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

Component 5: Outcome synthesis

112/3//4 |5

-

Water-
dependent
asset
register

12151821 E3ed
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data

Risk
treatment

ata from monitorin9

Knowledge

Risk
evaluation

Risk

\ Communications
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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 2.3 Conceptual modelling
developments). 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.
MO07 | Groundwater modelling Describes the approach taken for groundwater 2.6.2 Groundwater 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. It also considers surface water —
groundwater interactions, as well as how the
groundwater modelling is constrained by
geology.




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.
MOQO9 | 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.

4 | Coal and coal seam gas resource assessment for the Clarence-Moreton bioregion


http://www.bioregionalassessments.gov.au/

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.

e All maps created as part of this BA for inclusion in this product used the Albers equal area
projection with a central meridian of 150° East for the Clarence-Moreton 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 Clarence-Moreton Bioregional Assessment

For each subregion in the Clarence-Moreton 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

Component 1: Contextual
information for the Clarence-
Moreton bioregion

Component 2: Model-data
analysis for the Clarence-
Moreton bioregion

Component 3: Impact analysis
for the Clarence-Moreton
bioregion

Component 4: Risk analysis for
the Clarence-Moreton
bioregion

Component 5: Outcome
synthesis for the Clarence-
Moreton

aBarrett et al. (2013)

Information Section in the BA [Report
methodology?

Context statement 2.5.1.1,3.2

Coal and coal seam gas resource assessment |2.5.1.2, 3.3

Des.crlptlon of the water-dependent asset 2513, 34 -

register

Description of the receptor register 2.5.1.4,35

Current water accounts and water quality 2.5.1.5

Data register 2.5.1.6

Ob ti lysis, statistical lysis and

' serva |9ns analysis, statistical analysis an 2.52.1,2.5.2.2 -

interpolation

Conceptual modelling 2.5.2.3,4.3 |

Two- and three-dimensional representations 4.2 2

Water balance assessment 2.5.2.4 |

Surface water numerical modelling 4.4 |

Groundwater numerical modelling 4.4 |

Receptor impact modelling 2.5.2.6,4.5 |

Impact analysis 5.2.1 |

Risk analysis 2.5.4,5.3 |

Outcome synthesis 2.5.5 |

bThe 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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1.2 Coal and coal seam gas
resource assessment for
the Clarence-Moreton

bioregion

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 geological Clarence-Moreton Basin contains substantial coal, coal seam gas (CSG) and
conventional gas resources. Within the Clarence-Moreton bioregion, black coal was first
discovered in 1824 in the Ipswich Coal Measures and in 1864 in the Walloon Coal Measures.
Coal is also present in other formations, but economic coal deposits are located mainly within
the Walloon Coal Measures, the Ipswich Coal Measures and the Nymboida Coal Measures.

The cumulative thickness of coal seams varies considerably throughout the Clarence-Moreton
bioregion, ranging from approximately 1 m near the basin margins to about 120 m in the
Casino Trough, a major depositional centre within the Clarence-Moreton bioregion in NSW
where the Walloon Coal Measures are thickest (up to approximately 700 m). The coal rank of
the Walloon Coal Measures ranges from high-volatile bituminous to low-volatile bituminous
and sub-bituminous, and the coal has been described as slightly higher in rank than the coals
in the linked geological Surat Basin.

Both conventional and unconventional gas resources occur in the Clarence-Moreton
bioregion. Methane adsorption tests of coal samples from the Clarence-Moreton bioregion in
NSW demonstrated that the coals are fully saturated or close to full saturation. This is
attributed to the low permeability of the coal seams, the interbedded nature of the coal
seams, and to the presence of a regional top seal (the Maclean Sandstone). Numerous
igneous intrusions have penetrated the coal seams in the Clarence-Moreton bioregion, and
these heating events may have affected the maturity of coal seams and gas generation at the
regional scale.

Gas isotope analyses indicate that the gas contained within the coal seams is thermogenic, in
contrast to gas in the adjacent Surat Basin where gas is primarily of biogenic origin.

1.2.1.1 Coal

A detailed overview on the characteristics of the stratigraphic units (Figure 3) and the geological
framework of the Clarence-Moreton bioregion is given in product 1.1 of the Clarence-Moreton
Bioregional Assessment (Rassam et al., 2014).

Goscombe and Coxhead (1995) provided an overview of the geology of the Clarence-Moreton
Basin, including information about the coal resources, their quality and utilisation potential for
coals from various deposits in the Walloon Coal Measures and equivalents in other basins. The
Australian Energy Resource Assessment (Geoscience Australia and BREE, 2014) estimated that
there are 2177 Mt of Economically Demonstrated Resources (EDR) of thermal black coal and 15 Mt
of Subeconomic Demonstrated Resources (SDR) of thermal coal in the Clarence-Moreton Basin
(EDR, 2014).

The primary coal exploration targets within the Clarence-Moreton bioregion are the Jurassic
Walloon Coal Measures, the Late Triassic I[pswich Coal Measures in south-east Queensland, and
the Triassic Nymboida, Red Cliff and Evans Head coal measures in NSW. In addition, coal is also
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contained within the Koukandowie Formation, the Gatton Sandstone and the Raceview Formation
(a member of the Woogaroo Subgroup). However, the coal within these units has not been mined
economically in the past (Ingram and Robinson, 1996).

Age Major stratigraphic Stratigraphic Depositional Ge:;:::fed
unit subdivision environment stratigraphy?
Quaternary Undifferentiated Alluvium/Colluvium/Coastal Alluvium/Colluvium/Coastal
Paleogene and Voldanies Mair? Range Volcar.ﬂcs/
Neogene Lamington Volcanics
PN RITTRITNIONGS N
5 Rapville Member'
Cretaceous E Grafton Formation
Piora Member'
Orara Formaton' Bungawalbin Member' Fluvial to low-energy overbank
(Kangaroo Creek p
Qo Sandstone) Kangaroo Creek Sst Member Fluvial channel
3 Maclean Sandstone
Member
Walloon Coal Sinuous meandering streams
Measures and backswamps
<2
3
= Heifer Creek Sandstone Member Sandy bedload channels
i Koukandowie . ) Partial
Jurassic g. Formation Ma Ma Creek Sandstone Member Lacustrine environment aquifer
g’ Towallum Basalt
=)
‘g Stacked channel sands in
5 low-sinuosity streams
2| 8
8 § Gatton Calamia Member Low-energy fluvial system
Sandstone
Koreelah Conglomerate -
Mainbat Valley-fill sediments
Ripley Road .
Sandstone Point bars and channel fills
Partial
Woogaroo Raceview Formation Mixed fluvial environment aquifer
Subgroup
Aberdare/Laytons Range . . .
@ conglomerates Braided river and alluvial fan
8 NN
. . Red Cliff Coal
Triassic Ipswich Coal Measures
Measures Evans Head
Coal Measures
<
3
s Nymboida Coal
> Measures
S
w

proposed stratigraphic revision by Doig and Stanmore (2012)
2the generalised hydrostratigraphy is modified from Radke and O’Brien (2012)

Figure 3 Stratigraphic column for the Clarence-Moreton Basin (modified from Rassam et al., 2014)

Source data: Wells and O’Brien (1994) and Doig and Stanmore (2012)
Major coal-bearing stratigraphic units are highlighted in red

Reviews of coal geology and coal resources in the Clarence-Moreton Basin in Queensland were
published by the Department of Minerals and Energy (Cameron, 1970; Matheson, 1993). These
summaries provide historical information on early developments, suggesting that coal in the
Rosewood—Walloon Coalfield was first detected in 1864 to 1865 at Walloon and Rosewood west of
Ipswich, whereas coal from the Ipswich Coal Measures was first discovered in 1824.
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At present, one coal mine operates within the Clarence-Moreton bioregion (Jeebropilly Mine in
south-east Queensland; Figure 4). Another mine, New Oakleigh Mine, ceased operations in
January 2013. The coal of the Clarence-Moreton and Ipswich basins is used for domestic electricity
generation and industrial use in Brisbane and for export (Geoscience Australia and BREE, 2014).
Mining of the Nymboida Coal Measures has been restricted to small areas near Nymboida in the
south-western part of the Clarence-Moreton Basin in NSW where the Nymboida Coal Measures
outcrop (Ingram and Robinson, 1996). No economic coal mining has occurred from the Red Cliff
and Evans Head coal measures (Wells, 1995).
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I
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Figure 4 Identified coal resources and operating and historical coal mines in the Clarence-Moreton bioregion
(additional historical coal mines in Queensland that are not included in the OZMIN database are described in
Cameron, 1970)

The New Oakleigh Mine was closed in 2013

EPC = exploration permit for coal
Locations of historical coal mines in NSW are based on Henley et al. (2001) and Brown et al. (2007)
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Component 1: Contextual information for the Clarence-Moreton bioregion

1.2.1 Available coal and coal seam gas resources

1.2.1.1.1 Walloon Coal Measures

The Walloon Coal Measures are composed of coal, shale, sandstone, siltstone and mudstone (e.g.
Rassam et al., 2014). Coals in the Walloon Coal Measures are high-volatile bituminous to
low-volatile bituminous and sub-bituminous (Matheson, 1993; Ingram and Robinson, 1996; Doig
and Stanmore, 2012), based on the American Society for Testing and Materials (ASTM)
classification scheme (Appendix A). The coal of the Walloon Coal Measures in the
Clarence-Moreton Basin has been described as slightly higher in rank than the Walloon Coal
Measures coals in the linked Surat Basin (Matheson, 1993). Kerogen types in the Walloon Coal
Measures range from Type | to Type Il (O’Brien et al., 1994), but most are Types Il and Il (O’Brien
et al., 1994; Ingram and Robinson, 1996). The maceral composition of the coal is dominated by
vitrinite, whereas the disseminated organic material is composed of vitrinite and to a lesser degree
liptinite and inertinite (Ingram and Robinson, 1996). Ingram and Robinson (1996) suggested that
the volatile content of the coal may be as high as 54% with a mean hydrogen content of about

6 to 7%. Doig and Stanmore (2012) explained that the rank of the coal varies with depth of burial,
location and proximity to igneous intrusions. The coal of the Walloon Coal Measures is classified as
thermal black coal (OZMIN database, Geoscience Australia, 2012). The unit is generally thinner
near the basin margins, and ranges between 400 and 700 m in the central Laidley and Logan
sub-basins (Figure 5). The discrepancy between the Walloon Coal Measures thickness suggested
by the isopach (thickness) contours (Figure 5) based on Ingram and Robinson (1996) and the
thickness recorded at exploration wells north of Casino is due to data that have become available
from more recent exploration drilling. An updated isopach map of the Walloon Coal Measures
based on all available well log and seismic data will be presented in companion product 2.3 for the
Clarence-Moreton bioregion. The coal seams are not as well developed in the southern part of the
Clarence-Moreton bioregion in NSW, as suggested by the decrease of the thickness of coal within
the Walloon Coal Measures south of the Casino and Lismore troughs (Doig and Stanmore, 2012).
Recent well completion reports indicate that there is, for example, a net coal thickness of 19.1 m
within the Walloon Coal Measures at the Peacock 1 CSG exploration well (Gordon, 2010), 49 m in
the Walloon Coal Measures in Corella E9 CSG well (Johnson et al., 2008a) and 55 m within the
Walloon Coal Measures sequence at the Corella E10 CSG well (Johnson et al., 2008b), whereas a
cumulative thickness of 120.1 m of coal has been recorded at the Kingfisher-1 petroleum
exploration well (Burgess, 2010). This shows that only a comparatively small part of the Walloon
Coal Measures consists of coal, and the majority is composed of interburden.

The coal within the Walloon Coal Measures occurs within multiple seams. In the Corella E9 CSG
exploration well, for example, nine different seams have been identified within the Walloon Coal
Measures sequence (Johnson et al., 2008a). The Richmond Seam (one of the youngest and thickest
seams in the Walloon Coal Measures) is very extensive and can be correlated over tens of
kilometres based on its distinct signal that can be identified in geophysical logs (Doig and
Stanmore, 2012). Arrow Energy Pty Ltd has differentiated coal seams encountered in CSG
exploration wells in the Clarence-Moreton bioregion into an ‘Upper Coal Zone’ and a ‘Lower Coal
Zone’ (e.g. Nightingale, 2010), each of which can consist of several coal seams of variable
thickness. It is currently unknown whether the coal seams of the Walloon Coal Measures in the
Clarence-Moreton bioregion in NSW and Queensland can be correlated with the coal seams in the
western part of the Clarence-Moreton Basin (part of the Northern Inland Catchments bioregion)
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and the Surat Basin. However, Doig and Stanmore (2012) suggested that the high inertinite
content of the Richmond Seam in the Casino area (17%) and in the upper Juandah Coal Measures,
a major sequence of coal seams in the western part of the Clarence-Moreton Basin and in the
Surat Basin (10%), may indicate that these seams are time equivalents.
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Figure 5 Isopach (thickness) map of Walloon Coal Measures (Ingram and Robinson, 1996) and comparison with
thickness of Walloon Coal Measures recorded at coal seam gas, coal exploration, petroleum exploration and
stratigraphic wells in the Clarence-Moreton bioregion

Source data: isopach contours modified from Ingram and Robinson (1996); the thickness of the Walloon Coal Measures is only
shown for wells where the full sequence of the Walloon Coal Measures (i.e. where the formation underneath the Walloon Coal
Measures (Koukandowie Formation)) has been intersected. Coal seam gas, petroleum and coal exploration well locations and
Walloon Coal Measures thickness data are sourced from (i) NSW Digital Imaging Geological Systems (NSW Trade & Investment,

2014a), © NSW Trade & Investment; (ii) Queensland Digital Exploration Reports (State of Queensland, 2014), © The State of
Queensland 2014. Stratigraphic well data are based on Wells and O’Brien, 1994.
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1.2.1.1.2 Ipswich, Red Cliff and Evans Head coal measures

The Ipswich, Red Cliff and Evans Head coal measures are time equivalents (Figure 3) and are
therefore discussed together in this section.

The Late Triassic Ipswich Coal Measures outcrop along the eastern part of the Ipswich Basin south
of Ipswich (Figure 4). The unit is absent west of the West Ipswich Fault, and is covered by the
sedimentary sequences of the Walloon Coal Measures and the Bundamba Group throughout the
remainder of the Laidley sub-basin in Queensland (Korsch et al., 1989; Chern, 2004). In NSW, well
completion reports and seismic data (e.g. Ingram and Robinson, 1996) demonstrate that the
Ipswich Coal Measures (and time equivalents) and the Nymboida Coal Measures are covered by at
least 1500 m to 2000 m of younger Clarence-Moreton Basin sequences in the central part of the
basin (Figure 6). A combined thickness of the Ipswich (and equivalents) and Nymboida Coal
Measures in the Clarence-Moreton Basin in NSW of approximately 1600 m to 2000 m has been
suggested by Hartogen Energy Ltd (1983) and Ingram and Robinson (1996).

Chern (2004) suggested that the Ipswich Coal Measures locally contain thick thermal coal with a
moderate to high ash content, but that their lateral extent is discontinuous. The black coal of the
Ipswich Coal Measures is classified as high-volatile bituminous (Staines et al., 1995). Smyth (1994)
reported that the Ipswich Coal Measures are vitrinite-rich (36 to 86%) and contain minor liptinite,
whereas the dispersed organic matter (DOM) has a volumetric liptinite content of up to 50%. The
coal from the Ipswich Coal Measures has a high ash content, but is low in sulfur and chlorine
(Staines et al., 1995).

More than 20 coal seams of the Ipswich Coal Measures have been mined in the past (Staines et al.,
1995) at mines near Ipswich (e.g. Spring Hill, Swanbank and New Hill; Figure 4).

Coal seams of the Late Triassic Evans Head Coal Measures are contained within sequences of
sandstone, carbonaceous shale and conglomerate. The Evans Head Coal Measures outcrop at
isolated locations at the eastern basin margin. They have a total thickness of approximately 600 m,
but the coal seams are generally thin, ranging between 0.3 and 1.5 m (Wells, 1995; Stewart and
Alder, 1995).

The Red Cliff Coal Measures have a total thickness of approximately 600 m, and consist of shale,
sandstone, breccia and coal (Wells, 1995). They outcrop only in isolated areas at the south-eastern
basin margins.
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Figure 6 Depth to the top of the Ipswich Coal Measures (and equivalents) intersected at exploration and
stratigraphic wells in the Clarence-Moreton bioregion. The Ipswich Coal Measures are absent west of the West
Ipswich Fault. The extent of the Walloon Coal Measures is shown for comparison

Source data: coal seam gas and petroleum exploration well locations and depth to Ipswich Coal Measures are sourced from (i) NSW
Digital Imaging Geological Systems (NSW Trade & Investment, 2014a), © NSW Trade & Investment; (ii) Queensland Digital

Exploration Reports (State of Queensland, 2014), © The State of Queensland 2014. Stratigraphic well data are based on Wells and
O’Brien, 1994.
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1.2.1.1.3 Nymboida Coal Measures

The Early to Middle Triassic Nymboida Coal Measures outcrop over an area of approximately

90 km? at the south-western margin of the Clarence-Moreton Basin in NSW (Stewart and Alder,
1995). Throughout the remainder of the Clarence-Moreton Basin in NSW, these Late Triassic coal
measures underlie the Ipswich Coal Measures or the Bundamba Group where the Ipswich Coal
Measures are absent, possibly occurring as restricted sediment packages within paleovalleys as
suggested by seismic interpretations (Willis, 1994). Seismic data also suggest that the overall
thickness of the Nymboida Coal Measures increases away from the basin margins and may exceed
1000 m in the central basin (Hartogen, 1983). Coal seams of the Nymboida Coal Measures are
relatively thin (up to 2 m including non-coal bands; Wells, 1995) and discontinuous. The only seam
of the Nymboida Coal Measures which was mined until 1979 at the Nymboida Colliery (Figure 4) is
the Farquhars Creek Seam. The coal of the Nymboida Coal Measures is relatively high ash, medium
volatile and bituminous coal with an exceptionally high calorific value (Stewart and Alder, 1995).
An exploration programme by Waratah Coal Pty Ltd tested the resource potential of the Farquhars
Creek Seam for underground mining of coking coal (Marketwire, 2007). Other seams within the
Nymboida Coal Measures are lenticular, containing coal that approaches semi-anthracite in rank
(Stewart and Alder, 1995).

Among the Nymboida, Red Cliff and Evans Head coal measures, the Nymboida Coal Measures are
the only proven economic coal resources (Wells, 1995).

1.2.1.2 Coal seam gas

Within the Clarence-Moreton bioregion, there are both conventional gas and unconventional gas
(CSG) resources (e.g. Martin and Saxeby, 1982; Ingram and Robinson, 1996; Doig and Stanmore,
2012). However, potential impacts of conventional gas development are not considered by the
Clarence-Moreton Bioregional Assessment, and this product therefore focuses on unconventional
(CSG) resources.

The Clarence-Moreton Basin has been described as under-explored for hydrocarbons (Ingram and
Robinson, 1996; Doig and Stanmore, 2012). Nevertheless, hydrocarbon shows in the
Clarence-Moreton Basin date back to 1902, when flows of methane were reported from the
Grafton-1 well in NSW. Since then, numerous oil and gas shows have been reported in the
Clarence-Moreton Basin.

In some wells, for example Shannon-1 in the Casino Trough, strong gas shows have been reported
from the Walloon Coal Measures suggesting that there is potential for gas and possibly also for oil
and wet gas. However, Ingram and Robinson (1996) noted that the high vitrinite levels of the
Walloon Coal Measures indicate that the overall potential for oil generation may not be very good.
Total organic carbon ranges from less than 1% to more than 20% for the older Ipswich and
Nymboida coal measures. Vitrinite reflectance from 0.95% to approximately 4% suggests a high
level of maturity, which is likely to promote methane rather than wet gases.

The primary target for CSG exploration in the Clarence-Moreton bioregion is the Walloon Coal
Measures. In addition, ten exploration wells have targeted the Ipswich Coal Measures near the
basin margins in Queensland (Figure 5). While there has been exploration for conventional gas and
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oil from the older coal measures in the Clarence-Moreton Basin in the past, no CSG exploration
programme has to date targeted the Nymboida, Red Cliff or Evans Head coal measures and the
exploration of the CSG potential of the Ipswich Coal Measures has targeted areas where they
occur at shallow depths near the basin margins (Figure 4). This focus on the Walloon Coal
Measures as the primary exploration target is for example related to the more continuous nature
and greater thickness of the Walloon Coal Measures compared to the Triassic coal measures. In
addition, the substantial depth at which these older coal measures occur throughout much of the
Clarence-Moreton Basin (Figure 6) suggest that that there is no potential for coal seam gas
extraction from these older coal measures.

Recent evaluation by the Australian Energy Market Operator (2013) estimated total CSG reserves
and resources as at 31 December 2012 of 16,808 PJ in the Clarence-Moreton Basin, of which

445 PJ are 2P (proved and probable). However, this estimate includes the western part of the
Clarence-Moreton Basin (part of the Northern Inland Catchments bioregion). Metgasco Limited
reported CSG reserves and resources within the petroleum exploration licence PEL 13 and PEL 16
in NSW of 4768.7 PJ, of which 338 PJ are considered to be 2P (Metgasco, 2013). In 2012, Red Sky
Energy Limited reported certified 2P resources of 17 PJ based on a two core hole programme. The
Australian Energy Resource Assessment (Geoscience Australia and BREE, 2014) estimated that
there are 100 PJ of total demonstrated conventional gas and 428 PJ of proved and probable CSG
resources in the Clarence-Moreton Basin.

Methane adsorption tests of coal samples from the Clarence-Moreton bioregion in NSW
demonstrated that the coals are fully saturated or close to full saturation (MHA, 2009, as cited in
Doig and Stanmore, 2012), which indicates that there was no loss of gas from the coals (Doig and
Stanmore, 2012). This was attributed to the low permeability and interbedded nature of the coals.
In addition, they suggested that where the feldspathic Maclean Sandstone overlies the coal seams
of the Walloon Coal Measures and where this sandstone is not compromised by faulting, it may
act as a top seal which prevents the escape of gas and has an important role in CSG accumulation.
The ‘fair to good’ seal potential (Stewart and Alder, 1995) of the Maclean Sandstone is attributed
to the tight character of this sand- and siltstone and the clay content in the matrix, which reduces
the permeability.

Exploration drilling by Arrow Energy has shown a very wide range of gas saturation levels within
the coal seams of the Ipswich Coal Measures (from about 5.8 to 75%), but most intersected seams
are undersaturated and only three seams had saturation levels greater than 50% (Oberhardt and
Pinder, 2005).

The Clarence-Moreton Basin formed over basement rocks that are intensively intruded by granite
(Sommacal et al., 2008). Cenozoic intrusive and extrusive activity has been widespread throughout
the Clarence-Moreton bioregion. The granitic rocks may have potential as a geothermal energy
source, and may also have influenced the maturity of overlying coal measures. In addition, the
Cenozoic igneous activity could have been important locally for generating hydrocarbons,
although it is possible that this magmatic activity may have been a general heating event in the
Clarence-Moreton Basin, which could have affected hydrocarbon generation on a regional scale
(Martin and Saxby, 1982; Ingram and Robinson, 1996; Doig and Stanmore, 2012). A similar
potentially beneficial influence of igneous intrusions on CSG potential has also been discussed for
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the Gunnedah Basin, part of the bioregional assessment for the Namoi subregion (e.g. Gurba and
Weber, 2001; Northey et al., 2014).

Isotope data suggest that methane in coal seams in the adjacent Surat Basin is of biogenic origin
(e.g. Papendick et al., 2011). In contrast, gas isotope analyses by Metgasco in its NSW tenements
confirmed that the gas in the Walloon Coal Measures is of a thermogenic origin (Doig and
Stanmore, 2012), and a thermogenic origin has also been reported for CSG in the Namoi subregion
(Stewart and Alder, 1995). A gas isotope analysis by Arrow Energy (Pinder, 2007) collected from
flowing gas at the surface at Kalbar-1 also suggested a thermogenic origin of the methane.
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1.2.2  Current activity and tenements

Summary

As of November 2014, one operating coal mine occurs within the Clarence-Moreton
bioregion. This coal mine, Jeebropilly Mine, is located west of Ipswich in south-east
Queensland. Another coal mine, New Oakleigh Mine, ceased operations in January 2013 and
is currently undergoing revegetation and rehabilitation.

As of November 2014, there is no coal seam gas (CSG) production for commercial purposes in
the Clarence-Moreton bioregion. Some CSG production occurs for pilot testing and this
information is discussed in Section 1.2.3.2.

1.2.2.1 Coal

Operating and historical coal mines in the Clarence-Moreton bioregion are shown on Figure 4. At
present, only one mine, the Jeebropilly Mine near Amberley west of Ipswich in south-east
Queensland (Figure 8), operates within the Clarence-Moreton bioregion. Jeebropilly Mine is an
open-cut mine owned by New Hope Group, which has been operating since 1982. Operations
temporarily ceased in 2007, but resumed in 2008.

There are multiple coal mines in the Clarence-Moreton bioregion which are now closed. These
closed coal mines are clustered in different parts of the bioregion (Figure 4):

e Walloon-Rosewood Coalfield: open-cut mines in the Walloon-Rosewood Coalfield targeted
the Walloon Coal Measures; this field includes recently closed coal mines such as the New
Oakleigh Mine as well as Jeebropilly Mine. The Walloon-Rosewood Coalfield became a
significant coal mining area supplementing production from the lpswich Coalfield to supply
the needs of south-east Queensland (Matheson, 1993).

e Ipswich Coalfield: includes historical open-cut and underground operations that mined the
Ipswich Coal Measures (Figure 4). Until 1966, coal was exclusively mined from
underground mines. Open-cut production started to exceed underground mining in 1985
(Staines et al., 1995).

e Nymboida Coalfield: About 927,000 tonnes of economic resources of coal have been
recovered from the Nymboida Coal Measures in the south-western part of the
Clarence-Moreton bioregion (Figure 4).

e The Walloon Coal Measures have been mined at Bonalbo, Ramornie, Nimbin and Tyalgum
in NSW (Wells, 1995) (Figure 4). These mines have been small operations for local supply
(e.g. Relph, 1958). For example, at the Lions Colliery at Nimbin, 11,115 t of coal were
mined between 1942 and 1950, supplying coal to a local power station (Rayner, 1950).

Currently, no coal is produced from the Clarence-Moreton bioregion in NSW.
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Figure 7 Coal exploration wells, inferred coal resources and historical and current coal exploration titles in
Queensland and NSW in the Clarence-Moreton bioregion
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1.2.2.1.1 Jeebropilly Mine

Jeebropilly Mine is currently the only operational coal mine within the Clarence-Moreton
bioregion. It is west of Ipswich in south-east Queensland, and coal is mined from the Walloon Coal
Measures coal seams in open-cut operations. The mine is owned by New Hope Group, and it
temporarily ceased operations in February 2007 after 25 years of continuous operation. During
that time, the coal-washing plant at Jeebropilly continued to process coal from the nearby New
Oakleigh Mine. The mine was recommissioned in 2008 due to rising export prices for coal.
Exploration activity at the Jeebropilly Mine has focused on defining the remaining coal resource
within existing mining leases and expanding the geological database to include coal washability
testing. According to current plans, production at the Jeebropilly Mine will continue until 2017,
followed by rehabilitation and closure (Gomez Gane (New Hope Group), 2014, pers. comm.).

New Oakleigh
Mine o
New Hill Mine

<

= s
@
Jeebropilly

’A/line
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{ "y
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Figure 8 Active and historical coal mines in south-east Queensland in the Clarence-Moreton bioregion

Source: Google (2014). This figure is not covered by a Creative Commons Attribution licence. Map data © Google, SIO, NOAA, U.S.
Navy, NGA, GEBCO, Landsat.

1.2.2.1.2 New Oakleigh Mine

Mining at the New Oakleigh Mine, west of Ipswich (Figure 8), dates back to the early 1900s,
although large scale operations commenced in 1948. New Hope Group purchased New Oakleigh in
1999 and operated it until January 2013 (New Hope Group, 2014), when it was closed due to
declining production rates (Mining Australia, 2013). Backfilling of the former mine pits
commenced in August 2012. These will be contoured in preparation for revegetation and
rehabilitation (New Hope Group, 2014).

1.2.2.2 Coal seam gas

There is currently no CSG production for commercial purposes in the Clarence-Moreton bioregion.
Some CSG production occurs for pilot testing (discussed in Section 1.2.3.2).
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The CSG and conventional gas exploration companies within the Clarence-Moreton bioregion are
currently Metgasco Limited (in NSW), Arrow Energy Limited (in Queensland), ERM Power Limited
(NSW), Dart Energy Limited (NSW), Red Sky Energy Limited (NSW) and Clarence Moreton
Resources Pty Ltd (NSW).

The tenements of each CSG exploration company are shown in Table 3.

Table 3 CSG and conventional gas exploration companies and petroleum tenements in the Clarence-Moreton
bioregion (locations of tenements are shown in Figure 10)

Company State Tenement

Arrow Energy Limited Queensland ATPs 641 and 644
Clarence Moreton Resources Pty Ltd NSW PELs 457, 478 and 479
Dart Energy Limited NSW PEL 445

ERM Power Limited (conventional gas exploration)  NSW PELs 457, 478 and 479
Metgasco Limited NSW PELs 13, 16 and 426
Red Sky Energy Limited NSW PELA 135

ATP = authority to prospect; PEL = petroleum exploration licence; PELA = petroleum exploration licence application
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1.2.3  Proposals and exploration

Summary

There are currently no proposals for the development of new coal mines within the
Clarence-Moreton bioregion. However, large areas of the Clarence-Moreton bioregion in
Queensland are covered by current coal exploration permits. At present, coal exploration
occurs in the south-western Clarence-Moreton bioregion in NSW, where Waratah Coal Pty Ltd
is exploring the economic potential of the Nymboida Coal Measures for coal mining, and west
of Ipswich, where Cuesta Coal is exploring the coal resources of the Amberley Deposit.

Coal seam gas (CSG) and conventional gas exploration occur in different parts of the
Clarence-Moreton bioregion in both Queensland and NSW. The major target of the CSG
exploration is the Walloon Coal Measures, although exploration also tests the resource
potential of the Ipswich Coal Measures. Recent CSG exploration campaigns have tested the
economic potential of the Walloon Coal Measures throughout different parts of the
Clarence-Moreton bioregion. The largest number of CSG exploration wells has been drilled in
the Casino Trough. The thickest accumulation of Walloon Coal Measures (>700 m), thick coal
seams and the high gas saturation of the coal seams suggest that conditions for CSG
development are favourable in this depositional centre.

Within the Clarence-Moreton bioregion, the area near Casino currently appears to be the
most likely for any CSG development to proceed.

1.2.3.1 Coal

There are no current proposals for development of new coal mines within the Clarence-Moreton
bioregion. However, there was an attempt in 2013 by OGL Resources Limited to recommission the
Ebenezer Mine (Figure 8) and purchase the Bremer View Coal Project (Mining Lease (ML) 4712).
The Ebenezer Mine (ML 4712) operated from 1988 to 2003, producing more than 20 Mt of
thermal coal (Miningoilgas, 2013). OGL planned to mine 13 Mt of coal over the next decade.
However, in August 2013, OGL informed that an Asset Sale Agreement between OGL and Zedemar
Holdings Pty Ltd for the acquisition of the Ebenezer Mine and Bremer View Coal Project has lapsed
(ASX, 2013a).

Coal exploration wells, inferred coal resources and current coal exploration licences exist within
the Clarence-Moreton bioregion in both Queensland and NSW (Figure 7). Most historical coal
exploration drilling has focused on the Walloon Coal Measures at the basin margin (Figure 7).
Active coal exploration currently occurs in the south-western part of the Clarence-Moreton
bioregion, where Waratah Coal has recently drilled 15 exploration bores targeting the Nymboida
Coal Measures within exploration licence (EL) 7186 and EL 6467. No resource estimates or
additional information are publicly available from Waratah Coal. In Queensland, Cuesta Coal
Limited has reported inferred thermal coal resources of greater than 50 Mt at the Amberley
Deposit (Figure 5). These resources were identified within eight coal seams of the Walloon Coal
Measures in Exploration Permit for Coal (EPC) 2127, following drilling of 14 open and three cored
exploration wells (ASX, 2012).
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1.2.3.2 Coal seam gas

There have been petroleum, conventional gas and unconventional gas exploration activities in
different parts of the Clarence-Moreton bioregion, including drilling of 105 CSG exploration wells
and 49 petroleum exploration wells to date (Figure 9).

In conventional gas reservoirs, gas flow occurs naturally without prior depressurisation of the coal
seams. Potential impacts of development of conventional gas resources are therefore not
considered within the bioregional assessment, and these resources and potential developments
are not discussed in detail in this report.

Petroleum tenures in Queensland that cover areas of CSG exploration and production are called
‘authority to prospect’ (ATP) and petroleum leases (PL). The ATP grants the holder the right for
petroleum exploration, whereas the PL gives its holder the right to explore for, test for, and
produce petroleum (DNRM, 2014).

In NSW, exploration activities are governed by the NSW Petroleum (Onshore) Act 1991. There are
three main types of permits (or titles) issued under the Act. These are: petroleum exploration
licences (PEL), petroleum assessment leases (PAL) and petroleum production leases (PPL). A PPL
allows commercial petroleum extraction or production.

Current petroleum exploration permits (Queensland), current petroleum titles (NSW) and
petroleum title applications (NSW) are shown in Figure 10.

CSG exclusion zones were introduced by the NSW Government in October 2013 for existing
residential zones in all local government areas of the state. In July 2014, further amendments were
made. The exclusion zones ban new coal seam gas activity inside those zones, and also within a

2 km buffer around all residential zones (NSW Government, 2014) (Figure 11).

The Commonwealth’s Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)
was amended in June 2013 to ‘provide that water resources are a matter of national
environmental significance, in relation to coal seam gas and large coal mining development’.
Following this amendment, an ‘action which involves a CSG development or a large coal mining
development now requires approval from the Australian Government Environment Minister
(the Minister) if the action has, will have, or is likely to have a significant impact on a water
resource’ (Department of the Environment, 2013).

On the 13th of November 2014, the NSW government has released its new NSW Gas Plan (NSW
Trade and Investment, 2014b).

32 | Coal and coal seam gas resource assessment for the Clarence-Moreton bioregion



1.2.3 Proposals and exploration

T
154°
Northern Inland ~~yi%
, Catchments bioregion \
T PR :
28°
Tweed Heads
Byron Bay
Evans Heads
30°
J i R s = 2 5 1
Elevation (mAHD) 0-300 [ Walloon Coal Measures [_] Bioregion S
e 1478 0 25 50
. e >300-600 *  >1500- 2000 _ . ) ;
— Il Vater bodies .
-10 ©  >600-1000 e >2000 Kilometres

Figure 9 Spatial distribution and depth of coal seam gas and petroleum exploration wells in the Clarence-Moreton
bioregion. Wells drilled outside the boundary of the Walloon Coal Measures target the older coal seams (i.e.
Ipswich Coal Measures).

Source data: coal seam gas and petroleum exploration well location and depth of wells are sourced from (i) NSW Digital Imaging

Geological Systems (NSW Trade & Investment, 2014a), © NSW Trade & Investment; (ii) Queensland Digital Exploration Reports
(State of Queensland, 2014), © The State of Queensland 2014.
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Figure 10 Current petroleum exploration permits (Queensland), current petroleum titles (NSW), petroleum title
applications (NSW), existing CSG exploration and appraisal wells and petroleum exploration wells in the
Clarence-Moreton bioregion

Source data: coal seam gas and petroleum exploration and appraisal well location and depth of wells are sourced from (i) NSW

Digital Imaging Geological Systems (NSW Trade & Investment, 2014a), © NSW Trade & Investment; (ii) Queensland Digital
Exploration Reports (State of Queensland, 2014), © The State of Queensland 2014.
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1.2.3.2.1 Metgasco West Casino Project

Metgasco has drilled gas exploration wells to evaluate both conventional (not part of the
bioregional assessment) and unconventional gas resources and to test different drilling techniques
in the Walloon Coal Measures and other stratigraphic units in NSW in PEL 13, PEL 16 and PEL 426,
covering an area of approximately 4550 km?. In March 2013, Metgasco suspended its drilling
exploration programme in the Clarence-Moreton Basin in response to the announcement of
proposed new NSW government regulations (Metgasco, 2013). In 2014, Metgasco planned to
recommence its exploration programme with the drilling of the conventional Rosella-1 well in

PEL 16 to follow up the discovery of gas in deeper sands in the 2009 Kingfisher EO1 exploration
well.

While exploration has evaluated CSG potential throughout different parts of PEL 13, PEL 16 and
PEL 426, most of Metgasco’s exploration drilling has focused on the upper Richmond Seam in
areas where the thickest accumulation of Walloon Coal Measures has been observed in the Casino
Trough (Figure 5 and Figure 9) around Casino. The conditions there were considered favourable
due to the gas content and high gas saturation of the coal seams. The Richmond Seam also has
higher permeability than some of the deeper coals. The combination of permeability and fully
saturated coals results in gas flow without significant early water production relative to other CSG
operations. Extraction of CSG from the Walloon Coal Measures in the Casino Trough was initially
expected from depths of approximately 500 to 700 m (Metgasco, 2007b). However exploration
along the western side of the Casino Trough has since demonstrated high levels of gas saturation
at depths as shallow as 250 m.

Initially, trial production wells were drilled vertically into the target coal seams in an area south of
Casino. However, the low flow rates of these vertical wells and reservoir modelling suggested that
horizontal drilling could potentially offer a better mechanism for increasing the gas production
rates. Subsequently, Metgasco drilled two horizontal trial production wells (South Casino-9 and
South Casino-10) in 2006 to test the commercial potential of the Walloon Coal Measures with
horizontal drilling techniques. South Casino-9 was a horizontal well designed to increase the
productive capacity of gas from the upper Richmond Seam of the Walloon Coal Measures drilled in
an east to west direction to intersect the South Casino-5 vertical well, while South Casino-10 was
drilled from north to south to intersect the South Casino-8 well (Johnson et al., 2009). These early
tests proved largely unsuccessful, but further lateral drilling (e.g. pilot wells Corella P11,

Corella P18 and Harrier PO1) demonstrated that adequate gas rates could be sustained. In any
future development drilling programme it is likely that the initial wells would be lateral wells
targeting the Richmond Seam from multi-well drilling pads, to minimise the surface footprint,
while later wells would be vertical, enabling development of the deeper coal seams (Peter
Stanmore (Metgasco), 2014, pers. comm.).

In 2012, Metgasco commenced plans to apply for a petroleum assessment lease (PAL), which
would have allowed the development of up to five wells, and for a larger petroleum production
lease (PPL) north-west of Casino. However, the work on this “West Casino Gas Project’ is currently
on hold (Metgasco, 2014b). If approved, production from the project area was to be used to
provide gas to: 1) Richmond Dairies and other Casino businesses; 2) a compressed natural gas
project, supplying gas to industries within a 100 km range of Casino; and 3) small scale power
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generation in Casino. Supplying gas for the proposed new power station (‘Richmond Valley Power
Station’) would involve the drilling of approximately 20 horizontal wells in coal seams and the
subsequent production of gas and water to the surface (Metgasco, 2006). This project has gained
full development approval, but no development has occurred yet.

In addition to the Richmond Valley Power Station, Metgasco has also proposed construction of a
pipeline from Casino to Ipswich, which would feed into the existing Roma — Brisbane pipeline in
Queensland (Metgasco, 2007a). This pipeline, named Lions Way pipeline, would have a length of
approximately 150 km with an intended capacity of 27 PJ per year (Geoscience Australia and BREE,
2012; Metgasco, 2014a). No environmental impact statement (EIS) has been submitted for this
project yet.

The water management plan for Metgasco’s 2012 to 2014 exploration programme (Metgasco,
2012) outlines, among other aspects, produced water volumes, water treatment and water
monitoring (discussed in detail in later bioregional assessment products).

In September 2014, Metgasco has announced that its gas reserves and resources have been
downgraded from those reported in 2013, with all reserves moved to the resource category
(Metgasco, 2014c).

If CSG development proceeds, it will initially likely focus on specific areas west and north-west of
Casino which have been identified as the most prospective exploration areas. However, it is
currently difficult to predict the number of wells that will be drilled due to many factors related to,
for example, regulations and contracted volumes.

1.2.3.2.2 Arrow Energy ‘Boonah and Beaudesert’ Project

Arrow Energy Pty Ltd currently holds exploration permits ATP 641 and ATP 644 in the
Clarence-Moreton bioregion in south-east Queensland (Figure 10). Within these tenements, Arrow
Energy has to date drilled 31 exploration wells, targeting both the Walloon Coal Measures and the
Triassic Ipswich Coal Measures where they occur at shallow depths to evaluate regional geology,
coal properties, gas content and permeability of the coal. In different intervals of the Ipswich Coal
Measures of the Mount Crumpet-1 well, water flow rates ranging from 0 to 0.5 L/s were
encountered (Oberhardt, 2009). Likewise, in flow tests evaluating the permeability of the Walloon
Coal Measures, very low water flow rates were encountered for different intervals, for example
ranging from 0.01 to 0.02 L/s in Cunningham-1 (Oberhardt, 2010).

In addition to the exploration wells, Arrow Energy has drilled three production trial wells (Mount
Lindesay-7, Mount Lindesay-8 and Mount Lindesay-11) for extended production testing over a
time period of up to 239 days. The initial 30 days production testing at depth interval

341.1to 512.8 m at Mount Lindesay-8, for example, produced no gas while 69,840 L of water was
produced. During the extended 239 days trial period, 72,000 m? of total gas and 552 m?3 L of water
were produced (Oberhardt, 2011).

Groundwater management associated with the production trials has been outlined by an
underground water impact report (Arrow Energy, 2012).
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No resource estimates are available, and ATP 641 and ATP 644 will expire in March 2018 and
October 2019 respectively. At this stage, there is currently no submission of an EIS for
development of gas resources in these tenements. Arrow will continue to work in accordance with
the terms of the ATPs and accompanying environmental authority requirements (Herbert (Arrow
Energy), 2014, pers. comm.).

1.2.3.2.3 Clarence Moreton Resources/ERM Gas

Clarence Moreton Resources Pty Ltd. is the holder of PELs 457, 478 and 479. Freely flowing gas
from sandstone reservoirs has been has been observed at some of the exploration wells in the
Clarence-Moreton bioregion. This observation resulted in additional exploration efforts to further
investigate these conventional gas resources that do not involve or require water extraction.
Target intervals are the Kangaroo Creek Sandstone in PELs 457 & 479, and Triassic sandstone
members in PEL 478, aiming to assess conventional gas potential of these units.

Initially, exploration was conducted under a farm-in-agreement with Red Sky Energy who
completed two wells intersecting the Walloon Coal Measures. Subsequent to demonstrated
conventional gas flow from a shallow sandstone reservoir in the Talma 1 well in PEL 457 above the
Walloon Coal Measures, Red Sky’s interests in PELs 457 and 479 were acquired by ERM Gas. ERM
Gas has now assumed operatorship of the drilling programme of the Talma-2 conventional gas
pilot well in this PEL on behalf of Clarence Moreton Resources. This pilot well has gained approval,
and it is testing the conventional gas potential of the Kangaroo Creek Sandstone (conventional gas
resources above the Walloon Coal Measures and separated from the Walloon Coal Measures by
the Maclean Sandstone Member).

There are no current proposals for further exploration of CSG resources (Hodda (ERM Gas), 2014,
pers. comm.).

1.2.3.2.4 Dart Energy

Dart Energy Limited holds PEL 445, which was previously held by Arrow Energy, within the
northern part of the Clarence-Moreton bioregion in NSW. In April 2013, Dart Energy announced
that its Australian assets in NSW will be placed under ‘care and maintenance’ with minimal activity
for at least 12 months, awaiting ‘regulatory clarity and certainty’ (ASX, 2013b). In October 2014,
Dart Energy was acquired by 1Gas Energy (ASX, 2014). In December 2014, PEL 445 was renewed for
six years (NSW Trade and Investment, 2014c). The renewal is subject to new conditions, which
allow Dart Energy to undertake ‘low impact exploration activities including data review, mapping
and technical evaluation’. Associated with the renewal, Dart Energy has also relinquished more
than a quarter of PEL 445, in particular along the eastern part of the PEL title.
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Figure 11 Residential coal seam gas exclusion zones (2 km) in the Clarence-Moreton bioregion in NSW (as of
26 August 2014)
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Summary

All developments within the Clarence-Moreton bioregion are currently at the
pre-environmental impact statement (EIS) stage. However, subject to regulatory approval, the
West Casino Gas Project may move towards an EIS within the time frames considered by the
bioregional assessment.

All developments within the Clarence-Moreton bioregion are currently at the pre-environmental
impact statement (EIS) stage. However, subject to regulatory approval, the West Casino Gas
Project may be likely to move towards an EIS within the time frames considered by the bioregional
assessment. In this section, we present the current coal exploration projects and potential coal
seam gas resource developments.

Table 4 shows the current coal exploration projects within the Clarence-Moreton bioregion.

Table 5 lists potential coal seam gas resource developments. All of these are currently at the
pre-EIS stage.

Table 4 Catalogue of potential coal resource developments for the Clarence-Moreton bioregion

Project Company Longitude Latitude [Record Material® Total coal | Status of
name date® resources® | EIS?
(Mt)
Amberley  Cuesta Coal 152° —27.7° na Thermal coal 54.7 Pre-EIS
Limited
Bremer OGL 152° —27.7° na Thermal coal 276.9 Pre-EIS
View Resources
Limited
Ebenezer OGL 152° —27.7° na Thermal Coal 31.3 Pre-EIS
Resources
Limited
Mount Unknown 152° —27.8° na Thermal coal 20 Pre-EIS
Mort
Nymboida Waratah Coal na na na Coking coal unknown Pre-EIS
Pty Ltd

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

bMaterials fall into one of the following four classes: thermal coal, coking coal, pulverised coal injection (PCl) and unspecified.
This is based on Joint Ore Reserves Committee (JORC) codes of measured, indicated and inferred coal resources.

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

na means ‘data not available’
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Table 5 Identified 2P gas resources and potential coal seam gas resource developments for the Clarence-Moreton
bioregion

Project name | Company Longitude | Latitude | Record | 2P coal seam | Status of EIS®
gas reserves®
(PJ)
Boonah- Arrow Energy na na na na NocurrentEIS na
Beaudesert Pty Ltd proposal
PEL 479 Clarence na na na 17 No current EIS ASX 2012
Moreton proposal
Resources
PEL 445 Dart Energy na na na na Pre-EIS na
Limited
West Casino  Metgasco na na na 338¢ Pre-EIS, Pilot Development is
Gas Project Limited testing likely to proceed
first in PEL 16
(Figure 8)

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

bThe 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.

dIn September 2014, Metgasco has announced that it has reclassified its gas reserves as resources (Metgasco, 2014c).

na means ‘data not applicable’
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The American Society for Testing and Materials (ASTM) classification scheme for coal rank,
referred to in places throughout this report, is shown below.

Fixed Carbon Limits Volatile Matter Limits Calorific Value Limits
(Dry, Mineral-Matter-Free Basis) (Dry, Mineral-Matter-Free Basis) (Moist‘. Mineral-Matter-Free Basis)
(%) (%) (Mifkg) Agal i
gglomerating
Class Group Character
Equal or Equal or Equal or
greater than LEsiliet Greater than less than greater than iy
Meta-anthracite 98 2
Anthracite Anthracite 92 98 2 8 Nonagglomerating
Semianthracite ® 86 a2 8 14
Low volatile bituminous coal 78 86 14 22
Medium volatile bituminous coal 69 78 22 31
Bituminous | High volatile A bituminous coal 69 31 326¢ Commonl_y D
agglomerating
High volatile B bituminous coal 302°¢ 328
High volatile C bituminous coal 26.7 30.2
24.4 26.7 Agglomerating
Subbituminous A coal 244 26.7
Subbituminous | Subbituminous B coal 22.1 244
Subbituminous C coal 19.3 221 Nonagglomerating
Lignite A 14.7 19.3
Lignite
Lignite B 14.7
GAL-120-019

A. Moist refers to coal containing its natural inherent moisture but not including visible water on the surface of the coal.

B. If agglomerating, classify in low volatile group of the bituminous class.

C. Coals having 69% or more fixed carbon on a dry, mineral-matter-free basis are classified according to fixed carbon, regardless of calorific value.

D. There may be nonagglomerating varieties in these groups of the bituminous class, with notable exceptions in the high volatile C bituminous group.

Figure 12 Classification of coal by rank. Coal maturity increases from lignite to anthracite

Source: modified after Wood et al. (1983)

Reference:

Wood GH, Kehn TM, Devereux Carter, M and Culbertson WC (1983) Coal resource classification

system of the U.S. Geological Survey. Geological Survey Circular 891, United States

Geological Survey, Denver. Viewed 4 August 2014, <http://www.pubs.usgs.gov/circ/c891/>.
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