low as 
practicable, while taking into consideration the various environmental values/sensitivities within the 
defined corridor

• maintain close engagement with Parks Australia regarding the proposal and the key considerations 
that will determine the viability of route options and the least environmental impact among 
different route alternatives.

Pipeline installation

The gas export pipeline will consist of a 24–26-inch diameter carbon-steel pipeline that has an external anti- 
corrosion coating and anodes to maintain structural integrity, and a concrete coating to provide stability and 
mechanical protection.

The gas export pipeline will be laid using a continuous assembly pipe-welding installation method. This 
involves the assembly of the single pipe joints (approximately 12 m in length) in a horizontal working plane 
(the firing line) onboard the pipelay vessel. The pipe joints are then welded together, inspected and then 
coated as they progress through the various firing line work stations. As welding progresses, the pipeline 
will be gradually lowered to the seabed behind the pipelay vessel using an S-lay method, with the S notation 
referring to the shape of the pipeline as it is laid onto the seabed. The curvature of the upper section of the 
pipeline lowered to the seabed is controlled by a steel structure, known as a stringer, fitted with rollers to 
support the pipeline. The curvature in the lower section of the pipeline is controlled by the holdback tension 
placed on the pipeline by the pipe tensioners (caterpillar tracks that clamp the pipe).

The type of pipelay vessel used will be dependent on a range of factors such as the final alignment of the 
gas export pipeline, the availability of suitable pipelay vessels in the region and the pipeline parameters 
(such as wall thickness and concrete weight coating thickness). Dynamically positioned pipelay vessels 
will be utilised for installation of the pipeline in water depths greater than 30 m. However, as the use of 
dynamically positioned pipelay vessels are generally limited to a minimum water depth of nominally 25 m of 
water, subject to vessel size, capability and pipeline parameters, an anchored pipelay vessel may be required 
if the pipeline remains outside the Oceanic Shoals marine park in the shallow water east of the marine park 
where water depths are less than 30 m (Figure 4-12). 

While highly unlikely, an unplanned ‘wet buckle’ event may occur during installation should the pipeline 
become twisted and fracture during pipelay, thereby causing flooding of the pipeline with seawater. In the 
event of a ‘wet buckle’ the seawater will need to be displaced from the pipeline with chemically-treated (e.g. 
corrosion and scale inhibitors and biocides) seawater to prevent internal corrosion, and then dewatered to 
facilitate continued installation of the pipeline.

The primary method of maintaining pipeline stability on the seabed, where required, will be through a 
concrete weight- coating. Where the required stability cannot be achieved through this means alone, 
several seabed intervention techniques may be used to stabilise and protect the gas export pipeline. For 
example, stabilisation of the gas export pipeline may be required in shallower waters to overcome the 
buoyancy factor of the pipeline in these depths and provide protection against rough metocean conditions 
that could occur during severe weather events (i.e. cyclones). While the pipeline corridor has been refined 
such that the occurrence of areas of significant seabed features has been minimised as much as practicable 
and the final pipeline route will further seek to avoid uneven seabed features wherever possible, some 
stabilisation (specifically span correction) may be required to mitigate rough terrain that cannot be feasibly 
avoided without incurring grossly disproportionate costs to the project, such as areas of irregular seabed 
topography.

A range of seabed intervention techniques (includes stabilisation such as pre-lay and post-lay span 
correction and secondary stabilisation) may be used. Stabilisation methods could include, concrete 
mattresses, sand/grout bags and steel structures for free span-rectification, rock bolting and gravity anchors. 
Secondary stabilisation such as trenching/dredging or rock dumping may be required within the shallow 
water area of the pipeline corridor if the final gas export pipeline corridor is located outside of the Oceanic 
Shoals marine park (Figure 4-12).

If required, trenching/dredging in the shallow water area may involve the use of underwater ploughs and/
or mechanical trenchers depending on the characteristics of the seabed.  Further engineering studies 
will determine the extent of secondary stabilisation required for a route in the shallow water area. Where 
trenching/dredging is unable to provide sufficient stability, or where additional protection from other 
marine users is required, rock dumping will be employed using specialised vessels. It is expected that if 
required the rock dump or berm over the pipeline would be approximately 12 m wide at the base on the 
seabed. Steel structures may be installed to support the pipeline over rough, uneven or steep terrain. Rock 
bolting, gravity anchors, concrete mattresses and sand/grout bags may be installed to support and stabilise 
the pipeline. Example schematics of some of the seabed intervention techniques are shown in Figure 4-13.
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The specific requirements for seabed intervention techniques will depend on the extent, seabed 
properties, equipment availability and water depth at the locations for which the intervention is required. 
ConocoPhillips is committed to undertaking further targeted surveys to determine the optimum route 
for the gas export pipeline, taking into account any potential engineering design constraints and 
environmental considerations. The potential environmental impacts and risks associated with seabed 
intervention techniques are considered in this OPP (particularly seabed disturbance and underwater noise; 
Section 6.4.3 and Section 6.4.5, respectively) and will be assessed in detail in activity-specific EPs.

Following installation of the gas export pipeline, the following activities will be undertaken: 
• flooding, cleaning and gauging 

• hydrostatic pressure testing of the pipeline with treated seawater to confirm the structural integrity 
and to identify any potential leaks (see Section 4.3.5.8 for further details on hydrotesting)

• dewatering of flooding fluid (see Section 4.3.5.8 for further details on dewatering) and drying

• conditioning of the pipeline in readiness for the introduction of gas. Options being considered 
include conditioning the pipeline with slugs of inhibited freshwater, MEG or triethylene glycol (TEG).  
This is followed by purging with nitrogen and line packing, which involves a pig train driven by 
nitrogen being run through the pipeline (if required). 

During pre-commissioning, commissioning and operation, pigging of the gas export pipeline will be 
required for dewatering, cleaning, gauging and to assure the integrity of the pipeline. 

Gas pressure is used to push the pig into the pipeline where it then transits down the pipeline. Export 
gas is envisaged to drive the pig during operational pigging so no discharge of fluids is anticipated as no 
additional fluid is proposed to be used. However, if required, any discharges will be managed in accordance 
with the project Waste Management Plan, and as detailed in the activity-specific EPs.

Maintenance of the gas export pipeline will be undertaken throughout operations and include regular 
internal and external inspections and monitoring, with intervention being performed as required to ensure 
the integrity of the pipeline is maintained.
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a) Pre-lay trench arrangement with rock backfill 

b) Pre-lay trench arrangement with sand backfill

c) Post-lay trench arrangement with sand/rock backfill 
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d) Typical rock berm arrangement

e) Typical span correction arrangement

Figure 4-13: Example schematics of seabed intervention techniques that may be used to install the gas  

export pipeline

4.3.3.3 Fibre optic cable 

The fibre optic cable between the Barossa offshore development area and Darwin is the current premise 
to provide the project with a reliable and stable high-speed data service that allows effective and efficient 
operations at the FPSO facility. The cable route is subject to forward commercial arrangements and therefore 
the final route has not been determined. However, it is expected that the cable may follow a broadly 
similar route to the gas export pipeline, except for the southern end where it could tie into existing cable 
infrastructure. The total cable length is expected to be around 260 km–290 km in length.  The fibre optic 
cable will take up to approximately four months to install. 

The lightweight cable will vary in diameter (ranging from approximately 10 mm to 40 mm) along its length 
as a result of the level of armouring that is needed, which is influenced by water depth, risks to the cable 
and seabed type. In general, armouring will be applied where the seabed is rocky (to protect from potential 
abrasion) and there is a potential future risk of damage from trawling activities. Subject to the length and 
design of the fibre optic system the cable design may include conductive material to allow for carriage of an 
electrical charge of up to 5,000 volts (direct current), which is needed for the operation of the cable (signal 
booster) and associated equipment along its length. Insulation will also be applied to the cable so it does 
not generate any electric field external to the cable. 

The cable will be installed using a specialised vessel and be either laid on the seabed or buried. It is expected 
that most of the cable will be buried to provide extra protection and stabilisation. However, the cable 
may be laid on the seabed where it is not feasible to bury the cable (e.g. where there are insufficient soft 
sediments) or where there is no threat to the cable if it is laid on the surface. Burial of the cable may be 
undertaken via a combination of ploughing, trenching and post lay burial via jetting.

Burial via ploughing can be undertaken concurrently with the laying of the cable and will be used where 
there is sufficient suitable sediment, such as sandy or silty sediments. The cable is continuously thread 
through the plough as it is pulled along the seafloor by the cable lay vessel, creating a narrow trench 
approximately 200 mm wide and up to 2.4 m deep (with a target depth of approximately 1 m). An example 
of the plough system in operation is shown in Figure 4-14. Where ploughing is unable to be undertaken, a 
ROV will bury the cable using jetting techniques (Figure 4-15).
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Routine maintenance of the cable is not expected following installation. However, in the unlikely event 
of damage or failure of the cable, relevant authorities and stakeholders will be consulted. Should they be 
required, repair of the cable will likely involve lifting the cable to the sea surface by a specialised vessel.

As mentioned above, the forward approvals process for the installation and connection of the cable 
is subject to financial and commercial arrangements, and the timing of other customer negotiations 
and connections. Activity specific secondary approvals will be obtained in accordance with regulatory 
requirements at the time once commercial arrangements are agreed.

(source: Kis-Orca 2017)

Figure 4-14: Example plough

(source: CT Offshore 2017)

Figure 4-15: Example of ROV jetting technique
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4.3.4 Decommissioning

The project will be decommissioned at the end of its operating life when production from the gas 
reservoirs is no longer economically viable. The overarching objective of decommissioning will be to ensure 
that activities do not cause unacceptable environmental impacts and are the most appropriate for the 
circumstances at the time in which decommissioning is undertaken.

The project will be decommissioned in accordance with prevailing legislation at the time, and taking 
into account industry learnings given the future decommissioning activities that are anticipated over the 
intervening period. Currently, this is governed by the OPGGS Act, which requires regulatory acceptance of 
an EP that includes decommissioning activities and Safety Case prior to activities commencing.

The OPGGS Act (Section 572(3)) outlines that a titleholder must remove “all structures that are, and all 
equipment and other property that is, neither used nor to be used in connection with the operations”. However, 
this obligation is subject to other provisions of the Act and allows titleholders to make alternative 
arrangements for the treatment of equipment (e.g. partial removal or abandonment in situ) through the 
submission of an EP that includes decommissioning activities, provided that these arrangements ensure 
that impacts and risk are acceptable and ALARP (NOPSEMA 2015b). 

Consideration may also be given to the requirements of the Environmental Protection (Sea Dumping) Act 
1981, which is administered by DoEE, or future contemporary legislative requirements at the time, should 
any equipment be proposed to be left on the seabed.

Decommissioning activities within the Barossa offshore development area may last in the order of five 
years. On completion of decommissioning, ConocoPhillips will apply to relinquish the Barossa offshore 
development area production and infrastructure licences.

Prior to decommissioning, an EP will be submitted to NOPSEMA for acceptance after considering a range of 
decommissioning options, including but not limited to those outlined below for project infrastructure, and 
will present an ALARP assessment of the appropriate strategy at that time:  

• plugging and abandonment of production wells

• infield infrastructure (e.g. risers, umbilicals, PLET, manifold, jacket/foundation, moorings, anchors, 
chain) – options may include removal and onshore disposal, leave in-situ, jacket toppling, or 
offshore deepwater disposal

• pipelines, flowlines and fibre optic cable – options may include total removal, leave in-situ, or partial 
removal

• disconnection and offsite decommissioning of the FPSO facility.

It is widely accepted that in selecting the ‘’best’’ decommissioning option, it is essential that due 
consideration is given to the critical inter-related requirements of human health and safety, environmental 
protection, technological feasibility, local capacity, regulatory compliance and economic stewardship within 
the broader context of public participation and acceptability. 

An ALARP assessment of the above decommissioning options will provide transparency in decision making 
where environmental benefits and impacts are clearly presented in the context of a broader framework of 
decision criteria. 

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. While key decommissioning risks have been broadly addressed 
(refer to Sections 6.4.2, 6.4.5 and Table 7.1), 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. As such, this OPP only outlines broad EPOs 
relating to this future activity, as aligned with the intent for this to be an ‘early stage, whole-of-project’ 
assessment.

4.3.5 Key aspects associated with the project 

Key aspects associated with the project (i.e. elements of the project activities that can interact with the 
environment) are described in Section 4.3.5.1 to Section 4.3.5.10 below. 
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4.3.5.1 Physical presence of offshore facilities/infrastructure, equipment and project related vessel  
movements

The physical presence of the project will consist of the FPSO facility, in-field subsea infrastructure and the 
gas export pipeline, as described in Section 4.3.3.  A number of vessels will also be present, predominantly 
in the Barossa offshore development area, throughout the life of the project (Table 4-5). These offshore 
facilities/infrastructure and equipment will be present both at the sea surface (e.g. FPSO facility and project 
vessels), within the water column (e.g. FPSO facility mooring lines and flexible risers) and on the seabed (e.g. 
flowlines, umbilicals, manifolds and the gas export pipeline). 

The seabed footprint associated with these project facilities/infrastructure and equipment, and the area 
disturbed, is considered separately within this OPP, as outlined in Section 4.3.5.2. 

A number of vessels will be required throughout the project. Table 4‐5 provides an indicative summary of 
the vessel types and activities that will be undertaken throughout the project. The highest frequency of 
vessel movements (types and numbers) are expected to occur during installation. However, given the life 
of operations (approximately 25 years), as compared to the short term duration for the installation phase, 
total vessel movements will be greater during the operations phase.  It is expected that approximately two 
to five vessels will enter/exit the Barossa offshore development area per week during operations, with peak 
numbers occurring during maintenance and shutdown periods. Although a number of different vessel 
types will be used in the Barossa offshore development area during operations (Table 4‐5), not all will 
be in the field simultaneously. During gas export pipeline installation, not all vessels types listed in Table 
4‐5 may be used for pipelay activities as their use will be determined by the installation method selected 
(Section 4.3.3.2). In‐field vessels operating within the Barossa offshore development area and gas export  
pipeline corridor will typically travel at speeds slower than those operating in offshore waters,  and therefore  
exhibit a lower risk profile in terms of collisions.

Table 4-5: Summary of indicative vessel types and activities  
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Heavy lift vessel

Infield support vessel 

Offshore support vessel (e.g. MODU/
drill ship support vessel, well testing 
vessel, inspection, monitoring, 
maintenance and repair vessel)
Survey vessel and chase vessel

Anchor handling tug

Accommodation and support vessel

Installation vessel

Hook-up vessel

Derrick barge

Pipelay vessel

Pipelay supply vessel

Line pipe supply vessels (e.g. barges, 
tugs, general cargo vessels and/
or dynamically positioned supply 
vessels)
Seabed intervention vessels (e.g. rock 
fall pipe vessel, rock side dump vessel, 
trenching/dredging vessels)
Cable lay vessel

Diver support vessel 

Post-lay trenching vessel

ROV inspection vessel

Offtake tankers
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4.3.5.2 Seabed disturbance

Permanent and/or long-term seabed disturbance will occur due to direct placement of subsea infrastructure 
on the seabed, anchoring, installation of moorings, and seabed intervention works and laying of the gas 
export pipeline. 

Based on the project activities (as described in Section 4.3.1 to Section 4.3.4), early engineering designs 
and known standard sizes of subsea infrastructure, the total area of direct physical seabed disturbance is 
expected to be in the order of approximately 1.07 square kilometres (km2) or 107 hectare (ha). This total 
area comprises the MODU moorings, FPSO facility mooring, in-field infrastructure (Barossa Field and Caldita 
Field), gas export pipeline (including seabed intervention techniques from physical infrastructure and 
physical placement of any excavated materials directly on the seabed (refer to Section 4.4.3)) and fibre 
optic cable. While it is unlikely that vessels would routinely anchor within the Barossa offshore development 
area, anchoring may be required for heavy lift operations during installation and for the accommodation 
vessel. During pipline installation, routine anchoring is not expected unless the final pipeline route remains 
outside the Oceanic Shoals marine park in the shallow water area of the pipeline corridor (Figure 4-12). 
The use of an anchored pipelay vessel may be required within this 30 km section only (refer to Section 
4.3.5.3 for a description of vessels). Any direct seabed disturbance associated with anchoring of vessels has 
been accounted for in the total area of 107 ha. Localised seabed disturbance could also occur as a result of 
unplanned dropped objects.

At this early stage, disturbance associated with localised lateral movement or scouring of the gas export 
pipeline, is expected to only occur in cyclonic and storm events. It is anticipated, as seen with other pipelines 
in the region, the pipeline will become partially buried which provides further stabilisation in storm events. 
For the purpose of this early stage OPP assessment, it is assumed that direct disturbance will be limited and 
within design specifications that accommodate lateral movement. Optimisation work will be undertaken as 
the engineering design progresses to understand how the gas export pipeline behaves under 10 year and 
100 year storm conditions.  

The actual area of direct seabed disturbance may change based on further refinement of the design 
concept, particularly in relation to the proposed tie-in of the gas export pipeline to the existing Bayu-Undan 
to Darwin pipeline. An assessment of seabed disturbance is provided in Section 6.4.3. Seabed disturbance 
will also be assessed, and associated impacts and risks to the marine environment further evaluated, in 
activity-specific EPs. 

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 of the gas export pipeline. Seabed intervention techniques 
may include pre-and post-lay stabilisation measures ranging from concrete mattresses, sand/grout bags 
and steel structures for free span-rectification, rock bolting and gravity anchors, to secondary stabilisation 
techniques such as trenching/dredging or rock dumping (refer to Section 4.4.3 for a description of the 
alternative gas export pipeline laying methods and seabed intervention techniques). In addition, the 
planned discharge of drilling cuttings and fluids is a routine part of drilling operations. Refer to Section 
6.4.3 and Section 6.4.8.2 for a detailed assessment of seabed disturbance, including disturbance associated 
with drilling fluids and cuttings.  

4.3.5.3 Underwater noise emissions

The key source of underwater noise emissions will be associated with the operation of the FPSO facility 
and project vessels during installation and operations. As outlined above the presence of vessels within 
the project area, and noise generating activities such as pile driving, will be greatest during the installation 
phase of the project. However, these activities are temporary and short term in nature. During the operating 
phase for the project there will be fewer noise generating sources, but these will occur over the life of the 
project, such as the presence of the FPSO facility and periodic offtake of hydrocarbons by export tankers. 

Helicopters will be used to transport personnel between Darwin and the Barossa offshore development 
area and have the potential to result in localised underwater noise emissions when landing on the MODU/
drill ship or FPSO facility. It is anticipated that up to four helicopter transfer flights each week will be 
required from the MODU/drill rig during development drilling and six helicopter transfer flights each week 
FPSO facility during normal operations. In times of high activity during operations, such as crew changes, 
shutdowns and major maintenance, it is anticipated that there could be two to three flights per day to and 
from the FPSO facility.

Piles or anchors are the typical methods used to secure mooring lines for FPSO facilities or any other 
supporting infrastructure associated with offshore projects.  As detailed in Section 4.4.3, pile driving may 
be required to secure the piles, which can result in higher levels of underwater noise compared to the use 
of suction piles or anchors. A preliminary assessment of pile driving has been incorporated into this OPP in 
relation to underwater noise emissions (Section 6.4.5). If future planned geotechnical investigations of the 
seabed in the Barossa offshore development area indicate that pile driving will be required, ConocoPhillips 
will undertake a detailed impact assessment to determine if the implementation of additional noise 
management controls are needed. The risk assessment and outcomes will be detailed in the activity-specific 
EPs that will be submitted to NOPSEMA for acceptance.
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4.3.5.4 Invasive marine species (biosecurity)

Vessels, facilities (including MODUs/drill ships) and equipment sourced from outside Australia have the 
potential to introduce or transport invasive marine species (IMS) to the project area. IMS or non-indigenous 
species are marine fauna or flora that have been introduced into an area beyond their natural geographical 
range, and may have the ability to survive, reproduce and establish a population such that they threaten 
native species through increased competition for resources and/or increased predation.

The project will be managed in accordance with a Quarantine Management Plan and all relevant Australian 
and international regulations, requirements and guidelines. Refer to Section 6.4.4 for discussion of the 
management of IMS and biosecurity risks.

4.3.5.5 Atmospheric emissions

Atmospheric emissions associated with the project will be generated by a number of key sources:

• combustion emissions from power generation and compression

• periodic flaring of gas during development drilling and commissioning (e.g. well clean-up), start-up 
and shutdown activities, or during blowdown of the subsea system for safety purposes. There will be 
a continuous low flow of pilot gas to maintain the flare alight (pilot flame) during planned operation, 
so that the flare system is always ready for its purpose as an over-pressure safety system. 

• CO₂ extraction treatment of the feed gas prior to transport to the DLNG facility through the gas 
export pipeline

• fugitive emissions

• transportation, such as vessel and helicopter movements.

Atmospheric emissions will include emissions of oxides of nitrogen (NOx), CO₂, sulphur dioxide (SO₂), carbon 
monoxide (CO), methane (CH₄), volatile organic compounds and intermittent volumes of particulates in 
smoke. Atmospheric emissions anticipated under normal project operating conditions are not yet quantified 
in detail as the specific processing equipment has not been defined. Section 6.4.6 provides an assessment 
of a range of typical emissions that will be generated by the project. Key emissions and pollutants will be 
further defined for future project stages in activity-specific EPs, in which equipment specifications will be 
further defined. 

Greenhouse gases

GHG emissions will occur throughout all stages of the project, with the primary sources being venting of 
CO₂, fuel gas combustion and unplanned/upset flaring.  

The total GHG emissions footprint comprises both native reservoir CO₂, and equipment/processing 
emissions. Reservoir emissions are proportional to the CO₂ content of the feed gas and, therefore, 
dependent significantly on the reservoir properties. Equipment/processing emissions are influenced by the 
energy requirements of processing and the efficiency of the selected processing scheme; energy efficient 
design and modern engineering practice will be utilised to minimise emissions.

CO₂ is premised to be removed offshore prior to delivery into the gas export pipeline to a level that is 
compatible with the existing DLNG facilities. There remains an option of adding facilities onshore to do the 
full scope of CO₂ removal at DLNG, but this is not currently the design premise. The native CO₂ content of the 
reservoir gas will vary across the field and has been measured to be between 16 mol% and 20 mol%. Current 
designs have up to 14 mol% CO₂ being released offshore via venting through thermal oxidizer/acid gas flare 
with the remaining CO₂ removed at DLNG. Based on early reservoir modelling outputs and early engineering 
designs, this would result in the production of between 1.4 and 2.1 Mtpa of vented CO₂ emissions per year 
from the FPSO facility.

Additional CO₂ emissions from offshore fuel and other combustion operations (e.g. turbine and flare 
emissions) could produce between 0.7 Mtpa and 1.7 Mtpa CO₂ emissions. Therefore, total CO₂ emissions 
from the FPSO facility are likely to be between 2.1 Mtpa and 3.8 Mtpa. The native CO₂ content of the reservoir 
gas for the project is a higher proportion when compared to other offshore oil and gas developments in the 
region. For example, the CO₂ content of the PTT Exploration and Production (PTTEP) Australasia Montara gas 
may be up to 13% (PTTEP Australasia 2011), the Shell Prelude floating LNG (FLNG) development contains on 
average 9 mol% CO₂ (Shell 2010) while INPEX's Ichthys gas ranges between 8–17% (INPEX 2010). The three 
reservoirs making up the Woodside Browse FLNG Development contain on average 10 mol% CO₂ (Woodside 
2014). In contrast, the reservoir CO₂ content of the Evans Shoal Field is reportedly higher, in the order of 27% 
(Geoscience Australia 2017). 

In addition to CO₂, emissions of CH₄ and nitrous oxide (N₂O) will contribute to the overall net GHG emissions 
profile during operations.
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GHG emissions for the project have been estimated based on the current engineering concept using the 
National Greenhouse and Energy Reporting Act 2007 (NGER) emission estimation methodology. NGER Method 
1 was applied, using energy conversion and emission factors from the NGER Determination 2008 (updated 
July 2014). Table 4-6 provides the factors used to convert fuel and flare rates into carbon dioxide equivalent 
(CO₂-e) units. 

Table 4-6: Energy conversion and emission factors to inform greenhouse emission estimates

Source/fuel Energy 
content 
(gigajoules 
(GJ)/m3)

CO₂  
(kg CO₂-e/GJ)

CH₄  
(kg CO₂-e/GJ)

N₂O  
(kg CO₂-e/GJ)

Reference source

CO₂ venting Not 

applicable

1,000.0 0.0 0.0 Not applicable – 

assumed pure CO₂

Fuel gas –

processed 

natural gas

0.0393 51.4 0.1 0.03 NGER Schedule 1, Part 

2.3 – Emissions released 

from the combustion of 

gaseous fuels

Flaring – natural 

gas production 

and processing

Not 

applicable

2.7 0.1 0.03 NGER Subdivision 3.3.9.2, 

Section 3.85 – Method 1 

– gas flared from natural 

gas production and 

processing

Table 4-7 provides an indicative summary of the GHG emissions expected under normal operating 
conditions and the total net emissions (CO₂-e) from the project. The total CO₂-e emissions for the Barossa 
offshore project from the FPSO facility are estimated to be in the order of 3.4 Mtpa (within the range of  
2.1 Mtpa to 3.8 Mtpa outlined previously), which is comparable to other similar offshore gas developments. 
For example, the Shell Prelude development is estimated to have a CO₂-e of 2.3 Mtpa (Shell 2010), INPEX 
Ichthys project a CO₂-e of 7 Mtpa (INPEX 2010) and Woodside’s Browse FLNG development a CO₂-e of  
8.8 Mtpa (Woodside 2014). While the basis for which these emissions inventories are derived is invariably 
subject to assumptions made by each individual proponent, and also influenced by the source feed gas CO2 
content, this provides a broad indication of the GHG emissions relative to comparable developments based 
on published data. The emissions for this project have been derived using latest published emission factors 
as per the NGER methodology, for consistency.

The CO₂-e emissions presented in Table 4-7 are for the Barossa offshore project, as subject to this OPP 
process. It is noted that the emissions for the downstream LNG processing at the existing Darwin LNG 
facility are separately regulated under the licensing for that operational facility. Under current licensing 
arrangements, total GHG emissions (as CO₂-e) for that facility are licensed at a limit of 2.051 Mtpa for 
the current LNG operations (NT EPA, 2017). The downstream emissions specific to Darwin LNG includes 
operational emissions from process boilers, gas incineration, flaring and venting, compressor turbines and 
power generation. Any future change to emissions associated with Darwin LNG will be addressed, with 
regard to the Environment Protection Licence and continued operational environmental management 
of that facility at the time. The full range of potential GHG emission sources and emission profiles will be 
assessed and defined as the engineering design progresses and these will be detailed in the activity-specific 
EPs.

Table 4-7: Summary of estimated GHG emissions per annum under normal operating conditions 

GHG Average approximate emissions (tCO₂-e)

CO₂ removal Fuel gas Flaring Total

Total CO₂-e 1,821,000 1,509,000 55,000 3,385,000
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4.3.5.6 Light emissions

All offshore facilities and project related vessels will be constantly lit to meet operational safety and 
navigational lighting requirements, as specified by safety case assessments under the OPGGS Act and 
relevant legislation, such as the Navigation Act 2012. Lighting of the FPSO facility will also consider 
international guidelines such as the International Association of Marine Aids Navigation and Lighthouse 
Authorities (IALA) Recommendation O-139 on The Marking of Man-Made Offshore Structures. 

Light emissions associated with the project are expected to be highest primarily during commissioning, 
start-up, well clean-up and upset conditions (due to flaring). Under normal operations, the pilot flare for the 
FPSO facility is not expected to be brighter than normal operational lighting. Light emissions from non-
routing/upset flare events will be intermittent and varied in duration. Refer to Section 6.4.7 for discussion of 
potential impacts from light emissions generated by the project.

4.3.5.7 Planned discharges

A number of planned discharges will be released to the marine environment throughout the life of the 
project. The key discharge streams are discussed in further detail below, with potential impacts assessed 
in detail in Section 6.4.8. The discussion of the discharge streams of cooling water, brine and wastewater 
are focused on the FPSO facility. However, it is expected that similar discharge streams will occur from the 
MODU/drill ship, vessels and Caldita WHP (wastewater only), albeit at smaller volumes and for less time. The 
full range of potential planned discharge sources that may be associated with the different stages of the 
project (e.g. inspection, monitoring, maintenance and repair during operations and decommissioning) will 
be assessed and defined as the engineering design progresses and detailed in activity-specific EPs.

Produced water

PW refers to water recovered with hydrocarbons from the reservoir on to the FPSO facility. It may contain 
a mixture of dissolved and dispersed hydrocarbons, dissolved inorganic salts, metals present as dissolved 
mineral salts and dissolved gases (particularly hydrogen sulphide and CO2) from the geological formations.

PW will be cooled via the topsides processing and treated to remove oil-in-water concentration to an 
average of 30 milligrams per litre (mg/L) over any 24-hour period, prior to being discharged to sea at around 
60°C. PW will contain low residual concentrations of a small number of process chemicals when discharged, 
such as corrosion inhibitors, scale, wax, hydrate inhibitors, MEG, methanol, demulsifiers and biocides.

PW will be discharged after treatment to the marine environment during well clean-up/testing activities 
associated with development drilling and throughout operations on a continuous basis.

The volumes of PW are anticipated to be lowest at the start of production and increase towards the end 
of the field life-cycle. Minimum and maximum discharge volumes of PW are expected in the order of 
approximately 1,590 m3 per day to 3,260 m3 per day respectively and have a salinity of approximately 
15 parts per thousand (ppt). PW will be discharged below the sea surface to assist in rapid dispersion 
and dilution. Based on the understanding of the reservoir fluids, the PW is expected to contain low 
concentrations of mercury. Assessment of the PW discharge stream has been undertaken for this OPP 
(Section 6.4.8.4), with a management and monitoring framework defined in Section 7.

Cooling water

Cooling water is used to regulate temperature in facility systems and machinery engines, and generally 
involves a once-through circuit, where ambient seawater is drawn in from seawater intakes, passed 
through the system and discharged as a thermal waste stream (approximately up to 45°C) into the marine 
environment. To avoid biofouling of the pipe work and heat exchangers, continuous dosing with biocides 
(e.g. hypochlorite) is undertaken, leaving a residual concentration in the discharged water. Cooling water will 
be discharged below the sea surface to assist in rapid dispersion and dilution. 

Cooling water discharges from the FPSO facility during operations are expected to be in the order of 
approximately 360,576 m3 per day based on maximum flow rates. Chlorine levels in cooling water discharges 
will be less than or equal to 3 ppm at the point of discharge.  
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Wastewater (sewage, greywater, bilge and deck drainage)

The MODU/drill ship, FPSO facility, vessels and Caldita WHP (only during infrequent routine maintenance 
activities; Section 4.3.1) will discharge wastewater, consisting of sewage, greywater, bilge and deck 
drainage from open, un-contaminated drainage areas to the marine environment.

All wastewater discharges will be managed in accordance with the project Waste Management Plan 
and requirements as detailed in activity-specific EPs. All liquid waste streams generated by vessels will 
be managed and disposed of in accordance with relevant regulations – most notably the International 
Convention for the Prevention of Pollution from Ships 1973, as modified by the Protocol of 1978 (MARPOL 
73/78) and Australian Marine Orders and relevant to vessel class.

The volume of wastewater generated by the FPSO facility during commissioning and operation has been 
estimated to be in the order of 96 m3 and 45 m3 per day, respectively. The treated wastewater is expected to 
contain constituents such as oil/grease (within discharge limits), suspended solids and coliform bacteria.

Potable water

Potable, demineralised water will be generated using reverse osmosis (RO) units which treat seawater. 
Potable water is supplied primarily to areas associated with accommodation and domestic services. 
However, it is also supplied for other purposes such as engine diesel expansion tanks, emergency generator 
room, the eyewash, safety shower and utilities water systems on deck.  

Water produced from the RO units that is unsuitable for consumption (i.e. with a high saline or calcium 
content) will be redirected for treatment and discharged overboard. Desalination brine is expected to have 
a slightly elevated salinity of approximately 30% (45 ppt–50 ppt) higher than seawater (approximately  
34 ppt).

The volume of the brine discharge is dependent on the requirement for fresh (or potable) water. While the 
RO units are not yet designed, offshore brine discharges during normal operations are expected to be in the 
order of 4 m3 per hour (96 m3 per day) from the FPSO facility (INPEX 2016; Northern Oil and Gas Australia 
2017).

Dewatering of flooding fluid

The subsea flowlines, risers, spools and connections, and gas export pipeline will be filled with flooding 
fluid during installation, to maintain their integrity, and will need to be dewatered.  The vast majority of 
the dewatering will be associated with the gas export pipeline, which will be discharged  at the FPSO  
facility end of the export pipeline (i.e. at the FPSO facility riser base manifold within the Barossa offshore 
development area) at the seabed.  

The flooding fluid to be dewatered will consist of filtered inhibited seawater containing residual chemicals, 
which may include  MEG, TEG, biocides, corrosion inhibitor, scale inhibitor, dye, fresh water (for salt  
removal) and oxygen scavengers. The use of chemicals is required to condition the in‐field subsea 
equipment/ infrastructure and gas export pipeline during pre‐commissioning and  commissioning to clean,  
preserve and prepare the infrastructure for the introduction of hydrocarbons. Chemicals are also required to 
avoid internal corrosion and prevent bacterial growth and the  accumulation of scale on internal surfaces.  
The temperature of the flooding fluid discharges will be similar to the surrounding seawater temperature as 
the subsea equipment is submerged. 

The total volume of fluids to be discharged from the gas export pipeline and in‐field  flowlines during the  
installation phase, based on current field layout, is in the order of approximately 107,500 m3– 
145,000 m3. The dewatering of the gas export pipeline is expected to account for approximately 
96,710 m3 of the total volume. Dewatering  of the spool between the gas export pipeline and the tie‐
in will be undertaken  separately and require the  release of water volumes in the order of approximately  
30 m3.
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Hydrotest water

Hydrostatic testing will be conducted to assess the structural integrity of pipelines, flowlines, risers, spools 
and connections. The vast majority of the hydrotest water discharge is associated with testing of the gas 
export pipeline, which will be discharged at the sea surface at either the FPSO facility end of the export 
pipeline (i.e. within the Barossa offshore development area) or at the Bayu‐Undan pipeline tie‐in end of the 
export pipeline. The topside facilities associated with the FPSO facility will be hydrotested in the fabrication 
yard to ensure structural integrity and, therefore, there will be no hydrotest discharge in‐field anticipated for 
those facility components.

Hydrotest water will consist of filtered inhibited seawater containing residual chemicals, which may include 
MEG, TEG, biocides, corrosion inhibitor, scale inhibitor, dye and oxygen scavengers. As outlined above, the 
use of chemicals is needed to ensure the condition and integrity of the subsea equipment/infrastructure 
and gas export pipeline is maintained and preserved for operations. The characteristics of the hydrotest 
water, including the concentrations of the chemicals and temperature, are expected to be very similar to the 
flooding fluid released during dewatering (as described above).

The total volume of water to be discharged following hydrotesting of the gas export pipeline and in‐field 
flowlines, based on current field layout, will be significantly smaller than that discharged during dewatering 
and is expected to be in the order of approximately 3,000 m3, with a maximum single discharge of nominally 
1,300 m3 in any one event.

Chemical assessment process

The selection of chemical products routinely discharged to the marine environment will follow a chemical 
assessment process. All chemicals assessed and approved for discharge to the marine environment during 
the project will be listed in a chemical register that will be updated and maintained as new chemicals are 
required for use. 

Assessment and subsequent approval of chemical products is based on potential environmental hazards, 
intended use (and technical justification for its usage), quantity required and the management controls 
proposed. 

All approved chemicals (hazardous and non-hazardous) will have an environmental risk rating assigned to 
them, based on the intended use and information supplied in the Chemical Approval Application Form and 
material safety data sheet (MSDS). 

The United Kingdom Offshore Chemical Notification Scheme (OCNS) will be taken into consideration when 
assigning the environmental risk rating of key chemical products that may be discharged to the marine 
environment. The Chemical Hazard and Risk Management (CHARM) model, under the OCNS, is the primary 
tool for ranking offshore chemicals based on assessment of toxicity, biodegradation and bioaccumulation 
data provided by the chemical supplier. Products not applicable to the CHARM model are assigned an OCNS 
grouping, which is determined by that substance having the worst case OCNS ranking scheme assignment 
in terms of biodegradability and bioaccumulative criteria. 

Products that meet at least one of the following environmental criteria are considered suitable by 
ConocoPhillips for use and controlled discharged to the marine environment is permitted:

• rated as Gold or Silver under OCNS CHARM model

• 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 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. 
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4.3.5.8 Waste management 

Hazardous and non-hazardous solid wastes (except sewage and putrescible waste, and drilling cuttings and 
fluids discharged directly to the seabed) and recyclable materials will be removed from the MODU/drill ship, 
FPSO facility and vessels and returned to shore for recycling and/or disposal.

All non-hazardous and hazardous solid waste will be managed in accordance with the project Waste 
Management Plan, and as detailed in activity-specific EPs. 

4.3.5.9 Unplanned discharges

As with all offshore oil and gas development projects, there is an inherent risk that unplanned discharges 
to the marine environment may occur during the project. Unplanned hydrocarbon and chemical releases 
are not expected to occur during planned activities undertaken for development drilling, installation, 
operations or decommissioning. These unplanned releases instead represent low probability events that 
are generally associated with accidental or unanticipated events, such as equipment failure, wet buckling 
during pipeline installation, vessel collisions (particularly with errant third party vessels) or emergency 
conditions. Refer to in Section 6.4.10 for detailed discussion of the unlikely spill scenarios, and the potential 
impacts and risks.

The project will implement a comprehensive suite of management controls to mitigate the risk and 
potential impacts associated with the unlikely event of an unplanned discharge to the marine environment, 
including elimination controls (wherever possible), engineering controls, planned maintenance, operational 
procedures and spill response measures. These controls are detailed in Section 6.4.10.

4.3.6 Summary of key aspects associated with the project

A summary of the interaction between the key project stages (and activities) and aspects that are 
anticipated to occur is provided in Table 4-8. A schematic of the key emissions and discharges associated 
with the FPSO facility are shown in Figure 4-16.
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Table 4-8: Key project stages (and activities) and aspects summary 

Aspect Location Key project stage
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m
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si
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g

O
pe

ra
tio
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D
ec

om
m

is
si

on
in

g

Physical presence of offshore 

facilities/infrastructure, 

equipment and project related 

vessel movements

MODU/drill ship; FPSO facility; vessels; 

in-field subsea infrastructure; export 

pipeline infrastructure

Seabed disturbance MODU/drill ship; FPSO facility; vessels; 

in-field subsea infrastructure; export 

pipeline infrastructure

Biosecurity (IMS) MODU/drill ship; FPSO facility; vessels

Underwater noise emissions MODU/drill ship; FPSO facility; vessels

Atmospheric emissions MODU/drill ship; FPSO facility; vessels

Light emissions MODU/drill ship; FPSO facility; vessels

Pl
an

ne
d 

di
sc

ha
rg

es
*

Drilling fluids and 

cuttings

MODU/drill ship

BOP hydraulic fluids MODU/drill ship

Cementing fluids MODU/drill ship

Well completion fluids MODU/drill ship

PW MODU/drill ship; FPSO facility

Cooling water MODU/drill ship; FPSO facility; vessels

Brine MODU/drill ship; FPSO facility; vessels

Dewatering of flooding fluid In‐field pipelines/flowlines and gas 

export pipeline

Hydrotest water In‐field pipelines/flowlines and gas 

export pipeline

Wastewater (sewage, 

grey-water, bilge and 

deck drainage)

MODU/drill ship; FPSO facility; vessels

W
as

te
 

m
an

ag
em

en
t Waste management 

(non-hazardous and 

hazardous)

MODU/drill ship; FPSO facility; vessels

U
np

la
nn

ed
 

di
sc

ha
rg

es

Hydrocarbon and 

chemical spills

MODU/drill ship; development well; 

FPSO facility; vessels

Wet buckle contingency Gas export pipeline

* Note the key discharges associated with the project have been provided, to inform the primary impacts and risks of relevance. Other minor 
sources of discharges will be addressed in detail in the activity-specific EPs.
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Figure 4-16: Key emissions and discharges associated with the FPSO facility during operations

4.4 Assessment of alternatives

ConocoPhillips evaluated a number of alternative development concepts, including the ‘no development’ 
option. The concept evaluation process is iterative throughout the project development process.  

4.4.1 Alternative development concepts 

Alternative development options were subject to evaluation against a range of criteria, to inform the 
technical and commercial feasibility of a preferred development concept, including:

• technical feasibility and safety

• environmental – impacts and risks to the marine environment from all project activities, 
opportunities to reduce impacts and overall environmental footprint, and assessment of 
environmental acceptability

• social and heritage – benefits and risks, stakeholder and community relations, and potential impacts 
(positive and negative)

• commercial – financial viability and investibility to secure the capital funding necessary to develop 
the project and secure necessary customers

• legal requirements and permitting – ability to meet legal requirements and satisfy requirements to 
obtain timely approvals

• sustainability – consideration of sustainable development principles, whole-of-project 
considerations, and maximising energy and material efficiencies.

The alternative development concepts considered included:

• DLNG backfill development – new offshore floating facility (FPSO) and gas export pipeline tied into 
the existing Bayu-Undan to Darwin gas export pipeline to existing onshore liquefaction facilities at 
DLNG

• DLNG backfill development – new fixed jacket facility and gas export pipeline tied into the existing 
Bayu-Undan export pipeline to existing onshore liquefaction facilities at DLNG

• new greenfield LNG development – new FLNG facility, with integrated in-field hydrocarbon 
processing and gas liquefaction and export of LNG direct from offshore.

The evaluation of options was supported by a Sustainable Development (SD) Scorecard, a tool used by 
ConocoPhillips to facilitate consideration of SD principles to inform early planning and design. The SD 
Scorecard requires consideration of a number of elements, including the availability of cleaner energy 
sources, operating to the highest safety standard, impacts to communities and stakeholders, minimising 
environmental impact, energy efficiency and waste minimisation and ensuring long-term financial viability 
of the company. 
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4 D
escription of  the project and  

alternatives analysis

Early screening of the development concepts determined that, of the three options described above, two 
development concepts (FPSO facility and jacket facility) were commercially viable options that warranted 
more detailed evaluation, which is provided below. The FLNG option was deemed uneconomic early in the 
project development phase. The viability of FLNG is dependent on reservoir size, and a number of technical 
and commercial considerations. Taking into account the field development economics, opportunity to 
utilise existing infrastructure (i.e. tie-in to Bayu-Undan to Darwin gas export pipeline and DLNG facility) in 
preference to greenfield development, and the imperative for the project to provide replacement gas for 
DLNG backfill as the most appropriate gas route to market, FLNG was screened out as a viable option for 
the project.  The construction of new liquefaction facilities needed with the FLNG option added multiple 
billions of dollars to the development compared with the two viable development options (FPSO facility 
and jacket facility) that provide the opportunity to utilise existing infrastructure in preference to greenfield 
development.

The remaining two potential development concepts, an FSPO facility and an offshore fixed jacket facility, 
were subjected to a rigorous and detailed evaluation.  The evaluation concluded that the FPSO facility 
concept was determined to be a more feasible alternative compared to the fixed jacket facility concept, for 
the following key reasons: 

• HSE – the FPSO facility concept has a number of HSE advantages (due to size and shape), specifically 
hazardous areas separation and explosion overpressure exposure. It presents the least risk to 
personnel from (offshore) installation, hook-up and commissioning activities as the majority of 
these activities will be completed onshore in a shipyard. The FPSO facility concept also has lower 
production blowout, vessel collision and dropped object risks. The seabed footprint associated 
with the FPSO concept is expected to be slightly less when compared to the fixed jacket concept 
taking into account the multiple offshore facilities (central processing facility (CPF), floating storage 
and offloading (FSO) and WHP) required to support a fixed facility.  Therefore, there is a reduced 
environmental risk and/or safety risk.

• Drilling – the FPSO facility concept has a significantly lower drilling execution risk (therefore, the 
risk of a long-term well blowout is reduced) as it is much more adaptable to changes in target well 
locations, which may eventuate from ongoing appraisal activities and studies, due to the flexibility 
of subsea well placement.

• Operations – the FPSO facility concept will have a larger general liquid storage capacity, which 
allows a larger degree of operational flexibility in terms of chemical volumes, slops tank capacity 
and offloading frequency. While this may increase the potential volume of hydrocarbons/chemicals 
released to the marine environment in the unlikely event of a maximum credible spill scenario 
(Section 6.4.10), the vessel collision risk is reduced. There is a higher probability of a collision for the 
fixed option as the overall field development is made up of a number of facilities, which increases 
the size of potential shipping interaction. The FPSO will be permanently moored however will be 
able to weather vane, limiting the potential target size.

• Schedule and commercial – the FPSO facility concept will deliver first gas approximately 12–18 
months earlier than the fixed jacket facility concept, which has significant time and cost saving 
implications. It also has a significantly lower capital expenditure cost compared to the fixed jacket 
which improves the commercial viability of the project.

Following the evaluation of various potential development options, the FPSO facility with gas export 
pipeline was considered the preferred concept to be carried into the next phase of engineering studies, 
including environmental acceptability, technical feasibility, safety, commercial viability and ConocoPhillips’ 
objectives for sustainable and environmentally responsible development. 

The FPSO facility concept provides gas supply continuity for the DLNG facility which has a significant socio-
economic benefit to the Darwin community. Further context is provided in Section 4.4.2.  

A comparative analysis of development themes, encompassing the key concepts assessed to date, and 
associated environmental impacts and risks relative to the FPSO facility concept proposed in this OPP, is 
presented in Table 4-9. Although the FLNG facility concept was discounted early in the screening process, a 
comparative analysis has been included for completeness.



Table 4-9: Assessment of development concept alternatives 

Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Physical 
presence 
of offshore 
facilities/ 
infrastructure 
and 
equipment 
and project 
related vessel 
movements

Seabed 
disturbance

FPSO facility 
and gas export 
pipeline

Physical presence 

FPSO facility and chain 
mooring system, in-field 
subsea infrastructure 
(flowlines, umbilicals, 
manifolds, wellheads and 
risers) in the Barossa offshore 
development area.

Gas export pipeline from 
the Barossa offshore 
development area to tie-in 
to the existing Bayu-Undan 
to Darwin gas export 
pipeline to transfer gas for 
processing at the DLNG 
facility.

Vessel movements

Drilling, installation and 
supply vessels related to 
the initial development 
of the Barossa offshore 
development area. 

Condensate shuttle tanker 
for export from the offshore 
facility during operations. 

Installation and 
maintenance vessels for the 
gas export pipeline.

Physical presence 

The risk and potential environmental impact from the physical presence of offshore  
facilities/infrastructure and equipment is low due to:

• The Barossa offshore development area, within which the FPSO facility will be located, is 
approximately 27 km from the nearest shoals/banks.

• The Barossa offshore development area is not located in any known regionally important feeding, 
breeding/nesting or migration areas for marine fauna, including MNES.

• The total area of direct physical seabed disturbance associated with the FPSO facility mooring, in-field 
infrastructure and gas export pipeline is expected to be in the order of approximately 1.07 km2.

• Areas of potentially impacted seabed in the Barossa offshore development area are in deep water, 
support low diverse/abundant benthic communities, and are well represented in the region. Although 
the KEF of the shelf break and slope of the Arafura Shelf is mapped as occurring within the Barossa 
offshore development area, benthic habitat studies have not observed the unique features which 
define this KEF. Loss or disturbance of habitat in the Barossa offshore development area represents a 
very small portion of the widespread available habitat in the Timor Sea.

• The seafloor features characteristic of the carbonate bank and terrace system of the Van Diemen Rise 
KEF are likely to occur in the southern end of the gas export pipeline. Loss or disturbance to these 
seafloor features as a result of the gas export pipeline represents a very small portion (< 0.0002%) of 
the KEF.

• The southern end of the gas export pipeline corridor crosses the internesting habitat critical to the 
survival of flatback and olive ridley turtles. However, the physical presence of the pipeline is considered 
highly unlikely to impact the species’ use of the area considering its location on the seabed and that 
the area affected represents only a small portion of the internesting habitat for these species (in the 
order of approximately < 0.0001% for flatback turtles and approximately < 0.0015% for olive ridley 
turtles). Installation of the gas export pipeline will take into consideration seasonal presence/activity of 
marine turtles as part of the forward process of project planning and execution.

• While the broad gas export pipeline corridor overlaps the Oceanic Shoals marine park (approximately 
1%), the area of direct disturbance from the linear pipeline is estimated to be approximately < 0.0002% 
of the overall marine park.

• The location of the offshore facilities/infrastructure and equipment in the Barossa offshore 
development area does not represent a significant portion of the area commercially fished, with 
primary fishing effort of the Timor Reef Fishery undertaken to the south-west. 

• The gas export pipeline corridor passes through a number of commercial fishing areas with potential 
for interaction during installation of the pipeline, which is expected to take in the order of six months. 

• Temporary petroleum safety zone around the drill rig (500 m radius during development drilling) and 
pipelay vessels (500 m during installation), and exclusion zone around the offshore facilities (in the 
order of approximately 500 m to 1 km around the FPSO facility) in the Barossa offshore development 
area will exclude commercial fishing vessels from a small proportion of their current fishing and 
available areas.

The FPSO facility is the 
preferred development concept 
due to:

• Technical – demonstrated 
feasibility of a mature gas 
processing option with 
well‐defined engineering 
and safety controls to 
minimise risks for offshore 
infrastructure and related 
vessel movements.

• Environmental –  areas of 
seabed at potential risk 
of environmental impact 
are well represented in 
the wider region. Seasonal
presence/activity of marine 
fauna will be taken into 
consideration as part of the 
forward project planning 
for installation of the gas 
export pipeline. 

• Social and heritage – low 
risk of impact on  – 
commercial  fishing  during 
operations, and utilisation 
of existing infrastructure 
(tie‐in to existing Bayu‐ 
Darwin gas export pipeline 
and DLNG facility) removes 
the need for new greenfield 
development of onshore 
gas processing  facilities  
with associated social 
and heritage values. The 
majority of the project is 
also   located well away 
from  main shipping  routes. 

• Schedule and commercial 
– viable development 
concept to provide the only 
commercially viable gas 
route to market.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Vessel movements

The risk of environmental impact from vessel movements is low due to:

• Little interaction with other vessels as the Barossa offshore development area is located away from 
commercial shipping routes. 

• The potential for interaction with other vessels along the gas export route is slightly higher given the 
proximity of the southern end of the pipeline to Darwin Harbour and commercial shipping routes. 

• Movements inside the Barossa offshore development area are not within any regionally important 
feeding, breeding/nesting and migration areas for marine fauna, including MNES. 

• Vessels installing/commissioning the gas export pipeline will be moving at very low speeds 
and therefore allow marine fauna, particularly flatback turtles within the biologically  important 
internesting area in the vicinity of the Tiwi Islands, adequate time to dive or move away.  Installation of 
the gas export pipeline will take into consideration seasonal presence/activity of marine turtles as part 
of the forward process of project planning and execution.

• Legal requirements and 
permitting – concept is 
characterised to inform 
all legal requirements for 
permitting.

• Sustainability – concept 
evaluated in accordance 
with SD Scorecard to meet 
SD principles throughout 
project planning and 
execution.

Offshore fixed 
jacket facility 
and gas export 
pipeline

Physical presence 

CPF and gravity based 
mooring system, FSO facility 
and gravity based mooring 
system, satellite wellhead 
jacket facility (i.e. WHP) and 
foundations, in-field subsea 
infrastructure (flowlines, 
umbilicals, manifolds, 
wellheads and risers) 
in the Barossa offshore 
development area.

Gas export pipeline from 
the Barossa offshore 
development area to tie-in 
to the existing Bayu-Undan 
to Darwin gas export 
pipeline to transfer gas for 
processing at the DLNG 
facility.

Vessel movements

Drilling, installation and 
supply vessels related to 
the initial development 
of the Barossa offshore 
development area.

Condensate shuttle tanker 
for export from the offshore 
facility during operations.

Installation and 
maintenance vessels for the 
gas export pipeline.

Physical presence

• The risks and potential environmental impacts associated with the offshore fixed jacket facility from 
the physical presence of offshore facilities/infrastructure and equipment are comparable to the FPSO 
development concept given the same locational context of the offshore marine environment.

• The seabed footprint in the Barossa offshore development area associated with this concept is slightly 
greater due to the multiple offshore facilities (CPF, FSO and WHP) and the requirement for subsea 
infrastructure to connect these facilities.

• The spatial extent of this concept is greater when compared to the FPSO and therefore there is the 
potential for additional risk of interaction with other users such as commercial fishing.

• Multiple exclusion zones would be required around the various offshore facilities, which would extend 
the area of exclusion for other marine users.

• The proposed gas export pipeline route would not vary from the FPSO concept.

Vessel movements

• The risks and potential environmental impacts associated with the offshore fixed jacket facility from 
vessel movements are similar to the FPSO facility development concept.

• More vessels may be required during the installation period due to the greater number of offshore 
structures, therefore the risk of vessel collisions is higher.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

FLNG facility Physical presence 

FLNG facility and turret 
mooring systems, wellheads, 
flowlines located in 
the Barossa offshore 
development area. 

DLNG facility would not be 
backfilled.

Vessel movements

Drilling, installation and 
supply vessels related to 
the initial development 
of the Barossa offshore 
development area. 

LNG tanker for export from 
the offshore facility during 
operations.

Condensate shuttle tanker 
for export from the offshore 
facility during operations.

Physical presence

• The FLNG facility concept has comparable risks and potential environmental impacts from the physical 
presence of offshore facilities/infrastructure and equipment in the offshore development area when 
compared to FPSO development concept. However, a FLNG facility has limited onshore/nearshore 
environmental or social risks with the absence of a connecting pipeline. 

• There is no significant difference in terms of the seabed footprint in the Barossa offshore development 
area, however there is no requirement for a gas export pipeline.

• The FLNG facility concept would negate the need for gas from the Barossa offshore development area 
to be delivered onshore to DLNG, which would risk the continuation of socio-economic benefits that 
DLNG provides into the local NT community.

Vessel movements

• Comparable risks and potential environmental impacts from vessel movements, however lower 
risk profile during installation given the absence of a gas export pipeline. There would be no risk to 
commercial fishing activities from the temporary petroleum safety zones during installation of the gas 
export pipeline. The risk of vessel collisions would also be reduced.

• It is expected that the maintenance consumables and personnel and equipment currently going to 
and from DLNG would need to go offshore in support of a FLNG concept. This may result in increased 
support vessels going to and from the FLNG facility.

• There is no significant difference in terms of vessels requirements for installation, commissioning and 
operations in the Barossa offshore development area.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

IMS 
(biosecurity)

FPSO facility 
and gas export 
pipeline

Movements and ballast 
water exchange from 
MODU/drill ship, vessels and 
FPSO facility.

The risk of environmental impact from invasive marine species is low due to:

• The Barossa offshore development area is located in deep waters (130 m–350 m) away from shoals/
banks, reefs and nearshore coastal waters.

• Vessels installing the gas export pipeline will only be in close proximity to shoals/banks for relatively 
short periods of time (in the order of weeks to several months), with established biosecurity controls to 
be implemented to further manage this risk

• No tanker movements entering nearshore waters during planned operations.

• However, the likelihood of IMS being introduced is considered highly unlikely given the 
comprehensive key management controls that will be implemented throughout the life of the project 
and relatively short duration of the gas export pipeline installation program.

The FPSO facility is the 
preferred development concept 
due to:

• Technical – well-defined 
controls and processes to 
minimise risks.

• Environmental – majority 
of the project is in deep 
waters, representing low 
risk of introduction and 
establishment of IMS.

• Social and heritage – 
limited interaction with 
social and heritage values 
as relevant to IMS, with well 
established biosecurity 
controls to be implemented 
for project vessels.

• Schedule and commercial 
– viable development 
concept to provide the 
most appropriate gas route 
to market.

• Legal requirements and 
permitting – concept is 
characterised to inform 
all legal requirements and 
guidelines.

• Sustainability – concept 
evaluated in accordance 
with SD Scorecard to meet 
SD principles throughout 
project planning and 
execution.

Offshore fixed 
jacket facility 
and gas export 
pipeline

Movements and ballast 
water exchange from 
MODU/drill ship, vessels, 
FSO facility and CPF.

• The risks and potential environmental impacts associated with the offshore fixed jacket facility 
from IMS are similar to the FPSO facility development concept. There are no additional risks of 
environmental impact.

FLNG facility Movements and ballast 
water exchange from 
MODU/drill ship, vessels and 
FLNG facility.

• Comparable potential environmental impacts and risks from invasive marine species during 
operations. However, the lower risk profiling during installation, given the absence of a gas export 
pipeline, is offset by higher vessel movement during operations to support maintenance.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Underwater 
noise 
emissions

FPSO facility 
and gas export 
pipeline

Drilling of development 
wells, including VSP  
(8–12 hours per well).

Installation and 
commissioning activities, 
including installation of 
FPSO moorings and gas 
export pipeline.

Vessel and helicopter 
movements.

Operation of the  
FPSO facility.

Condensate shuttle tankers.

The risk of environmental impact from noise emissions is low due to:

• Low risk associated with minor behavioural impacts on marine mammals (particularly pygmy blue 
whales and Bryde’s whales), marine reptiles (turtles and sea snakes), sharks, rays and fish from 
underwater noise emissions during operations due to distance of FPSO facility and associated vessel 
movements (e.g. support vessels, condensate shuttle tankers) from important habitat (e.g. shoals/ 
banks) and biologically important areas (BIAs)/habitat critical to the survival of the species.

• Underwater noise emissions in the Barossa offshore development area do not extend into the closest 
AMP; the Oceanic Shoals marine park.

• Low risk associated with temporary and localised effects on seabirds, specifically migratory bird 
species, from helicopter movements. 

• Low risk of significant impacts to flatback and olive ridley turtles within the internesting  habitat critical 
to the survival of these species during installation of the gas export pipeline given the reasonably 
short duration (in the order of 6–12 months), with the key noise sources being either almost stationary 
(i.e. seabed intervention) or travelling at slow speeds therefore allowing sufficient time for individuals 
to move away. The noise emissions will also affect only a small portion of the internesting habitat 
critical to the survival of these species, and seasonal considerations in the scheduling of the pipeline 
installation activities will minimise project-related noise.

The FPSO facility is the 
preferred development concept 
due to:

• Technical – well-defined 
engineering controls to 
minimise risks, for example, 
the FPSO facility will be 
moored so the continuous 
use of thrusters is not 
required.

• Environmental – 
operational underwater 
noise emissions result in 
a risk of localised impacts, 
seasonal considerations 
for marine fauna will be 
taken into account during 
installation of the gas 
export pipeline.

• Social and heritage – 
low risk of impact on 
commercial fishing during 
operations.

• Schedule and commercial 
– viable development 
concept to provide the 
most appropriate gas route 
to market.

• Legal requirements and 
permitting – concept is 
characterised to inform 
all legal requirements and 
guidelines.

• Sustainability – concept 
evaluated in accordance 
with SD Scorecard to meet 
SD principles throughout 
project planning and 
execution.

Offshore fixed 
jacket facility 
and gas export 
pipeline

Drilling of development 
wells, including VSP  
(8–12 hours per well).

Installation and 
commissioning activities, 
including installation of FSO, 
CPF and WHP moorings/
footings and gas export 
pipeline.

Vessel and helicopter 
movements.

Operation of the FSO facility 
and CPF.

Condensate shuttle tankers.

• The risks and potential environmental impacts associated with the offshore fixed jacket facility from 
noise emissions are similar to the FPSO facility development concept. There are no additional risks of 
environmental impact.

FLNG facility Drilling of development 
wells, including VSP  
(8–12 hours per well).

Installation and 
commissioning activities.

Vessel and helicopter 
movements.

Operation of the FLNG 
facility.

LNG carriers and condensate 
shuttle tankers.

• Fewer risks and potential environmental impacts from noise emissions. The lower risk profile 
is associated with the absence of gas export pipelay activities between the Barossa offshore 
development area and the Bayu-Undan to Darwin gas export pipeline tie-in.

• The FLNG facility is likely to have a slightly larger underwater noise footprint in the Barossa offshore 
development area given its larger size and greater numbers of sub-surface processing equipment. 
There is also the contribution of noise from LNG offloading tankers and increased vessel movements 
for maintenance that would not exist for an FPSO facility/fixed platform concept. 
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Atmospheric 
emissions

FPSO facility 
and gas export 
pipeline

MODU/drill ship, installation 
vessels and support 
vessels during drilling and 
installation.

FPSO facility, support vessels 
and condensate shuttle 
tankers during operations.

The risk of environmental impact from atmospheric emissions is low due to:

• Low risk of environmental impact to regional air quality from air emissions associated with the FPSO 
facility and support vessels.

• Air emissions from the FPSO facility will be offshore and well-removed from residential or sensitive 
populations on the Tiwi Islands and NT coast. 

• Measures will be incorporated into project design to achieve energy efficient operations to minimise 
GHG emissions where practicable.

The development concepts are 
broadly comparable in terms of 
overall atmospheric emissions, 
with the primary difference 
being the location of release. 
No major determining factors 
between concepts

Offshore fixed 
jacket facility 
and gas export 
pipeline

MODU/drill ship, installation 
vessels and support 
vessels during drilling and 
installation.

FSO facility, CPF, WHP, 
support vessels and 
condensate shuttle tankers 
during operations

• Atmospheric emissions are likely to be slightly higher given the additional infrastructure/facilities and 
requirement for vessel movements between these.

FLNG facility • MODU/drill ship, 
installation vessels and 
support vessels during 
drilling and installation.

• FLNG facility, LNG 
carriers and condensate 
shuttle tankers and 
support vessels during 
operations.

• Atmospheric emissions from a FLNG facility will be slightly higher as it requires more power to support 
processing and liquefication facilities.

Light 
emissions

Offshore fixed 
jacket facility 
and gas export 
pipeline

Functional and navigational 
lighting for FPSO facility, 
CPF and WHP, MODU/drill 
ship and vessels during 
installation and operation.

Flaring from MODU/drill 
ship and FPSO facility during 
drilling, installation and 
operations.

• Light emissions will be slightly greater given the additional infrastructure/facilities of the CPF and WHP 
that would require lighting for safety and operational reasons.

The FPSO facility is the 
preferred development concept 
due to:

• Technical – well-defined 
engineering controls to 
minimise risks, while still 
maintaining safe operations 
and working conditions.

Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Offshore fixed 
jacket facility 
and gas export 
pipeline

Functional and navigational 
lighting for FPSO facility, 
CPF and WHP, MODU/drill 
ship and vessels during 
installation and operation.

Flaring from MODU/drill 
ship and FPSO facility during 
drilling, installation and 
operations.

• Light emissions will be slightly greater given the additional infrastructure/facilities of the CPF and WHP 
that would require lighting for safety and operational reasons.

• Environmental – 
operational light emissions 
result in a risk of localised 
and minor impacts to 
marine fauna transiting 
through deep open 
ocean waters, seasonal 
considerations for marine 
fauna will be taken into 
account during installation 
of the gas export pipeline.

• Social and heritage – 
low risk of impact on 
commercial fishing during 
operations, light emitted 
during operations will not 
be visible from coastal 
residential populations.

• Schedule and commercial 
– viable development 
concept to provide the 
most appropriate gas route 
to market.

• Legal requirements and 
permitting – concept is 
characterised to inform 
all legal requirements and 
guidelines.

• Sustainability – concept 
evaluated in accordance 
with SD Scorecard to meet 
ESD principles throughout 
project planning and 
execution.

FLNG facility Functional and navigational 
lighting for FLNG facility, 
MODU/drill ship and vessels 
during installation and 
operation.

Flaring from MODU/drill 
ship and FLNG facility during 
drilling, installation and 
operations.

• Lower risk profile given the absence of gas export pipelay activities between the Barossa offshore 
development area and the Bayu-Undan to Darwin gas export pipeline tie-in.

• Light emissions from the FLNG facility are likely to be greater given its large size.

Planned 
discharges 

Waste 
management

FPSO facility 
and gas export 
pipeline

FPSO facility and vessels 
during all phases

of the project.

The risk of environmental impact from planned discharges and waste management is low due to:

• Drill cuttings and fluids routinely released during development drilling will be discharged away from 
sensitive benthic habitat, such as shoals/banks, and are not predicted to contact these features.

• Planned PW and cooling water discharges will be in open offshore waters and result in localised 
impacts. Given the large-scale currents and mixing, the discharge plumes are expected to rapidly 
dilute and therefore will not contact the closest shoals/banks. Marine fauna, including EPBC listed 
marine mammals, turtles, sea snakes, fish and sharks are not expected to be significantly impacted 
as the Barossa offshore development area does not contain any significant feeding, breeding or 
aggregation areas for marine fauna species.

The FPSO facility is the 
preferred development concept 
due to:

• Technical – well-defined 
engineering controls 
(including routine 
monitoring) to minimise 
risks.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Offshore fixed 
jacket facility 
and gas export 
pipeline

Functional and navigational 
lighting for FPSO facility, 
CPF and WHP, MODU/drill 
ship and vessels during 
installation and operation.

Flaring from MODU/drill 
ship and FPSO facility during 
drilling, installation and 
operations.

• Light emissions will be slightly greater given the additional infrastructure/facilities of the CPF and WHP 
that would require lighting for safety and operational reasons.

• Environmental – 
operational light emissions 
result in a risk of localised 
and minor impacts to 
marine fauna transiting 
through deep open 
ocean waters, seasonal 
considerations for marine 
fauna will be taken into 
account during installation 
of the gas export pipeline.

• Social and heritage – 
low risk of impact on 
commercial fishing during 
operations, light emitted 
during operations will not 
be visible from coastal 
residential populations.

• Schedule and commercial 
– viable development 
concept to provide the 
most appropriate gas route 
to market.

• Legal requirements and 
permitting – concept is 
characterised to inform 
all legal requirements and 
guidelines.

• Sustainability – concept 
evaluated in accordance 
with SD Scorecard to meet 
ESD principles throughout 
project planning and 
execution.

FLNG facility Functional and navigational 
lighting for FLNG facility, 
MODU/drill ship and vessels 
during installation and 
operation.

Flaring from MODU/drill 
ship and FLNG facility during 
drilling, installation and 
operations.

• Lower risk profile given the absence of gas export pipelay activities between the Barossa offshore 
development area and the Bayu-Undan to Darwin gas export pipeline tie-in.

• Light emissions from the FLNG facility are likely to be greater given its large size.

Planned 
discharges 

Waste 
management

FPSO facility 
and gas export 
pipeline

FPSO facility and vessels 
during all phases

of the project.

The risk of environmental impact from planned discharges and waste management is low due to:

• Drill cuttings and fluids routinely released during development drilling will be discharged away from 
sensitive benthic habitat, such as shoals/banks, and are not predicted to contact these features.

• Planned PW and cooling water discharges will be in open offshore waters and result in localised 
impacts. Given the large-scale currents and mixing, the discharge plumes are expected to rapidly 
dilute and therefore will not contact the closest shoals/banks. Marine fauna, including EPBC listed 
marine mammals, turtles, sea snakes, fish and sharks are not expected to be significantly impacted 
as the Barossa offshore development area does not contain any significant feeding, breeding or 
aggregation areas for marine fauna species.

The FPSO facility is the 
preferred development concept 
due to:

• Technical – well-defined 
engineering controls 
(including routine 
monitoring) to minimise 
risks.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

FPSO facility 
and gas export 
pipeline

FPSO facility and vessels 
during all phases

of the project.

• Planned wastewater discharge is characterised by low volumes.

• No planned offshore disposal of solid waste generated on the FPSO facility or vessels.

• Environmental – 
operational discharges 
occur in deep waters 
away from shoals/banks 
and significant feeding, 
breeding or aggregation 
areas for marine fauna.

• Social and heritage – 
low risk of impact on 
commercial fishing during 
operations.

• Schedule and commercial 
– viable development 
concept to provide the 
most appropriate gas route 
to market.

• Legal requirements and 
permitting – concept is 
characterised to inform all 
legal requirements.

• Sustainability – concept 
evaluated in accordance 
with SD Scorecard to meet 
ESD principles throughout 
project planning and 
execution.

Offshore fixed 
jacket facility 
and gas export 
pipeline

FSO facility, CPF and vessels 
during all phases

of the project.

• The risks and potential environmental impacts associated with the offshore fixed jacket facility from 
planned discharges and waste management are similar to FPSO facility development concept.

FLNG facility FLNG facility and vessels 
during all phases

of the project.

• Given larger size of the processing and storage facilities onboard the FLNG facility cooling water 
requirements would be higher, and therefore larger volumes of cooling water would be discharged to 
the marine environment.

• Planned discharges from vessels associated with the installation of a gas export pipeline are not 
relevant to this concept, however discharges and wastes associated with other project-related support 
vessels remain as per the other development concepts

Unplanned 
discharges

FPSO facility 
and gas export 
pipeline

Drilling of development 
wells.

Vessel collision during 
installation activities 
in the Barossa offshore 
development area or along 
the gas export pipeline.

Transfer, handling, storage 
or use of chemicals on FPSO 
facility and vessels.

Use and/or production and 
storage of hydrocarbons on 
FPSO facility.

Offtake from the FPSO 
facility.

The risk of environmental impact from unplanned discharges is medium due to:

• Potential for significant environmental impacts from a long-term well blowout during development 
drilling. However, the likelihood of this occurring is considered very low with the implementation of a 
comprehensive set of management controls (Section 6.4.10).

• Any small spills are not expected to contact shoals/banks, reefs, islands or the open waters of the 
AMPs.

• Environmental impacts may occur in the unlikely event of a large-scale release in the Barossa offshore 
development area or gas export pipeline, depending on the nature and scale of the release. A 
comprehensive range of controls have been defined to manage this risk over the life of the project.

All of the development 
concepts have the potential 
to result in impacts to the 
environment in the highly 
unlikely event of a large-scale 
release. All concepts are broadly 
comparable in terms of the 
area of influence, given the 
largest area of potential impact 
is associated with a long-term 
well blowout.
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Aspect Development 
concept

Description Environmental impact and risk description (relative to FPSO development concept) Summary of assessment 
against key evaluation 
criteria 

Offshore fixed 
jacket facility 
and gas export 
pipeline

Drilling of development 
wells.

Vessel collision during 
installation activities 
in the Barossa offshore 
development area or along 
the gas export pipeline.

Transfer, handling, storage 
or use of chemicals on 
FSO facility, CPF, WHP and 
vessels.

Use and/or production and 
storage of hydrocarbons on 
FPSO facility.

Offtake from the FPSO 
facility.

• There is a slightly higher risk of unplanned releases due to an errant vessel collision as the overall field 
development is made up of a larger number of facilities.

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:

• 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 
Operational and Scientific 
Monitoring Program 
(OSMP).

FLNG facility Drilling of development 
wells.

Transfer, handling, storage 
or use of chemicals on FLNG 
facility and vessels.

Use and/or production and 
storage of hydrocarbons on 
FLNG facility.

Offtake from the FLNG 
facility.

• Given the FLNG facility has larger condensate storage, fuel and chemical storage facilities, the potential 
release volumes from an unplanned event would be greater, therefore the potential area of influence 
may be greater assuming the same engineering controls and response arrangements.

• No risk of environmental impact from a spill associated with a vessel collision during installation of the 
gas export pipeline (approximate 6-12 month period).
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escription of  the project and  
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4.4.2 ‘No development’ alternative

The existing Bayu-Undan and DLNG projects illustrate the benefits of development. To date this integrated 
project has paid over US$20 billion in taxes to Australia and Timor-Leste, and currently provides direct 
employment of over 1,300 people (Chamber 2017). In addition, there are flow-on effects from creation 
of local jobs and supplier opportunities that have been generated. Delivering gas through the proposed 
development concept to DLNG will enable these socio-economic benefits to continue. 

The project also aligns with the Australian governments’ broad mandate to develop offshore oil and gas 
resources. Specifically, the role of the DIIS in relation to the development of offshore oil and gas resources is 
to increase investment in petroleum development in offshore areas under Commonwealth jurisdiction. The 
Department recognises that investment in this area provides benefits to the Australian community through 
the following:

• energy supply for transport, domestic and industrial uses 

• taxation revenues 

• employment 

• exports 

• regional development 

• downstream processing 

• enhanced energy security. 

In addition, to satisfy offshore permit retention lease requirements, ConocoPhillips has an obligation to 
undertake exploration and develop any commercially viable hydrocarbon reserves. In this context, the 
‘no development’ alternative is not consistent with the legal obligations and commercial objectives of 
ConocoPhillips and was not considered further.

4.4.3 Design/activity alternatives

Alternative design features and delivery options (methods) were considered for the various project activities, 
as described in Section 4.3, and are discussed below.

Alternative offtake configurations 

Offtake configurations can vary depending upon the FPSO facility station-keeping method, environmental 
conditions and design factors. The most common FPSO facility/offtake tanker offtake configurations include 
tandem, side-by-side and remote buoy mooring systems. In a tandem offtake configuration, the tanker is 
positioned at a safe distance and moored by the bow to the FPSO facility. The tanker maintains position with 
the assistance of a holdback tug. During side-by-side offtake, the FPSO facility and tanker are positioned 
adjacent to each other in a parallel orientation. In buoy-based mooring systems, an offtake pipeline is 
extended from the FPSO facility to a moored buoy station at a distant location, and this provides a fixed 
offtake point for tankers. 

A tandem offtake configuration was selected for the project as it allows the greatest flexibility in operations 
and has the lowest environmental risk of the alternative options available. For example, there is a lower risk 
of a collision occurring between the FPSO facility and the tanker in a tandem offtake configuration when 
compared with a side-by-side configuration. The buoy-based mooring system would require additional 
disturbance to the seabed for the installation of mooring lines and anchors and from the additional subsea 
pipeline connecting the FPSO facility to the buoy. A tandem offtake configuration does not require the 
installation of any structures on the seabed as the tanker maintains position through use of a holdback tug.

Alternate installation methods for the FPSO facility mooring lines

One of the preferred options of securing the FPSO facility mooring lines to the seabed is by suction 
piling. The suction piles (indicative size of 8 m–10 m in diameter and 25 m–30 m in length, and weighing 
approximately 300 tonnes) will be slowly lowered on to the seabed using gravity. The water contained within 
the piles is then pumped out creating differential pressure which draws the pile deeper into the seabed. 

Drag embedment anchors are another preferred alternative and are installed by pulling the anchor across 
the seafloor for a short distance (approximately 10 m). The fluted shape of the anchor causes it to penetrate 
and imbed into the seabed as it is pulled forward.
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mooring lines indicate that the seabed is unsuitable for suction piles or drag embedment anchors, pile 
driving will be required. Options for pile driving include drilling and cementing, or impact or vibratory piling. 
The drilling and cementing method involves the drilling of a pile borehole using a water based drilling 
fluid, installation of the pile in the borehole and then the pumping of cement down the pile to displace 
the drilling fluid from the pile.  Impact piling involves the driving of piles into the seabed using a hydraulic 
hammer that is driven onto the piling element using a ram mass. In vibratory piling, the piles are driven into 
the seabed using a small longitudinal vibration motion produced by a vibratory hammer, which contains a 
system of rotating eccentric weights. The weights are arranged such that they allow only vertical vibrations 
to be transmitted into the pile, thereby reducing ground vibrations and underwater noise emissions.

Alternate development drilling schedule

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. It is expected that the time required 
for development drilling would likely be halved should two MODUs/drill ships be used. 

Additional management controls would be implemented to manage the simultaneous operation of the 
MODUs/drill ships to ensure no interaction occurs. The MODUs/drill ships will always be separated at least  
1 km apart during drilling operations as they will each have a 500 m petroleum safety zone.

Alternative gas export pipeline corridor options

In the version of the OPP that was published for the public comment period (Revision 2), ConocoPhillips 
presented a broad gas export pipeline corridor (Rev 2 pipeline corridor). This was considered appropriate 
at the time of the public comment period, given the early stage of engineering design and the requirement 
for further surveys and studies to better define potential installation routes and therefore, further define a 
feasible gas export pipeline corridor. The broader Rev 2 pipeline corridor allowed for pipeline installation 
both within and outside the Oceanic Shoals marine park, as well as allowing further consideration and 
evaluation of an alternative western pipeline route to tie into the existing Bayu-Undan pipeline (western 
corridor alignment) and an eastern corridor alignment through the shallow water zone east of the Oceanic 
Shoals marine park and north-east of the Tiwi Islands (Figure 4-12). 

During and subsequent to the OPP public comment period, further geophysical and bathymetric surveys 
have been completed, allowing engineering and design work to be progressed which has informed a 
refined pipeline corridor. As a result of further engineering, the previously considered alternative western 
route to tie into the existing Bayu-Undan pipeline has been ruled out as not being technically feasible for 
the project. Dropping this alternative western pipeline route also has the advantage of minimising the area 
that the pipeline corridor overlaps the Oceanic Shoals marine park. Additionally, a pipeline corridor that 
avoids overlapping any of the internesting habitat critical to the survival of the olive ridley turtle (i.e. to the 
west) has been discounted due to the presence of significant seabed features and highly irregular seabed 
topography to the west of the Tiwi Islands that could not be avoided by a pipeline route.

Following further evaluation, the eastern corridor alignment through the shallow water zone (Section 
4.3.3.2) was discounted due to the presence of highly irregular seabed topography and shallow water 
depths that would require significantly greater seabed intervention, including dredging/trenching activities 
for secondary stabilisation, thereby resulting in greater environmental impacts.

Consequently, the refined gas export pipeline corridor has been defined and presented in Figure 4-3. This 
refined corridor is the preferred option for the project, as it achieves the following benefits:

• minimises, as much as practicable, areas of seabed within the pipeline corridor 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 (see Section 5.7.8)

• minimises the area that a pipeline route would need to overlap of the Oceanic Shoals marine park

• minimises the amount of seabed installation and stabilisation required for pipeline installation, and 
eliminates the requirement for dredging or trenching (if the final route is located within the Oceanic 
Shoals marine park)

• still allows for an option for the final pipeline route to be located outside (immediately adjacent) of 
the Oceanic Shoals marine park

• a pipeline route within this corridor will reduce inspection, maintenance and repair (IMR) 
requirements during operations, compared to all other alternative options considered

• represents the shortest length of pipeline required and shortest installation campaign, thereby 
minimising the time installation activities will overlap with internesting habitat critical to the survival 
for marine turtles.

A comparative assessment of the pipeline corridor alternatives considered for the project is presented in  
Table 4-10.



Table 4-10: Assessment of gas export pipeline corridor alternatives

Key 
considerations

Merit assessment

Refined corridor alignment (post public comment 
period)

Western corridor alignment – outside of internesting 
habitat critical to survival of olive ridley turtles

Eastern corridor alignment – crossing shallow zone east 
of the Oceanic Shoals marine park

Technical risk • Minimises, as much as practicable, areas of seabed within 
the pipeline corridor that are associated with the seafloor 
features/values of the KEFs of the shelf break and slope of 
the Arafura Shelf and carbonate bank and terrace system 
of the Van Diemen Rise KEFs.

• No significant seabed intervention or secondary 
stabilisation required if the final pipeline route is 
located within the Oceanic Shoals marine park (within 
the pipeline corridor), as the water depth is > 30 m. 
Secondary stabilisation such as trenching/dredging and/
or rock dumping may be required if the final route must 
remain outside the Oceanic Shoals marine park , i.e. in the 
shallower water area (< 30 m deep) immediately to the 
east of the marine park Figure 4-12).

• If the final route must remain outside the Oceanic Shoals 
marine park in the shallow water area, an anchored 
pipelay vessel may be required for this section, as the 
water depth is < 30 m. An anchored pipelay vessel would 
not be used for any other sections of the pipeline corridor.

• Minimises the number of span rectifications required. 
Allows for the final pipeline route to be located outside 
the Oceanic Shoals marine park (if required), in an area 
of shallow water immediately to the east of the marine 
park (Figure 4-3). While this area was defined from the 
Fugro (2017) survey as being the least challenging route 
outside the marine park, in terms of seabed topography, 
the seabed in this area is still considered highly irregular 
with significant seabed intervention and secondary 
stabilisation likely to be required.

• Minimises IMR campaigns during operations.

• Lowest technical risk for installation and ongoing 
operation and maintenance.

• Highly irregular seabed topography west of the 
internesting habitat critical to the survival of olive ridley 
turtles, which will significantly increase the requirement 
for seabed intervention works and span rectifications.

• Significant gully feature approximately 100 m deep and 
4 km long that could not be avoided if the pipeline 
corridor is aligned to avoid the internesting habitat critical 
to the survival of olive ridley turtle.

• Immediately after crossing the gully there are various 
locations of water depths < 30 m, not all of which can 
be avoided. Secondary stabilisation works such as 
dredging or trenching would be required in these areas. 
An anchored pipelay vessel may also be required in these 
areas, increasing seabed disturbance and increasing 
the length of the pipeline installation campaign in the 
internesting habitat critical to the survival of flatback 
turtles.

• As a result of further project engineering and design 
work, a western pipeline route (and hence corridor) to 
the existing Bayu-Undan pipeline has been ruled out 
as technically not feasible for the project. This option 
requires a longer pipeline, larger diameter pipeline, 
significantly longer pipeline installation campaign and 
introduces significant technical and operations risk to the 
project.

• Increased technical risk for installation, ongoing 
operations and maintenance, including additional IMR 
campaigns during operations.

• Irregular seabed topography, including presence of 
sandwave features for approximately 23 km, that cannot 
be avoided if the corridor is situated in this area. 

• Significant seabed intervention and secondary 
stabilisation (trenching/dredging) likely to be required 
for length of the corridor containing sandwaves 
(approximately 23 km of the corridor alignment) and in 
water depth less than nominally 30 m.

• May require the use of a specialised anchored shallow 
water barge; resulting in two pipelay vessel spreads being 
required and additional seabed impacts from pipelay 
vessel anchoring.

• Increased technical risk for installation, ongoing 
operations and maintenance, including additional IMR 
campaigns during operations.
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Key 
considerations

Merit assessment

Refined corridor alignment (post public comment 
period)

Western corridor alignment – outside of internesting 
habitat critical to survival of olive ridley turtles

Eastern corridor alignment – crossing shallow zone east 
of the Oceanic Shoals marine park

Environmental 

impact

• With the exception of the shallow water area immediately 
east of the Oceanic Shoals marine park, the pipeline 
corridor is located in water depths > 30 m and an 
anchored pipelay vessel will not be used. 

• The pipeline corridor (with the exception of the shallow 
water area immediately east of the Oceanic Shoals marine 
park) is located in water depths > 30 m , therefore outside 
water depths known to be used by internesting turtles 
resting in the days prior to re-nesting.

• 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 overlap only represents 
0.15% of the habitat critical to the survival for flatback 
turtles and the area is greater than 20 km from the Tiwi 
Islands coastline (Figure 5-18). Additionally, potential 
internesting habitat < 30 m deep is widespread in the 
immediate vicinity (Figure 5-18).

• If the final route crosses a small portion of the Oceanic 
Shoals marine park (which will avoid the need for 
any trenching/dredging), the habitat present in that 
portion has been identified as containing representative 
habitat found elsewhere in the marine park (i.e. not 
unique). Mining activities (including pipeline installation 
and operation) are allowed under the transitional 
arrangements governing the current management of the 
marine park.

• Alignment would avoid internesting habitat critical to the 
survival of olive ridley turtles, however would still overlap 
internesting habitat critical to the survival of flatback 
turtles and given the additional seabed intervention 
required, would result in a significantly greater impact 
compared to the impact from installing the pipeline 
within the internesting habitat critical to the survival for 
olive ridley turtles.

• A final pipeline route in this corridor alignment would not 
minimise impacts to areas of seabed that are associated 
with the seafloor features/values of the Van Diemen Rise 
KEF (e.g. a significant gully and ridge features).

• A pipeline route through the western corridor option 
would likely overlap a greater portion of the Oceanic 
Shoals marine park and would not minimise impact to the 
marine park (as requested by Parks Australia) compared to 
a pipeline route within the refined corridor.

• Significantly more seabed intervention likely to be 
required, including additional span rectifications, removal/ 
fill of seabed material, placement of rock berm and 
dredging/trenching for secondary stabilisation.

• The increased requirements for seabed intervention and 
secondary stabilisation are likely to result in an increase in 
impacts to the ecological function, values and sensitivities 
of the KEFs and Oceanic Shoals marine park, and increase 
in indirect impacts within internesting habitat critical to 
survival for flatback turtles.

• An anchored pipelay vessel/barge may be required due 
to the shallow water depth, as opposed to a dynamically 
positioned vessel, increasing seabed disturbance.

• Alignment would avoid the Oceanic Shoals marine park, 
however the pipeline would be required to be installed 
closer to the high density olive ridley turtle nesting 
beaches on the north-west of the Tiwi Islands, including 
water depths known to be utilised by the majority of 
internesting turtles (i.e. water depths shallower than  
30 m).

• Significantly more seabed intervention likely to be 
required, including additional span rectifications, removal/ 
fill of seabed material, placement of rock berm and 
dredging/trenching for secondary stabilisation.

• The increased requirements for seabed intervention and 
secondary stabilisation are likely to result in an increase in 
impacts to the ecological function, values and sensitivities 
of the KEFs and an increase in indirect impacts within 
internesting habitat critical to survival for marine turtles.

• An anchored pipelay vessel/barge may be required due 
to the shallow water depth, as opposed to a dynamically 
positioned vessel, thereby increasing seabed disturbance.

• Potential higher impact on nearshore traditional uses of 
the Tiwi Islanders.
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Key 
considerations

Merit assessment

Refined corridor alignment (post public comment 
period)

Western corridor alignment – outside of internesting 
habitat critical to survival of olive ridley turtles

Eastern corridor alignment – crossing shallow zone east 
of the Oceanic Shoals marine park

• Allows for the pipeline to be located further away from the 
nearest coastal and nearshore features of the Tiwi Islands, 
including high density olive ridley turtle nesting beaches 
on the north-west coast of the Tiwi Islands. 

• Minimises, as much as practicable, impacts to 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. Therefore, reduces potential impacts to the 
ecological function, values and sensitivities of the KEFs. 

• While some span rectification is required, local re-routing 
will be used to reduce this requierment, thereby reducing 
environmental impacts from rectification works. 

• Minimisation of seabed intervention and associated 
seabed disturbance (direct and indirect impacts). 

• Consistent with the Recovery Plan for Marine Turtles in 
Australia – the corridor represents the shortest feasible 
route to tieback to the existing Bayu-Undan pipeline 
whilst also minimising the requirement for seabed 
intervention and span rectification and avoiding the 
requirement for secondary stabilisation (dredging or 
trenching) if the final route crosses a small portion 
of the Oceanic Shoals marine park. This results in the 
minimisation of the potential duration that the pipeline 
installation activities could overlap internesting habitat 
critical to the survival of marine turtles, whilst also 
reducing potential indirect impacts. If the final pipeline 
route remains outside of the Oceanic Shoals marine 
park in the shallow water area of the pipeline corridor, 
and if trenching/dredging activities are required, they 
will not occur during the peak nesting period for olive 
ridley or flatback turtles. Refer to Section 6 for further 
demonstration of the project’s consistency with the 
recovery plan.

• Alignment would avoid the Oceanic Shoals marine park, 
however the pipeline would be required to be installed 
closer to the high density olive ridley turtle nesting 
beaches on

• Unlikely to be consistent with the Recovery Plan for 
Marine Turtles in Australia – a pipeline route through 
this area is longer in length and likely to take a longer 
time to install given the significant seabed intervention 
and secondary stabilisation works required. Therefore, 
pipeline installation would likely overlap internesting 
habitat critical to the survival of marine turtles for a longer 
period than the refined corridor, with greater potential 
for indirect impacts. In addition, dredging/trenching 
activities during peak nesting periods are not considered 
consistent with the recovery plan, and hence two pipeline 
installation campaigns may be required.

• Unlikely to be consistent with the Recovery Pan for 
Marine Turtles in Australia – a pipeline route through 
this area is longer in length and likely to take a longer 
time to install given the significant seabed intervention 
and secondary stabilisation works required. Therefore, 
pipeline installation would likely overlap internesting 
habitat critical to the survival of marine turtles for a longer 
period than the refined corridor, with greater potential 
for indirect impacts. In addition, dredging/trenching 
activities during peak nesting periods are not considered 
consistent with the recovery plan, and hence two pipeline 
installation campaigns may be required.
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Key 
considerations

Merit assessment

Refined corridor alignment (post public comment 
period)

Western corridor alignment – outside of internesting 
habitat critical to survival of olive ridley turtles

Eastern corridor alignment – crossing shallow zone east 
of the Oceanic Shoals marine park

Capital cost and 

schedule

• Shortest feasible route to tie-in to the existing Bayu-
Undan pipeline.

• Lowest cost of the assessed pipeline corridor options.

• A pipeline route within this corridor represents the 
shortest installation timeframe, due to a combination 
of being the shortest route with the least seabed 
intervention requirements.

• If the final pipeline route remains outside of the Oceanic 
Shoals marine park in the shallow water area of the 
pipeline corridor, there is the potential for two pipeline 
installation campaigns due to the requirement for 
secondary stabilisation (trenching/dredging) and the 
potential for the requirement of an anchored pipelay 
vessel. 

• Increased cost due to high number of spans, seabed 
intervention and potential for a shallow water pipelay 
vessel/barge spread.

• Potential for two pipeline installation campaigns given the 
need for dredging/trenching within internesting habitat 
critical to the survival of marine turtles and potential 
requirement for an anchored pipelay vessel for sections 
of the installation works with corresponding increase in 
impacts and risks associated with vessel based activities.

• Increased cost due to high number of spans, seabed 
intervention and potential for a shallow water pipelay 
vessel/barge spread.

• Potential for two pipeline installation campaigns given the 
need for dredging/trenching within internesting habitat 
critical to the survival of marine turtles and potential 
requirement for an anchored pipelay vessel for sections 
of the installation works with corresponding increase in 
impacts and risks associated with vessel based activities.
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Alternate gas export pipeline laying methods and seabed intervention techniques

The gas export pipeline will be laid using a continuous assembly pipe-welding installation method, which 
involves welding the pipe segments onboard the pipelay vessel. The pipe is then laid onto the seabed using 
an S-lay method, with the S notation referring to the shape of the pipeline as it is laid onto the seabed. Refer 
to Section 4.3.3.2 for further discussion on the installation of the gas export pipeline. 

With a pipeline diameter of 24–26-inch, 260 km–290 km length and relatively shallow water depths, the 
pipeline installation methods of reeling, towing and J-lay can be discounted. The feasibility of reel lay has 
an upper limit of a pipeline diameter of around 16-inches and may be used for the in-field flowlines. The 
length of the pipeline segment that can be towed is limited to approximately 4 km to 5 km. If towing were 
used it would result in a large number of connections which are costly and represent potential leak sources. 
The water depths along the gas export pipeline corridor make J-lay impractical as it would over stress the 
pipeline leading to buckling.

The primary method of maintaining pipeline stability on the seabed will be through concrete weight- 
coating. Where the required stability cannot be achieved through this means alone, a range of seabed 
intervention techniques (includes pre-lay and post-lay span correction, stabilisation and secondary 
stabilisation methods) may be used. Stabilisation methods could include, concrete mattresses, sand/grout 
bags and steel structures for free span-rectification, rock bolting and gravity anchors. Secondary stabilisation 
such as trenching/dredging or rock dumping may be required in the shallow water area of the pipeline 
corridor if the final gas export pipeline corridor is located outside of the Oceanic Shoals marine park. These 
methods, and the potential locations, are described in detail in Section 4.3.3.2. The selection of seabed 
intervention techniques will be further refined in activity-specific EPs and informed by future engineering 
and geotechnical studies

Horizontal directional drilling will not be required for the gas export pipeline as there is no shore crossing. 

Vessel type alternatives

The ConocoPhillips Global Marine Vetting Standard requires the preferential selection of vessels that are 
carrying ConocoPhillips hydrocarbon liquid, chemical or gas cargoes (e.g. export tankers) to be double hull 
design to reduce the likelihood of leaks or spills to the marine environment from low-impact collisions, 
as perforation of both hulls is unlikely. In the event that an exception is required, alternative engineering 
design considerations will be taken into account in the vessel selection process, such as protection of 
fuel tanks by ballast tanks or other spaces, segregation or sub-division of tanks to reduce individual tank 
volumes, and emergency rapid transfer systems which allow rapid pumping of fuel to alternate tanks should 
integrity be compromised.

PW management alternatives

Reinjection of PW was considered during the early stages of the project design and included review of 
information obtained from appraisal activities which characterised the structure and composition of 
geological formations below the seabed in the Barossa Field and surrounds. The information obtained from 
these appraisal activities did not identify any formations within the area that are suitable, in that they would 
not discretely contain the reinjected PW. 

The volumes of PW are anticipated to be relatively low with minimum and maximum discharge volumes 
expected in the order of approximately 1,590 m3 per day and to 3,260 m3 per day respectively. The rock 
formation below the gas bearing reservoir has a very low permeability and therefore the only water that 
will be produced initially is from condensation. Eventually edge water is predicted to migrate to the well 
bore and hydrocarbon production from the well will drop dramatically. At this point the well will be shut-in 
resulting in the overall water production from field being relatively low.
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GHG (CO₂) emissions management alternatives

A summary of GHG emissions estimated for the project is provided in Section 4.3.5.6, with an assessment of 
potential impacts provided further in Section 6.4.6.

An evaluation of alternative options for management of GHG emissions was undertaken as part of early 
feasibility studies. One of these options was the reinjection of native CO₂ from the offshore facilities. 

The geological storage technologies involve storage of CO₂ by trapping the gas in a suitable geological 
formation. 

The practicability of CO₂ reinjection is dependent on a range of key site-specific factors, including:

• location of a suitable deep geological reservoir with characteristics suitable for long-term 
containment, including:

• adequate capacity and injectivity

• a satisfactory sealing caprock or confining unit, and

• a sufficiently stable geological environment to avoid compromising the integrity of the 
storage site

• technical engineering and economic considerations of ‘source-to-sink’ transport of CO₂, including 
engineering requirements for additional pipeline infrastructure, gas separation facilities and subsea 
wells  

• long-term considerations of the future monitoring and verification of CO₂ trapping, and potential for 
leaks over time which may undermine the security of permanent containment

• safety, social and environmental considerations for the reinjection scheme.

Basins suitable for CO₂ storage typically have characteristics such as thick accumulations of sediments, 
permeable rock formations saturated with saline water (saline formations), extensive covers of low porosity 
rocks (acting as seals) and structural simplicity. Poor CO₂ storage potential is likely to be exhibited by basins 
that (Intergovernmental Panel on Climate Change 2005):

• are thin (≤1,000 m)

• have poor reservoir and seal relationships

• are highly faulted and fractured

• are within fold belts

• have strongly discordant sequences

• have undergone significant physical and chemical change during or after formation, or 

• have overpressured reservoirs.

For potential geological storage capacity to be viable, the storage project must be economically viable, 
technically feasible, safe, environmentally and socially sustainable and acceptable to the community. 
Geoscience Australia has been undertaking research into sedimentary basins which have the potential for 
geological storage, liaising with the State and NT Geological Surveys and other agencies to select acreage 
for release and to consider other issues associated with CO₂ storage. 

As relevant for the project, the nearest operating oil and gas facility is the Bayu-Undan facility located in 
the Joint Petroleum Development Area (JPDA) of the Timor Sea. The reservoir supporting this facility is 
located approximately 360 km from the Barossa offshore development area, which would require a subsea 
trunkline to transport the CO₂. The Bayu-Undan Field is a currently producing gas and condensate field, 
and for this reason is not currently accessible for geosequestration. The potential for utilising the depleted 
Bayu-Undan reservoir at some point in the future has been subject to evaluation. Concerns with remoteness 
of the injection site (additional compression on the Barossa FPSO facility, dedicated pipeline and subsea 
injection wells, in addition to further line compression at the Bayu-Undan location to be able to achieve 
the high injection pressures) and the fact that Bayu-Undan lies outside of Australian waters and in the JPDA 
represented significant uncertainties for use of this location as a geosequestration site. It is concluded that 
geosequestration is technically challenging, unproven over the long-term and risky, and would render the 
Barossa development uneconomic and no development option would result.

The capital cost of CO₂ reinjection including offshore compression equipment, significant pipeline 
infrastructure and subsea wells is expected to be in the order of AU$800 million. This is not considered 
a reasonably practicable alternative when assessed against both business economic challenges and 
viable alternatives to offset emissions. Other more viable options are available to achieve the objective of 
managing GHG emissions, as described in Section 6.
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4 D
escription of  the project and  

alternatives analysis

Dewatering discharge management alternatives 

The subsea flowlines, pipelines and other equipment will be temporarily filled with flooding fluid  during the  
time following installation and pre‐commissioning/commissioning. The equipment will need to be filled 
with  inhibited water during this time, and dosed with a sufficient concentration of biocide and oxygen  
scavenger  to ensure integrity is maintained through the required preservation period. The flooding fluid 
(i.e. inhibited water dosed with biocide and oxygen scavenger) associated with the project is proposed to  
be  discharged (i.e. dewatered) to the marine environment. An alternative discharge method of storing the 
flooding fluid and transport to onshore facilities for treatment and disposal was considered. However, this 
option was not  considered practicable due to the large volume of water involved (approximately 107,500  
m3–145,500 m3 for the gas export  pipeline and in‐field infrastructure during installation) and the number 
of vessel movements required. 

Reuse of flooding fluid (and hydrotest water) within the in‐field flowline systems would require 
significant engineering  design, installation restrictions and system modifications to make this alternative  
workable. The current subsea architecture is premised on  a hub and spoke arrangement where the 
approach is to water fill all the flowlines from  the subsea temporary pig launchers, and then hydrotest  
prior to the FPSO facility arrival. Once the flowlines are hydrotested the spools  connecting the flowlines  
to the drill centre manifolds and the flexible risers up to the FPSO facility will be  installed before the  
flowline system is dewatered and dried. It should be noted that the flowline end termination structures at 
the ends of each flowline have no full bore valves and, as such, the flowlines must be flooded to enable tie‐in 
of the flowlines to the FPSO facility and the drill centre manifolds.  In order to reuse the flooding fluid (and 
hydrotest water) within the flowline system the flowlines would need to be flooded, hydrotested, hooked‐ 
up and dewatered sequentially, which would considerably increase the complexity of installation activities  
and their duration; this is not deemed practical.  Storage tanks may also be required and would increase the 
number of vessels in the Barossa offshore development area.   

The consideration of only using freshwater was discounted in the early stages of the engineering design as 
it would be more energy intensive and impracticable to source large volumes of fresh, potable water that 
could otherwise be used as a valuable community or ecological resource onshore.  It should be noted that 
the use of freshwater does not alleviate the use of biocides and oxygen scavengers and these chemicals 
are required to ensure the integrity of the flowlines and pipeline is maintained. Furthermore, the use of 
freshwater creates additional operational challenges due to its lower density compared seawater resulting in 
raw seawater ingress during tie-in operations.
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The Caldita Field will be evaluated for development as a subsea tie-back in the future. As the resource size at 
Caldita is relatively small, development will only proceed if a development plan is economically feasible.

The most likely development would involve a subsea development with a subsea pipeline back to the 
Barossa FPSO facility. The installation, commissioning and operation of the subsea development would be 
undertaken in the same manner as the Barossa Field; no additional or new types of activities are proposed 
and all activities, associated with a Caldita Field development would be within the Barossa offshore 
development area (Figure 4-2). 

Alternative development methods, such as installing an unmanned WHP at Caldita, may provide more 
efficient and economic ways of developing the field. The unmanned WHP would be similar to that at the 
ConocoPhillips operated Bayu-Undan Field (Figure 4-17) and comprise limited processing and utility 
facilities. Process equipment would likely be limited to well production trees, wellhead manifolds and choke 
valves to control well flow, and a subsea production flowline(s) connected to the Barossa FPSO facility. No 
processing or storage of reservoir fluids will occur, and therefore no routine production discharges are 
expected. Small volumes of wastewater (including sewage) may be discharged when personnel are present 
to undertake infrequent, routine operational maintenance activities. The WHP will include facilities for a 
limited number of personnel (approximately 10 persons) to stay overnight if required to support routine 
maintenance. All planned impacts will be within the Barossa offshore development area and the seabed 
footprint of the WHP is expected to be approximately 2,500 m2 (0.25 ha). 

Considering the nature of the WHP, the interaction of this facility with the marine environment is limited, 
with only very small volumes of sewage and wastewater discharged while maintenance activities are 
undertaken. Given this, and the fact that the activities associated with a future Caldita development 
(including installation and operation) share the same aspects to those proposed for the broader project 
concept, all of the relevant environmental impacts and risks as relevant to a future Caldita WHP will be 
similar and are addressed within the impact and risk evaluation for the full project development concept 
(Section 6). All planned impacts will be within the Barossa offshore development area.

Figure 4-17: Bayu-Undan unmanned wellhead platform 




