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3.1.2 What is coal seam gas

The Project involves the collection of CSG from a number of approved petroleum authorities within the
gas fields' development area. CSG is trapped by molecular bonding (adsorption) on the internal
surfaces of micro pores (cleats) within the coal. The gas is generated in-situ by microbial activity
and/or thermogenic (heating) processes.

The 'adsorption capacity' of coal is a function of coal type, rank (maturity) and mineral (ash) content.
For a given coal, this capacity increases with pressure and decreases with temperature. Coals are
referred to as 'under saturated' when their measured gas content is less than their adsorption capacity
at reservoir temperature and pressure.

Permeability of coal seams is a measure of the ability of the gas to move through the coal and is
primarily a function of cleat development (Figure 3.9), along with fracture, density and orientation.
Permeability usually reduces with depth of burial because of compaction and calcite cementation, but
can be preserved or enhanced if extensional stress conditions prevail.

Figure 3.9 Example of a coal cleat

Gas production is usually preceded by water production, which is a necessary precursor to lower
reservoir pressure and enable desorption of adsorbed gas. The water present within the coal seams is
generally referred to as 'associated water' in the petroleum industry as it is normally extracted with the
gas stream and is therefore an associated product of the gas collection process. Figure 3.10
represents this gas-water association for a typical CSG well over its production life.

Water

Flow rate

/Gas
Time

Figure 3.10 A typical CSG well production curve
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Differences between coal seam gas and conventional gas

Natural gas in Australia has traditionally been extracted from conventional gas fields. In a conventional
gas field, the gas has been generated over geologic time from organic material trapped in a source
rock which has then migrated into a trapping reservoir which typically has high porosity and
permeability. Compared to CSG, conventional gas reservoirs are generally at greater depth, the gas
flows to surface at higher pressure and there is very little water associated with the gas production.
Conventional gas reservoirs are generally discrete structures compared to the regionally extensive
coal seams and typically fewer wells are required to develop a conventional gas resource.

3.1.3 Innovation and environmental design

For the purposes of the environmental impact statement, equipment which is both current industry
standard and used by Australia Pacific LNG in its existing CSG facilities, has been selected as the
development base case. However, to help minimise the Project's environmental impact, a number of
initiatives have been included or are under further investigation in the design of the gas fields’
development. These initiatives include:

¢ Using alternative drilling rigs with the capability of drilling on reduced lease sizes. Australia
Pacific LNG has recently contracted four drilling and work-over rigs which are built for purpose
to deliver the safest, most efficient and cost effective wells. The rigs have improved safety levels
and environmental impact compared to existing rigs, and they also have dedicated CSG
capability and hybrid rig technology

e Co-locating infrastructure (e.g. GPFs and WTFs) and pipelines and utility infrastructure to
reduce disturbance

¢ Initial injection studies have shown that aquifer injection is technically possible, and has
possible advantages over other water management options. Australia Pacific LNG will
undertake further studies and trials into hydraulic properties and chemical compatibility of the
potential injection aquifers

e Actively reviewing options to reduce the overall noise generated by drilling rigs

e Selecting micro-turbines (or grid supplied electricity) as the primary power source at the
wellheads, as they have significantly lower emissions than gas engine driven units. In particular,
nitrogen oxide (NOy) emissions are lower for micro-turbines

e Ensuring all compressor and power generator drives in the gas processing and water treatment
facilities use 'lean-burn' technology which significantly reduce NO, emissions

e Improving the design of vents releasing CSG from GPFs for emergencies (relief valves) or
equipment depressurisation (for safety or maintenance), so they are directed to flaring

¢ Automated wellhead controls, as discussed in Section 3.6.1, to allow a rapid response to
changes in CSG demand, and therefore reduce flaring and greenhouse gas emissions

e Explore the use of compressor coolers with electric motors to drive fans in the GPFs.

Alternative technologies and methods to reduce potential impacts will continue to be investigated and
considered. Some of these key alternatives are discussed in Section 3.8.
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3.2 Key components of gas fields development

The Project's gas fields will be developed in a similar way to Australia Pacific LNG's existing Spring
Gully, Peat and Talinga gas fields. The process of CSG resource development in the Surat and
Bowen Basins in Queensland has been refined over a decade of operation.

This section describes the key components of developing a CSG field; from initial exploration and
drilling of the wells through to the point where the gas is transported from the gas fields' gathering and
processing pipeline system to the main gas transmission pipeline for delivery to the Project's LNG
facility on Curtis Island and ultimately final decommissioning and rehabilitation at the end of the
Project life.

3.2.1 Overview

CSG development differs significantly from developing conventional natural gas. To produce gas from
a coal seam, normally the water associated with the gas in the reservoir must first be withdrawn using
artificial lift (pump) installed in the well at the depth of the coal seam being targeted. This reduces the
pressure within the coal seam and liberates the adsorbed gas from the coal.

Figure 3.11 shows the extraction of gas and associated water from the coal seams. This includes the
well bore to the depth of the coal seams, a well head with a pump to draw down the water and a
separator to remove the associated water from the gas.

- — .

A . =,

Figure 3.11 Extraction of gas and associated water from coal seams

An individual CSG well generally produces less gas than conventional natural gas wells, irrespective
of the extent of dewatering. More wells must be drilled per unit area to make a project viable,
compared to an equivalent conventional gas development. Wells may be located as close as 500m
apart once an area is fully developed. The Australia Pacific LNG Project's development is based on a
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typical 750m well spacing, while actual well spacing may be greater or lesser depending on reservoir
characteristics and/or location constraints.

Associated water production declines during the life of the well as gas production increases, as shown
in Figure 3.10. Once sufficient water has been removed, or the well has been 'dewatered', the gas will
begin to release from the coal seams. Over time, as the amount of water being pumped declines, the
gas flow increases until it reaches a maximum or 'peak’ flow. It then tapers off to a long period of
almost constant low flow or 'post-peak’ flow.

Water continues to be produced throughout the life of the well, but in reducing quantities. This,
combined with new wells brought online to maintain gas production, necessitates a requirement for
water management infrastructure throughout the life of the Project.

The period between initial dewatering, peak gas production and minimum constant flow from a well,
varies across the different CSG fields, as well as between individual wells in the same gas field. A
single well could 'peak' at any time, from under one year to almost three years.

Petroleum approvals

Prior to petroleum activities being undertaken in a designated gas field, the proponent must have an
approved tenement over the site (generally an authority to prospect for exploration activities or a
petroleum lease for production activities) and an associated environmental authority in accordance
with the Environmental Protection Act 1994.

The Project will incorporate the exploration and development of the following petroleum leases (PL),
petroleum lease applications (PLA) and authority to prospects (ATP) are currently held or have been
lodged by Australia Pacific LNG:

e ATP 606P — Combabula e PLA 225 - Kainama

e ATP 972P — Ramyard o ATP 663P — Gilbert Gully

e ATP 973P — Carinya e PLA 289 — Kainama North

e PL 209 — Woleebee e PLA 272 — Orana North

e PLA 216 — Dalwogan o ATP 692P — Kainama North

e PLA 267 — Condabri North e PLA 265 — Condabri Central

¢ PLA 266 — Condabri South e PL 226 - Talinga (excluding the approved
90TJ/d).

e PL215-0rana

Volume 1 Chapter 2 provides further details on the legislative requirements associated with petroleum
activities and outlines the project approvals required for the Project.

3.2.2 Exploration and appraisal

Exploration is generally carried out within areas covered by an ATP. It begins with seismic or other
geophysical surveys, to determine the geological setting of the area. This is followed by drilling wells
to gain a better understanding of the characteristics of the coal, including coal thickness, gas content
and quality.

Production pilots are then used to determine the production potential of the coal seams. This involves
drilling, completing and putting into operation a group of approximately five wells. The production data
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obtained, along with the geological parameters, are then assessed to identify if the area is suitable for
development and production.

Exploration and appraisal activities are currently being undertaken and will continue within all the
Walloons gas fields permit areas under the existing exploration tenures. Exploration and appraisal
activities undertaken during 2009 included the drilling of 55 exploration and appraisal wells (including
pilot test wells) and completion of two seismic surveys (Quinn Gully 2D and Pathfinder 2D seismic
surveys) and are continuing outside the scope of approvals being sought for the Project.

Future exploration activities will include:

e Seismic surveys, which involve vehicles operating on the surface to image subsurface
geological structures

¢ Single well core holes, from which cores are taken to determine coal thickness, gas content and
coal quality

¢ Delineation wells, which are specific locations drilled to determine reservoir quality and
thickness

¢ Production pilots, which usually include a small number of wells, gathering lines, a central pond
and a flare. The number of production pilots per exploration tenure will depend on the
characteristics and uncertainties of the reservoir.

Single well core holes, delineation wells and seismic surveys will be required in various locations
across the Project's acreage. This will depend on whether additional geological and geophysical data
is required. Exploration activities will continue during the life of the gas fields.

3.2.3 Field planning

The field development is planned from the information obtained during the exploration and pilot
studies. The actual location of wells, gas and water gathering system and access tracks is designed
using constraints mapping giving consideration to topography, vegetation, cultural heritage and impact
on landowners. Where possible, previously disturbed areas are utilised for petroleum infrastructure,
whilst gathering network and access tracks are co-located. To minimise potential disturbance, access
tracks will utilise existing roads and farm tracks, rather than develop new access infrastructure, where
practicable. New sealed major roads will be designed to follow natural terrain contours to minimise
earthworks, and achieve better visual integration outcomes.

Selected locations are refined during front end engineering design (FEED) studies, and site
inspections in consultation with landholders and other associated stakeholders.

3.2.4 Drilling
The drill rig used for drilling CSG wells is typically comprised of:
¢ Diesel motor/s that drives the rig’s operation

o A derrick, which is essentially a vertical tower used to manage the long pieces of drill pipe for
the drilling process

e A mud pump which pumps drilling mud through the drill pipe and brings the cuttings to the
surface then circulates the mud into tanks or ground sumps, where the drill cuttings settle out
and the mud is reused

¢ An iron roughneck, which tightens the pieces of drill stem together as the hole is drilled deeper

Australia Pacific LNG Project EIS Page 14 March 2010
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e A generator to maintain power to equipment

¢ Associated ancillary buildings.

Figure 3.12 provides an example of the type of drill rig Australia Pacific LNG will use during the drilling
program for the Project.

Figure 3.12 A typical drilling rig used by Australia Pacific LNG

Drilling of wells is undertaken in a number of stages including:
o Well site selection and drilling program planning
e Well pad preparation, including access routes
e Drilling of the well
o Well completion
e Well stimulation.

These stages are described in more detail below.

Well site selection and drilling program planning

The well site is initially selected to optimise the development of the gas fields. The actual location is
refined by desktop constraints analysis followed by onsite field scouting. Following field verification of
site constraints, the final well site location is selected and pegged. In environmentally sensitive
locations, the option for drilling multiple wells from a single pad or other innovative technology may be
considered if technically feasible.

Well pad preparation

Before the drilling rig is mobilised, the drilling site or 'well lease' and access tracks are prepared to
accommodate the physical characteristics and operational requirements of the drill site. This includes
three main steps.

Australia Pacific LNG Project EIS Page 15 March 2010
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Firstly, vegetation is cleared within the lease site and for access tracks. Where larger vegetation is
felled, a self-propelled mulcher may be used and the mulch stored at the edge of the lease for later
rehabilitation use. Hollow timber, larger rocks and other features will be stored for later microhabitat
rehabilitation.

Next, topsoil is removed using earthmoving equipment. This is stockpiled to one side of the lease site
for later rehabilitation. Finally, earthmoving equipment is used to cut and fill the lease site where
necessary to accommodate the operational area required for the drilling operations as shown in Figure
3.13.

The latest generation of drilling rigs planned to be used for the Project will significantly reduce the
amount of lease preparation in already cleared areas and reduce the lease size required in vegetated
areas (as discussed in Section 3.1.3).
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Figure 3.13 Layout of a typical drilling lease

Drilling of the well

When the site is prepared, a drilling rig moves in to drill and installs a large diameter conductor pipe.
The drilling rig first drills the surface section of the hole which takes around one day. A casing is then
cemented in place by pumping cement into the wellbore and circulating back through the casing/well
ring. This cement isolates any shallow surface aquifers and prevents cross contamination.

The second stage is to drill the production section of the hole, which is cased with perforated casing
across the coal seams to allow CSG and associated water to flow into the well. Above the coal seams
the casing is cemented back to surface to prevent any contamination of aquifer sands. It will usually
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take around two to three days to drill the wells to a depth of 600m to 1,000m. The drilling rig is then
packed up and moved to the next well. Figure 3.14 provides a schematic of Australia Pacific LNG's
CSG production well construction.

|..|_ GAS FIELD —--1

ETOCK BORE MONITORING WELLS

Sieed Casing

Sileed Casing
Cament Baal

Sienl Casing
ament Sonl

THIS FIGURE |5 FOR CONGCEPTUAL UNDERS TANDIMG QHLY AND 15 HOT TO SCALE

Figure 3.14 Schematic of a typical gas well in relation to the Walloons Coal Measures

Completions

Following the drilling program, a completions rig is mobilised to site, assembled and the rig then drills
through the cement barriers left by the drilling and installs the equipment required to operate the gas
well.

During the life of a well, a similar rig may need to be mobilised to the well lease to work-over the well
to replace the down-hole pump or remediate a down-hole problem.

Figure 3.15 shows a typical completions rig constructing a CSG well.
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Figure 3.15 Typical completions rig constructing a coal seam gas well

Stimulation

Some wells will require stimulation to enable successful gas production as part of the completion of
the well. This will primarily be by hydraulic fracture stimulation or 'fraccing', and occasionally by
cavitation.

Fraccing involves pumping treated fluid (usually water) containing sand grains into coal cleats at a
high rate and pressure to form and extend a fracture in the coal reservoir. This creates a high
conductivity pathway to the well bore and increases the production capability of the well. Fraccing
requires high pressure pumping equipment at surface which is usually on site for two days to perform
3-4 fracs per well. Most of this time is spent rigging up and down the equipment with approximately
one hour spent pumping each coal seam.

Only the coals are fracced and therefore shallow aquifers are not exposed to the frac fluids. The frac
fluids are also inert and do not pose any significant environmental hazard.

Cavitation is an alternative technology for well completion that may be utilised for some wells in the
study area when other well completion methodologies are not suitable. Cavitation uses air pumped at
high pressure to penetrate the coal cleats and occurs underground within the formation. The pressure
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is held on the well bore for a given amount of time. It is then released suddenly, causing the coal to fail
and slump into the well bore. The failed coal is flowed to the surface, leaving a cavity in the coal
reservoir sections and a zone of increased permeability around the cavity within the coal formation.
The cavitation process requires a work-over rig on site and typically takes 10 to 14 days per well.

In a well designated for cavitation, the production casing is set above the coal seam which ensures
that only the coal seams are subjected to the cavitation process. The cavity created is relatively small
and has no impact on the surface topography.

Typical chemicals used in drilling, completions and stimulation
operations

Drilling of a well will utilise approximately 200m? of drilling mud comprised mainly of water and inert
bentonite. Water from the drilling mud will be separated from the drill cuttings and disposed to the
brine ponds. The rill cuttings brought to the surface will be rehabilitated in-situ.

Well completion, involving fracturing of the coal seam, will utilise about 1,600m? of fluid, predominately
water, containing inert proppant solids (typically glass beads, sand and/or silica in composition). This
fluid remains in-situ to assist in maintaining the flow of CSG. The well completion fluids used for
fracturing the coal seam will be pumped from the well during development, returned to the surface,
and treated through the water treatment plant.

Minor quantities of additional chemical additives are blended into the drilling and completion fluids to
assist the drilling process. Most of the chemicals, including biocides and corrosion inhibitors, utilised in
well drilling and completions are not dangerous goods, as defined by the Dangerous Goods Safety
Management Act 2001. Biocides are used to limit the growth and spread of bacteria that may cause
fouling. Corrosion inhibitors limit potential for corrosion and failure of well completions, thus
maintaining the integrity of the wells.

The drilling process also utilises limited quantities of chemicals that are classed as dangerous goods
including corrosive liquids (Class 8) such as acetic acid and caustic soda solution, as well as some
flammable surfactants (Class 3) used during the completion of the wells.

In support of drilling operations, fuels such as diesel (combustible liquid) are used to fuel power
generation supplies and other drilling related required equipment.

All chemicals will be stored and handled in accordance with the relevant legislative requirements and
Australian Standards including the provisions of:

e AS 3780:2008 — The storage and handling of corrosive substances
e AS 1940:2004 — The storage and handling of flammable and combustible liquids.

All chemicals used during the drilling operation are considered to have minimal impact on the
environment based on the following mitigation measures being implemented:

o Adherence to relevant legislative and Australian Standard storage and handling requirements
e Use of inert and/or non dangerous goods for the majority of the drilling operations
e Limited used of chemicals and fuels classed as dangerous goods for fraccing operations

e Treatment of drilling and fraccing fluids removed from the well through the Project's water
treatment facilities (WTFs).

In addition, Australia Pacific LNG will continue to investigate additives that are safer to handle, which
may have lower toxicity constituents yet still meet operational standards.

Australia Pacific LNG Project EIS Page 19 March 2010



Volume 2: Gas Fields
Chapter 3: Project Description

Well production

Wellhead and separation equipment is installed to separate the well flow into two streams — gas and
associated water. The lease sites are rehabilitated to a small production lease. The access track will
also be modified to an appropriate standard to support long term operations. Wells are typically
operational for up to 30 years or longer.

The typical surface facilities associated with a CSG well are:
¢ A wellhead through which the gas and associated water is brought to the surface
e A pump that lifts the associated water to the surface
e A micro-turbine or other power supply to drive the pump
¢ A wellhead separator with associated control devices (Figure 3.16).

All of these facilities will be appropriately fenced. As discussed in Section 3.1.3, Australia Pacific LNG
proposes to primarily use gas fired micro-turbines for power generation. These are totally enclosed
highly reliable systems that run on CSG. However, in flood prone areas, alternative gas-fired power
supply packages may be used.

In the early stage of gas field development, prior to CSG being available, liquefied petroleum gas
(LPG) may be used as a temporary fuel source for power generation.

As the well pressure declines, a small compressor may be required at the wellhead to ensure that
maximum recovery of available gas is achieved. At that time, a pump may also be required to maintain
water transfer. Alternatively, 'nodal' compressors, which are small compressors used in the field to
support naturally declining well and pipeline operating pressure, may be installed. Each nodal
compressor would serve a number of wells.

Figure 3.16 Typical wellhead separator
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Figure 3.17 shows typical configuration of flows of gas and water from the coal seam wells.

Exbainn

T Gt G I Poirang
— .

__ ToWater

Figure 3.17 Typical input/output streams for a gas well

3.2.5 Gas and water gathering system

Flow from the well is separated into water and gas in a small vessel called a wellhead separator.
Some gas will be entrained in the water and some water will be present with the gas. After separation
occurs at the wellhead, the low pressure CSG from each of the wellhead separators flows into a
system of low pressure buried pipelines.

These interconnect all wells operating in a specific area to form the gas gathering system. The entire
gas gathering system up to the GPF may operate at pressures of up to 830 kilopascal gauge (kPag),
and will be constructed from high density polyethylene pipe.

The gas flows through several subsystems which direct the gas to the central GPF. Each GPF is
typically served by wells in an area within an approximate 9km radius or 'drainage circle'. However,
optimum design of the gas gathering system in some areas may allow a larger drainage circle and
thereby minimise the number of GPFs required.

After separation at the wellhead, the associated water flows into a similarly buried high density
polyethylene pipeline system. This forms the water gathering network which channels the water to the
nearest WTF. The system up to the WTF operates at pressures between 210 and 1,230kPag,
depending on the terrain.

3.2.6 Water transfer stations and water transfer pipelines

Associated water will be collected at water transfer stations at locations of low elevations along the

water gathering network. From there, a transfer station pump will pump the water to higher elevations
along the route to the water treatment facilities. The transfer stations are typically comprised of a lined
and fenced holding (transfer) pond and pumping station, constructed on a concrete pad (200 x 300m).
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3.2.7 Gas processing facility

CSG enters a GPF via the gas gathering system. Here, the CSG is compressed and dehydrated to
remove any remaining water which may have been transferred with the gas through the gas gathering
system. The compressed CSG is then sent to the high pressure gas pipeline system for transmission
to the main gas transmission pipeline (the gas pipeline) or another regional transmission pipeline.

The existing Spring Gully GPF is shown in Figure 3.18. The gas processing and compression area is
in the background, behind the offices and workshop area. The facilities for the Australia Pacific LNG
Project will generally be larger than the Spring Gully facility, and would use a different compression
configuration, but the facility layout would be similar. Construction of each GPF will require the
clearing of an area of approximately 50ha.

Figure 3.18 Spring Gully gas processing facility

Based on a conservative nine kilometre drainage circle radius, the Project could have a maximum of
23 GPFs across the entire development area over the 30-year life of the Project (refer to Figure 3.2 to
Figure 3.8). The final design will aim to minimise the number of installed facilities.

Capacities of the various GPFs mainly depend on production capabilities of the associated wells.
Depending on actual field performance, some GPFs may be increased in capacity to accept additional
gas flows over time. In some cases, the GPF could decrease in production output, so installed
equipment may be re-deployed to other gas processing locations.

Each will be a self-contained entity including stormwater diversion drainage systems, runoff treatment
via oily-water capture and processing for skid-mounted equipment and first-flush sediment ponds. The
alternative technologies and enhancements discussed in Section 3.8 are also being considered and
may be incorporated.

Process description

The gas travels through the gathering system to arrive at the GPF. When the wells are at their pre-
peak condition (generally at the start of the gas field's life), the arrival pressure is expected to be
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around 140kPag. Later, when most wells are operating at post-peak production, the arrival pressure
could be lower.

The gas is then collected and transported to a number of compression units operating in parallel to
raise the gas pressure to approximately 13,500kPag. The development base case for this
environmental impact statement assumes that the compression units would be a combination of rotary
screw compressors for the initial pressure boost, followed by reciprocating units to meet the required
noise guidelines. The optimal selection of technologies will depend on the availability of electrical
power, the gas field productivity characteristics and site-specific noise constraints.

Both types of compressors are likely to be driven by internal combustion engines which use CSG as
fuel.

As the CSG is compressed it becomes heated. It then passes through a cooler, separating the
residual water from the gas. The cooled compressed gas flows to a dehydration unit. This removes
most of the water in the gas so it meets specification requirements for transport in gas pipeline.

This dehydration process is carried out via circulating tri-ethylene glycol liquid to absorb water vapour
from the gas stream in the dehydration unit. The tri-ethylene glycol is then regenerated for reuse by
heating it to approximately 200°C to boil off the absorbed water. Tri-ethylene glycol dehydration is a
low cost, well-proven technology used for most CSG and conventional natural gas processing.

For application in CSG, this is an energy efficient process that produces relatively few gaseous or
liquid emissions. While there are alternative technologies available, these generally over-dehydrate
and are therefore energy inefficient and not appropriate for this application.

Once dehydrated, the dried gas is metered and directed to the high pressure gas network or gas
pipeline. The development base case adopted for the EIS is based on using discrete compression
'building blocks' handling 75, 150 and 225TJ/d of CSG.

The 75TJ/d compression block usually includes:

e Seven screw compressors driven by internal combustion engines, with compressed gas cooling
carried out using air coolers with engine-driven fans

e Four reciprocating compressors, with internal combustion engine drives with engine-driven
cooling fans.

The 150TJ/d compressor block usually includes:

o Thirteen screw compressors driven by internal combustion engines, with compressed gas
cooling carried out using air coolers with engine-driven fans

e Seven reciprocating compressors, with internal combustion engine drives with engine-driven
cooling fans.

The 225TJ/d compressor block usually includes:

o Twenty screw compressors driven by internal combustion engines, with compressed gas
cooling carried out using air coolers with engine-driven fans

e Ten reciprocating compressors, with internal combustion engine drives with engine-driven
cooling fans.

Other ancillary systems required within a GPF to support its operation, include:

¢ Power generation facilities fuelled by CSG including switch gear and cabling
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¢ Instrument air systems, instrumentation and control equipment

¢ Flare facilities for safe combustion of CSG during short-term periods of compression outage,
process upsets of component plant or unscheduled stoppage of the entire GPF. Flare systems
are key parts of any GPF and allow the facility to be operated safely under a range of process
and ambient conditions

¢ Administration, maintenance, warehousing and accommodation facilities.

Figure 3.19 shows typical configuration of flows of gas through a gas processing facility.
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Figure 3.19 Typical input/output streams for a gas processing facility

Typical chemicals used in gas processing facilities

GPFs use a range of chemical additives and petroleum products such as oils both in the CSG
compression and dehydration process and in the GPF equipment.

Most of the chemicals, including biocides and corrosion inhibitors, used in the GPFs are not
dangerous goods, as defined by the Dangerous Goods Safety Management Act 2001. Limited
quantities of dangerous goods, including corrosive liquids (Class 8) such as sodium hypochlorite, are
used during gas processing activities.

In support of the gas processing operation, fuels and oils such as hydraulic oils are used in the GPF
and associated facility equipment. All chemicals will be stored and handled in accordance with the
relevant legislative requirements and Australian Standards including the provisions of:

e AS 3780:2008 — The storage and handling of corrosive substances
e AS 1940:2004 — The storage and handling of flammable and combustible liquids.

Chemicals commonly used in the GPFs are included in Table 3.1.
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Table 3.1 Chemicals used in gas processing facilities

Chemical Packaging Packaging Estimated for Notes
type size (m® 75 TJID
yp (m’) o er g (DG = dangerous goods)
building
block' (m®)
Anti-scalant Bulk 1 3 Non-DG
Biocides Drum 0.02 0.2 Process chemical to prevent sulphur
reducing bacteria in wells and process.
Non-DG
Flocculants Bulk 1 4 Non-DG
Hydraulic Drive Oil  Bulk 25 2x25 Non-DG, combustible liquids
Sodium Drum 0.02 0.2 Class 8 DG, Hypochlorite solution,
Hypochlorite bunded pallet
Tri-ethylene glycol  Bulk 1 3 Process chemical — gas dehydration
Oils Drum 0.02, 0.205 4 Non-DG , combustible liquids including
and 1 hydraulic oils

Crankcase Lube Bulk 25 2x25 Non-DG, combustible liquid
Qil
Cylinder Lube Oil Bulk 25 2x25 Non-DG, combustible liquid
Diesel Bulk 12.4 2x13 Non-DG, combustible liquid

1. Range of other chemicals and products including reverse demulsifier, aerosol cans, oxy-acetylene bottles, gases and minor
chemical storage at accommodation facilities.

All chemicals used during the gas processing operation are considered to have minimal impact on the
environment based on the following mitigation measures being implemented:

¢ Adherence to relevant legislative and Australian Standard storage and handling requirements
e Use of inert and/or non dangerous goods for the majority of the gas processing operations
¢ Limited used of chemicals and fuels classed as dangerous goods.

In addition, Australia Pacific LNG will continue to investigate additives that are safer to handle, which
may have lower toxicity constituents, yet still meet operational standards. More detailed information
regarding the handling and storage of dangerous goods is provided in Chapter 22, Hazard and Risk.

Design criteria

The typical composition of CSG exported from the GPF is made up of methane (97.3%), ethane
(0.1%), nitrogen (2.3%) and carbon dioxide (0.3%). Gas entering the GPF is essentially the same
composition except that it contains approximately 1.6% water vapour.

Each facility would handle 75, 150 or 225TJ/d of gas production, and would be based on 75TJ/d
modules but could also include smaller booster compressor stations in some areas.
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Gas flow rates will also vary depending on the productivity of each gas field. Inlet pressure will
typically be 140kPag at 10 to 30°C, possibly reducing later in field life. The GPF will discharge the gas
at pressures between 10,000 and 13,500kPag at approximately 55°C.

GPFs are designed to achieve high reliability and low scheduled maintenance requirements. The high
reliability design is expected to minimise the number of operations staff, reduce exposure levels to
routine and non routine tasks and contribute to an improved safety performance.

The compression technology evaluation and design will consider occupational health, safety and
environment (HSE) impacts, such as footprint, noise and air emissions. The design will conform to
Australian Standards and/or equivalent international standards. It will also comply with Australia
Pacific LNG's HSE management system requirements to meet environmental performance and
process safety objectives.

The GPFs will incorporate an integrated information and communication system which will be
designed to improve operator response time and serviceability.

3.2.8 Water treatment facility

Associated water from the low pressure gathering system is delivered to the WTF's feed pond. At this
location, the associated water is treated using a variety of processes. The water treatment facilities will
vary in size depending on the volume of associated water produced. The main treatment technology
being considered is desalination via reverse osmosis technology.

Reverse osmosis is a specialised filtration process often used for water treatment, where pressure
forces a solution through a membrane that traps most of the dissolved components. The result is a
'permeate’ stream, while the dissolved salts are kept aside as a concentrated saline solution (brine
stream).

A range of management options, focussing on beneficial re-use, are currently being developed for
both the permeate and brine streams, in accordance with regulatory policy. Proposed management
options will require associated infrastructure, such as pipelines for permeate and lined storage ponds
for brine.

The treated water could be suitable for a number of uses. This might include commercial use, such as:
e Water for mining, power stations or feedlots
¢ Irrigation for local agriculture
e Supplementing community water supplies and environmental flows
e Recharging aquifers within the Great Artesian Basin
e CSG industry aggregation of associated water for beneficial reuse.

Associated water typically contains a range of salts which include sodium chloride or ‘common salt',
sodium carbonate and sodium bi-carbonate. Australia Pacific LNG has an existing WTF that uses
reverse osmosis technology operating successfully at the Spring Gully field (Figure 3.20).

Up to 85% of the associated water can be recovered at the Spring Gully facility using reverse osmosis
as treated water with a salt content of less than 0.15 grams per litre. Post-treatment may be required
to ensure compatibility, depending on the final use of the treated water. Options to achieve treated
water recoveries above 95% are being considered for inclusion in the design of new water treatment
facilities.
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Until permanent sewage treatment systems are installed, waste from ablution blocks will be stored and
periodically transported to an approved disposal site via an approved regulated waste transporter.
Sewage from temporary accommodation facilities will be treated and discharged to subsurface soil via
a leach field and absorption ponds, and sludge from the treatment process will be transported and
managed offsite at licensed facilities.

3.5.8 Construction workforce and accommodation

During construction activities the workforce, including contractors, is expected to live in temporary
accommodation facilities. These facilities are required to house between 50 and 800 personnel, and
be constructed near the proposed project infrastructure locations.

Peak construction workforce numbers for the entire gas fields are likely to be up to 2,100 people.
These temporary accommodation facilities will move as new areas are developed. There will be a
requirement for facilities to house construction workers over the life of the Project, but the peak need
will be during the first five years.

Temporary accommodation facilities will require relevant statutory approval for their construction and
will be operated in a manner that does not adversely affect the nearby community. The facilities will
include individual units, mess halls, recreational facilities, utilities, car parking, sewage treatment
plants, administration facilities and waste management areas (Figure 3.25).

Sewage from small temporary accommodation facilities (e.g. for drilling rigs) will be disposed of onsite
in an appropriate manner.
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Figure 3.25 Indicative layout of a temporary accommodation facility
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A safety and operations plan, including an emergency response plan will be developed and managed
in accordance with AS2885.3.

Custody transfer flow metering will be installed at the gas process facility outlet. Metering may also be
installed at the inlet of the gas pipeline. The metering data will be transmitted back to the control room
and be accessible through the SCADA system. Critical instrumentation will be maintained by quality
checks at regular intervals.

Maintenance of the pipeline will entail inspection surveys by vehicle along the pipeline, occasional
visual inspections from the air, pigging at regular intervals and occasionally 'dig ups' of sections of the
pipeline for visual inspection of any areas of concern detected by inspection.

3.6.4 Gas processing facilities

Each GPF will operate on a continuous basis, be fully automated, and will usually be staffed during the
day. A paging system will be used to alert operators to any critical alarms after normal operating
hours. The location of operator accommodation facilities close to GPFs will minimise response time.

Control of a GPF is significantly more complex than for a wellhead, but facilities such as those planned
for the Project are common in the gas processing industry and are already operated by Australia
Pacific LNG. As a result, plant control is well understood and previous learnings will be incorporated
into the design.

Control of the GPFs will be designed for minimum operator intervention and the majority of controls
would be remote control. The philosophy of control is to ensure that the facility processes and exports
the gas from the fields as reliably as possible. This is achieved by automatically reacting to changes in
system parameters (primarily pressure) and taking action to avoid either inefficient operation of plant
and equipment or flaring of gas.

The operation of the GPFs will also be integrated with operation of the wellheads. This will allow the
control system to detect any loss of processing capability, such as an unscheduled compressor
shutdown. Well production is then automatically reduced to prevent loss of gas to flare.

As is normal in the gas processing industry, GPFs would also have a separate high integrity safety
shutdown system in addition to the 'normal’ control system. This system operates independently of the
control system. It monitors deviations in processing parameters that could escalate into a serious
safety threat if not acted upon. The system takes immediate action to safely shutdown, isolate and
where necessary reduce the facility operating pressure to a safe level. This can involve taking action
on single sections of the facility, such as a compressor, or on the entire facility..

3.6.5 Water treatment facilities

All associated water for the Project is planned to be processed in WTFs, as discussed in Section
3.2.8. WTFs generally operate continuously, with one or two operators present during daylight hours
and on-call after hours.

While the water treatment process is technically complex, Australia Pacific LNG has extensive
experience operating a similar facility at Spring Gully. Operators must have a wide range of skills such
as power plant operation, chemical handling and analytical skills. Operators have access to
specialised in-house technical support resources for performance troubleshooting and environmental
monitoring.

External service and equipment providers are used for specialised work, such as laboratory work or
specialised maintenance of process and analytical equipment. General mechanical maintenance is
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usually not intensive and is handled by plant operators in conjunction with in-house maintenance
services. Mechanical maintenance demands are greatest for power generation rotating machinery.

3.6.6 Operation workforce and accommodation

The operation of the gas fields will be a major development in the region, requiring an operational
workforce of around 520 people in 2016. This will increase to over 700 people around 2027, as shown
in Figure 3.27. ltis expected that initially most of the operational workers will be housed in permanent
accommodation facilities that will be set up by Australia Pacific LNG in the vicinity of key infrastructure
within the fields. In addition, approximately 150 workers will be employed at logistics hubs, and are
anticipated to be housed in Roma (50 people in 2016), Miles (50 people in 2016) and Brisbane (50
people in 2016).
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Figure 3.27 Operations workforce trend (excludes employment at logistics hubs)

Australia Pacific LNG intends, where possible, to recruit locally for its operational workforce but
expects a large proportion of staff will work on a fly-in/fly-out and drive-in/drive-out basis. This is
discussed in more detail in Volume 2 Chapter 17. An integrated workforce and logistics strategy is
being developed as discussed in Section 3.5.8.

3.6.7 Health and wellbeing for construction and operation

Australia Pacific LNG cares about the health and wellbeing of its employees, and will ensure field staff
and contractors have access to:

e Medical care for severe life-threatening trauma and medical emergencies
¢ Clinical care for routine or minor traumas and medical emergencies during working hours

e Emergency response through the Incident Command Post, which will coordinate with external
response providers to provide the most appropriate and rapid course of action, and assist with
transfers to those external providers

¢ Assistance in facilitating and coordinating aero-medical retrieval as required.
For injury or iliness, the Project will provide the following services:

¢ Follow up service for illness or injuries in collaboration with a designated return to work
coordinator

e Monitoring of illness and injury reports and ensuring these are documented
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o Education at toolbox talks on a range of health topics such as dehydration, heat iliness,
envenomation and first aid management in the field

¢ Occupational health and safety and First Aid training for the construction and operations
workforce

¢ Assistance with local emergency medical response plan development and standard operating
procedures that integrate with Australia Pacific LNG's existing emergency response plans
participation in planning and conducting emergency response exercises.

3.6.8 Security

Australia Pacific LNG will develop a security plan and associated procedures. A risk based approach
will be used to determine security requirements. This approach will consider aspects detailed in the
National Code of Practice for the Control of Major Hazard Facilities [NOHSC: 2016 (1996)], including
the nature and size of the hazard, the likelihood of mischief or sabotage, and the remoteness of a
facility.

A risk-based approach is consistent with this National Code of Practice, and with Australian Standard
AS 2885 (Pipelines — Gas and liquid petroleum) and AS 4360 (Risk management).

Wellheads

Wells will have warning signs installed and have a cattle-panel type of fence. Valves on equipment at
the wellhead that are safety critical may be locked to prevent inadvertent operation.

For future development, wellheads may be placed relatively close to major roads or townships where
there is an increased likelihood of mischief or sabotage. If so, security fencing with locked gates will be
considered based on risk assessment

Gas gathering system

The pipeline route will have standard markers within sight of each other. These indicate the buried
pipeline and provide a contact number for emergency response. Gathering pipelines have marker tape
installed at a depth that will not be affected by normal agricultural practices such as ploughing
activities. General security is provided through routine pipeline inspections.

Major infrastructure

The GPFs and most other major infrastructure will have a security fence around the perimeter of the
facility.

A risk-based approach of all major facilities will identify the need for work hours and after-hour’s
security. Safe and secure storage of chemicals will be managed by compliance with the relevant
Australian Standards.

Any personnel entering the site must register their name in a visitors book and undertake an induction.
Personnel leaving the facility need to sign out. Inductions include security awareness, especially of
unrecognised personnel and unusual activities or objects.

Because of their isolated location, GPFs usually have a defined workforce. Security risk from third
party damage is low, as the workforce would usually be aware of strangers entering the site.

Security personnel and on call personnel will be equipped with VHF radios tied into the facility alarm
system. This will alert them to any unusual occurrences, including those due to third party intervention.
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3.7 Decommissioning and rehabilitation

Australia Pacific LNG will engage with stakeholders during all phases of the Project including the
decommissioning and rehabilitation phase. This engagement will inform stakeholders of the:

e Process of decommissioning
o Activities that will take place
¢ Potential impacts on stakeholders in the affected area.

The proposed methodology for decommissioning and rehabilitating at the end of field life is firstly to
plug and abandon all remaining wells at the cessation of production in a manner approved by
regulatory agencies. This process will also occur progressively during the life of a field as wells are
depleted.

Following cessation of production, the connecting pipelines and process equipment are purged,
vented and flushed with water. Equipment and materials are then made safe for removal from each
gas processing facility and WTF site. The permanent accommodation facilities, utilities and other
related infrastructure would only be removed once all facilities have been decommissioned.

The land, on which the assets were constructed, would be remediated and rehabilitated to a condition
consistent with the surrounding area as far as practicable. It is anticipated that the assets would be
decommissioned in phases as the gas field declines over the course of its life cycle.

3.7.1 Preparatory works

Preparatory works involve gathering necessary data for the detailed decommissioning and
rehabilitation plan to be produced. These works may include, but are not limited to, the following:

¢ Preparing a detailed inventory of all materials and equipment contained within the GPFs, right of
way and wellhead sites

¢ Carrying out environmental site assessment studies, which may include soil and groundwater
analysis, to identify the presence of any potentially hazardous materials from either the original
installation or from hydrocarbon production activities

¢ Undertake a formal decommissioning hazard identification process to finalise decommissioning
and rehabilitation planning

e Preparing a final rehabilitation report (including a contaminated land assessment, landowner
commitments/agreements and rehabilitation status) and a decommissioning plan, and
submitting these to the appropriate authorities for approval.

3.7.2 Well sites

Wells will be plugged with cement to isolate any porous formations and prevent further production.
When this is completed, surface equipment will be decommissioned and removed. Earthworks will
then be carried out to re-contour the lease to a condition consistent with the surrounding area as far as
practicable.
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3.7.3 Gas and water gathering systems

Decommissioning of the gas and water gathering systems would generally be undertaken before or in
parallel with the GPF decommissioning. At cessation of production, the gathering system will be
isolated at both the wellhead and GPF connections.

The gathering system pipelines are made safe, isolated, drained, purged and vented. The pipelines
can then be flushed typically using water. Water generated from the gathering system pipeline flushing
will be channelled to the WTF. The cleaned gathering system pipelines would then be capped at the
ends and left in-situ.

3.7.4 High pressure gas pipelines and water transfer pipelines

In the event that a high pressure pipeline within the network is no longer required, it will be
decommissioned through:

¢ Moth-balling, which involves depressurising the pipeline then capping and filling with an inert
gas such as nitrogen or water with corrosion inhibiting chemicals. The cathodic protection would
be maintained to prevent the pipe corroding.

e Abandonment, which could involve purging the pipe of natural gas, disconnecting it from the
manifolds and removing all aboveground facilities. The pipe would be cut at intervals to prevent
inadvertent transfer of groundwater from one area to another. The pipe would then be left to
corrode in-situ. All of the above will have the potential for small scale temporary environmental
impacts that will need to be carefully managed.

Removing the pipe from the ground is unlikely to be a commercially viable option and would result in
significant and unnecessary environmental impacts. A detailed rehabilitation and monitoring program
would be developed and implemented in consultation with landholders and the administering authority
at the time of abandonment. The abandoned pipeline easement would be returned to its pre-

pipeline vegetation or as negotiated with the landholder.

3.7.5 Equipment

Gas processing facility equipment

GPF equipment mainly consists of a raw gas inlet and separation system, a gas compression system,
a gas dehydration system, and ancillary equipment.

Each of these components will be isolated following internal procedures, drained of all accumulated
liquids, then purged and vented to remove any traces of gas or other potentially hazardous materials.
All interconnecting pipe work would be removed and dismantled into transportable lengths. The units
would then be transported off-site in the largest practicable packages, depending on the availability of
locally based cranes and transport vehicles.

The compressor and after-cooler packages and other process equipment will be disassembled and
removed.

Ancillary equipment

Ancillary equipment installed at the GPFs includes power generation and distribution equipment, the
plant air system, flare system, various tanks, and other utility systems. These systems will be
individually isolated and secured before being disassembled and removed.
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Electrical and control systems

The power supply to the gas processing equipment can be isolated ahead of gas generator
decommissioning. This would first involve isolating the power distribution system to the process
equipment, which would allow the cabling and trays to be removed safely.

Once the generators are no longer needed, the power input to the switchgear is isolated and both the
generators and switchgears can be removed. The remaining earthing grid and any other buried cables
would be removed during the site clearance operations.

Buildings

The buildings on the site commonly include the administration building, control room, workshop and
warehouse, electrical control room and compressors enclosure. The buildings are constructed of steel
frame with metal sheet cladding and concrete footings. Demounting and deconstructing these
structures would be relatively straightforward if beneficial post-project uses are not identified, such as
use as agricultural buildings.

Water treatment facilities

The majority of the equipment contained within the water treatment facilities is modular and can be
removed as individual units. All equipment will be purged, vented and drained, including the bulk
chemical aboveground storage tanks before removal from site.

Storage ponds

The decommissioning of storage ponds can only be undertaken when all the water used to flush the
processing equipment and pipelines has been collected and treated by the WTF.

Salts can be disposed of in a purpose built facility which, if required, would be designed, located and
constructed according to regulatory requirements. This may be provided by a third party specialising in
these facilities. This site would be a registered waste disposal facility and be managed accordingly.
Alternatively, any remaining salts will be collected and reinjected into a hydraulically isolated aquifer,
as discussed in Section 3.8.4.

Any aboveground concrete structures, such as pipe and pump footings, will then be broken up at
ground level and removed. Site investigations would be completed to determine the requirements for
soil treatment or removal, in consultation with the administering authority. This process will be
conducted in accordance with the relevant legislative requirements in Queensland and the approved
management measures identified based on site conditions. Finally, the ponds would be graded to be
consistent with the surrounding landform contours, seeded and revegetated.

Permanent accommodation facilities

The permanent accommodation facilities and utility buildings will be constructed in modular and
prefabricated modules. These modules can be removed from site as single units, and may be reused
or sold. Other installations which cannot be reused or dismantled will be demolished and the waste
material removed from site.

Services associated with permanent accommodation facilities such as roads, drainage, fences and
underground utilities will be excavated and removed as required. The sewage system will be pumped
out by approved regulated waste transporters. Excavated materials will be reused onsite where
possible or removed offsite for disposal.
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3.7.6 Site rehabilitation, finishing earthworks and revegetation

When all the process equipment, buildings, structures and imported material have been removed, it
will then be necessary to return the site to a condition consistent with the surrounding area as far as
practicable, unless otherwise approved under the environmental authority. This would entail
remediating and rehabilitating any contaminated areas, then grading and revegetating the site to
minimise wind and water erosion.

All internal roads including perimeter fencing would be removed. The main access road would be left
in place if required by the landholder.

All excavations and pits resulting from the decommissioning process would be backfilled and graded
to the original contours. The area, including gravel tracks, would then be spread with mulch and
seeded with native vegetation.

3.7.7 Material and equipment removal and disposal

The decommissioning and rehabilitation methods applied will adhere to the internationally accepted
good industry practice hierarchy for disposal of materials. Reuse is the preferred option, followed by
recycling and, if unavoidable, then disposed to landfill or alternatively suitable regulated waste
disposal facilities.

The material and equipment likely to be suitable for reuse includes process and chemical pumps,
aboveground storage tanks, compressors and process equipment, gas and diesel engine power
generators, and demountable and modular buildings.

The material and equipment likely to be suitable for recycling includes building steel frames and
cladding, electrical switchgear, control systems equipment, pipelines and manifolds, separators,
deconstructed aboveground storage tanks, fencing and miscellaneous steelwork including recovered
rebar, crushed concrete and electrical cabling.

The material and equipment likely to be unsuitable for reuse or recycling includes plastic and glass
fibre reinforced plastic pipework and tanks, and sludge from pipelines and equipment. These would
need to be properly disposed of to appropriate facilities.

3.7.8 Hazardous material treatment

Based on a review of the gas fields and associated plant processes, hazardous substances present
onsite are likely to be limited to process chemicals such as anti-corrosives and lubricating oils. The
likelihood of other hazardous materials, such as mercury, is low. However, the Project will conduct
detailed studies and analyses as part of the pre-cessation of production surveys to determine the
presence or absence of such materials at targeted locations.

3.7.9 Alternative uses of decommissioned assets

There may be some alternative uses for the decommissioned assets. However, the feasibility and
suitability of the options presented will depend on actual field conditions, and would require additional
studies.

As the neighbouring activities to the assets generally include pasture land for livestock and agriculture,
it is possible that this could be returned to pasture and agriculture uses once all surface impediments
have been removed. Detailed studies will address human and grazing animal health concerns by
identifying any soil and groundwater contamination.
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These studies would establish guidelines relating, but not limited, to the types of vegetation suitable
for growth at the site, the safety of food products derived from the grazing animals, and using
groundwater for livestock watering and irrigation.

3.7.10 Issues identification and risk management

Desktop studies, carried out as part of the preparatory work discussed above, would identify most of
the potential issues and risks associated with closure and decommissioning. Potential issues and risks
will be analysed to help develop management and/or mitigation strategies.

Contingency planning will also be carried out. Where issues and risks involve stakeholders, such as
environmental pollution, appropriate rehabilitation plans will be developed in consultation with the
affected parties.

3.8 Technical alternatives

Initiatives to investigate alternative technologies and methodologies are being investigated and
considered, to reduce the potential impacts of the Project. Key alternatives are discussed in this
section.

3.8.1 Air coolers

The development base case assumes that the compressed gas is cooled using air coolers at the
GPFs. Like a car radiator, the shaft of the gas engine drives the fans of these air coolers. Air coolers
that use fans driven by electric motors are also being considered.

Engine driven units have been used as a base case, primarily to assess the noise impact due to their
low frequency. However, electrically driven fans may reduce the noise impact, as high fan speeds
have a higher frequency. There are also potential process and efficiency benefits in their use. This
option is undergoing further analysis.

3.8.2 Electrically-driven compression

While the EIS assumes a base case of gas engine drivers and contains all the details associated with
this technology, analysis continues to assess possible and more efficient compression options. This
includes the type of compression equipment, the type of drivers used to drive the compressors, and
the energy source for compression.

Considerations include compressor type, driver type, electrically-driven equipment with local or central
power station and/or grid connection, and centralised control facilities. Synergies with co-located water
treatment (reverse osmosis) facilities or Australia Pacific LNG compression are also being considered,
along with stakeholder impacts for all options.

The final decision on the drive option will occur following further studies of the electrical distribution
system. In particular, the existence of any specific line route issues that may negate selection of
electrical motor drives is being investigated.

This section sets out the rationale for the potential use of electric motor driven compression and
installation of generator capacity in terms of:

e The rationale for selecting electricity as the method of powering the gas compression

e The predicted need for electricity generation to meet compressor loads and subsequently
support grid operational reliability
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3.8.3 Power reticulation to gas wells

Should grid power become available it would be possible to consider alternative power to the
wellheads, rather than using local power generation.

This would involve the installation of 132 kV /22 kV transformers and switchgear at each GPF. A 22 kV
overhead distribution network would reticulate power via trunk lines throughout the fields. These would
be in a ring main configuration, where possible, as this offers higher reliability over radial configuration.
Final connections to the individual wells would be by buried cable, co-located with the gathering lines.

Power reticulation to gas wells has a number of benefits. It significantly reduces air emissions from the
local wellhead power generation units and creates considerably less noise than local power
generation options. It also reduces manpower requirements for inspection and maintenance, which in
turn reduces the frequency of travel and environmental impact by vehicles, while increasing safety.
Liquid waste, such as generator oil, is also eliminated. Further review and possible implementation of
this alternative will depend on a decision on the electric driven compression option, as discussed in
Section 3.8.2.

3.8.4 Aquifer injection

While Australia Pacific LNG has not yet trialled it in Australia, aquifer injection has been used as a way
of managing associated water in international CSG developments. From a review of economic,
environmental and social benefits of various associated water management options, aquifer injection
has emerged as a favourable option for associated water and brine management.

If proven feasible, this option could provide a solution which allows CSG production to proceed with
reduced operational risks. Australia Pacific LNG's initial studies have shown that aquifer injection is
technically possible, and has possible advantages over other options. Australia Pacific LNG is
planning to undertake further studies and trials into hydraulic properties and chemical compatibility of
the potential injection aquifers.

The details of the studies are addressed in the Project's adaptive associated water management plan
in Volume 5 Attachment 24.
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