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Introduction

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development (IESC) was established to provide advice to the federal Minister for the Environment
on potential water-related impacts of coal seam gas (CSG) and large coal mining developments.

Bioregional assessments (BAs) are one of the key mechanisms to assist the IESC in developing this
advice so that it is based on best available science and independent expert knowledge.
Importantly, technical products from BAs are also expected to be made available to the public,
providing the opportunity for all other interested parties, including government regulators,
industry, community and the general public, to draw from a single set of accessible information. A
BA is a scientific analysis, providing a baseline level of information on the ecology, hydrology,
geology and hydrogeology of a bioregion with explicit assessment of the potential direct, indirect
and cumulative impacts of CSG and coal mining development on water resources.

The IESC has been involved in the development of Methodology for bioregional assessments of the
impacts of coal seam gas and coal mining development on water resources (the BA methodology;
Barrett et al., 2013) and has endorsed it. The BA methodology specifies how BAs should be
undertaken. Broadly, a BA comprises five components of activity, as illustrated in Figure 1. Each BA
will be different, due in part to regional differences, but also in response to the availability of data,
information and fit-for-purpose models. Where differences occur, these are recorded, judgments
exercised on what can be achieved, and an explicit record is made of the confidence in the
scientific advice produced from the BA.

The Bioregional Assessment Programme

The Bioregional Assessment Programme is a collaboration between the Department of the
Environment, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other technical
expertise, such as from state governments or universities, is also drawn on as required. For
example, natural resource management groups and catchment management authorities identify
assets that the community values by providing the list of water-dependent assets, a key input.

The Technical Programme, part of the Bioregional Assessment Programme, will undertake BAs for
the following bioregions and subregions:

e the Galilee, Cooper, Pedirka and Arckaringa subregions, within the Lake Eyre Basin bioregion

e the Maranoa-Balonne-Condamine, Gwydir, Namoi and Central West subregions, within the
Northern Inland Catchments bioregion

e the Clarence-Moreton bioregion
e the Hunter and Gloucester subregions, within the Northern Sydney Basin bioregion
e the Sydney Basin bioregion

e the Gippsland Basin bioregion.

Coal and coal seam gas resource assessment for the Namoi subregion | 1



Technical products (described in a later section) will progressively be delivered throughout the
Programme.

Component 5: Outcome synthesis

1 F2 (3| 4| E5

Water-

dependent
asset

register

Risk
treatment

Data from monitorin9

Knowledge

Risk

\ Communications
evaluation

| Risk
assessment

Figure 1 Schematic diagram of the bioregional assessment methodology

The methodology comprises five components, each delivering information into the bioregional assessment and building on prior
components, thereby contributing to the accumulation of scientific knowledge. The small grey circles indicate activities external to
the bioregional assessment. Risk identification and risk likelihoods are conducted within a bioregional assessment (as part of
Component 4) and may contribute activities undertaken externally, such as risk evaluation, risk assessment and risk treatment.
Source: Figure 1 in Barrett et al. (2013), © Commonwealth of Australia
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Methodologies

For transparency and to ensure consistency across all BAs, submethodologies have been
developed to supplement the key approaches outlined in the Methodology for bioregional
assessments of the impact of coal seam gas and coal mining development on water resources
(Barrett et al., 2013). This series of submethodologies aligns with technical products as presented
in Table 1. The submethodologies are not intended to be ‘recipe books’ nor to provide step-by-
step instructions; rather they provide an overview of the approach to be taken. In some instances,
methods applied for a particular BA may need to differ from what is proposed in the
submethodologies — in this case an explanation will be supplied. Overall, the submethodologies
are intended to provide a rigorously defined foundation describing how BAs are undertaken.

Table 1 Methodologies and associated technical products listed in Table 2

Code | Proposed title Summary of content Associated technical product
MO01 | Methodology for A high-level description of the scientific and All
bioregional assessments intellectual basis for a consistent approach
of the impacts of coal to all bioregional assessments
seam gas and coal
mining development on
water resources
M02 | Compiling water- Describes the approach for determining water- 1.3 Description of the water-
dependent assets dependent assets dependent asset register
MO03 | Assigning receptors and Describes the approach for determining 1.4 Description of the receptor
impact variables to water- | receptors associated with water-dependent register
dependent assets assets
MO04 | Developing a coal resource | Specifies the information that needs to be 1.2 Coal and coal seam gas
development pathway collected and reported in product 1.2 (i.e. known | resource assessment
coal and coal seam gas resources as well as
current and potential resource developments). 2.3 Conceptual modelling
Describes the process for determining the coal
resource development pathway (reported in
product 2.3)
MO5 | Developing the conceptual | Describes the development of the conceptual 2.3 Conceptual modelling
model for causal pathways | model for causal pathways, which summarises
how the ‘system’ operates and articulates the
links between coal resource developments and
impacts on receptors
MO06 | Surface water modelling Describes the approach taken for surface water 2.6.1 Surface water numerical
modelling across all of the bioregions and modelling
subregions. It covers the model(s) used, as well
as whether modelling will be quantitative or
qualitative.
MOQ7 Groundwater modelling Describes the approach taken for groundwater 2.6.2 Groundwater numerical

modelling across all of the bioregions and
subregions. It covers the model(s) used, as well
as whether modelling will be quantitative or
qualitative. It also considers surface water —
groundwater interactions, as well as how the
groundwater modelling is constrained by

geology.

modelling




Code | Proposed title Summary of content Associated technical product
MO8 | Receptor impact modelling | Describes how to develop the receptor impact 2.7 Receptor impact modelling
models that are required to assess the potential
impacts from coal seam gas and large coal mining
on receptors. Conceptual, semi-quantitative and
guantitative numerical models are described.
MOQ9 | Propagating uncertainty Describes the approach to sensitivity analysis and | 2.3 Conceptual modelling
through models quantifying uncertainty in the modelled 2.6.1 Surface water numerical
hydrological response to coal and coal seam gas modelling
development 2.6.2 Groundwater numerical
modelling
2.7 Receptor impact modelling
M10 | Risk and cumulative Describes the process to identify and 3 Impact analysis
impacts on receptors analyse risk 4 Risk analysis
M11 | Hazard identification Describes the process to identify potential 2 Model-data analysis
water-related hazards from coal and coal 3 Impact analysis
seam gas development 4 Risk analysis
M12 | Fracture propagation Describes the likely extent of both vertical and 2 Model-data analysis
and chemical horizontal fractures due to hydraulic stimulation | 3 Impact analysis
concentrations and the likely concentration of chemicals after 4 Risk analysis
production of coal seam gas

Each submethodology is available online at <http://www.bioregionalassessments.gov.au>. Submethodologies might be added in
the future.

Technical products

The outputs of the BAs include a suite of technical products variously presenting information
about the ecology, hydrology, hydrogeology and geology of a bioregion and the potential direct,
indirect and cumulative impacts of CSG and coal mining developments on water resources, both
above and below ground. Importantly, these technical products are available to the public,
providing the opportunity for all interested parties, including community, industry and
government regulators, to draw from a single set of accessible information when considering CSG
and large coal mining developments in a particular area.

The information included in the technical products is specified in the BA methodology. Figure 2
shows the information flow within a BA. Table 2 lists the content provided in the technical
products, with cross-references to the part of the BA methodology that specifies it. The red
rectangles in both Figure 2 and Table 2 indicate the information included in this technical product.

This technical product is delivered as a report (PDF). Additional material is also provided, as
specified by the BA methodology:

e all unencumbered data syntheses and databases
e unencumbered tools, model code, procedures, routines and algorithms
e unencumbered forcing, boundary condition, parameter and initial condition datasets

e the workflow, comprising a record of all decision points along the pathway towards
completion of the BA, gaps in data and modelling capability, and provenance of data.
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The PDF of this technical product, and the additional material, are available online at
<http://www.bioregionalassessments.gov.au>.
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Figure 2 The simple decision tree indicates the flow of information through a bioregional assessment

The red rectangle indicates the information included in this technical product.

About this technical product
The following notes are relevant only for this technical product.

e All reasonable efforts were made to provide all material under a Creative Commons
Attribution 3.0 Australia Licence. The copyright owners of the following figures, however, did
not grant permission to do so: Figure 6, Figure 7, Figure 10 and Figure 12.

e All maps created as part of this Assessment for inclusion in this product used the Albers
equal area projection with a central meridian of 151.0° East for the Northern Inland
Catchments bioregion and two standard parallels of —18.0° and —36.0°.
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Table 2 Technical products being delivered as part of the Northern Inland Catchments Bioregional Assessment

For each subregion in the Northern Inland Catchments Bioregional Assessment, technical products will be delivered as data,

summaries and reports (PDFs) as indicated by B in the last column of Table 2. The red rectangle indicates the information covered
in this technical product. A suite of other technical and communication products — such as maps, registers and factsheets — will also
be developed through the bioregional assessments.

Component

®Barrett et al. (2013)

Product [Information Section in the BA |Report
code methodology®
1.1 Context statement 2.5.1.1,3.2
1.2 Coal and coal seam gas resource assessment [2.5.1.2, 3.3
13 Des.crlptlon of the water-dependent asset 251334 -
register
1.4  [Description of the receptor register 2.5.14,35
1.5 Current water accounts and water quality 2.5.1.5
1.6 Data register 2.5.1.6
1-2. pbservatlgns analysis, statistical analysis and 2.52.1,2.5.2.2 -
interpolation
2.3 [Conceptual modelling 2.5.2.3,4.3 |
2.4  |Two- and three-dimensional representations (4.2 b
2.5 Water balance assessment 2.5.24 ||
2.6.1 |Surface water numerical modelling 4.4 |
2.6.2 |Groundwater numerical modelling 4.4 |
2.7 Receptor impact modelling 2.5.2.6, 4.5 ||
3 Impact analysis 5.2.1 ||
4 Risk analysis 2.5.4,5.3 ||
5 Outcome synthesis 2.5.5 ||

®The two- and three-dimensional representations will be delivered in products such as 2.3, 2.6.1 and 2.6.2.
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bioregional assessments of the impacts of coal seam gas and coal mining development on
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1.2 Coal and coal seam gas
resource assessment for

the Namoi subregion

The coal and coal seam gas resource assessment summarises the known coal and coal seam gas
resources, and developments both now and potentially in the future. The following data and
information are presented:

e the geology and spatial distribution of known coal resources
e the baseline of current coal and coal seam gas extraction
e exploration and mining tenements

e proposed future developments (both new developments and expansion or closure of
existing developments), including details of location, timing, methods and extraction
volumes as determined from proposed development plans.

This information will be used to develop the coal resource development pathway (as reported in
product 2.3), which articulates the most likely combination of developments at a subregion or
bioregion scale, including all individual coal and coal seam gas resource projects that are expected.
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1.2.1 Available coal and coal seam gas resources

Summary

The Namoi subregion is underlain by the geological Gunnedah and Surat basins, both major
coal-bearing basins in eastern Australia. The Gunnedah Basin has a history of coal and
conventional petroleum exploration, and coal mining, and more recently the basin’s potential
coal seam gas (CSG) targets have attracted much interest in the Namoi subregion. Coal and
CSG exploration in the Surat Basin in Queensland has focused on areas of the basin where it
overlies the Bowen Basin. Surat Basin coals in NSW are thin (Goscombe and Coxhead, 1995)
and thermally immature (Stewart and Alder, 1995), and are therefore not a major focus for
CSG production. Thus, Section 1.2.1 focuses on the distribution and development of coal and
CSG resources in the Gunnedah Basin strata only.

Economic coal deposits are located mainly within the Maules Creek and Mullaley sub-basins
of the Gunnedah Basin, where the Maules Creek Formation and the Black Jack Group host
numerous coal seams varying in thickness and quality.

The coals in the Namoi subregion have attained thermal maturities indicative of the potential
to produce significant volumes of thermogenic gas. Furthermore, numerous igneous
intrusions into the coal measure sequences have resulted in local enhancements of coal rank,
and possibly also the gas generation and storage potential of the coals. The limited number of
studies that have been conducted on CSG resources in the basin report gas contents that
range from approximately 4 m3/t to as high as 19 m>/t, with gas compositions varying
between predominantly methane (CH4) and predominantly carbon dioxide (CO,). High
concentrations of carbon dioxide are associated with areas where igneous intrusions are
present.

1.2.1.1 Coal

The Gunnedah Basin (Figure 3) is estimated to contain an Economic Demonstrated Resource (EDR)
of 1647 Mt (44,469 PJ) of predominantly thermal black coal, approximately 3% of the Australian
black coal EDR. The Sub-Economic Demonstrated Resource (SDR) for the Gunnedah Basin is 40 Mt
(1077 PJ), with an inferred resource of 710 Mt (19,170 PJ) (Geoscience Australia and BREE, 2014).
The coal resources of the Gunnedah Basin are located in two sub-basins, separated by a structural
high, the Boggabri Ridge. The Maules Creek sub-basin is located to the east of the Boggabri Ridge,
and the Mullaley sub-basin to the west of the Boggabri Ridge (Figure 4, and see Figure 18 in
companion product 1.1 for the Namoi subregion (Welsh et al., 2014)).
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1.2.1.1.1 Maules Creek sub-basin

The major coal deposits of the Gunnedah Basin are shown in Figure 5 and are hosted within the
Maules Creek Formation and the Black Jack Group (Tadros, 1993) of the Maules Creek sub-basin, a
narrow north-south oriented trough (Figure 4, and see Figure 18 in companion product 1.1 for the
Namoi subregion (Welsh et al., 2014)). The Maules Creek Formation contains up to 25 correlated
coal seams that are generally thickest close to the Boggabri Ridge.

Most of the seams are more than 3.5 m thick, with the Braymont Coal Member being the thickest
(up to 9 m) in the Maules Creek and Boggabri areas. Coals of the Maules Creek Formation are rich
in vitrinite (up to 80%) and also contain high liptinite contents, with vitrinite reflectance values
ranging between 0.5 and 0.9%. These coals are typically low-ash, high-volatile, low-sulfur thermal
and coking coals.

1.2.1.1.2 Mullaley sub-basin

The Mullaley sub-basin is a wider trough than the Maules Creek sub-basin and is located between
the Boggabri Ridge and the Rocky Glen Ridge. It is divided into a series of smaller troughs and
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associated features including the Bohena, Bando and Bellata troughs, and the associated Narrabri
High and Walla Walla Ridge (see Figure 18 in companion product 1.1 for the Namoi subregion
(Welsh et al., 2014)) (Ward and Kelly, 2012). Coal seams in the Maules Creek Formation are best
developed south of Gunnedah. The Brown Seam is generally of good quality with a working
section of up to 4 m and raw coal ash of 8 to 11% (Tadros, 1995).

Within the Black Jack Group, significant coal resources are contained within the Hoskissons Coal
and Melvilles Coal Member. The Hoskissons Coal varies in maximum thickness from 1 m in the
west to greater than 12 m in the north and 17 m in the south-east, as shown in the isopach map
(Figure 6). It is laterally extensive from the Hunter-Mooki Thrust System to east of the Rocky Glen
Ridge system. The seam is characterised by a low-sulfur content (<0.5%), with raw coal ash ranging
from 12 to greater than 50% (Tadros, 1995). The Melvilles Coal Member is about 2.5 to 3.5 m thick
in the eastern part of the Mullaley sub-basin and thickens towards the south-west of Boggabri
(Figure 7). It is developed over large areas of the sub-basin and has raw coal ash ranging from

9.5 to 33% (Tadros, 1995).
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This figure has been optimised for printing on A3 paper (297 mm x 420 mm).
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1.2.1.2 Coal seam gas

The Gunnedah Basin has approximately 4% of the 2P (proved and probable) CSG reserves in
Australia, approximately 1520 PJ (Geoscience Australia and BREE, 2012).

Stewart and Alder (1995) regarded the Black Jack Group as the prime target for CSG extraction in
the Gunnedah Basin, as it hosts numerous seams with net coal thicknesses varying between

50 and 60 m. The Hoskissons Coal is particularly well developed in the south-east and thicker coals
associated with thickening of the Black Jack Group are adjacent to the Hunter-Mooki Thrust Fault
System. With non-anomalous vitrinite reflectance values ranging between 0.5 and 0.7% in the
basin, significant thermogenic gas generation has likely taken place. In local zones where
intrusions have heated the coal measures, vitrinite reflectance values of up to 1.3% have been
measured. Stewart and Alder (1995) therefore recognised the need to further investigate the
extent and influence of increased maturation on the gas generation potential of the Gunnedah
Basin coals. Scott and Hamilton (2008) undertook a preliminary desktop study to identify potential
CSG exploration targets. Two areas were identified in the Namoi subregion, one in the Maules
Creek sub-basin and the other in the Mullaley sub-basin, coincident with existing coal mining and
CSG exploration.

Decker (1999) reported mean gas contents of 14.8 m>/t (raw basis) for coals in the northern part
of the basin, with raw gas contents for the Black Jack Group coals of around 9.1 m>/t. In the south,
Milligan and Bunny (1996), Bunny and Milligan (1997), and also confidential company reports, as
cited in Gurba and Weber (2001), reported raw gas contents of 8.9 m>/t for the Black Jack Group
coals.

Gurba and Weber (2001) postulated that igneous intrusions in the Gunnedah Basin have had
beneficial effects on CSG potential, assisting with gas generation and acting as impermeable seals.
The study stressed the need to recognise additional sources of gas beyond those generated
initially during coalification to achieve high gas content following basin uplift and cooling. The
study found that gas contents within the thermal aureoles of heat-affected coal seams were
substantially higher above and below the sills compared to unaffected coal seams, ranging from

6 to 7 m>/t (dry, ash-free) for the unaffected coal seams to 10 to 15 m>/t (dry, ash-free) in heat-
affected coals. The intrusions had little effect on the gas composition with the gas in both affected
and unaffected coals consisting of 95% methane. Mechanisms of gas generation and accumulation
in the Gunnedah Basin thus include:

e local or regional enhancement of secondary thermogenic gas due to heat from igneous
intrusions
e generation of secondary biogenic gases or by diffusion
e migration over long distances (Gurba, 2012).
In a study of the carbon dioxide sequestration potential of the Gunnedah Basin, Gurba et al.
(2009) reported gas contents between approximately 4 and 7 m>/t for the Hoskissons Coal,
between approximately 4 and 9 m?>/t for the Maules Creek Formation, and between approximately

11 and 19 m>/t for the Bohena Seam. The composition of these gases varies from around 60%
methane to up to 98% carbon dioxide. According to Gurba et al. (2009), gas content and
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composition in the Gunnedah Basin are unpredictable with composition varying both laterally and
vertically within the coal measures.
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1.2.2  Current activity and tenements

Summary

Section 1.2.2 focuses on the coal and coal seam gas (CSG) resources in the geological
Gunnedah Basin strata only, as this is where the current and historical mining activity occurs.
Coal is mined in the central and eastern parts of the Gunnedah Basin using mainly open-cut
methods, although one underground mine is in operation. Section 1.2.2 includes information
on all the currently operating coal mines and CSG operations. For a development to be
considered current, commercial production for that particular well or mine must have
commenced prior to December 2012.

There is currently no CSG production for commercial purposes in the Namoi subregion. Some
CSG production is occurring for appraisal and pilot testing and this information is discussed in
Sections 1.2.3 and 1.2.4.

1.2.2.1 Coal

Coal was first discovered in the Gunnedah region in 1877 and the Centenary (Preston) Colliery
commenced production of coal in 1889. Coal production increased in the 1890s with the opening
of the Gunnedah and Black Jack Collieries. Coal mining in the Namoi subregion has consisted of
three small scale operations (Vickery, Preston and Gunnedah) around the Gunnedah area until a
few decades ago (NSW Department of Mineral Resources, 2002). As the demand for coal has
increased over the past decade, mining activity in the subregion has increased.

Figure 8 shows the location of coal tenements, and operating and historical (closed) coal mines in
the Namoi subregion. There are currently six operating coal mines in the Namoi subregion. Five of
these are open-cut (Boggabri, Tarrawonga, Rocglen, Werris Creek and Sunnyside) and the sixth is
an underground mine (Narrabri). Three mines in the Namoi subregion have closed: Canyon

(2000 to 2009), Gunnedah Colliery Underground Mine (closed in 2000) and Preston Extended
(closed in 1998). The Vickery Coal Mine originally operated from 1986 to 1998, was reopened in
2008 and closed again in 2012, however it was recently given approval to be reopened. The
Vickery Coal Mine is discussed further in Section 1.2.3.

Figure 8 shows that most operating and historical coal mines in the subregion are clustered in two
groups in the eastern part of the subregion and many of these mines have adjoining tenement
boundaries.
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Source data: OZMIN database, current as of December 2012 (Geoscience Australia, 2013) and NSW Government

Table 3 provides a list of the active coal mining operations in the Namoi subregion and summarises
details about each. The current expected life of the coal mines ranges from 5 to 60 years. At the
end of mining, the final voids are expected to reach depths of between 50 and 380 m below
surface.
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Table 3 Summary of operating coal mines in the Namoi subregion

Annual
production
(Mt)

Site name Location
and mining

lease (ML)

Expected
mine life

JORC compliant
Resource’

Expected
final depth

Mining
methods

(mAHD)

number

(FY
2013-14)°

Boggabri Open-cut Idemitsu 17 km 285 210 Mt mineable 2006— 3.7 (in 2012)°
CL 368 north-east reserves 2033
of Boggabri
Narrabri Underground Whitehaven 28 km south East 160—180 Narrabri 2010- 5.66 ROM
North (longwall Coal and of Narrabri West 380 North 740 Mt 2040 coal
ML 1609 mining) Upper Horn resources, 5.25 saleable
Investments, J Narrabri coal
Power, EDF North 133 Mt
Trading, marketable
Daewoo, Kores reserves®
Rocglen Open-cut Whitehaven 28 km north 100 13 Mt 2008- 1.32 ROM
(Belmont) Coal of resources, 4.4 Mt 2016 coal
ML 1620 Gunnedah marketable 0.84 saleable
reserves’ coal
Sunnyside  Open-cut Whitehaven 15 km west 100 NA —not 2008- NA —not
ML 1624 Coal of operating 2013 operating
Gunnedah
Tarrawonga Open-cut Whitehaven 16 km 180 82 Mt 2006—- 2.19 ROM
ML 1579 Coal and north-east resources, 41 Mt 2017 coal
Idemitsu of Boggabri marketable 1.91 saleable
reserves’ coal
Werris Open-cut Whitehaven 4 km south ~190 25 Mt 2005—- 2.36 ROM
Creek Coal of Werris resources, 18 Mt 2025 coal
ML 1563 Creek marketable 2.31 saleable
reserves’ coal

®Joint Ore Reserves Committee

PWhitehaven Coal (2014b)

“Hansen Bailey (2013)

YWhitehaven Coal (2014c¢)

NA means ‘data not available’; ROM = run of mine

Full company names are: Daewoo Group (Daewoo), EDF Trading Limited (EDF Trading), Idemitsu Australia Resources Pty Ltd
(Idemitsu), J Power Electric Power Development Co., Ltd (J Power), Kores Corp. (Kores), Upper Horn Investments Pty Ltd (Upper
Horn Investments), Whitehaven Coal Limited (Whitehaven Coal)

1.2.2.1.1 Boggabri Coal Mine

The Boggabri open-cut coal mine produces up to 5 Mt/year of thermal, pulverised coal injection
(PCI) and semi-soft coking coal. Mining operations commenced in 2006 and are currently
conducted via hydraulic excavators in a strip mining configuration. The coal is taken by rail to the
Port of Newcastle for export.

1.2.2.1.2 Narrabri North Mine

The Narrabri North Mine is the only operational underground coal mine in the Namoi subregion.
The mine produces a high-energy export thermal coal and a low-ash, low-sulfur, low-phosphorus,
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mid-volatile PCI coal. Coal was first produced in 2011 and full commercial production from the first
longwall occurred in October 2012. Mining in the second longwall panel was completed in mid-
January 2014 (Whitehaven Coal, 2014a).

Production of saleable coal for the 2013-14 financial year was about 5.25 Mt, including about
0.85 Mt of PCl coal. The longwall has been consistently producing coal at above the original design
levels since production commenced in the second panel. A number of options including top coal
caving or an increase in the width of the longwall face are being considered to increase production
(Whitehaven Coal, 2014a).

1.2.2.1.3 Rocglen Mine

Production at the Rocglen open-cut coal mine commenced in November 2008. The mine has an
average run-of-mine® (ROM) coal production rate of approximately 1.2 Mt/year (permitted to
1.5 Mt/year) and produces medium- to high-ash, low-sulfur, low-phosphorus, medium- to high-
volatile export thermal coal. Following a review of the mine plan in early 2013, Rocglen has
reserves in place to support a mine life until approximately 2016 (Whitehaven Coal, 2014a).

1.2.2.1.4 Sunnyside Mine

The Sunnyside open-cut coal mine was given approval to commence production in 2008 and
historically has produced around 1 Mt/year of raw coal for the export market. In late November
2012 mining operations at the site were suspended indefinitely and the mine is currently under
‘care and maintenance’. The suspension in production was attributed to a decline in global coal
prices, which made this small, relatively high-cost mine uneconomic (Whitehaven Coal, 2012). The
mine has approval to operate until September 2015. The reduced output from the Sunnyside Mine
is expected to be offset by increasing production at the Werris Creek Mine (Whitehaven Coal,
20144a).

1.2.2.1.5 Tarrawonga Mine

Production at the Tarrawonga open-cut coal mine commenced in June 2006. The mine produces a
mix of low-ash, low-sulfur, low-phosphorus, medium- to high-volatile PCl and semi-soft coking coal
and export thermal coal. Resources currently support a mine life of 20 years at a ROM production
rate of 2 Mt/year. Approval has been granted to increase ROM production to 3 Mt/year, however,
in the short term production is approximately 2 Mt/year (Whitehaven Coal, 2014a). An extension
of the Tarrawonga Mine was approved in March 2013 and so is discussed in Section 1.2.3.

1.2.2.1.6 Werris Creek Mine

The Werris Creek Mine commenced production of low- to medium-ash, low-sulfur,
low-phosphorus and medium- to high-volatile PCl and thermal coal in 2005. In mid-2011 an

! Run-of-mine coal is the raw coal delivered from the mine to the coal processing plant.
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extension of the Werris Creek Mine was approved, allowing production of up to 2.5 Mt/year for
20 years. The recently expanded Werris Creek open-cut mine is capable of producing 2.5 Mt/year
of raw coal for the export market. The coal is transported directly by rail from Werris Creek to the
Port of Newcastle (Whitehaven Coal, 2014a).

Table 4 Mining leases granted and under application in the Namoi subregion

Principal tenure holder |Grant date®

Mining lease (ML),

coal lease (CL),

consolidated coal lease (CCL),
mining lease application (MLA)
or mining purposes lease (MPL)

Due to expire

CL316 Whitehaven Coal 15 Jun 1988 15 Jun 2033 4,772
CL 375 Aston Coal 2 4 Jun1991 4 Jun 2033 4,154
CCL 701 Namoi Mining 16 Mar 1989 19 Feb 2022 5,685
CCL711 Curlewis Coal and Coke 16 Mar 1989 Renewal sought 1,309
ML 1471 Whitehaven Coal 7 Sep 2000 6 Sep 2021 385.40
ML 1662 Whitehaven Coal 9 Jan 2012 9 Jan 2033 93.09
ML 1671 Werris Creek Coal 9 Mar2012 9 Mar 2033 96.15
ML 1672 Werris Creek Coal 9 Mar 2012 9 Mar 2033 130.50
ML 1685 Boggabri Coal 18 Dec 2013 14 Nov 2032 158.40
ML 1693 Whitehaven Coal 14 Oct 2013 14 Oct 2034 409.80
MLA 0404 Aston Coal 2 30 May 2011 NA 405.50
MLA 0447 Whitehaven Coal 20 Dec 2012 NA NA
MLA 0453 Aston Coal 2 30 May 2013 NA NA
MLA 0464 Boggabri Coal 28 Nov 2013 NA NA

uoiSaJgns IoweN aY3 0} UoIleWIOUl [BNIXSIUOD T Juduodwo)

Source data: NSW Department of Trade and Investment, Resource and Energy (2014). Coal titles and applications current as

at 1 April 2014.

*Application date for a mining lease application (MLA)

NA —not available

Full company names are: Aston Coal 2 Pty Ltd (Aston Coal 2), Boggabri Coal Pty Limited (Boggabri Coal), Curlewis Coal and Coke Pty
Limited (Curlewis Coal and Coke), Namoi Mining Pty Ltd (Namoi Mining), Werris Creek Coal Pty Ltd (Werris Creek Coal), Whitehaven
Coal Limited (Whitehaven Coal)

1.2.2.1.7 Mining leases and mining lease applications

As shown on Figure 8, there are number of coal leases (CLs) and consolidated coal leases (CCLs),
mining leases (MLs) and mining lease applications (MLAs) in the Namoi subregion. Details of these
leases are shown in Table 4. There are no active coal mines currently located on these leases.

1.2.2.2 Coal seam gas

There is currently no CSG production for commercial purposes in the Namoi subregion. Some CSG
production is occurring for appraisal and pilot testing and this information is included in
Section 1.2.3.2.
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1.2.3  Proposals and exploration

Summary

There are three coal developments that have recently been approved by the NSW and
Australian Governments (Maules Creek, Boggabri Extension and Tarrawonga Extension) and
one development, the Vickery Project, has recently received NSW Government approval
(Australian Government approval was not required). Two developments in the Namoi
subregion are seeking approval to operate (Watermark and Caroona). Two other potential
developments that are in the exploration phase are the Vickery South Coal Project and the
Goonbri Exploration Project.

There are six coal seam gas (CSG) developments in various stages of exploration, pre-
development and pilot testing (Narrabri Gas Project, the Bibblewindi and Dewhurst gas
exploration pilots, the Narrabri Coal Seam Gas Utilisation project and the Kahlua and
Glasserton pilots). Current coal and CSG development and exploration are primarily in the
central and eastern parts of the subregion.

1.2.3.1 Coal

Current coal exploration tenements are concentrated around areas of current coal mining in the
central eastern part of the subregion, between Narrabri and Quirindi (see Figure 9). Figure 9 shows
identified coal deposits and operating mines in the subregion. Some of the projects marked as coal
deposits in Figure 9 have recently received NSW and Australian Government approval: the Maules
Creek Project, the Tarrawonga and Boggabri extensions and the Vickery Coal Project (Table 5).

The Maules Creek Project is one of the most recent and largest coal mining operations in NSW to
have received approval from the NSW and Australian Governments to extract coal from the
Maules Creek Formation via open-cut methods. Extensions of the Tarrawonga and Boggabri mines
have also recently been given approval from the NSW and Australian Governments. The Vickery
Coal Project received approval to operate from the NSW Government in September 2014. Coal
exploration prospects are concentrated around areas of current large coal mining, with the
Watermark, Caroona, Vickery South and Goonbri deposits being considered for potential
development at present.
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Table 5 Summary of recently approved coal mines in the Namoi subregion

Site name and mining | Mining Operator Location Expected Allowed Expected
lease (ML) number methods final depth maximum |mine life
(mAHD) extraction
(Mt/year)
Maules Creek Open-cut  Whitehaven 18 km north-east 250 13 Mid-
CL 375 and (A) 346° Coal, ICRA, of Boggabri 2013 to 2034
J Power
Boggabri Extension Open-cut Idemitsu 17 km north-east 285 5 2013-2053
CL 368 of Boggabri
Tarrawonga Extension Open-cut Whitehaven 16 km north-east 180 3 2013-2030
ML 1579 Coal and of Boggabri
Idemitsu
Vickery Coal Project Open-cut Whitehaven 18 km south-east 70-190 4.5 2014-2044
CL 316, ML 1471, MLA Coal of Boggabri

areas 1,2 and 3

Source data: adapted from SWS (2011)

A = authorisation; CL = coal lease; ML = mining lease; MLA = mining lease application

®Proponent has indicated it may seek to continue mining in this area beyond the currently proposed 21-year mine plan

Full company names are: ICRA Limited (ICRA), Idemitsu Australia Resources Pty Ltd (Idemitsu), ] Power Electric Power Development
Co., Ltd (J Power), Whitehaven Coal Limited (Whitehaven Coal)

1.2.3.1.1 Maules Creek Project

The Maules Creek Project, operated by Whitehaven Coal, is approximately 20 km north-east of
Boggabri and adjacent to the Boggabri mining lease. The target coal seams are within the Maules
Creek Formation. The resource is expected to sustain a project life in excess of 30 years with the
expected base of the pit at approximately 300 m below surface (AGE, 2011). The project has an
estimated Joint Ore Reserves Committee (JORC) Code resource of 650 Mt and recoverable
reserves of 362 Mt (Whitehaven Coal, 2014a). The Maules Creek Project will produce high quality,
low-ash, low-sulfur and low-phosphorus semi-soft coking coal and low-ash, low-sulfur, high-energy
thermal coal (Whitehaven Coal, 2014b). The Maules Creek Project was given approval from the
NSW Government to operate an open-cut mine in October 2012 and Australian Government
approval in February 2013. When construction of the project is completed in mid-2015, Maules
Creek will have installed capacity to produce 13 Mt/year run of mine (ROM) coal and 12 Mt/year
of high quality low-ash thermal and metallurgical coal. The increase to full production will take
about three years.

Construction at the Maules Creek Project site commenced in January 2014, following the
completion of the Stage One salvage works under the Aboriginal Archaeology and Cultural
Heritage Management Plan. Construction of the rail line for the Maules Creek Project and the
Boggabri Coal Mine commenced in early January 2014 and construction of the pipeline to bring in
water for the construction activity and the mine began in late December 2013. The first coal is
expected to be railed from project in March 2015 (Whitehaven Coal, 2014b).
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Figure 9 Map showing coal mining and resources in the Namoi subregion

Source data: Coal mine and resource data sourced from the OZMIN database (Geoscience Australia, 2013), information current as
of December 2012. Coal tenements, MinView database (NSW DTI, 2014) information current as of March 2014

1.2.3.1.2 Boggabri Extension Coal Project

The Boggabri Extension Coal Project covers an area of 658 ha immediately adjacent to the original
open-cut mine operations at Boggabri Coal and is a direct extension of the previous mining
operations. The Boggabri Extension Coal Project was given approval from the NSW Government in
July 2012 and the Australian Government in February 2013 to extend open-cut operations at the
mine. The extension allows Boggabri Coal to continue extracting coal at an increased rate of up to
8.6 Mt/year for a further 21 years to December 2033.

1.2.3.1.3 Tarrawonga Extension Coal Project

Tarrawonga Coal Pty Ltd, the operators of the Tarrawonga Mine, recently sought approval to
expand mining operations at the Tarrawonga Mine, develop associated processing and transport
facilities, and to extract up to 3 Mt/year of coal until 2030 — an increase from current production
of up to 2 Mt/year. The extension project also includes provision for the construction and
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operation of a service corridor (including a haul road) linking it to the Boggabri Coal Mine
infrastructure facilities.

The Tarrawonga Extension Coal Project was given approval from the NSW Government in

January 2013 and the Australian Government in March 2013 to extend open-cut operations at the
mine. Under the new approval, the Tarrawonga Mine can expand the mine to the east of the
existing mining area and extract a total of 50.5 Mt of coal at a rate of 3 Mt/year, until 2030
(Whitehaven Coal, 2013).

1.2.3.1.4 Watermark Coal Project

Shenhua Watermark currently holds the Watermark Exploration Licence (EL) 7223 covering an
area of 195 km?, approximately 25 km south-east of Gunnedah. The Watermark deposit contains
shallow resources of domestic and export quality thermal coal contained in the Hoskissons Coal
and Melvilles Coal Member, with additional coal in seams overlying the Hoskissons Coal and in the
Maules Creek Formation at depth. Shenhua Watermark proposes to extract up to 10 Mt/year of
ROM coal from the Hoskissons and Melville seams for a 30-year period using a standard open-cut
mining fleet of excavators and shovels, along with haul trucks, dozers, graders, drill rigs and water
carts (Shenua Watermark Coal, 2013). An environmental impact statement (EIS) for the project
has been lodged and the project is currently being assessed by the NSW Department of Planning
and Infrastructure (as of September 2014). The project is also being assessed under the
Commonwealth’s Environment Protection and Biodiversity Conservation Act 1999 (the EPBC Act)
due to the presence of listed threatened species and communities, listed migratory species, and
impacts on water resources.

If the mine is approved, coal extraction will take place from three mining areas as shown in
Figure 10. ROM coal reserves are estimated to be approximately 268 Mt. As mining progresses all
disturbed areas will be progressively rehabilitated while tailings and coarse rejects will be
co-disposed of in overburden emplacement areas (Shenhua Watermark Coal, 2013).

The proposed development includes the construction and operation of a mine access road;
administration, workshop and related facilities; a coal handling and preparation plant; and a rail
spur, rail loop, Kamilaroi Highway rail overpass and associated train load facility and connection to
the Werris Creek to Moree railway line. Communication and electricity infrastructure would be
required. If approved, the operation is anticipated to employ a peak of approximately 600 full-
time equivalent employees and associated contractors during operation at full production, with a
peak of approximately 600 contractors during construction. Project activities are planned to take
place within a disturbance boundary, requiring approximately 4084 ha of land disturbance,
although some water, power and communications infrastructure may be located outside the
disturbance boundary and the project boundary (Shenhua Watermark Coal, 2013).

Produced coal is proposed to be transported to the Port of Newcastle via the Werris Creek to
Moree railway line and the Main Northern railway line. Construction and operation of surface and
groundwater management and reticulation infrastructure is discussed in Shenhua Watermark Coal
(2013), as well as impacts on and management of groundwater.
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Figure 10 Location of the proposed mining areas for the Watermark Coal Project in the Namoi subregion

Source: Figure 9 in Shenhua Watermark Coal (2013). This figure is not covered by a Creative Commons licence. It has been
reproduced with the permission of Shenhua Watermark Coal.

The Rehabilitation and Mine Closure Strategy for Watermark proposes that final land use will be a
mixture of native vegetation communities and a mixture of pasture species for agricultural
purposes. Shenhua Watermark aims to achieve a majority of post-mining land capability Class Il
through the creation of gentle topography (to minimise erosion) and using excess topsoil and
subsoil resources available (Shenhua Watermark Coal, 2013).

With the exception of the Western Mining Area (the final void), it is planned that mining areas will
be progressively rehabilitated as mining advances or concludes, and the rehabilitation programme
will include backfilling final voids, soil management and translocation, implementation of erosion
and sediment controls, revegetation, and relevant maintenance and monitoring to achieve a
successful and self-sustaining landscape. The final void is anticipated to cover approximately

100 ha with a maximum depth of approximately 80 m below the natural ground surface. A mine
closure plan would be developed within five years of closure (Shenhua Watermark Coal, 2013).

1.2.3.1.5 Caroona Coal Project

In April 2006, BHP Billiton commenced exploration activities in the Caroona Exploration Licence
Area (ELA) 6505, located approximately 40 km south-east of Gunnedah and 14 km west of
Quirindi. The Caroona deposit is estimated to contain more than 500 Mt of in situ potentially
mineable underground coal that may produce a high quality exportable thermal coal (SWS, 2011).

Within the 344 square kilometre area of EL 6505, BHP Billiton has identified three targeted
exploration areas at Doona Ridge, Nicholas Ridge and Georges Island. Although there are
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significant coal deposits outside of these areas, BHP Billiton has focused exploration on the
targeted areas because of the potential for longwall mining subsidence to adversely impact the
alluvial plains which characterise the lands outside of the targeted areas (BHP Billiton, 2014).

BHP Billiton is seeking consent to develop an underground coal mining operation within the Doona
Ridge and Nicholas Ridge targeted exploration areas (BHP Billiton, 2014). BHP Billiton was granted
a Gateway Certificate for the Caroona Coal Project on 7 July 2014 and the NSW Director General’s
Requirements (DGRs) for the Caroona Coal EIS were issued on 11 July 2014. A referral for
Commonwealth assessment under the EPBC Act has also been made and the proposed action was
considered a controlled action due to the presence of listed threatened species and communities
and impacts on water resources. The EIS for the Caroona Coal Project is currently being written
and is due for submission in 2015 (BHP Billiton, 2014).

1.2.3.1.6 Vickery Coal Project (including Vickery South Coal Project)

The Vickery Coal Project involves open-cut mining within Coal Lease (CL) 316 and the adjoining
Mining Lease (ML) 1471, as well as mining related activities in Mining Lease Application (MLA)
areas 1, 2 and 3 (designated MLA 447). The Vickery Coal Project is approximately 22 km north of
Gunnedah and about 18 km south-east of Boggabri. The marketable reserves of the Vickery Coal
Project are 180 Mt, sufficient for a 30-year mine life or more. Mine planning for the Vickery Coal
Project includes a pit design that produces 164 Mt of ROM coal with coal quality assessed as
consistent with both Tarrawonga and Maules Creek coals (Whitehaven Coal, 2013). The Vickery
Coal Project was approved with conditions by the NSW Department of Planning and Infrastructure
in September 2014. The Vickery Coal Project did not require approval under the EPBC Act as the
proposed action was considered not likely to be significant if undertaken in a particular manner.
The Vickery Project was referred for assessment under the EPBC Act prior to the ‘water trigger’
amendment.

In March 2013 Whitehaven Coal acquired Itochu Corporation’s interest in the Vickery South Coal
Project. As a result, Whitehaven Coal now owns 100% of the Vickery South Project. The Vickery
South Coal Project area is adjacent to Whitehaven Coal’s existing Vickery Coal Project. The
combined area has an open-cut JORC Code resource of 507.9 Mt. However, the Vickery South
deposit is not included in the current Vickery Coal Project approval (Whitehaven Coal, 2013).

1.2.3.1.7 Goonbri Exploration Project

Exploration Licence (EL) 7435, which is held by Goonbri Coal Company Pty Limited, covers an area
of 984 ha, 18 km north-east of Boggabri. It is possible that an open-cut or underground coal mine
could be developed within EL 7435 in the future, subject to approval. A Review of Environmental
Factors for the project has been submitted to the NSW Department of Trade and Investment
(Resource and Energy), which proposes to develop a series of exploration boreholes (Hansen
Bailey, 2012). Although it is possible that an open-cut or underground coal mine could be
developed in future, according to the NSW Department of Planning, no submissions have been
made for development of the coal resources on EL 7435 as of September 2014. The Goonbri

EL 7435 is close to the Maules Creek and Boggabri mines and adjacent to the Tarrawonga coal
mine.
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1.2.3.2 Coal seam gas

The geological Gunnedah Basin is the subject of six current CSG developments in various stages of
exploration and appraisal. The principal seams for CSG exploration in the Gunnedah Basin are the
Hoskissons Coal, which lies within the Late Permian Black Jack Group, and the Early Permian coal
seams of the Maules Creek Formation, located towards the base of the Bohena Trough. Santos Ltd
is the main operator of CSG projects, holding the largest proportion of petroleum tenements in
the Namoi subregion. Eastern Star Gas operated the Narrabri Gas Project until they were acquired
by Santos in 2011.

Despite coals in the geological Surat Basin being the target for CSG extraction in Queensland, no
commercial oil or gas discoveries have been made in the NSW part of the Surat Basin (Ransley et
al., 2012). Consequently, the Surat Basin in the Namoi subregion is not currently a target for CSG
exploration.

Exploration activities for CSG in NSW fall under the NSW Petroleum (Onshore) Act 1991. There are
three main types of permits issued under the Act: a petroleum exploration licence (PEL), a
petroleum assessment lease (PAL) and a petroleum production lease (PPL). A PPL allows
commercial extraction or production of petroleum resources.

Figure 11 shows the location of petroleum tenements in the Namoi subregion. Most of the Namoi
subregion is underlain by PELs, with the exception of one tenement at the western extent of the
subregion. Although this may suggest that CSG extraction could become widespread in the area,
current CSG exploration developments are concentrated in the Gunnedah Basin, which is only
present in the central eastern part of the Namoi subregion. There is only one petroleum
production licence identified: PPL 3, which was granted to Eastern Star Gas (now Santos) to
develop the Coonarah conventional gas field, located about 20 km west of Narrabri (see

Figure 11).

Figure 11 shows the location of CSG wells in the Namoi subregion, as recorded in the MinView
database (NSW DTI, 2014). According to MinView, 175 CSG-related wells have been drilled in the
Namoi subregion. The majority of wells are located to the south and south-west of Narrabri. With
the exception of the Narrabri Gas Project owned by Santos, the CSG projects are still at an
exploration stage.
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Figure 11 Location of petroleum permits (including coal seam gas) and coal seam gas wells in the Namoi subregion

Source data: Coal seam gas tenements and wells, MinView database (NSW DTI, 2014) information current as of March 2014

PAL = petroleum assessment lease; PEL = petroleum exploration licence; PELA = petroleum exploration licence application;
PPL = petroleum production lease; PSPAPP = petroleum special prospecting authority

1.2.3.2.1 Narrabri Gas Project

Santos holds PAL 2 for the development of the Bohena gas field, also known as the Narrabri

Gas

Project, located about 21 km south-west of Narrabri. PAL 2 represents a small portion of PEL 238

which covers most of the Pilliga Forest (Figure 12). Santos has submitted a Preliminary

Environmental Assessment (PEA) to the NSW Department of Planning and Infrastructure (GHD,
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2014), which proposes to develop its CSG reserves in the Narrabri area. It is likely the project will
also require assessment under the Commonwealth’s EPBC Act.

The proposal is to develop a gas field with production and appraisal wells, gas and water gathering
systems, and supporting infrastructure. The targeted coal seams for the project are primarily in
the Maules Creek Formation (Eastern Star Gas, 2006).

The Narrabri Gas Project area covers about 98,000 ha in the Pilliga Forest and on private land, and
seeks to avoid strategic agricultural land (Figure 12). It excludes the Conservation Area and Nature
Reserve sections of the Pilliga woodlands. The proposed field operations will take up
approximately 900 ha mostly in the Pilliga Forest. The Narrabri Gas Project could produce 200 TJ
(terajoules) of natural gas per day, which would be transported via a new pipeline connection
running south from Narrabri (Santos, 2014a). If approved, gas will be produced from up to

850 individual production wells or up to 425 pairs of well sets. The proposed project would include
a central water management and treatment facility, located outside the Pilliga Forest, to store and
treat the produced water for reuse; a central gas processing unit at the water treatment facility, to
treat and compress the natural gas to Australian pipeline requirements; a small gas processing unit
and water pumping station to transfer the gas and water extracted from the coal seams to the
central processing facility; and supporting infrastructure including the upgrade of the Narrabri
Operations Centre, workers’ accommodation, power generation and distribution networks (GHD,
2014).

The proposal includes a pipeline running south, to connect into existing infrastructure, that would
be buried at least 750 mm below ground and avoid prime agricultural land to the maximum extent
possible. Temporary construction facilities and other facilities located along the pipeline route
would be rehabilitated after use. Santos currently has no plans to use hydraulic fracture
stimulation on future wells drilled as part of the Narrabri Gas Project area, as geological data
indicates that fraccing would not increase gas flows in the coal seams (Santos, 2014a).

For the Narrabri Gas Project, estimated peak water production is approximately 8 ML/day, which
is forecast to stabilise at around 4 ML/day (Santos, 2012). The produced water and brine is
intended to be first stored in ponds and then treated — typically by desalination using reverse
osmosis or through amendment by altering the chemical balance of the water. The selection of the
treatment process will depend on the original water quality and the intended use of the treated
water (Santos, 2012).

Subject to project approval, Santos anticipates construction to commence in mid-2015 with first
gas scheduled for late 2017-18. CSG wells would be progressively drilled from mid-2015 over the
life of the development. Mobilisation and construction of the gas processing facility and water
treatment facility would occur over two years, between 2016 and 2017 (GHD, 2014).
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Figure 12 Map showing the location of the Narrabri Gas Project area, existing pipeline network and tenement
boundary in the Namoi subregion

Source: Santos (2014). This figure is not covered by a Creative Commons licence. It has been reproduced with the permission of
Santos.
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1.2.3 Proposals and exploration

1.2.3.2.2 Bibblewindi Gas Exploration Pilot wells

Santos was granted approval from the NSW Government in July 2014 to expand its Bibblewindi
Gas Exploration Pilot under the Energy NSW CSG Exploration and Appraisal Program (RPS Australia
East, 2013a). The Bibblewindi CSG wells are shown on Figure 11. As part of the Bibblewindi Gas
Exploration Pilot Expansion two additional pilot wells (Bibblewindi 31 and 32) are approved to be
drilled within the existing Bibblewindi Multi-Lateral Pilot, which is located in the Bibblewindi State
Forest, approximately 40 km south of Narrabri. The expanded pilot has approval to operate for up
to three years, after which post-operation decommissioning and rehabilitation would be carried
out. Any proposal to convert the pilot wells into production wells will be included in the Narrabri
Gas Project discussed in Section 1.2.3.2.1 (GHD, 2014). The Bibblewindi Gas Exploration pilot wells
did not require approval under the EPBC Act as the proposed action was not considered likely to
be significant if undertaken in a particular manner. The activities that have been approved for the
expansion include site preparation at existing well leases, and establishment of necessary
equipment, temporary structures and facilities to enable the drilling of one vertical pilot well and
one lateral pilot well that would be connected to the Bibblewindi Multi-Lateral Pilot (RPS Australia
East, 2013a).

1.2.3.2.3 Dewhurst Gas Exploration Pilot wells

Santos was granted approval from the NSW Government in July 2014 to expand its Dewhurst Gas
Exploration Pilot under the Energy NSW CSG Exploration and Appraisal Program (RPS Australia
East, 2013b). The Dewhurst CSG wells are shown on Figure 11. The recently approved activity
within PEL 238 involves drilling two new horizontal wells at each of the Dewhurst 16H, 17H and
18H pilot wells to target additional coal seams at the existing Dewhurst 13—18H pilot well set. Two
additional vertical-triple-stacked wells (Dewhurst 30 and 31) have also been approved to be added
to the previously approved Dewhurst 26—29 pilot well set. The Dewhurst 30 and 31 well pair is
scheduled to be drilled in the second or third quarter of 2014 (RPS Australia East, 2013b). The
Dewhurst Gas Exploration pilot wells did not require approval under the EPBC Act as the proposed
action was not considered likely to be significant if undertaken in a particular manner. Any
proposal to convert the pilot wells into production wells will be included in the Narrabri Gas
Project discussed in Section 1.2.3.2.1 (GHD, 2014).

The tri-stacked wells are expected to be pumping and producing from three different coals seams.
The total well depth is estimated to reach approximately 1000 m while the total length of the
directional wells is about 2000 m (inclusive of vertical depth). The lateral wells would be operated
by electric submersible pumps; for the vertical wells progressive cavity pumps are proposed.
Maximum gas flow rates of 1000 million standard cubic feet per day are expected at an estimated
operating wellhead pressure of 275 kPa (gauge pressure). Mean water production is predicted to
be approximately 250 m>/d (RPS Australia East, 2013c).

1.2.3.2.4 Narrabri Coal Seam Gas Utilisation Project

The NSW Department of Planning is assessing an application for a proposed modification to the
Narrabri Coal Seam Gas Utilisation Project, which is also proposed under the Energy NSW CSG
Exploration and Appraisal Program (Santos, 2013). The Narrabri CSG Utilisation Project is located
within PAL 2 and at the Wilga Park Power Station in the Narrabri region, both operated by Santos.
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1.2.3 Proposals and exploration

Modification 1 (MP 07_0023 MOD 1) to the Narrabri CSG Utilisation Project was approved in
February 2011 and Modification 2 (MP 07_0023 MOD 2) in March 2012. Under Modification 3
(MP 07_0023 MOD 3), Santos proposes to install a riser on the existing 32 km buried gas flow line
that would allow gas and liquids to be diverted to the Leewood Produced Water Facility. The gas
flow line could be used to transfer liquids (including fresh water, produced water and brine)
between the Tintsfield ponds and the Bibblewindi Water Transfer Facility and to the Leewood
Produced Water Facility. It would also allow CSG from existing or future wells to be used within
PAL 2 or PPL 3 at the Wilga Park Power Station (Santos, 2013).

1.2.3.2.5 Glasserton and Kahlua pilot wells

Santos completed a Review of Environmental Factors for the Glasserton and Kahlua pilot wells in
the south of the Namoi subregion (Figure 11) near the township of Gunnedah.

The Kahlua pilot test site is located on an outcrop of the Triassic Napperby Formation (Gunnedah
Basin sequence). The project involved an exploration test on the Kahlua 2 well. In this location, the
Gunnedah Basin sequence dips to the south-west and outcrops are observed to the north-east.
The full Triassic sequence of the Gunnedah Basin was logged at this location, with the target coal
measure, the Black Jack Group, intersected at a depth of 159 m below surface at Kahlua 1 (Santos,
2008). The Kahlua pilot test was stopped after 30 days due to operational requirements. The
target seam for the Glasserton pilot was the Hoskissons Coal in the Black Jack Group (Golder
Associates, 2011), however the pilot test was not undertaken. Currently, the Narrabri Gas Project
has priority and no further activities have been proposed by Santos for its Glasserton and Kahlua
pilot well sites.
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1.2.4 Catalogue of potential resource developments

1.2.4 Catalogue of potential resource developments

Summary

Potential coal resource developments in the Namoi subregion are concentrated around areas
of current coal mining in the central part of the subregion.

Proposed development of coal seam gas (CSG) resources is concentrated in the Narrabri area
and includes the Narrabri Gas Project, which may incorporate the Bibblewindi and Dewhurst
pilot testing wells, and the Kahlua and Glasserton pilot testing wells.

There are five potential new mines (Maules Creek, Vickery, Watermark, Caroona and Goonbri) and
two expansion projects (Tarrawonga and Boggabri). Of these projects, four have recently been
given approval to operate (Maules Creek, Vickery, Tarrawonga Extension and Boggabri Extension),
one is in the late stage of assessment (Watermark) and one is at an early stage of assessment
(Caroona). Goonbri is currently in the exploration stage. The larger proposed developments
(Watermark and Caroona) are located in the south-east of the subregion, to the west of the Werris
Creek Mine (see Figure 9). There are a number of designated mining leases and consolidated coal
leases in the Namoi subregion (see Table 6) and while there is little information available for these
leases, they are also included as potential developments given their lease status.

Proposed development of CSG resources is concentrated in the Narrabri area where Santos Ltd
has recently submitted a Preliminary Environmental Assessment (PEA). In preparation for
developing the Narrabri CSG reserves, Santos has also proposed expansions to its Bibblewindi and
Dewhurst gas exploration pilots, as well as a third modification to the Narrabri Coal Seam Gas
Utilisation Project under the Energy NSW CSG Exploration and Appraisal Program.

Table 6 and Table 7 list potential developments with locations, resource figures and development
status. Locations of the projects in relation to current coal mines are shown in Figure 9. Resources
for coal are consistent (where possible) with the Joint Ore Reserve Committee (JORC) Code and
include measured, indicated and inferred resources (inclusive of any reserves). CSG resources are
reported as proved plus probable reserves (2P) using the Petroleum Resource Management
System (PRMS).

Information in the tables is derived from the OZMIN National Mineral Deposits Database
(Geoscience Australia, 2013). Resource figures presented in Table 7 have been updated using
information available from Santos (2014b).
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Project name

Boggabri
Extension

Caroona

CCL711

Goonbri
EL 7435

Gunnedah
CCL 701

Gunnedah
EL 5183

Maules Creek
CL 375 and
(A) 346°

ML 1471
ML 1662
ML 1671 and

ML 1672

Tarrawonga
Extension
ML 1579
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Idemitsu

BHP Billiton

Curlewis Coal and

Coke

Goonbri Coal

Whitehaven Coal

Whitehaven Coal

Whitehaven Coal,

ICRA, J Power

Whitehaven Coal

Whitehaven Coal

Werris Creek
Coal

Whitehaven Coal

and Idemitsu

Longitude

150.08°
(approx.)

150.4346°
150.2143°

150.12°
(approx.)

150.141°

150.0838°

150.02°
(approx.)

150.1729°

150.2758°

150.62°
(approx.)

150.10°
(approx.)

Latitude

-30.37°
(approx.)

—31.3985°
-31.0933°

-30.37°
(approx.)

-31.0187°

-30.9779°

—-30.35°
(approx.)

—30.7385°

-30.7415°

-31.38°
(approx.)

-30.38°
(approx.)

Record date’

24 Aug 2012 Coking and Thermal Coal

24 Aug 2012 Coking and Thermal Coal

Table 6 Catalogue of potential coal resource developments in the Namoi subregion (see Figure 9)

Material®

Thermal coal

Thermal Coal

Coking and thermal coal

Thermal coal

Total coal
resources

(M)°

90

260°

153

39.4

610

78

Status of EIS*

EIS submitted

EIS in preparation

Pre-EIS

Pre-EIS

Pre-EIS

Pre-EIS

EIS submitted

Pre-EIS

Pre-EIS

Pre-EIS

EIS submitted

Project has been
approved. Deposit
includes ML 1685 and
MLA 0464

BHP Billiton (2012)

Part of the Preston
Extended deposit

Goonbri deposit is not
in OZMIN database

Project has been
approved. Deposit
includes CL 375,
MLA 0404 and
MLA 0453

Part of the Canyon
deposit

Part of the Rocglen
deposit

Part of the Werris
Creek deposit

Project has been
approved. Deposit
includes ML 1693



1.2.4 Catalogue of potential resource developments

Project name Longitude Latitude |Record date® |Material® Total coal |Status of EIS*
resources
(Mt)°
Vickery Whitehaven Coal 150.12° -30.46° Coking and Thermal Coal 507 EIS submitted Resource Strategies
(approx.) (approx.) (2012). Deposit

includes CL 316 and
MLA 0447

Vickery South  Whitehaven Coal 150.194°  -30.794° 24 Aug 2012 Coking and Thermal Coal 111.15 Pre-EIS Whitehaven Coal
(2014a)

Watermark Shenhua 150.375°  -31.247° Coking and Thermal Coal 268° EIS submitted Shenhua Watermark

Watermark Coal (2013)

A = authorisation; CL = coal lease; CCL = consolidated coal lease; EL = exploration licence; ML = mining lease; MLA = mining lease application

®The record date is the most recent date for updated coal resource numbers.

®Materials fall into one of the following four classes: thermal coal, coking coal, pulverised coal injection (PCl) and unspecified.

“This is calculated by summing the resources with Joint Ore Reserves Committee (JORC) codes of measured, indicated and inferred.

“The status of the project within an environmental impact statement (EIS): pre-EIS, EIS in preparation, EIS submitted, EIS closed, supplementary EIS and EIS approved.

°From EIS, see Notes column for relevant reference

Full company names are: Curlewis Coal and Coke Pty Limited (Curlewis Coal and Coke), Goonbri Coal Company Pty Limited (Goonbri Coal), ICRA Limited (ICRA), Idemitsu Australia Resources
Pty Ltd (Idemitsu), J Power Electric Power Development Co., Ltd (J Power), Werris Creek Coal Pty Limited (Werris Creek Coal), Whitehaven Coal Limited (Whitehaven Coal)
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Table 7 Catalogue of potential coal seam gas resource developments in the Namoi subregion

Project name Company Longitude Latitude Record date® | 2P coal seam gas | Status of EIS°
reserves’
(PJ)
Bibblewindi Gas Santos Ltd 149.62° to 149.64° —30.62° to —30.66° Pilot testing Any proposal to convert the
Exploration Pilot (approx.) (approx.) pilot wells into production
wells wells will be included in the

Narrabri Gas Project

Dewhurst Gas Santos Ltd 149.65° to 149.75° —30.54° to —30.70° Pilot testing Any proposal to convert the
Exploration Pilot (approx.) (approx.) pilot wells into production
wells wells will be included in the

Narrabri Gas Project

Kahlua and Santos Ltd 150.19° to 150.00 ° —31.21° to —30.58° Pilot testing No further activities proposed

Glasserton (approx.) (approx.)

Narrabri Gas Project Santos Ltd 149.85° to 149.47° —30.3° to —30.7° 31 Dec 2013 196 Pre-EIS Preliminary Environmental
(approx.) (approx.) Assessment submitted

(GHD, 2014), Santos awaiting
Director Generals
Requirements for EIS

EIS = environmental impact statement

®The record date is the most recent date for updated coal seam gas resource numbers.

®The Petroleum Resource Management System of the Society of Petroleum Engineers (PRMS-SPE) code 2P refers to estimated quantities of proved reserves plus probable reserves.
“The status of the project within an environmental impact statement (EIS): pre-EIS, EIS in preparation, EIS submitted, EIS closed, supplementary EIS and EIS approved.
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