GLNG PROJECT - ENVIRONMENTAL IMPACT STATEMENT
Gas Transmission Pipeline Environmental
Section 7 Values and Management of Impacts

7.6 Groundwater

7.6.1 Introduction

A groundwater assessment study was conducted for the gas transmission pipeline component of the
GLNG Project (refer Appendix P1). The following section provides a summary of the study findings,
including a description of the existing environmental values, assessment of potential groundwater impacts
and recommended mitigation measures. For discussion of the surface water environment, assessment of
potential impacts and recommended mitigation measures, see Section 7.5.

As the gas transmission pipeline will carry CSG, the main impacts identified with regards to shallow
groundwater are related to alterations to aquifer hydraulic parameters.

7.6.2 Methodology

Based on the proposed gas transmission pipeline details, a desktop review was conducted to assess
groundwater resources and potential impacts along the pipeline corridor. Sufficient desktop data was
available for a high level assessment of large scale groundwater resources along the 435 km route. No
intrusive hydrogeological work was conducted; however proposed studies have been compiled to assist
in addressing potential impacts and implementing mitigation measures.

7.6.3 Regulatory Framework

An outline of the groundwater regulatory framework is provided in Section 6.6.1.3.

7.6.4 Existing Environmental Values

A desktop review of the surface outcrop geology along the gas transmission pipeline corridor, as shown in
Figures 7.6.1 to 7.6.3, was conducted to identify potentially vulnerable groundwater resources.

The environmental values of the shallow groundwater have been assessed according to the values
identified in the EPP Water, as discussed in Section 6.6.1.4. The review of available data allowed for an
initial assessment of the shallow groundwater resources along the proposed pipeline corridor.
Groundwater is utilised for domestic and stock watering purposes from shallow groundwater resources.
Small scale irrigation using groundwater also occurs from the various shallow aquifers within the vicinity
of the gas transmission pipeline corridor.

The route originates in the plateau country of the Great Dividing Range northeast of Injune. Soils
associated with the plateau are predominantly sandy in texture, often very shallow or stony, with areas of
sandstone rock outcrop. This plateau is a major recharge area for the sandstone aquifers within the
Great Artesian Basin (GAB) sequence. Seasonal seepage and discharge from the confined aquifers can
occur within the Great Dividing Range, depending on topography and hydrostatic pressures. This
seepage may sustain groundwater dependent environments through discharge to creeks and water
holes. An assessment of the geology, elevation, and groundwater levels along the route through these
competent formations will allow for an assessment of potential groundwater seepage, and thus vulnerable
shallow groundwater resources.

At the base of the escarpment, the proposed gas transmission pipeline route intersects alluvium-rich soils
of the Upper Dawson River. This alluvium material contains shallow groundwater resources, used for
agriculture, which are vulnerable to surface contamination due to increased porosity and permeability in
the sand and gravel material. These resources also have enhanced storage and recharge, which allows
for moderate sustainable abstraction where the alluvium has large extent (spatial and depth) and
interconnectivity.

The gas transmission pipeline route proceeds northward through the Arcadia Valley, which consists of
gently sloping fans containing sandy soils and areas of medium to heavy clay.
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Broad alluvial plains of the Brown River and other streams within the Arcadia Valley are dominated by
expansive uniform clay soils. The low permeability of the clay allows for the protection of deeper
weathered and fractured rock aquifers within the sediments below the clay.

East of the Expedition Range the corridor traverses mainly undulating plains and lowland as well as the
floodplains of Zamia Creek, Mimosa Creek, the Dawson River, Banana Creek and other streams, all of
which contain large areas of mainly cracking and non-cracking clay soils and sandy soils. Groundwater
potential is enhanced within these floodplains due to the increased recharge (both rainfall and creek flow),
storage, and transmissivity. The groundwater in these floodplains is used for agriculture, both stock
watering and irrigation.

To the east of the Leichhardt Highway the proposed gas transmission pipeline route traverses undulating
and gently inclined plains underlain by tertiary sediments, which comprise sandstone, siltstone, claystone
and conglomerate, and the floodplains of Kroombit Creek and Callide Creek. The soils within this section
of the gas transmission pipeline route comprise cracking and non-cracking clays (in the lowlands) and
sandy surface soils on the lower slopes of low rises. The tertiary sediments, in their pristine state, have
low groundwater potential and require secondary processes, such as faulting, weathering, etc., to
enhance the groundwater potential, and are generally of limited use. Saturated sandy soils can provide
storage and recharge to the underlying secondary aquifers.

The floodplains of the Calliope River and its major tributaries comprise cracking clay soils and thin loamy
surface soils. The thin clay-rich soils are envisaged to have limited permeability and transmissivity. The
alluvial sediments have the potential to be used for stock watering and irrigation.

The final portion of the gas transmission pipeline route crosses undulating plains and gently inclined
slopes with sandy and loamy surface soils. The coastal areas comprise coastal estuarine tidal marine
flats that have mainly deep soft saline clay, silt and muddy sand soils. The groundwater resources, as
identified at the proposed LNG facility, are limited with poor groundwater quality.

A review of the available geological maps indicate limited geological structures along the proposed route,
however, areas of potential instability and enhanced groundwater potential can occur. Large faults have
been mapped within the surficial geology, especially in the sandstone units along the route. These faults,
if active, can impact on the structural integrity of the gas transmission pipeline. The faulting can also
increase the groundwater potential of the country rocks.

7.6.5 Potential Impacts and Mitigation Measures

7.6.5.1 Potential Impacts

As the gas transmission pipeline will carry CSG the main possible impacts identified with regard to
shallow groundwater are related to alterations to aquifer hydraulic parameters associated with pipeline
installation activities.

The proposed 435 km gas transmission pipeline will be buried at a minimum depth of 0.75 m. The depth
will be increased to 1.2 m in high consequence areas, and up to 2 m under water courses. Should
horizontal directional drilling (HDD) be used, depth would be more than 2 m. Due to the shallow nature of
the pipeline installation, consideration of impacts is restricted to aquifers which are unconfined in the
proposed pipeline route.

The gas transmission pipeline will be constructed by a combination of either trenching or HDD. Trenching
involves the mechanical excavation of soil, regolith, and shallow bedrock in order to facilitate the laying of
the gas transmission pipeline. Blasting or the addition of formation stabiliser may be utilised, depending
on the competency of the underlying lithology.

The use of HDD techniques reduces above ground impacts; however, the technique can introduce drilling
mud and fluids directly into shallow aquifers. Drilling fluids, such as bentonite, are utilised for lubrication
and wall stability to facilitate the drilling and pipeline installation. This natural clay can alter (reduce) the
permeability of the intersected units.
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Based on the shallow nature of the trenches and the overall deep groundwater, it is envisaged that the
impact on the shallow groundwater (reduction or increase in hydraulic characteristics) will be negligible
except where the gas transmission pipeline directly intersects shallow groundwater.

The shallow groundwater environment could be temporarily affected if dewatering of the trench is
required during pipeline installation activities.

Blasting of rock outcrop can potentially alter fracture patterns and cause collapse or damage to nearby (+
200 m) boreholes. A borehole census along sections of the selected route, where blasting is required,
will be conducted to identify any boreholes that may be impacted on during blasting activities, and
blasting methods can be engineered to reduce impacts.

To summarise, the possible impacts of the trenching, HDD, gas transmission pipeline installation and
backfilling on the groundwater, include:

e The alteration of recharge (increased) along the trench;

e  The alteration of permeability, porosity and storage within the trench (altered soil / regolith);
e The impact of blasting on aquifers (fractured rock) and existing boreholes;

e Alterations in shallow groundwater flow patterns, localised along the trench;

e  Temporary dewatering during the installation of the gas transmission pipeline in areas of shallow
groundwater near surface water bodies;

e Alterations in permeability due to HDD; and
e Introduction of possible contamination sources.

Potential sources of onsite contamination during the construction phase comprise diesel and other
petroleum-based fuels and lubricants used by excavation and construction machinery. The use of fuels
and chemicals on site will involve refuelling of vehicles and maintenance during the construction phase.
Potential aqueous waste streams can include oily waste water (from equipment wash water), potentially
“dirty” runoff from maintenance and chemical storage areas, potentially contaminated drainage from fuel
oil storage areas, and general wash down water. The ponding or runoff water from these potential source
areas during rainfall events can potentially act as artificial recharge to the shallow groundwater. Waste
water from accommodation camps has the potential to contaminate aquifers locally. The management
systems to be utilised at on site to contain, treat and then dispose of waste water, will reduce the potential
impacts associated with these limited volumes of water.

7.6.5.2 Mitigation Measures

The preliminary assessment of the gas transmission pipeline route combined with the shallow nature of
the gas transmission pipeline installation and the limited groundwater contamination potential of the feed
gas indicate that the proposed gas transmission pipeline will have limited impact on the groundwater
resources.

Sections of the pipeline route through competent (hard rock) formations may require blasting, which could
impact on existing boreholes. Construction of the pipeline under watercourses will potentially require
dewatering of the watercourse sediments, which will have a temporary impact on surrounding (alluvial)
aquifers.

A bore census, conducted where blasting or creek crossings are envisaged, will allow for the identification
of all groundwater use and users (including springs and seeps). The hydrocensus data to be collected
should include groundwater levels, abstraction rates, pumping equipment (status and depth), borehole
depth and casing details. Data collected before and after construction (including blasting and dewatering
activities) can be compared to determine any impacts on the existing users.

The use of HDD in areas where shallow groundwater is being utilised, i.e. with alluvium aquifers adjacent
to watercourse crossings, can potentially impact on the permeability, transmissivity, and storage of the
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aquifers. To minimise any alteration to groundwater resources, biodegradable drilling fluids and mud, will
be utilised where possible. This will reduce the zone of influence and the duration of any potential impact
the HDD may have on the shallow aquifers.

Secondary containment (bunded) storage areas for possible contaminants will be constructed on site to
prevent poor water quality runoff, ponding of water, and possible poor quality artificial recharge. Any
significant leaks or spills of hazardous materials will be cleaned up immediately according to appropriate
emergency clean-up operations. This will be done to prevent possible mobilisation of contaminants into
the groundwater. Any contaminants or major spillages of stored material in the bunded areas will be
collected by licensed waste collection and transport contractors for disposal off site at a licensed facility.

The disposal of the hydrotest water may cause localised impacts on the groundwater regime, thus the
disposal will be undertaken using approved environmental procedures.

Decommissioning procedures require the removal of all above ground infrastructure and the restoration of
associated disturbed areas. The buried gas transmission pipeline will be filled with inert material and
protected with catalytic devices to prevent/limit corrosion, or allowed to corrode away. The range of
potential impacts and recommended mitigation measures for any on-site works undertaken during the
decommissioning phase will be in accordance with Australian Standards, the APIA Code of
Environmental Practice and the Petroleum and Gas Act 2004 or the standards relevant at the time.

7.6.5.3 Cumulative Impacts

Section 1 identifies other proposed gas transmission pipelines associated with other potential CSG
Projects. There is limited information available as to the planned development or timing of these projects.
However, a qualitative assessment can be made of the possible cumulative impacts.

Some sections of the proposed gas transmission pipeline corridor may be located within an area where
these other pipelines are proposed to be located in the future. Within these areas there will be an
increased disturbed area and possible impacts on shallow groundwater. The envisaged impacts of the
pipeline installation, due to blasting or dewatering, are considered to be the same for the other pipelines.

In the event that the “Yarwun Neck” in the Gladstone State Development Area (GSDA) contains multiple
pipelines, cooperation between the relevant pipeline development proponents and regulatory agencies
will be required to minimise impacts to groundwater.

The Queensland Government has advised that its preference is for the gas transmission pipelines for all
LNG facilities proposed for Curtis Island to be located in a common pipeline corridor across the GSDA,
including the Port Curtis Crossing and Curtis Island pipeline sections to minimise potential impacts in this
area.

It is expected that the other gas transmission pipeline development projects will include some or all of the
proposed mitigation measures in relation to groundwater described in this section. By utilising the
mitigation methods the expectation is the minimisation of the cumulative impacts on the receiving
environment.

Table 7.6.1 provides a summary of potential groundwater impacts and mitigation measures for the gas
transmission pipeline.
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Potential Groundwater Impacts and Mitigation Measures

Aspect Potential Impact

Mitigation Measures

Objective

Construction

Local hydrogeology. Alterations in permeability

Use biodegradable drilling muds / additives where

Reduce long term impacts of altered permeability and

existing boreholes.

as necessary in consultation with affected parties.

due to HDD. practicable. limit reduction in aquifers.
Local groundwater The impact of blasting on Identify blast areas, conduct hydrocensus of Identify groundwater resources which could be
supplies. aquifers (fractured rock) and | groundwater resources within 200 m and mitigate damaged during blasting.

Qil, fuel and chemical
contamination.

Store and handle fuel and chemicals in
accordance with relevant industry standards.

Reduce potential for contamination due to oil and fuel
spills, reduce potential for groundwater clean up.

Operations

None

Decommissioning and Rehabilitation

Shallow groundwater | Possible long term
resources. contamination source.

Fill gas transmission pipeline with inert material or
protect with catalytic devices.

Ensure compliance to regulations regarding the
decommissioning of the gas transmission pipeline.
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7.6.6 Summary of Findings

Based on the proposed gas transmission pipeline details, a desktop review was conducted to assess
groundwater resources and potential impacts along the gas transmission pipeline corridor. Sufficient
desktop data was available for a high level assessment of large scale groundwater resources along the
435 km route.

The review of available data allowed for an initial assessment of the shallow groundwater resources along
the proposed gas transmission pipeline route. Groundwater is utilised for domestic and stock watering
purposes from shallow groundwater resources. Small scale irrigation using groundwater also occurs from
the various shallow aquifers within the vicinity of the gas transmission pipeline corridor.

Although the 435 km pipeline corridor crosses a wide variety of topography, geology, watersheds and
land uses the impact on the shallow groundwater (reduction or increase in hydraulic characteristics) will
be negligible due to the nature of the trenches and the overall deep groundwater.

Where the gas transmission pipeline directly intersects shallow groundwater, the shallow groundwater
environment could be temporarily affected if dewatering of the trench is required during pipeline
installation activities.

HDD requires the use of drilling fluids and mud to facilitate the installation of the gas transmission pipeline
casing, if required. These drilling additives can potentially have impacts on localised aquifers through the
reduction of permeability.

To minimise any alteration to groundwater resources, biodegradable drilling fluids and mud, will be
utilised where possible. This will reduce the zone of influence and the duration of any potential impact the
HDD may have on the shallow aquifers.

A bore census, conducted where blasting or creek crossings are envisaged, will allow for the identification
of all groundwater use and users (including springs and seeps). The hydrocensus data to be collected
should include groundwater levels, abstraction rates, pumping equipment (status and depth), borehole
depth and casing details. Data collected before and after construction (including blasting and dewatering
activities) can be compared to determine any impacts on the existing users.
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