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7 MARINE IMPACTS AND
MANAGEMENT

7.1 Introduction

This chapter of the draft environmental impact
statement (Draft EIS) for INPEX’s Ichthys Gas Field
Development Project (the Project) describes the
potential impacts to the marine environment that

will be associated with the offshore and nearshore
development areas of the Project. These areas are
described briefly below, and in more detail in Chapter 3
Existing natural, social and economic environment.

The offshore development area includes the Ichthys
gas and condensate field (Ichthys Field) in the Browse
Basin off the coast of north-western Australia and the
gas export pipeline route from the field to the mouth of
Darwin Harbour. Components of the Project that will
be developed in this area include subsea production
wells and flowlines, the central processing facility
(CPF), the floating production, storage and offtake
(FPSO) facility and the major portion (some 852 km)

of the gas export pipeline. Details of the offshore

infrastructure and activities are summarised as follows:

e the drilling of production wells using a mobile
offshore drilling unit (MODU) and support vessels

e the installation of approximately 50 subsea wells
and flowlines to carry the natural gas and other
reservoir fluids from the wells to the CPF

e the installation and commissioning of the CPF,
FPSO and gas export pipeline

e the export of condensate from the FPSO to offtake
tankers

e the ongoing operation of the CPF, FPSO and gas
export pipeline

e decommissioning.

The nearshore development area includes the gas
export pipeline route from the mouth of Darwin
Harbour to Middle Arm Peninsula together with

the coastal areas around Blaydin Point and Middle

Arm Peninsula, ending at the low-water mark. The

infrastructure to be constructed in this area includes

the nearshore section of the gas export pipeline with

a shore crossing on the west side of Middle Arm

Peninsula south of Wickham Point, a product loading

jetty with a marine outfall, a module offloading facility,

and a shipping and navigation channel. The activities
associated with the nearshore infrastructure can be
summarised as follows:

e the construction of the nearshore section of the
gas export pipeline, including trenching, rock
armouring and the installation of the pipeline shore
crossing

e the construction of a jetty and module offloading
facility, with associated dredging for shipping and
navigation channels

e the operation of the jetty for hydrocarbon export
and the operation of the module offloading facility

e the operation of the marine outfall on the jetty

e the decommissioning process.

The environmental impact assessment provided in

this chapter includes discussion of potential impacts

in a regional context. This includes potential impacts

to “matters of national environmental significance” as

defined in the Environment Protection and Biodiversity

Conservation Act 1999 (Cwlth) (EPBC Act). Matters

of national environmental significance relevant to the

offshore and nearshore development areas include the

following:

e listed threatened species and ecological
communities

e migratory species protected under international
agreements

e the Commonwealth marine environment.

In light of these potential impacts, management
controls are described that will be implemented by
INPEX to mitigate possible negative effects from
Project activities.

In order to determine the resulting “residual risk” after
management controls are applied, an assessment

of the risks of the various potential impacts was
undertaken according to the methods presented in
Chapter 6 Risk assessment methodology. Summary
tables of the offshore and nearshore activities,
potential environmental impacts, management controls
and mitigating factors, and resulting residual risk
(consequence, likelihood and risk rating) are provided
throughout this chapter.

The risk assessment was undertaken with
consideration of sensitive environmental receptors,
which include the marine benthic biota and
macrofauna in the vicinity of the offshore and
nearshore development areas. Because of the
proximity of the nearshore development area to the
cities of Darwin and Palmerston, the local community
is also regarded as a key sensitive receptor in some
cases. Other impacts to the community associated
with activities such as recreational or commercial
fishing are described in Chapter 10 Socio-economic
impacts and management.

Management controls will be implemented to
ensure that all significant potential environmental
impacts associated with the Project are avoided or
minimised. A number of monitoring mechanisms are
also proposed that will allow INPEX to gauge the
effectiveness of management controls.
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A comprehensive and auditable environmental
management system based on the principles of

the International Organization for Standardization’s
ISO 14000 environmental management series

of standards will be implemented to provide a
systematic and structured approach to environmental
management. The system proposed is described in
Chapter 11 Environmental management program.

For some specific offshore activities, additional
environmental management plans will be required
under the Offshore Petroleum and Greenhouse

Gas Storage (Environment) Regulations 2009

(Cwlth) (OPGGS(Environment) Regulations)'. These
will include plans for pipeline installation, drilling,
construction and operation of the CPF and FPSO, and
an oil-spill contingency plan.

7.2 Offshore impacts and management
7.21 Alteration of habitat

Seabed disturbance

The seabed in the offshore development area will

be altered through direct disturbance by drilling and
anchoring, the installation of subsea equipment,
pipelay and potentially by pre- or post-pipelay
trenching in some areas along the gas export pipeline
route. Drilling will also result in some indirect impacts,
for example through the settling of drill cuttings on
the seabed and the discharge of drilling fluids. These
are discussed separately in Section 7.2.2 Drilling
discharges.

While the production wells are being drilled, the
MODU will be held in place by anchors. During this
time, physical disturbance to the seabed will be
associated with the laying and retrieval of anchor
chains. As the anchors are carried out to position by
the support vessel there may be some dragging of the
anchor chain across the seabed. Once in place, the
anchor chains are likely to remain relatively stationary,
except at the “touch-down” point where the chain will
move up and down depending on the state of the sea.
The exact anchoring configuration that will be used
will be dependent on the type of MODU selected and
is therefore not yet known. A MODU typically has 8 to
12 anchors.

The CPF and FPSO will be held in place by anchors for
the life of the Project. As for the MODU, these anchor
chains will cause some disturbance to the seabed
during installation and then may move up and down

at the touch-down point. In the longer term these

1 The Offshore Petroleum and Greenhouse Gas Storage
(Environment) Regulations 2009 (Cwlth) (OPGGS(Environment)
Regulations) replaced the Petroleum (Submerged Lands)
(Management of Environment) Regulations 1999 (Cwilth)

(P(SL) (MoE) Regulations) on 17 December 2009.

anchors and chains will become artificial habitat for
benthic biota (discussed further below).

The layout of the field infrastructure has not yet been

finalised. However, it is considered appropriate to use

the layout presented in Chapter 4 Project description

to calculate the area of seabed affected because of

the following considerations:

e Any changes to the layout would be relatively minor
in nature.

e The changes would not result in any significant
change to the area of seabed affected.

e The benthic community in the field is widely
distributed with no apparent changes in density or
structure (see Appendix 4 to this Draft EIS).

The area that will be disturbed by the subsea
production equipment and by the moorings of the
MODU, CPF and FPSO has been estimated to be
approximately 74 ha, as described in Table 7-1.

Laying and retrieving the anchor chains for the MODU,
CPF and FPSO is likely to result in some temporary
physical disturbance to the seabed, though this will
be localised. This disturbance will likely be confined

to a corridor approximately 3—-5 m wide for each
anchor chain. The anchor and anchor chain scars

are expected to refill rapidly and the biological
communities associated with these sediments are
expected to recover quickly from the disturbance.

Similarly, an anchored lay barge will be used to
construct infield flowlines, which will disturb the
seabed for around 500 m on each side of the
alignment. These anchor and chain scars will only
be temporary and benthic communities will recover
rapidly.

Long-term physical change of the seabed at the
field will include that associated with moorings,
subsea trees, flowlines, manifolds and other subsea
production equipment.

The seabed to be modified by infield infrastructure has
been characterised as rippled sands with regular low
sand waves, flat bare sand with shell fragments and
clay-silt sand (see Chapter 3). Water depths throughout
the Ichthys Field vary between 235 m and 275 m.

The area supports very few visible organisms and has
mobile sediments that do not favour the development
of a diverse epibenthic community. These sparse,
low-diversity benthic infauna communities are well
represented in the region (see Appendix 4), and the
area to be disturbed represents only 0.09% of the area
of the Ichthys Field (0.02% of the WA-37-R retention
lease area). The environmental consequences of
seabed disturbance in the offshore development area
are predicted to be negligible.
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Table 7-1: Area of seabed at the Ichthys Field subject to direct physical disturbance

Infrastructure

Area per unit

Number o

MODU anchors 8 10 80
CPF anchors 32 70 560
FPSO anchors 20 70 1400
CPF riser bases 15 70 980
Export gas riser base 1 525 525
Riser support structure foundations 1 2800 2800
FPSO riser bases 10 70 700
Drill centre 14 29 826 417 564
Subsea gas export pipeline end termination 1 45 45
Infield production flowlines (metres) 246 000 0.5 123 000
Infield MEG* and service flowlines (metres) 129 000 0.2 25 800
Infield flowline terminations 72 30 2160
Transfer lines (metres) 35000 0.4 14 000
Rock dump anchor berm 20 4 400 88 000
Rock dump trigger berm 40 800 32 000
Umbilicals (metres) 133 000 0.2 26 600
Subsea umbilical termination assemblies and umbilical 40 15 600
distribution assemblies

Total area (m?) n.a. n.a. 736 814
Total area (ha) n.a. n.a. 73.68

* MEG = monoethylene glycol.
n.a. = not applicable.

Construction of the gas export pipeline will create a
long linear disturbance corridor. In deep offshore areas
of the route, the gas export pipeline will generally

be placed directly on to the seafloor, with minimal
disturbance on either side. At the eastern end of the
route towards Darwin Harbour, the corridor is likely

to vary in width depending on the substrate and the
types of preparation activities required to construct a
suitable surface for pipe-laying, such as sand-wave
pre-sweeping, pre- or post-lay trenching, and rock
dumping. Minimal alteration of the seabed is preferred
for pipeline construction from both an engineering

and environmental perspective—that is, the preferred
pipeline route will avoid rocky areas and reefs
wherever possible because of the difficulties of pipelay
operations in these areas.

Geophysical surveys have indicated that the

greater part of the pipeline route (>98%) consists of
featureless, unconsolidated clay or silty sands, with
rare areas of rock outcrops and subcrops as described
in Chapter 3. Targeted drop-camera surveys at 18 sites
along the pipeline alignment recorded low-diversity
benthic communities of flat bare sand with shell
fragments or clay or silt sand at 10 of the sites.

Rocky outcrops identified at the remaining sites

hosted benthic animals that are common throughout
the region, including soft corals, gorgonians (sea

fans) and sponges (see Appendix 4). Disturbance

of the relatively narrow pipeline corridor through

these benthic communities can be considered of low
consequence in the context of the vast areas of similar
habitat throughout the region.

The gas export pipeline will be laid using a pipelay
barge kept in position using either dynamic positioning
systems or an anchor system, depending on the

depth of water, the seabed conditions and vessel
availability. Anchored construction barges typically
have at least 8 large drag anchors. In total, the width
of the disturbance corridor during the construction

of the gas export pipeline could be up to 1000 m,

that is, 500 m on either side of the alignment. The
anchors of the pipelay barge, if used, would disturb
some areas of seabed, particularly through the lateral
movement of the anchor lines as the barge moves
forward. Limestone pavement or isolated reefs along
the pipeline route would be particularly susceptible

to anchor damage, while in areas of bare sand or

silty seafloor, anchor-chain scars would be naturally
infilled and benthic communities would recover swiftly.
Similar recovery was recorded in Mermaid Sound,
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Western Australia, after pipeline installation and
rock-dumping by Woodside; seabed disturbance was
recorded up to 500 m on either side of the alignment
and evidence of rapid recolonisation and rehabilitation
of the soft-sediment benthic habitats was observed
within one year of the construction project. Hard corals
damaged by anchor-chain drag were expected to
recover within a few years (Woodside 1997).

The primary means of maintaining the stability of

the gas export pipeline on the offshore seabed will

be by concrete weight coating, but trenching and

rock armouring may be applied where extra stability

is needed. This would result in disturbance of more
benthic habitat and would generate turbidity and
sedimentation in the area in the short term. However,
the sparse benthic communities along the greater part
of the route would be expected to recover rapidly and
rock armouring would create new habitat that could be
colonised by benthic species (as described below).

Indirect effects are considered unlikely, given the small
zone of disturbance relative to the extent of similar
habitats adjacent to the pipeline corridor. The area to
be disturbed by the offshore pipeline represents a very
small fraction of the total habitat area and disturbance
is likely to be localised.

Artificial habitat

The presence of Project infrastructure in the offshore
development area provides hard substrate for the
settlement of marine organisms. Colonisation of the
structures over time leads to the development of a
fouling community similar to that found on subsea
shipwrecks. The presence of these structures and the
associated fouling community also offers predator and
prey refuges and visual cues for aggregation (Gallaway
et al. 1981).

Investigation of the fouling communities on platforms
on the North West Shelf has shown that complex
ecosystems develop on the structures within two years
of being set in place. Depending on water depth, these
communities are primarily dominated by sponges,
bryozoans, ascidians (sea squirts), crustaceans
(primarily barnacles) and brittlestars. The rate of
development of the fouling community for deep-water
seabed structures is likely to be somewhat slower
because of the lower temperatures and reduced light
availability at depth. These differences are illustrated
in the fouling abundance on settlement plates set

in different water depths near the Titanichthys
exploration well at the Ichthys Field, shown in

figures 7-1 and 7-2 (RPS 2007). The depths in the
figure captions are measured as “below mean sea
level” (BMSL).
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Figure 7-1: Settlement plates from approximately 10 m BMSL at the Ichthys Field after 6 months
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Figure 7-2: Settlement plates from 2 m above the seabed, at approximately 248 m BMSL, at the Ichthys Field

after 6 months

Once present in the field, the CPF, FPSO and
supporting infrastructure will provide near-surface
artificial hard substrate for colonisation by
invertebrates and algae. This will provide a food source
for other organisms and will encourage aggregation
of fish around these facilities. While increased fish
numbers could provide food for seabirds, there are
very few seabird migratory paths crossing the North
West Shelf region where the Ichthys Field is located.
Anecdotal evidence suggests that existing offshore
oil & gas facilities in north-western Australia are rarely
visited by seabirds, with the exception of seagulls in
some cases.

The seabed infrastructure, such as the wellheads,
flowlines and gas export pipeline, will also provide
new hard substrate habitat for benthic communities
and is likely to result in a local increase in species
abundance and biodiversity (Hixon & Beets 1993;
Pollard & Matthews 1985). However, factors such as
water depth, low temperature and ocean currents will
decrease the potential for establishment of algae and
invertebrates on the hard substrates and it is estimated
that growth on the seabed infrastructure at the Ichthys
Field would be only 15 mm thick after 25 years (RPS
2007). This represents a very minor change in the
benthic habitat, particularly in the context of the
Browse Basin region.

It is likely that the gas export pipeline will provide
artificial hard substrate for colonisation by
invertebrates and seaweeds in shallower waters

at the eastern end of the route, and particularly in
sections where rock armouring is applied. This benthic
community will also attract mobile animals such

as fish and squid. The artificial seabed habitat will
support increased biological productivity and diversity
compared with the broad areas of mainly featureless
seabed surrounding the pipeline route. However,

this effect will be highly localised in the context of

the offshore marine environment and the impact of
this change is considered minor in consequence.
During the operational phase of the Project, further
disturbance of the seabed along the pipeline corridor
is not envisaged unless periodic inspections reveal the
need for additional stabilisation for particular sections
of the pipeline.

Some subsea infrastructure (e.g. mooring suction
piles, infield flowlines and subsea flowlines) may
remain in place following decommissioning, and

the associated habitat would be left intact for

the longer term. Where infrastructure is removed

at decommissioning (e.g. anchor chains, risers,
wellheads and subsea manifolds), it is expected that
the epibenthic biota will soon return to its original
abundance and composition.

Page 246 Ichthys Gas Field Development Project | Draft Environmental Impact Statement



Management of marine habitat

The use of a semi-submersible MODU during drilling
activities will restrict the area of direct seabed
disturbance during drilling to the well, the anchor
points and the chains to the touch-down point.

Flowlines will be laid directly on to the seabed without
trenching. The gas export pipeline will be installed with
concrete weight coating, which will reduce the need
for rock dumping or trenching in deep offshore waters
and minimise disturbance of the seabed.

Surface structures such as the CPF and FPSO are
likely to be treated with antifouling paints to limit
growth of fouling communities and to maintain the
operability of the infrastructure. Antifouling paints
will be selected in accordance with regulatory
requirements, which include the prohibition of paints
based on tributyltin (TBT) compounds (see Section
7.2.3 Liquid discharges).

A Provisional Decommissioning Management Plan has
been compiled (attached as Annexe 5 to Chapter 11),
which outlines the processes to be undertaken to
identify appropriate measures for the closure of the
offshore facilities at the end of the Project’s life, as well
as management of the associated environmental risks.
This plan will guide the development of more detailed
plans at later stages of the Project, and includes the
following prescriptions:

e Consideration of decommissioning feasibility will
be incorporated into the initial design of each
facility.

e The CPF and FPSO will be removed from the infield
location at the end of the useful life of the field.

e The gas export pipeline will be flushed of all
hydrocarbons, filled with sea water and left in place
after decommissioning.

e Options for decommissioning the other subsea
facilities (e.g. mooring suction piles and infield
flowlines) will be investigated in advance of
decommissioning, with consideration of the
associated environmental impacts.

e Offshore decommissioning will also be subject
to assessment under relevant legislation and
international conventions and treaties, including
the following:

— the Offshore Petroleum and Greenhouse Gas
Storage Act 2006 (Cwlth), the EPBC Act and
the Environment Protection (Sea Dumping) Act
1981 (Cwlth)

— the United Nations Convention on the Law of
the Sea (UNCLOS)

— the International Convention for the Prevention
of Pollution from Ships, 1973, as modified by
the Protocol of 1978 relating thereto (MARPOL
73/78) (IMO 1978).

Residual risk

A summary of the potential impacts, proposed
management controls, mitigating factors and residual
risk for offshore marine habitats is presented in
Table 7-2. Impacts to offshore marine habitat are
considered to present a “low” to “medium” risk and

it is likely that any effects on the environment will be
localised and small in scale.
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Table 7-2: Summary of impact assessment and residual risk for alteration of habitat (offshore)

Activity

Potential impacts

Management controls and mitigating

Residual risk*

and subsea
facilities in the
offshore marine
environment.

marine fouling
communities.

Benthic
community
composition is
altered.
Biological
productivity
and diversity is
increased.

surface or subsurface structures
will be selected in accordance with
regulatory-authority requirements.

The CPF and FPSO will be
removed from the infield location at
decommissioning.

Provisional Decommissioning
Management Plan.

factors
Seabed Installation, Removal or Seabed habitat at the Ichthys Field F (B3) Low
disturbance operation and disturbance consists of unconsolidated sands
decommissioning | of seabed with low biodiversity and is similar to
of offshore sediments. wide surrounding areas.
infrastructure. The disturbance area is a very small
portion of the total field area.
Flowlines will be laid directly on the
seabed, not trenched.
Provisional Decommissioning
Management Plan.
Seabed Gas export Disturbance of a The gas export pipeline to be E (B3) Medium
disturbance pipeline variety of seabed | installed with concrete weight
construction and types along the coating, to minimise the need for
operation. pipeline route. trenching or rock armouring.
The gas export pipeline route avoids
sensitive benthic habitats.
The seabed habitat at the Ichthys
Field consists of unconsolidated
sands with low biodiversity and is
similar to wide surrounding areas.
Artificial Long-term Subsea and The affected area is a very small F (B3) Low
habitat operation of the surface structures | portion of the total field area.
CPF, FPSO and provide new Any antifouling paints used on
other surface habitat for

* See Chapter 6 Risk assessment methodology for an explanation of the residual risk categories, codes, etc.

T C = consequence.
¥ L = likelihood.
§ RR = risk rating.

7.2.2 Drilling discharges

Seabed drilling activities will be carried out during the
construction and operations phases at the offshore
development area. Up to 50 subsea production

wells will be drilled. These activities will generate

drill cuttings that will be discharged to the marine

environment. The potential effects of these discharges

are described below.

Drill cuttings

Drill cuttings are inert pieces of rock, gravel and sand
removed from the subsea well during the drilling
process. They are composed of calcarenite, shale
and sandstone. Cuttings are likely to range in size
from very fine to very coarse particles, with a mean

diameter of 10 mm.

Page 248

Studies carried out in the Gulf of Mexico found that
sediments less than 500 m from drilling locations
were enhanced with coarse-grained materials
predominantly derived from drill cuttings (Boehm et
al. 2001). This change may be temporary as sediment
redistributes and disperses over time. Where this
occurs, the type and abundance of the animal species
in the sediment will also change over time as those
unsuited to the new characteristics are replaced

by those that are suited. Field studies suggest that
infauna community composition may be altered
within approximately 100 m of a production platform
following drilling activity (Hart, Shaul & Vittor 1989).

Smothering of an area of the seabed by drill cuttings
can cause anoxic conditions to develop in the
sediments over time. Encapsulated organic material
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that is present in the surface sediments at the time of
smothering, or that is introduced with the cuttings (e.g.
in drilling muds) (described below), will be biodegraded
initially by organisms using the oxygen associated with
the original surface sediments and deposited cuttings.
Once this store of oxygen is depleted, the sediments
are anoxic and biodegradation will occur more slowly
by micro-organisms using electron acceptors other
than oxygen (Brock & Madigan 1991). In circumstances
where the drill cuttings have associated oil, either

as a coating from synthetic-based muds (SBMs)
(described below) or from oily sands removed from the
reservoir, field studies have shown that this oil persists
for long periods of time before it is fully biodegraded
(Schaanning 1996). The observed persistence is
considered to be primarily attributable to the reduced
rates of biodegradation that occur in anoxic conditions
of cuttings piles below the first few centimetres (Neff,
McKelvie & Ayers 2000).

Dispersion of cuttings across the seafloor will be
influenced by the prevailing currents and vertical
settling forces, and a small proportion of cuttings
(particularly fine material) could travel several
kilometres from the drilling point.

At the Ichthys Field, the “Scientific and Environmental
ROV Partnership using Existing iNdustrial Technology”
(SERPENT) project recorded the changes in benthic
habitat caused by drill spoil cover, using remotely
operated vehicle (ROV) transects around an exploration
drilling centre (SERPENT 2008). These surveys
recorded “high” drill-spoil coverage within 20-35 m

of the drilling point, causing complete coverage of the
benthos with no evidence of bioturbation by benthic
infauna. “Moderate” drill spoil cover extended out to
50-70 m from the drilling centre, with benthic infauna
having re-established burrows in the drill spoil material.
“Low” drill spoil coverage, where burrows made by
benthic infauna were maintained under a light dusting
of material, extended to the 80-m radius, which was the
limit of the ROV survey area.

The drill spoil area recorded in ROV surveys was
elongated along the north-west — south-east axis
because of tidal currents. Overall, the extent of
moderate-to-high coverage by drill cuttings at
the single drilling centre was estimated at 0.7 ha
(SERPENT 2008). Extrapolated across the entire
50-well drilling program, this would represent a
total disturbance area at the Ichthys Field of

35 ha—equivalent to 0.0004% of the field area.

Any smothering effects on the sparse benthic
communities in the offshore development area would
be highly localised. As the seabed sediments in the
Ichthys Field are uniform and widespread throughout
the North West Shelf and Oceanic Shoals bioregions,
the consequences of changes to these communities in
the vicinity of the drilling locations can be considered
to be low.

Discharged drill cuttings will create a temporary turbid
plume. However, the seabed in the Ichthys Field is
below the photic zone and benthic communities will be
largely unaffected by increased turbidity. The nearest
sensitive benthic communities are located at Browse
Island and Echuca Shoal, respectively 33 km and

60 km from drilling locations—sufficiently distant to be
outside the range of turbid plumes.

Drilling muds

Water-based muds (WBMs) can be used for the
top-hole sections of the subsea wells, while SBMs

are required for the lower-hole sections. Rock types
change between the upper and lower portions of drill
holes—SBMs are better suited to drilling in lower rock
formations, which can swell when WBMs are used.
portion of the top-hole sections will be drilled without
a riser, with WBM being released at the seabed.
Depending upon the final well design, a riserless mud
return system may be used for recovery of WBM
deeper in the top-hole section; alternatively returns
may be achieved using a conventional riser.

It is anticipated that as much as 30% of the WBM from
some top-hole sections could be lost over the shakers
during high rates of penetration drilling. A conventional
riser will be used to achieve a closed mud system
when drilling the deeper lower-hole sections with SBM.
Both WBM and SBM will be recovered and reused in
subsequent wells as far as is practicable. However, as
drill cuttings will be discharged overboard, some of the
drilling muds attached to the drill cuttings will also be
discharged to the marine environment.

The main concerns associated with the discharge of

drilling muds to the marine environment are as follows:

e The muds may be toxic to marine biota.

e The muds and cuttings may cause increased
turbidity.

e The muds and cuttings may alter sediment
characteristics.

Water-based muds

The WBMs contain water as the base fluid along with
a variety of special-purpose additives. A number of
reviews have been carried out to identify common
drilling-mud additives, application concentrations and
toxicities. Table 7-3 contains the results of one such
review presented by Swan, Neff and Young (1994).

As shown, the wide range of drilling-fluid additives
were all contained at extremely low concentrations
relative to ecotoxicity levels for the mysid shrimp
Americamysis bahia (formerly known as Mysidopsis
bahia), the standard organism used in such toxicity
tests. Therefore WBMs can be considered to be inert
in terms of their toxicity and do not pose a risk to the
marine environment at the offshore development area.
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Table 7-3: Common drilling fluid additives, application concentrations and reported toxicities for the mysid shrimp

Americamysis bahia

Concentration range of
application

96-hour LC, T range

(ppm?)

Weighting agents

((s]elely)

Barite 0-631 >1 000 000
Haematite 0-500 >1 000 000
Calcium carbonate 10-81 >1 000 000
Viscosifiers

Bentonite 12.5-30 >1 000 000
Extended bentonite 0-15 >1 000 000
Attapulgite 0-30 >1 000 000
Bacterially produced polymers 2 757 000
Polymers 1-2.5 78 000 - >1 000 000
Bentonite extender and flocculant 0.1-1.0 >1 000 000
Selective flocculant 0.1 >1 000 000
Thinners/deflocculants

Sodium tetraphosphate 0-0.25 >1 000 000
Sodium acid pyrophosphate 0-0.5 >1 000 000
Quebracho compound 5 952 000
Sulfomethylated tannin 2-4 339 000 - >1 000 000
Synthetic polymers 1-4 74 000 - >1 000 000
Chrome lignosulfonate 3-23 500 000 - >1 000 000
Chrome-free lignosulfonate 4-20 310 000 - >1 000 000
Modified chrome lignite 25 201 000
Modified melanin 10 356 000
Modified calcium lignosulfonate 4 >1 000 000
Filtration control agents

Preserved starch 0-6 472 000 - >1 000 000
Sodium carboxymethy! cellulose 0-2 >1 000 000
Polyanionic cellulose 0.5-8.0 >600 000 - >1 000 000
Sodium polyacrylate 1.5-38.0 1000000
Organic polymers 3-10 305 000 - >1 000 000
Processed lignite 3 >1 000 000
Causticised lignite 3-10 >1 000 000
Potassium lignite 6 >1 000 000
Pre-gelatinised starch 6-8 >1 000 000
Lubricants

Specially prepared blend of organics 2-6 52 000 - >1 000 000
Blend of organic esters 2.0-17.5 104 000-494 000
Fatty-acid formulations 2.0-6.6 35 000 ->1 000 000
Graphite 0-6 865 000
Water-insoluble thermoplastic beads 10 >1 000 000
Shale control

Water-dispersable asphalts 6-8 >1 000 000
Sulfonated asphaltic residuum 4-7 50 000 - >1 000 000
Aluminium compounds 5 >1 000 000
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Table 7-3: Common drilling fluid additives, application concentrations and reported toxicities for the mysid shrimp

Americamysis bahia (continued)

Concentration range of
application

96-hour LC, T range

(ppb®) (ppm?)
Polymers 0.15-25.0 78 000 - >1 000 000
Detergents and emulsifiers
Detergent modified fatty acids 4-8 238 000-302 000
Non-ionic surfactant 0.3 162 000 - >1 000 000
Defoamers and deflocculants
Alcohol-based liquid defoamers 0.2-1.5 39 000 ->1 000 000
Surface-active dispersable liquid defoamers 0.15-0.7 82 000 - >1 000 000
Liquid surface-active agent tributylphosphate 0.15-3.0 51 000
Aluminium stearate 0.3 >1 000 000
Corrosion inhibitors
Aluminium bisulfite solution 0.48 750 000
Filming amine oil 2 780 000
Modified organic inhibitor 0.5 130 000
Zinc compounds 6-7 31 000-78 000
Polyacrylate scale inhibitor 2 773 000
Bactericide
Biocide 0.5 450 000

Source:  Swan, Neff and Young 1994.
* ppb = parts per billion.

T The notation LC, stands for “lethal concentration 50%”. It is the concentration of a chemical in air or water that will kill 50% of a group of
a specific test animal species exposed to it in a given time, for example 24 hours, 96 hours, etc. The LC, is a measure of the short-term

poisoning potential of a substance.

* ppm = parts per million.

Release of WBMs from the MODU will result in a
discharge plume. Field observations have found that
the plume from drilling mud discharge is visible in

the upper parts of the water column for up to 1 km
from the discharge point during and for a short

time (c.24 hours) after discharge. In 1985 the US
Environmental Protection Agency (US EPA) compiled
data from numerous studies on the growth and dilution
of drilling-mud discharge plumes. The concentrations
of drilling mud in the surface waters at set distances
from the point of discharge were measured at several
sites. The results indicated that the mud had been
diluted by approximately one million times by the time
it reached a distance of 1 km from the discharge point
(US EPA 1985).

Turbidity is likely to increase in the Project’s offshore
development area as a result of drilling-mud discharge
plumes. However, this will be a short-term effect and
any reductions in productivity (e.g. plankton growth) in
the water column will be very localised in the context
of the surrounding marine environment.

Synthetic-based muds

SBMs are composed of a base oil (such as an

olefin, synthetic paraffin or ester) together with
calcium chloride brine and treatment chemicals.

The SBMs used in the offshore development area
will be recovered in order to minimise release to

the marine environment. However, small quantities
will adhere to drill cuttings disposed of to sea. A
number of researchers have assessed the toxicity

of hydrocarbons from organic-phase drilling fluids

in the water column. The acute toxicities of several
base chemicals and their derivatives were presented
in a literature review commissioned by the Minerals
Management Service of the US Department of the
Interior, which indicated that these compounds are
generally toxic at high concentrations only, as shown
in Table 7-4 (Neff, McKelvie & Ayers 2000).
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Table 7-4: Acute toxicity to the mysid shrimp Americamysis bahia of several organic-phase base chemicals and
their derivatives

96-hour LC_*

Base chemical type Chemical

(mg/L)
Poly-a-olefins Polypropene (MW 170)" 10 800
Polypropene (MW 198) 30 000
Decene dimer (MW 290) 574 330
Polypropene (MW 310) 914 650
Polybutene (MW 320) >1 000 000
Polypropene (MW 400) >1 000 000
Internal olefins C,-C,l0* <30 000
C,C,lO 119 658
C,C,lO 321 000
Ether Dibutyl ether >10 000
Dihexyl ether 61 659
Dioctyl ether 156 880
Esters Methyl laurate <10 000
Isopropyl palmitate 271 701
Isopropyl oleate 52 319
C,,~C,, alcohols <10 000
C,, alcohol 30 158

Source:  Neff, McKelvie and Ayers 2000.

* The notation LC,; stands for “lethal concentration 50%”. It is the concentration of a chemical in air or water that will kill 50% of a group of
a specific test animal species exposed to it in a given time, for example 24 hours, 96 hours, etc. The LC, is a measure of the short-term
poisoning potential of a substance.

T MW = molecular weight.
* 10 = internal olefin.

Both olefin and paraffin SBMs biodegrade in aerobic
conditions (i.e. in the presence of oxygen), and in
anaerobic conditions (i.e. in the absence of oxygen)
olefin-based SBMs biodegrade much more extensively
(>50%) than paraffin SBMs. Drilling locations in

the Gulf of Mexico where olefin SBMs were used
showed no significant effects on sediment quality and
biological communities, and impacts were limited to
the vicinity of the discharge (<250 m). Where impacts
were observed, progress toward physical, chemical,
and biological recovery appeared to occur within

a year. The medium-term effects of paraffin SBMs
were less conclusive—paraffin removal and rapid
recovery were often attributed to sediment dispersion
mechanisms and paraffin distributions tended to be
very uneven (ACC 2006).

SBMs are relatively non-toxic and readily
biodegradable, and are considered to be an
environmentally effective solution compared with
traditional mud systems based on diesel and mineral
oil. Using the toxicity ratings outlined by Cobby and
Craddock (1999), most formulations range from
“almost non-toxic” to “non-toxic”.
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Field studies of the environmental effects of ester-
based drilling muds discharged on drill cuttings
have shown that esters rapidly disappear from the
sediments (Daan et al. 1996; Terrens, Gwyther &
Keough 1998). In both studies, the authors have
attributed this to rapid biodegradation and sediment
relocation. Significant benthic fauna recovery has
been recorded within 12 months of cessation of an
ester-based mud drilling program in the North Sea

(Daan et al. 1996). The effective dispersion of drill cuttings by the strong

current regime in the Ichthys Field will enable aerobic
breakdown of any SBMs adhering to the cuttings.
Therefore the discharge of low levels of these muds is

Studies by the American Chemistry Council (ACC)
indicate that both olefin and paraffin SBMs are non-

toxic to water-dwelling organisms, and that olefin
products have significantly less toxicity (4-20 times)
than paraffin to sediment-dwelling organisms.
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not expected to pose a risk of toxicity or contribute to
anoxic conditions in marine sediments in the offshore
development area.
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Management of drilling discharges
A Provisional Liquid Discharges, Surface Water Runoff
and Drainage Management Plan has been compiled
for the Project (attached as Annexe 10 to Chapter 11).
This will guide the development of more detailed
plans during the construction and operations phases.
The plan includes management controls for drilling
discharges as follows:
e Procedural controls for preventing the
accidental release of SBMs will be developed
as part of a separate assessment under the
OPGGS(Environment) Regulations.
e  WBMs will be used instead of SBMs in the
upper-hole sections of production wells.
e SBMs will be recovered after use and returned
onshore for reuse or disposal.
e The concentration of SBMs on drill cuttings
discharged to sea will be restricted to 10% by
dry weight or less in accordance with Western

Australian Government guidelines (DolR 2006).
An internal target of 5% or less of SBM on drill
cuttings released to sea will be set.

e Use of cuttings driers or other options will be
investigated to reduce SBMs on drill cuttings.

In addition, an environmental management plan will be
developed for offshore drilling as required under the

OPGGS(Environment) Regulations.

Residual risk

A summary of the potential impacts, management
controls and residual risk for drilling discharges

is presented in Table 7-5. After implementation of
these controls, impacts from drilling discharges
are considered to present risk levels of “low” to

“medium” and it is likely that any effects on the marine

environment will be localised and short-term.

Table 7-5: Summary of impact assessment and residual risk for drilling discharges (offshore)

Activity Potential impacts

Drill cuttings Construction of Water quality

offshore subsea decreased

wells. through increase
in turbidity.
Temporary

disturbance to
marine biota.

Management controls and mitigating
factors

The strong ocean currents and deep | F (E1) | 6 Low
water in the offshore development
area will lead to rapid dispersion of
turbid plumes.

Drilling Environmental Management
Plan as required under the
OPGGS(Environment) Regulations.

Alteration
of sediment
characteristics.

The strong ocean currents and deep | E(B3) | 6 Medium

water in the offshore development
area will spread cuttings piles in thin
layers across the seabed.

The benthic communities present
are widespread and extensive in
comparison with the disturbance
area.

Drilling Environmental Management

Plan as required under the
OPGGS(Environment) Regulations.

Drilling mud Discharge of Toxicity to marine
discharge WBMs to sea. biota.
Increased
turbidity.

The strong ocean currents and deep | F (E1) | 6 Low
water in the offshore development
area will lead to rapid dispersion of
cuttings and turbid plumes.

Drilling Environmental Management

Plan as required under the
OPGGS(Environment) Regulations.

Ichthys Gas Field Development Project | Draft Environmental Impact Statement
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Table 7-5: Summary of impact assessment and residual risk for drilling discharges (offshore) (continued)

Activity Potential impacts

Drilling-mud
discharge

Discharge of Toxicity to marine
SBMs adhering to | biota.

drill cuttings. Alteration

of sediment
characteristics,
including
depletion of
oxygen in surface
sediments.

Increased
turbidity.

Management controls and mitigating Residual risk*

factors ct L# RRS

The strong ocean currents and deep | E (B3) | 6 Medium
water in the offshore development
area will lead to rapid dispersion of

cuttings and turbid plumes.

Use WBMs in upper-hole sections
instead of SBMs.

Recover SBMs after drilling and
reuse or dispose of onshore.

The percentage by dry weight of
SBMs released on drill cuttings will
be restricted to 10%, with an internal
target of 5% or less.

Provisional Liquid Discharges,
Surface Water Runoff and Drainage
Management Plan.

Drilling Environmental Management
Plan as required under the
OPGGS(Environment) Regulations.

* See Chapter 6 Risk assessment methodology for an explanation of the residual risk categories, codes, etc.

T C = consequence.
¥ L = likelihood.
§ RR =risk rating.

7.2.3 Liquid discharges

A variety of routine liquid wastes will be generated

at the offshore development area during all stages

of the Project as described in Chapter 5 Emissions,
discharges and wastes. This section discusses the
potential environmental impacts of these discharges in
the context of the offshore marine environment.

Subsea control fluid

During operations, a water-based subsea control fluid
will be used to control subsea tree valves remotely
from the CPF. This will be likely to operate on an
open-loop system, with small amounts of control

fluid discharged from the wellhead valves on the
seabed when they are operated. Typically, volumes of
approximately 20 L of control fluid will be discharged
from main valves at the base of risers and manifolds,
on around two occasions per year. Smaller valves on
subsea “Christmas” trees (at the wellheads) will be
operated around five times per year, releasing around
4 L of control fluid each time.

Open-loop subsea control systems are an industry
standard. The main properties required of a control
fluid are low viscosity, low compressibility, corrosion
protection, resistance to microbiological attack,
compatibility with sea water, and biodegradability.

The majority of subsea control fluids are based on
fresh water with additives such as monoethylene glycol
(MEG) (typically about 40%), lubricants, corrosion
inhibitors, biocides and surfactants.
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Subsea control fluids have been tested under the

OSPAR Commission’s Harmonised Offshore Chemical

Notification Format (HOCNF). The testing includes
an assessment of the potential of each component
of a product to bioaccumulate and biodegrade in

the environment, as well as the performance of three
out of four possible toxicity tests that are chosen in
accordance with the expected fate of the materials.
Based on the results of these tests, the UK HOCNF
classification for various water-based subsea control
fluids is “Group E”, representing the group of least

environmental concern. Under this classification, up to
1000 t (@approximately 1 000 000 L) of a substance may

be released per annum from a single facility without
prior notification to government bodies.

Given the low volumes discharged during each
event, the potential impacts of this discharge are
expected to be very localised, with a low impact on

the marine environment. The release of subsea control
fluids associated with the Project will not cause any
significant impacts to listed species, migratory species
or the surrounding marine environment.

Management for subsea control fluid

A Provisional Liquid Discharges, Surface Water Runoff
and Drainage Management Plan has been compiled
for the Project (attached as Annexe 10 to Chapter 11),
which will guide the development of more detailed
plans during the construction and operations phases.
This plan includes the following management controls
for subsea control fluids:
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Table 7-6: Summary of impact assessment and residual risk for subsea control fluids

Activity Potential impacts
Release Control of subsea | Toxicity to marine
of subsea tree valves. biota.

control fluids

Residual risk*

Management controls and mitigating

factors ct Lt RRS

Design of equipment to reduce F(E1 |6 Low
volume of fluid released.

Selection of water-soluble,
low-toxicity control fluid.
Provisional Liquid Discharges,
Surface Water Runoff and Drainage
Management Plan.

T C = consequence.
¥ L = likelihood.
§ RR =risk rating.

e  Wellhead valves will be designed to minimise the
volumes of subsea control fluids released.

e  Water-soluble, low-toxicity hydraulic fluids will
be selected to control open-loop subsea control
valves.

Residual risk

A summary of the potential impacts, management
controls and residual risk for subsea control fluids

is presented in Table 7-6. After implementation of
these controls, impacts from subsea control fluids are
considered to present a “low” risk and any effects on
the marine environment will be on a minor scale and
highly localised.

Hydrotest water

Pressure-testing will be undertaken to determine

the integrity of all facilities, including the FPSO and
CPF, the gas export pipeline and the flowlines prior

to commissioning. Pressure-testing is achieved by
filling the lines with water, pressurising the water and
monitoring for any change in pressure over time. This
process is normally referred to as “hydrotesting”. This
is an important measure for avoiding or minimising the
risk of accidental hydrocarbon leaks and is mandatory
under Australian design codes.

In addition to water (either fresh water or sea water,
but predominantly sea water), the hydrotest fluid
normally contains a dye to aid in the detection of leaks,
a biocide, an oxygen scavenger to prevent oxygen
pitting of the steel, scale inhibitor and corrosion
inhibitor. Fluorescein dye and a combined biocide and
oxygen scavenger chemical containing acetic acid

(5 to 10%), ammonium bisulfate (oxygen scavenger,
10 to 20%) and polyhexamethylene biguanide
hydrochloride (PMBH, corrosion inhibitor and biocide,
10 to 20%) in fresh, brackish or sea water is a
commonly used formulation for hydrotest water. It is
also possible that MEG will be introduced during the

See Chapter 6 Risk assessment methodology for an explanation of the residual risk categories, codes, etc.

dewatering and drying stage at the end of pipeline
precommissioning to effectively remove water from the
pipeline; the ecotoxicity of MEG is discussed below
under Produced water.

The biocide PMBH is widely used in a variety of
industries and by the general public as an alternative to
chlorine for sterilising swimming pools. If fully diluted

in the line, the maximum concentration of PMBH would
be approximately 1000 mg/L. The reported toxicity of
PMBH ranges from 0.65 to 0.9 mg/L (96-hour LC,, for
bluegill sunfish) to 44 mg/L (96-hour LC,, for brown
shrimp). Therefore, if discharged at sea the hydrotest
fluid would need to be diluted more than 1000 times
within a 96-hour period to avoid the potential for acute
toxicity impacts. Given the deep waters and strong
currents in the Project’s offshore development area,
dispersion of hydrotest water from the pipeline is
expected to be rapid.

Hydrotesting for the topsides in the CPF and FPSO
will be carried out at the shipyards where they are
assembled. Some infield hydrotesting may be required
for connection points and for the transfer line between
these facilities, and this water would be discharged
overboard at the sea surface. Hydrotest water from
subsea flowlines and wells will be recovered through
the production process and discharged at the sea
surface from the CPF.

During precommissioning, the gas export pipeline will
be flooded with approximately 1 GL of filtered and
chemically treated sea water sourced from Darwin
Harbour. The pipeline will then be hydrotested twice,
using approximately 10 ML of treated water each time.
At the end of each hydrotest operation, this treated
water will be discharged from the offshore facilities

to return the pipeline to ambient pressure. In the
highly unlikely event of mechanical failure or a cyclone
passing during the hydrotest operation, this water
may need to be discharged from the onshore facility
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into Darwin Harbour. This scenario is discussed in the
nearshore liquid discharges section (Section 7.3.4).

On completion of the hydrotesting, the pipeline will be
dewatered and then dried and purged using nitrogen.
During dewatering, the 1 GL of treated water in the
pipeline will be discharged at the offshore facility.

It is expected that upon discharge of the hydrotest
water, a plume of water similar in density to sea water
will disperse through the water column. Given the
strong current regime in the area and the considerable
water depths, the hydrotest fluid is likely to disperse
rapidly, minimising the potential for longer-term
exposure effects. Any toxicity effects from the
discharged pollutants would only impact on marine
biota that happened to travel in the discharge plume
for an extended period.

Management of hydrotest water

It is important to note that hydrotesting of flowlines

is an important measure for avoiding and minimising
risk associated with potential accidental releases of
hydrocarbons and that it is mandatory under Australian
design codes. The process for hydrotesting will be
developed in more detail as the design of the offshore
facilities progresses. Full details of the chemicals to
be used, the concentrations, the quantities of water,
the disposal method and their fate will be included in
a Hydrotest Management Plan, subject to acceptance
by Western Australia’s Department of Mines and
Petroleum acting on behalf of the Commonwealth
Government.

A Provisional Liquid Discharges, Surface Water Runoff
and Drainage Management Plan has been compiled
for the Project (attached as Annexe 10 to Chapter 11).
It will guide the development of more detailed plans
during the construction and commissioning phases.
This plan includes the following management controls
for hydrotest water:

e Chemicals used in hydrotesting will be selected
with consideration for their potential ecotoxicity.

e Modules will be precommissioned off site, if
practicable, to minimise the discharge of hydrotest
water to the marine environment.

e During dewatering of the gas export pipeline,
treated water (approximately 1 GL) will be
discharged at the offshore facility.

e Hydrodynamic modelling of hydrotest water
plumes from the gas export pipeline will be
undertaken prior to the commissioning phase in
order to predict the dispersion of pollutants into
the offshore marine environment.

Residual risk

A summary of the potential impacts, management
controls, mitigating factors and residual risk for
hydrotest water is presented in Table 7-7. Impacts from
hydrotest water are considered to present a “low” risk
as they are likely to be short-term and minor in scale.

Produced water

“Produced water” is water extracted from the gas
reservoirs and separated from the hydrocarbon gases
and liquids through a series of processes. Chemicals
are added to the water from the gas reservoirs through
the extraction and production process for purposes

Table 7-7: Summary of impact assessment and residual risk for hydrotest water (offshore)

Activity Potential impacts
Hydrotest Commissioning Reduction in water
water of offshore gas quality because
discharge production of dissolved
infrastructure. chemical
additives.

Toxicity to marine
biota.

Residual risk*

Management controls and mitigating

factors ct Lt RRS

Strong current regime and deep F(ET |6 Low
water in the offshore marine
environment.

Select hydrotest chemicals with
consideration of their ecotoxicity
potential.

Precommission modules off site, if
practicable.

Hydrotest Management Plan (to be
developed).

Provisional Liquid Discharges,
Surface Water Runoff and Drainage
Management Plan.

* See Chapter 6 Risk assessment methodology for an explanation of the residual risk categories, codes, etc.

T C = consequence.
¥ L = likelihood.
§ RR = risk rating.
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such as controlling emulsion, inhibiting scale and
hydrate formation, reducing corrosion and preventing
the growth of bacteria. These production chemicals
are soluble in produced water to varying extents. Other
dissolved compounds in the produced water originate
from the geological formation, such as organic acids,
water-soluble hydrocarbons and salts, and some finely
dispersed oils.

The characteristics of the produced water generated
at the offshore development area are described in
Chapter 5. For the Ichthys Project, produced water
(including the dissolved fractions of production
chemicals) will be discharged from the FPSO directly
to the marine environment. In accordance with the
requirements of the OPGGS(Environment) Regulations,
the concentration of petroleum hydrocarbon in
produced water discharged to sea will not be greater
than an average of 30 mg/L (30 ppm) over any p