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Executive summary

This technical appendix focuses on the hydrogeology and groundwater systems of the Isa GBA
region in north-west Queensland. This region includes part of the Isa Superbasin, a
Paleoproterozoic to earliest Mesoproterozoic superbasin of the North Australian Craton. The
Isa GBA region is in the Northern Lawn Hill Platform, an area where petroleum exploration
(for both conventional and unconventional resources) has previously occurred.

The Isa GBA region is host to two groundwater systems that are potentially connected:

1. groundwater associated with the Proterozoic rock units of the Isa Superbasin and South
Nicholson Basin — typically the deepergroundwater systemin the region

2. groundwater associated with the overlying Jurassic to Cretaceous Carpentaria Basin (part of
the Great Artesian Basin or GAB) and Karumba Basin.

The supersequences of the Isa Superbasin and South Nicholson Basin rocks extend from
outcrop in the west of the Isa GBA region and dip southwards to depths of over 9 km. These
older basin sequences are overlain by youngersediments of the Mesozoic Carpentaria and
Cenozoic Karumba basins in central and eastern parts of the region.

The Proterozoic units of the Isa Superbasin and South Nicholson Basin are generally highly
lithified fine-grained rocks, typically with aquitard properties, and include the prospective
shale gas plays of the Lawn and River supersequences. Groundwater exploration of these
units has been limited; however, some of the carbonate-dominated lithofacies, particularly
the Lady Loretta Formation (Loretta Supersequence) andto a lesserdegree the Paradise
Creek Formation and Esperanza Formation, exhibit aquifer properties, potentially under
artesian pressure.

The Carpentaria Basin (GAB) overlies the Proterozoic units and covers most of the assessment
area. The basin consists of a variably confined groundwater system comprising a multi-
layered complex of aquifers of variable character within predominantly continental
sandstones. Within the assessmentarea are two regionally recognised aquifers of the GAB:

1. The Gilbert River Formation and underlying basal Jurassic to Cretaceous aquifer system of
the Eulo Queen Group

2. The Late Cretaceous Normanton Formation aquifer.

These two groundwater systems are separated by the Rolling Downs Group aquitard, which
forms a substantial low-permeability zone that is up to about 500 m thick in eastern parts of
the region.

Overlying the Carpentaria Basin is the Cenozoic Karumba Basin, a thin (typically less than 50 m
thick in the region) sedimentary basin hosting a series of partial aquifers and leaky aquitards.
The aquifers of the Carpentaria and Karumba basins are more widely utilised than the
Proterozoic groundwater systems in the region. Of the 190 registered groundwater bores
within the assessmentarea for this study, 152 are in the Carpentaria and Karumba basins,
providing the shallowest and most economically important groundwater resources. The



remaining 38 bores (all in the west of the region) access groundwater from the Proterozoic
rock units of the Isa Superbasin and South Nicholson Basin.

The regional watertable aquifer, which lies in the Karumba Basin across most of the region,
flows to the north-easttowards the Gulf of Carpentaria. Groundwaterin the confined Gilbert
River Formation aquifer is typically under artesian pressure and the direction of groundwater
flow is uncertain. The groundwater flow direction in the Proterozoic units has not been
established due to the lack of available water level data and the potential influence of major
fault structures in compartmentalising groundwater flow systems. Groundwater within all of
the aquifers in the region is of low to moderate salinity, with median total dissolved solid
(TDS) concentrations typically of 600 to 1400 mg/L.

The potential exists for intra-basin groundwater connectivity throughout the region, both
within the Proterozoic units of the Isa Superbasin and South Nicholson Basin as well as the
overlying Carpentaria and Karumba basins. In addition, five hydrological connectivity
pathways that can potentially link shale gas reservoirs to overlying aquifers or near-surface
environmental and economic assets cannot be ruled out as occurring in the region, based on
development of conceptual hydrogeological models for this study. Although there is very little
direct evidence currently available to verify the existence of these pathways, they can
conceptually be recognised as: 1. direct stratigraphic connections, 2. deep-seated faults, 3.
aquifers of sufficient porosity and permeability, 4. partial aquifers and aquitards, and 5.
catchment constrictions where steep hydraulic gradients exist between alluvial aquifers and
underlying formations.

The interactions between groundwaterand surface water are key components of the
hydrogeological system and are important for supporting many ecosystemsin the region.
Approximately one-third of the Isa GBA region has terrestrial and aquatic groundwater-
dependent ecosystems, including springs, nationally important wetlands and strategic
environmental areas. Groundwater interacts with surface watersthrough a variety of
mechanisms. These interactions are dynamic in nature due to the seasonal rainfall regime.

Based on analysis of available datasets, the ‘floodplain and alluvium’ landscape class
(MacFarlane etal., 2020) in the region has the greatest potential for surface water —
groundwater interactions, arising from hydraulic connection between the Karumba Basin
sediments and surface water features. Spring ecosystemsin the south-west (both within and
just outside the region boundary) are potentially supported by Proterozoic sandstone aquifers
in contact with deepershale gas units. Given the connectivity between groundwaterand
surface waters, future groundwater use will need to consider the potential impacts on
shallow aquifers and surface water systems.
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The Geological and Bioregional Assessment Program

The $35.4 million Geological and Bioregional Assessment (GBA) Program is assessing the potential
environmental impacts of shale and tight gas developmentto inform regulatory frameworks and
appropriate managementapproaches. The geological and environmental knowledge, data and
tools produced by the Program will assist governments, industry, landowners and the community
by informing decision making and enabling the coordinated management of potential impacts.

In consultation with state and territory governments and industry, three geological basins were
selected based on prioritisation and ranking in Stage 1: Cooper Basin, Isa Superbasin and Beetaloo
Sub-basin. In Stage 2, geological, hydrological and ecological data were usedto define ‘GBA
regions’: the Cooper GBA region in Queensland, SA and NSW; the Isa GBA region in Queensland;
and the Beetaloo GBA region in NT. In early 2018, deep coal gas was added to the assessmentfor
the Cooper GBAregion, as this play is actively being explored by industry.

The GBA Program will assessthe potential impacts of selected shale and tight gas developmenton
water and the environment and provide independent scientific advice to governments,
landowners, the community, business and investorsto inform decision making. Geoscience
Australia and CSIRO are conducting the assessments. The Program is managed by the Department
of the Environment and Energy and supported by the Bureau of Meteorology.

The GBA Program aims to:

e inform governmentand industry and encourage exploration to bring new gas supplies to the
East Coast Gas Market within five to ten years

e increase understanding of the potential impacts on water and the environment posed by
development of shale, tight and deep coal gas resources

e increase the efficiency of assessmentand ongoing regulation, particularly through improved
reporting and data provision/management approaches

e improve community understanding of the industry.
The GBA Program commenced in July 2017 and comprises three stages:

e Stage 1 Rapid regional basin prioritisation identified and prioritised geological basins with the
greatest potential to deliver shale and/or tight gas to the East Coast Gas Market within the
nextfive to ten years.

e Stage 2 Geological and environmental baseline assessments is compiling and analysing
available data for the three selected regions to form a baseline and identify gaps to guide
collection of additional baseline data where needed. This analysis includes a geological basin
assessment to define structural and stratigraphic characteristics and an environmental data
synthesis.

e Stage 3 Impact analysis and management will analyse the potential impacts to water
resources and matters of environmental significance to inform and support Commonwealth
and state management and compliance activities.

The PDF of this report and the supporting technical appendices are available at
https://www.bioregionalassessments.gov.au/geological-and-bioregional-assessment-program.
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About this report

Presentedin this technical appendix is a description of the hydrogeology of the Isa GBA region. It
provides more detailed information regarding the depositional and tectonic history, groundwater
system conceptualisation, and conceptual models of potential connectivity pathways. The
structure and focus of the synthesis report and technical appendicesreflect the needs of
government, industry, landowners and community groups.

Technical appendices

Other technical appendices that support the geological and environmental baseline assessment
forthe Isa GBA region are:

e Orr ML, Bradshaw BE, Bernardel G, Palu TJ, Hall LS, Bailey AHE, Skeers N, Dehelean A,
Reese B and Woods M (2020) Geology of the Isa Superbasin.

e Bailey AHE, Bradshaw BE, Palu TJ, Wang L, Jarrett AJM, Orr M, Lech M, Evenden C, Arnold D,
Reese B, Skeers N, Woods M, Dehelean A, Lawson C and Hall L (2020) Shale gas prospectivity
of the Isa GBA region.

e MacFarlane CM, Herr A, Merrin LE, O’Grady AP and Pavey C (2020) Protected matters for the
Isa GBA region.

e Kirby JK, Golding L, Williams M, Apte S, Mallants D and Kookana R (2020) Qualitative
(screening) environmental risk assessment of drilling and hydraulic fracturing chemicals for
the Isa GBA region.

e KearJ and Kasperczyk D (2020) Hydraulic fracturing and well integrity review for the GBA
regions.

All maps for the Isa GBA region use the Map Grid of Australia (MGA) projection (zone 54) and the
Geocentric Datum of Australia 1994 (GDA 1994).
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1 Introduction

1 Introduction

This appendix reviews and assesses the hydrogeology and groundwater systems of the Isa GBA
region in north-west Queensland. This is part of the technical component of Stage 2 of the
Geological and Bioregional Assessment (GBA) Program, providing a geological and environmental
baseline assessment of the region.

The Isa GBA region (Figure 1) is the area of the Isa Superbasin containing identified shale gas plays,
where future development of these resources could result in delivery of gas to the East Coast Gas
Market. This appendix draws on severalother technical appendices developed for the Isa GBA
region, including the shale gas prospectivity assessment of Bailey et al. (2020) and the regional
geology review (Orr et al., 2020). Further information about how the Isa GBA region has been
definedis in Orr et al. (2020).

The aims of this appendix are to:

1. provide details of the groundwater and connected surface water systems as they are
currently understoodin and around the Isa GBA region

2. describe potential hydrological connectivity between these systems, with particular
reference to potential changes in system connectivity that could occur due to shale gas
development

3. provide baseline datasets to underpin the future development of shale gas development
activities

4. outline recommendations for future data collection and assessmentto improve the
baseline system understanding.
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Figure 1 Extent of the Great Artesian Basin (GAB), showing the underlying Proterozoic rocks of the Isa Superbasin
and the South Nicholson Basin in the Isa GBA region

The Proterozoic units outcrop in the west of the Isa GBA region, but are buried by younger cover sediments of the Carpentaria
Basin (part of the Great Artesian Basin) and the Karumba Basin in the central and eastern part of the region.

Data: Isa Superbasin and South Nicholson Basin geology (Bradshaw et al., 2018a); GAB extent (Ransley et al., 2015b)

Element: GBA-ISA-2-041
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1 Introduction

1.1 Hydrogeological terminology

Hydrostratigraphy is the identification of mappable geological units based on their hydraulic
properties. Where consecutive lithological units have similar hydrological properties, they may be
aggregated and referred to as a single hydrostratigraphic unit. Typically, hydrostratigraphic units
are classified as: aquifers, partial aquifers, aquitards, leaky aquitards and aquicludes. Aquifers are
defined as an underground layer or layers of water-bearing permeable rock, rock fractures or
unconsolidated materials (gravel, sand, or silt). An aquitard is a layer of underground material
which impedesthe movement of water; an aquiclude is one which prevents movement of water. If
a confining layer (aquitard or aquiclude) overlies an aquifer, the aquifer is said to be confined. If
the pressurein this aquiferis such that the resultant groundwater level is above the natural
ground level, artesian conditions exist. A well or groundwater spring fed by such an aquifer will
naturally flow at the land surface. Where the groundwater level does not reach the surface, sub-
artesian conditions exist. The potentiometric surface is a hypothetical surface that definesthe
height to which the artesian water may rise. These hydrogeological concepts are illustrated in
Figure 2.

Figure 2 Schematic example of hydrogeological units, including unconfined aquifers, aquitards (confining layers),
confined aquifers and the potential effect of these on groundwater levels/pressures

Source: after Figure 3 in DSEWPAC (2016)
Element: GBA-ISA-2-152
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2 Depositional and tectonic history

2 Depositional and tectonic history

This section presentsa brief summary of the depositional and tectonic history of geological basins
in the Isa GBA region, providing context relevant to this hydrogeological assessment. A detailed
account of the depositional and tectonic history is presentedin the geology technical appendix
(Orret al., 2020).

2.1 Isa Superbasin and South Nicholson Basin

The Isa Superbasin is a Paleoproterozoic to earliest Mesoproterozoic superbasin of the North
Australian Craton. It contains a mixed assemblage of clastic and carbonate rock sequences that
formed during the period from 1670 to 1575 million years ago (Ma). Superbasins are understood
to be originally very large single depositional systems that have beendisrupted internally by later
tectonism to form numerous structural basins and otherstructural features. The full extent of the
Isa Superbasin has not yetbeen defined. It is primarily identified and described from the Lawn Hill
Platform in the Mount Isa Inlier in Queensland, although extends under cover for potentially
several hundred kilometres (Betts et al., 2006; Scott et al., 2000) and has been recognised in
McArthur Basin sequencesin the NT (Abbottet al., 2001; Southgate et al., 2000).

In the west of the Isa GBA region, the geological units of the Paleoproterozoic to Mesoproterozoic
Isa Superbasin are exposed on the northern and southern margins of an eastward extension of
Mesoproterozoic South Nicholson Basin rocks. The Isa Superbasin and South Nicholson Basin rocks
extend from outcrop in the west of the region and dip southwards under a gradual thickening of
cover of the Mesozoic Carpentaria and Cenozoic Karumba basins. Figure 1 presentsthe outcrop
and subcrop extents of the Proterozoic Isa Superbasin and South Nicholson Basin within the region
and the overlying extent of the Carpentaria and Karumba basins. This is presented in cross-section
in Figure 3.

From a hydrogeological perspective, the main groundwater-bearing units of the region occur in
the overlying Jurassic to Cretaceous Carpentaria and Cenozoic Karumba Basins. The following
section presents an overview of the key aspects of the depositional and tectonic history of these
younger basins. A comprehensive discussion of the depositional and tectonic history of these
basins can be found in several recent publications (Ransley and Smerdon, 2012; Ransley et al.,
2015b; Smerdon et al., 2012b; Radke et al., 2012).

2.2 Carpentaria Basin

The Jurassic to Cretaceous Carpentaria Basin is a broad north-trending intracratonic depression up
to 1800 m deepin the offshore part of the basin. It is separated from contiguous geological basins
by basement highs (Smerdon et al., 2012b). The basin is the northernmost of a number of
geological basins, including the Eromanga and Surat basins (and a portion of the Clarence-
Moreton Basin), which collectively are known as the Great Artesian Basin (GAB). The Isa GBA
region is near the boundary of the southern Staaten Sub-basin and the Western Gulf Sub-basin of
the GAB, and west of the Burketown Depression, a poorly defined Jurassic (or older) erosional
feature (Figure 4).
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Figure 3 Geological cross-section (westto east) of the Isa GBA region

The Carpentaria Basin (part of the Great Artesian Basin) and Karumba Basin overlie the rocks of the South Nicholson Basin and Isa
Superbasin (supersequences shown). Other geological cross-sections provided later in thisreport show the subsurface structure
and architecture ofthese basinsin other parts of the Isa GBA region — see Figure 10, Figure 11, Figure 60, Figure 61 and Figure 62
for further details.

Source: geological cross-section (Bradshaw et al., 2018a)

Element: GBA-ISA-2-138
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Figure 4 Structural features and sub-basins of the Great Artesian Basin

Source: Ransley et al. (2015b)
Element: GBA-ISA-2-060

Deposition in the Carpentaria Basin (Orr et al., 2020) began in the Jurassic with fluvial quartzose
sandstones of the Eulo Queen Group, principally restricted to paleotopographic valleys in southem
parts of the Weipa and Staaten sub-basins (McConachie et al., 1990). Deposition recommenced
with fluvial quartzose sandstones of the Gilbert River Formation. This unit is glauconitic towards
the top of the formation, marking a shift to marine conditions through relative sea-levelrise in the
Early Cretaceous (Smerdon et al., 2012b). Marine conditions became more widespreadin the
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middle Cretaceous, resulting in deposition of fine-grained clastic sediments (silts and muds) of the
upper Wallumbilla Formation. Input from terrestrial sources was highly variable, possibly
introduced through actively shifting deltaic lobes infilling a shallow shelf sea (Smerdonetal.,
2012b). The overlying and organic-rich Cretaceous Toolebuc Formation shows gradually
decreasing organic content towards the north, as open marine conditions began to dominate.
Shallow marine conditions in the Southern Carpentaria Basin deposited fine-grained siltstones and
mudstones of the Allaru Mudstone.

At approximately 90 Ma, a phase of uplift led to the formation of the highlands on the eastern
margin of the Eromanga Basin (Figure 4). The resultant increase in erosion in the highlands and
corresponding deposition down-gradient formed the Normanton Formation. This represented the
final phase of Cretaceous sedimentation within the Carpentaria Basin. During this period,
deposition occurred underbasin-wide progradation infilling shallow seas. The Normanton
Formation is a relatively extensive body of glauconitic sandstone and siltstone. Together with the
Allaru Mudstone, Toolebuc Formation and Wallumbilla Formation, these units comprise the
Rolling Downs Group (Smerdon et al., 2012b).

2.3 Karumba Basin

The Cenozoic Karumba Basin unconformably overlies the Carpentaria Basin in much of northern
Queensland, and extendsinto eastern parts of the NT. It formed as a broad and shallow
intracratonic sag basin, with its developmentdivided into three major cycles, all of which are
characterised by similar sequences of erosion, deposition and weathering. The active phase of
each cycle was tectonic warping, providing an erosional surface for material to be transported to
lower downwarpedregions. As the gradient between these regions flattened, a passive phase was
entered during which both erosion and deposition greatly reduced. Weathering of this "terminal
surface’ continued until renewed tectonism initiated another cycle (Doutch, 1976; Cook and Jell,
2013).

The three cycles (Doutch, 1976) recognised in the Karumba Basin are the:

1. Bulimba Cycle
2. Wyaaba Cycle
3. Claraville Cycle

Bulimba Cycle

The Bulimba Cycle was initiated with the uplift of the eastern margins of the Karumba Basin in the
Late Cretaceous or early Paleogene. The resultant deposition produced the Bulimba Formation,
consisting of interbedded clayey sandstone, conglomerate and sandy claystone. The Bulimba
surface was deeply weathered and has given rise to the siliceous duricrusts in the Isa GBA region.

Wyaaba Cycle

According to Doutch (1976), the Wyaaba Cycle was initiated by Oligocene tectonism resulting in
uplift of the present Great Dividing Range and the southerly margin of the basin. Erosional
destruction of significant portions of the Aurukun Surface occurred during this time. The Wyaaba
beds comprise primarily fluvial clayey sandstone, conglomerate and interbedded clayey
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sandstone, thickening towards the present coast and extending offshore. Marine deposits exist
near the coast and extend offshore. The facies of the Wyaaba beds are similar to the Bulimba
Formation, reflecting the similar depositional environment. The Pliocene Kendall Surface (and
equivalents) is a deeply weathered terminal surface at the end of the Wyaaba Cycle and occurs
over most of the Karumba Basin (Grimesand Sweet, 1979).

Claraville Cycle

The Claraville Cycle commenced with uplift in the Pliocene and underwentseveral stages of
upwarp with eustatic and climate fluctuations. This cycle produced the Armraynald beds. The
sediment composition of these stages typically comprises quartzose sands with minor silts and
clays.
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3 Data inventory

3.1 Key datasets

The following datasets (listed alphabetically) have been drawn on for this report:
Depth structure and isochore data

The depth structure and isochore (true vertical thickness) data for the: River Supersequence; Term
Supersequence; Lawn Supersequence; Lawn 4 Sequence; Wide Supersequence, Doom
Supersequence; South Nicholson Basin; and Carpentaria Basin that were used in this assessment
are sourced from the recently published Geoscience Australia update (Bradshaw et al., 2018b) to
the original Northern Australian Basins Resource Evaluation (NABRE) seismic interpretations over
the Northern Lawn Hill Platform (Bradshaw and Scott, 1999).

Environmental assets data

Data on environmental assets within the region were obtained from the Queensland Government
springs database (Department of Environment and Science (Qld), 2018), the Groundwater
Dependent Ecosystems Atlas (Bureau of Meteorology, 2017) and WetlandInfo (Department of
Environment and Science (Qld), 2017).

Geological data

The surface geological data used in this study are from the ‘surface geology of Australia’ dataset
(Geoscience Australia, 2012). The structural features used for mapping surface and subsurface
faults and other structural elements are from the Geological Survey of Queensland (2011);
Geoscience Australia (2013).

Hydrochemistry data

Available groundwater chemistry data were sourced from Bardwell and Grey (2016), the Water
Monitoring Information Portal (Department of Natural Resources, Mines and Energy (Qld), 2018a)
and EHS Support (2014).

Queensland groundwater database

This database holds records of all known groundwaterbore records registered with the
Queensland Government (Department of Natural Resources, Mines and Energy (Qld), 2018d). The
database was interrogated for information situated beyondthe Isa GBAregion to allow for the
analysis of a greater numberof bores, so as to provide additional information on regional
hydrogeological conditions (for example, lithology, groundwater yield, salinity, groundwater
levels). Data from 190 bores within an area of about 24,000 km2 were extracted from the database
and used in this assessment. Of these 190 bores, 53 are within the Isa GBA region. The broader
assessment region was selected to include a number of bores (and hence stratigraphic
information) that were set in the deeper units of the GAB. Of these bores, 60 had sufficient
stratigraphic information to allow attribution of a source aquifer. The location of all bores
extracted from the Queensland groundwater database for use in this study is in Figure 5.
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Many bores were re-assigned a source aquifer, based on analysis by the Isa GBA research team of
the aforementioned Geoscience Australia update to seismic interpretations over the Northern
Lawn Hill Platform (Bradshaw et al., 2018b). The derived dataset for the Isa GBA region is herein
known as the interpreted groundwater database (Geoscience Australia, 2018f).

Mesozoic and Cenozoic aquifer and aquitard intervals

The Mesozoic and Cenozoic hydrostratigraphic unit data (Geoscience Australia, 2018c) for the
Carpentaria Basin were re-interpreted from the previously published regional-scale Great Artesian
Basin mapping of Smerdon et al. (2012c). The methodology used for this update involved:

e Interpreting the base of Carpentaria Basin (top Proterozoic), top of Gilbert River Formation
and base of Normanton Formation and top of Normanton Formation on seismic data using
well log interpretations and time-depth data from available exploration bores.

e Converting the seismic two-way time interpretations into depth below seismic datum (MSL)
using the same workflow documented by Bradshaw etal. (2018b) using their Mesozoic
velocity model.

e Merging the depth-converted seismic grid with the regional grids of Smerdon etal. (2012c)
over the groundwaterassessmentarea defined for this study.

e Verifying and refining the merged grids using all available stratigraphic tops in borehole data
over the assessment area.

e Estimating the thickness of Karumba Basin sediments by subtracting the top of the
Normanton Formation from surface elevation data.

Petroleum exploration wells

Where relevant, petroleum well completion reports have been usedto assist hydrogeological
interpretation. Figure 5 showsthe location and names of the key petroleum exploration wells used
in this assessment.

Remote sensing data

All of the remotely sensed satellite data usedin this study were obtained from Digital Earth
Australia (Geoscience Australia, 2018e). A number of different remote sensing products were used
to investigate the persistence of water and/or wetnessin the landscape (see Section 4.5.6).

Stream gauge data

The available stream gauge data within and surrounding the Isa GBA region were sourced from
Water Monitoring Information Portal (WMIP) (Department of Natural Resources, Mines and
Energy (Qld), 2018a) and Water Data Online (Bureau of Meteorology, 2015) for the hydrologic
reference station (HRS) gauges.

Elevations of stream gauges (zero gauge) were obtained from WMIP (Department of Natural
Resources, Mines and Energy (Qld), 2018a) as well as estimated from the national digital elevation
model (1 second Shuttle Radar Topography Mission, SRTM) (Gallant et al., 2011). The surveyed
zero gauge height is in metresrelative to the Australian Height Datum (AHD) or Assumed Datum
(ASS).
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Surface elevation data

Surface elevation data from the national-scale digital elevation model (Gallant et al., 2011) were
usedto convert groundwater and stream levels to a standard datum (mAHD). Zero-gauge
elevations were also obtained from the Queensland database (Department of Natural Resources,
Mines and Energy (Qld), 2018d).

Figure 5 Registered groundwaterbores and petroleum exploration wells withinand near the lsa GBA region

Due to the low number of groundwater boresin the Isa GBA region (green polygon) additional bores from the surrounding area
(black box) were used in this assessment to increase the information available for interpretation.

Data: Groundwater bores (Department of Natural Resources, Mines and Energy (Qld), 2018d); petroleum well locations—
Queensland (Department of Natural Resources, Minesand Energy (Qld), 2018e)

Element: GBA-ISA-2-053
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3.2 Groundwater use

3.2.1 Existingwater plans

Water resources within the Isa GBA region are managed by the Queensland Government under
two different water plans — the Water Plan (Great Artesian Basin and Other Regional Aquifers)
2017 (GABORA plan) (Queensland Government, 2017a) and the Water Plan (Gulf) 2007
(Queensland Government, 2007). The GABORA plan manages groundwaterin identified regional
aquifers, and also applies to GAB springs (although there are no GAB springs in or near the Isa GBA
region). The GABORA Plan has 16 constituent groundwater units, and three of these intersect the
Isa GBA region: the Hooray, Normanton and Rolling Downs units (Figure 6). In the Isa GBA region,
the Hooray unit is represented by the Carpentaria South Gilbert River Aquifer groundwater sub-
area, and the Rolling Downs unit is represented by the Carpentaria South Wallumbilla
groundwater sub-area. These groundwater sub-areas occur over much larger parts of Queensland
than the extent of the Isa GBA region.

In the 2017 GABORA Plan, the Queensland Governmentreserved atotal of 39,505 ML across the
16 groundwater units to meet potential future water demands (Queensland Government, 2017).
This comprised 10,015 ML for general reserve, 880 ML for Aboriginal and Torres Strait Islander
economic reserve and 28,610 ML for state reserve. Any new take of water under the GABORA plan
will require an appropriate water licence, and will also be subject to satisfying current bore
separation and groundwater-dependent ecosystem protection criteria. The available water
reserves (as of September 2019) relevantto the Isa GBAregion are:

o There is 1440 ML of general reserve available in the Carpentaria South Gilbert River Aquifer
groundwater sub-area (although this reserve is shared with the Bulimba Formation, Cape
Rolling Downs and Gulf Gilbert River Aquifer groundwater sub-areas). There is no general
reserve available in the Carpentaria South Wallumbilla groundwater sub-area.

e There is 500 ML of state reserve available in the Carpentaria South Gilbert River Aquiferand
the Carpentaria South Wallumbilla groundwater sub-areas. This state reserve is shared with
several other groundwater sub-areas, including the Cape Rolling Downs, Gulf Rolling Downs,
Normanton and Gulf Gilbert River Aquifer.

e Thereis 115 ML of Aboriginal and Torres Strait Islanders economic reserve available in the
Carpentaria South Gilbert River Aquiferand the Carpentaria South Wallumbilla groundwater
sub-areas. This reserve is shared with the Cape Rolling Downs, Gulf Rolling Downs,
Normanton, Cape Gilbert River Aquiferand Gulf Gilbert River Aquifer groundwater sub-
areas.

Current Queensland Government policy suggests that capping and piping of existing (non-
watertight) bores and bore drains in the GAB would be encouraged in the first instance as the
preferred way to access groundwater, prior to consideration of granting any further release under
the general or state reserves. Notably, most of the opportunities available to cap and pipe existing
bores do not actually occur in the Isa GBA region or the immediate surrounds, but rather existin
areas that may be up to hundreds of kilometres distant (and potentially even over a thousand
kilometres away from the region).
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Figure 6 Groundwater management areas and registered boresin the Isa GBA region

Data: Water plan areas (Department of Natural Resources, Mines and Energy (Qld), 2018b); groundwater bores (Department of
Natural Resources, Minesand Energy (Qld), 2018d); petroleum well locations— Queensland (Department of Natural Resources,
Mines and Energy (Qld), 2018e)

Element: GBA-ISA-2-251

In addition to the GABORA Plan, the Water Plan (Gulf) 2007 (Queensland Government, 2007) (Gulf
Plan) is relevant to the management of water resources in and around the Isa GBA region. This
plan applies to the Nicholson and Gregory river catchments, the main surface water catchments
that intersect the Isa GBAregion. The Gulf Plan also includes the Nicholson groundwater
managementarea (GMA), which applies to non-GAB groundwater resources hosted in either the
Cenozoic Karumba Basin (which overlies the GABin central and eastern parts of the Isa GBA
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region) or in various Proterozoic fractured rock aquifers. These Proterozoic aquifers may underlie
the GABaquifers within the central and eastern parts of the region, and may also existin areas to
the west of the GAB boundary. The surface water reserves applicable to the Isa GBA region are
the:

¢ Nicholson River subcatchment area, which has 4166 ML of strategic reserve and 4400 ML of
general reserve available

e Gregory River subcatchment area, which has 5000 ML of strategic reserve and 1000 ML of
Indigenous reserve available.

In addition to surface water resources, licences for groundwater extraction can potentially be
granted under the Gulf Water Plan in the Nicholson GMA, or within 1 km of a prescribed
watercourse in the region. Outside of the Nicholson GMA the groundwater resources
administered under the Gulf Water Plan (forexample, groundwater from Proterozoic fractured
rock aquifers beneaththe GAB) can be accessed without needing a water licence.

3.2.2 Groundwater use

Groundwateruse in the Southern Carpentaria Basin (part of the GAB) was estimated as part of a
detailed hydrogeological assessmentundertaken by consultants Klohn Crippen Berger in 2016 for
the Queensland Government (Klohn Crippen Berger, 2016a). The Isa GBA region, which occurs in
the far north-west of this assessmentarea covers about 10% of the Southern Carpentaria Basin
that was assessed for this investigation. The Klohn Crippen Berger (2016a) work highlighted that
groundwater developmentin most of the Southern Carpentaria Basin (particularly the Isa GBA
region) has primarily beenfor stock and domestic use accessed through private water bores.
Approximately 1300 bores are recordedin the Queensland groundwater database across the
Southern Carpentaria Basin, with about 27% of these being artesian bores that tap the aquifer of
the Gilbert River Formation. The estimated water use (in 2016) in the Southern Carpentaria Basin
is shownin Table 1.

As discussed in Section 3.1, the Isa GBA region has 53 bores recorded in the Queensland
groundwater database (Department of Natural Resources, Mines and Energy (Qld), 2018d). Of
these, about 30% (16 bores) are specified as ‘stock and domestic’. However, based on knowledge
of the main land and water usersin the region, most bores are assumed to have beeninstalled for
stock and domestic purposes, e.g. borescommonly provide watering points for cattle on pastoral
leases in the region. As the Queensland groundwater database does not record information on
water use for stock bores, there is some uncertainty about the total volume of groundwater
annually extracted in the region. However, Klohn Crippen Berger (2016a) estimated that the
average volume of water extracted for stock and domestic use (across the whole Southern
Carpentaria Basin) was about 3.6 ML/bore for the Normanton Formation and 4.4 ML/bore for the
Gilbert River Formation. In the overlying aquifer of the Bulimba Formation (part of the Karumba
Basin), stock and domestic water use was estimated at about 2.7 ML/bore. Using these estimated
extraction volumes, the likely volume of groundwater extracted for stock and domestic use in the
Isa GBA region is around 210 to 230 ML/year. This may be an upper estimate of groundwater
extraction for the region, particularly if some registered bores are no longer operational or do not
extract at the assumed rate.
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Within the entire catchment area of the Nicholson River there are currently 35 water licences,
consisting of 20 groundwater licences and 15 surface water licences. About half (45%) of the
groundwater licences are administered under the GABORA plan (eitherthe Carpentaria South
Gilbert River Aquiferor groundwater sub-area or Carpentaria South Wallumbilla groundwater sub-
areas), with the remainder under the Gulf Plan.

Table 1 Estimated water use for the Southern Carpentaria Basin, Queensland

Aquifer Estimated stock | Uncontrolled Estimated loss Entitlement Total volume
and domesticuse flow from from bore drains volumes (ML/year)
volume artesian bores (ML/year)
(ML/year) (ML/year)

Normanton 809 43 596 0 1,448
Formation

GilbertRiver 2,126 3913 3,914 386 10,339
Formation

Total 2,935 3956 4,510 386 11,787

Additional to these estimated water use volumes, Klohn Crippen Berger (2016b) also estimated that 209 ML/year is used for stock
and domestic purposes from the Bulimba Formation, part of the Cenozoic Karumba Basin overlying the Carpentaria Basin
Source: Klohn Crippen Berger (2016a)

3.2.3  Potential future groundwater sources for shale gas development

The future development of shale gas resourcesin the Isa GBA region will require substantial
volumes of water (i.e. ranging from 100s to 1000s of ML) throughout all major life-cycle stages,
particularly during the gasfield development phase when most production wells are drilled and
hydraulically fractured. Water is also needed for many other activities across the life of the field,
such as construction and maintenance of access roads, pipelines and gas production facilities, as
well as site decommissioning and rehabilitation.

Data from US shale gas fields which have been developed over the past 15 to 20 years indicates
that there is considerable regional variability in the volume of water needed to hydraulically
fracture shale gas wells. A variety of factors, such as local geological conditions, average vertical
drilling depths and horizontal well lengths, and the number of hydraulic fracturing stages per well
will all influence the total volume of water required. For example, Kondash and Vengosh (2015)
demonstrated that the median volume of water needed for hydraulic fracturing of a US shale gas
production well can range from as low as 1.5 ML/well (e.g. in the Niobrara Shale in central US), but
is more commonly around 13 to 15 ML/well (e.g. for wells in the Eagle Ford and Barnett shales in
Texas) and, in some cases, is more than 20 ML/well (Fayetteville (Arkansas) and Woodford
(Oklahoma) shales). These data are similar to work published by Nicot and Scanlon (2012) which
investigated water use in shale gas wells across several basins in Texas.

Data on water usage for shale gas wells in Australia are relatively sparse, as the local industry is
much less mature than in the US. Origin Energy indicated in their submission to the NT fracking
inquiry that around 50 to 60 ML of water may be needed to drill and hydraulically fracture each
production wellin the Beetaloo Sub-basin (Pepperetal., 2018). In the Isa GBA region, the only
hydraulic fracturing undertakento date was for Armour Energy's exploratory drilling and fracturing
program at Egilabria 2DW1 (see the prospectivity technical appendix, Bailey et al. (2020)). The
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investigative nature of Armour Energy’s Egilabria 2DW1 well meant that only a relatively small
volume hydraulic fracturing operation was undertaken, involving the injection of about 2 ML of
hydraulic fracturing fluid mixture (water, sand and various chemical additives). Further reservoir
appraisal and engineering assessments of the shale gas target reservoirs is needed todevelop a
clearer understanding of specific drilling and hydraulic fracturing water requirementsin the Isa
GBA region.

To provide a preliminary estimate of the potential scale of water resources required for shale gas
operations in the Isa GBA region, a relatively simple developmentscenario can be assessed.
Assuming the drilling and fracturing of a total of 400 shale gas production wells over a 20- to 30-
year time frame, with each well requiring approximately 12 to 15 ML of water to enable
installation, approximately 4800 to 6000 ML of water may be needed to support this scale of
development. There would also be some additional water required for drilling and general
operational requirements to support construction and ongoing operations overthe life of the
gasfield. However, it must be stressed that this scenario and the associated water use estimates
are purely indicative, and that further work is required to betterunderstand the future
development profile (including water use requirements) of this region.

3.2.3.1 Groundwater and surface water resources

There are several groundwater and surface water sources potentially available to supply the water
required for future shale gas developmentin the Isa GBA region, e.g. water needed fordrilling,
hydraulic fracturing and civil construction activities. These options include possible access to water
resources of the GAB (i.e. through the GABORA Plan), as well as surface water and groundwater
resources administered under the Gulf Plan.

Future water requirementsto support new gas industry development (including potential for shale
gas and other unconventional gas resources) in parts of Queensland covered by the GAB was
specifically considered as part of the planning process for the GABORA Water Plan. Consultation
with water policy staff from the Queensland Government’s Department of Natural Resources,
Mines and Energy indicates that the most likely GAB water supply options available to cater for
future shale gas developmentin the Isa GBA region include (but are not limited to):

e Capping and piping of uncontrolled (flowing) artesian bores and drains in GAB aquifers (not
necessarily within or proximal to the Isa GBA region) could be used to save large volumes of

groundwater that are currently lost from GAB aquifers (i.e. several thousand megalitres or
more); a portion of the saved volume could then be granted as a water licence

e Relocation of existing water licences (which is possible under the GABORA Plan)

e Access to available water reserves from the three GAB groundwater units that intersect the
Isa GBA region (as discussed in Section 3.2.1)

e Water permits for activities of limited duration, which may be available for initial exploration
and appraisal operations prior to development.

In addition to accessing GAB water resources, shale gas proponents could potentially access water
reservesavailable through the Gulf Plan. For example, licences may be granted to extract available
surface water reserves from the Nicholson River or the Gregory River. It is also possible that
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licences could be granted to access groundwater from non-GAB sources that occur within or near
to the Isa GBA region. In particular, within the Nicholson GMA there are available groundwater
resources that could be sourced from the shallow aquifers of the Karumba Basin, or the
Proterozoic fractured rock aquifers that underlie the GAB or occur to the west of the GAB
boundary. Shale gas proponents may also be able to access non-GAB groundwater resources
outside of the Nicholson GMA (and greater than 1 km away from a prescribed watercourse), as no
water licence is required in these circumstances.

3.2.3.2 Produced water

Conventional and unconventional oil and gas formations exist naturally under pressure within a
geological reservoir. When these formations are drilled to extract oil or gas there is usually some
volume of water from the reservoir that is also extracted. This water is known as produced water
and is separated at the surface from the oil or gas that flows from the well in various onsite
processing facilities. Managementoptions for produced water associated with hydrocarbon
production typically involve the use of an integrated system of storage ponds or dams (possibly
with offsite discharge to nearby streams if water can be suitably treated to specified guidelines),
or reuse of the water depending on its quality and the reuse activity. In addition to produced
water, some of the water that was originally injected to hydraulically fracture the shale gas
reservoir is also recovered at the surface, and this is typically known as flowback water.

Evidence from a number of different basins in the US indicates that the volumes of produced
water from shale gas reservoirs can be quite variable, and typically (though not always)
substantially lower than for conventional gas reservoirs, or CSG reservoirs. Kondashand Vengosh
(2015) highlighted the variable volume of produced water from different US shale gas fields, for
example, the average volume of produced and flowback water from a shale gas well in the Barnett
Shale was about 12.4 ML/well compared to 25.8 ML of produced and flowback water for wells in
the Eagle Ford Shale. In contrast, average wells drilled in the Marcellus and Niobrara shales have
much lower volumes of produced and flowback water, typically 5 to 6 ML/well. These examples
illustrate the variability of produced water volumes associated with shale gas development.

Depending on the volume of produced water recovered during gas production operations it may
be possible for produced water to be treated and reused as a water source for subsequent
hydraulic fracturing and drilling operations. However, in the Isa GBA region, there is considerable
uncertainty about the volumes of produced water likely to be extracted from shale gas reservoirs
of the Lawn and River supersequences, and whetherit would be possible to reuse some
proportion of this water for further operations. This critical knowledge gap reflects the limited
amount of exploration work undertaken to date, and the need to develop an improved
understanding of shale gas reservoir characteristics, including produced water volumes, water
quality parameters and any temporal production trends.

In the Isa GBA region, reusing any produced or flowback water that may be captured as part of
shale gas extraction would be subject to a range of water managementrules and obligations
under existing Queensland legislation. Any proponent that seeksto reuse water to support their
operations must accord with these existing legislative requirements and specific conditions in
environmental authorities granted under Queensland’s Environment Protection Act.
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i} Groundwater system conceptualisation

This section summarises the current understanding and available baseline data for the
groundwater systems and hydrogeological processesin and around the Isa GBA region.

The region hosts two regional-scale groundwater systems, as illustrated in the conceptual block
diagram in Figure 7:

e groundwater associated with the Proterozoic units of the Isa Superbasin and South
Nicholson Basin — typically the deepergroundwater systemin most of the region

e the overlying groundwater system of the Carpentaria Basin (part of the Great Artesian Basin
(GAB)) and Karumba Basins. The GAB covers most of the Isa GBA region (exceptthe far
western part, as shown in Figure 1).

Key observations about these groundwater systems are that:

e Groundwater of suitable quality and quantity supports existing stock and domestic use
within and around the Isa GBA region, particularly for the pastoral (beef cattle) industry. Any
future water supply demandsfor shale gas operations in the region are likely to be
substantially greater than the current level of extractions. Although there are several
possible water supply options to support shale gas industry demands (Section 3.2), more
detailed investigations are required to assess their sustainability and potential impacts.

e There is limited connectivity betweenthe deeperunconventional shale gas targets in the
Proterozoic rock units and the shallower aquifers of the GAB and watertable. However, there
may be potential for hydrological connectivity pathways to exist betweenthese systems;
preliminary identification and discussion of these potential pathways are providedin this
section.

e Relevant groundwater and hydraulic property data for the main aquifer systemsin this
region are relatively scarce, which meansthat many aspects of the hydrogeological system
conceptualisation presented in this section remain speculative.

Groundwater potentially interacts with surface waters in and around the Isa GBA region through a
variety of mechanisms, including:

e groundwater discharge as baseflow to streams intersecting an aquifer

e groundwater discharge at spring vents connected to stream channels

e off-channelgroundwater discharge as isolated springs, wetlands and other surface water
features

e offshore groundwater discharge to the Gulf of Carpentaria

e groundwater recharge by streams at certain times of the year, resulting in variably gaining
and losing stream reaches.

Shallow groundwater from the Karumba Basin sediments supports terrestrial and aquatic
groundwater-dependent ecosystems on the alluvial floodplains, while deeperProterozoic aquifers
potentially support springs within and outside the south-west margin of the Isa GBA region.
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Figure 7 Key components of the groundwater systems of the Isa GBA region and potential connectivity pathways
between aquifers and the surface water system

The groundwater system includes the deeper Proterozoic units of the Isa Superbasin and South Nicholson Basin and the overlying
CarpentariaBasin (part of the Great Artesian Basin) and Karumba Basin. The Isa Superbasin is host to the prospective shale gas
plays and the Loretta Supersequence (Lady Loretta Formation) aquifer. Red arrows depict potential pathways for gas migration;
blue arrows represent potential pathways for the movement of water. Refer to the ‘alluvium’ conceptual model (Figure 44 ) and
potential hydrogeological connections (Figure 60, Figure 61 and Figure 62) for more detailed conceptual diagrams of potential
mechanismsfor connectivity.

This diagram is not to scale and has been vertically exaggerated to show key features and processes.

Element: GBA-ISA-2-141

4.1 Hydrostratigraphic framework

The hydrostratigraphic framework for the Proterozoic Isa Superbasin and South Nicholson Basin is
shown in Figure 8. This has been developed based on the lithostratigraphic column presentedin
the geology technical appendix (Orr et al., 2020) and Gorton and Troup (2018).

Sevensecond-ordersupersequences are recognised within the sedimentary rock package of the
Isa Superbasin, subdivided into 26 third-order sequencesin the Isa GBA region. These are the Gun
1to 3, Loretta 1to 2, River5to 8, Term 1to 5, Lawn 1 to 4, Wide 1 to 3 and Doom 1to 5
sequences.
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The Gun and Loretta supersequences collectively form the lower McNamara Group; the River,
Term, Lawn, Wide and Doom supersequences collectively comprise the upper McNamara Group.
Where these sedimentary rocks outcrop in the north of the Isa GBA region, they are collectively
known as the Fickling Group.

In general, there is scant information relating to the hydrogeological characteristics of the
Proterozoic rock units. This is primarily because these units are typically deep and overlain by
other water-bearing units, and have therefore not been extensively explored for groundwater.
Where groundwater bores have beeninstalled, the stratigraphic information from the Queensland
groundwater database has been used to help infer aquifer properties. Hydrogeological
characteristics have also beeninferred from petrophysical information and well completion
reports for petroleum exploration wells (Dunster et al., 1989; Perryman, 1964).

The hydrostratigraphic framework for the Carpentaria and Karumba basins is based on the work of
Ransley et al. (2015b).
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Figure 8 Lithology and hydrostratigraphy of the Isa GBA region

The chart breaks at 1300 to 840 Ma and 480 to 120 Ma are for display purposes.

Source: Isa Superbasin and South Nicholson Basin after Gorton and Troup (2018); Carpentaria Basin after Cook et al. (2013) and McConachie et al. (1997); Karumba Basin after Cook and Jell
(2013)

Element: GBA-ISA-2-113

This figure has been optimised for printing on A3 paper (297 mm x 420 mm).
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4.1.1 Hydrogeology of Proterozoic units

The supersequences are thinner in the Isa GBA region compared with much of the known
Isa Superbasin. The outcropping McNamara Group sediments are exposed to the north and
south of South Nicholson Basin rocks that form the axis of a regional synform (Figure 1).
These rocks extend from outcrop in the west of the region, dipping southwards undera
gradual eastward thickening cover of the Mesozoic Carpentaria and Cenozoic Karumba
basins (Figure 3).

4.1.1.1 GunSupersequence (lower McNamara Group)

Within the basal Gun Supersequence are the Paradise Creek and Esperanza Formations
(Figure 8). The Paradise Creek Formation is characterised by stromatolitic dolostone,
dolomitic siltstone, some limestone interbeds and dolostone with chert nodules. The
Esperanza Formation contains dolomite, dolomitic siltstone and quartzose to lithic
sandstone. Although permeability is expectedto be low in these formations due to strong
lithification, they are considered partial aquifers, with at least one groundwater bore
(RN109203) reportedin the Paradise Creek Formation (Table 2). The Gunpowder Creek
Formation (basal formation in the Gun Supersequence) consists typically of laminated
siltstone and is considered an aquitard.

4.1.1.2 LorettaSupersequence (lower McNamara Group)

In the Isa GBA region, the Loretta Supersequence is comprised of the Lady Loretta

Formation and its lateral equivalents (e.g. Walford Dolomite) which thin to the north,
primarily due to erosion of the River Supersequence boundary due to onlap (Bradshaw and
Scott, 1999). The platform carbonates of the Loretta Supersequence are a possible source of
groundwater for the Northern Lawn Hill Platform. There are no potential unconventional
hydrocarbon source rocks identified within the Loretta Supersequence (Gorton and Troup,
2018).

The original porosity of the Loretta Supersequence has been modified during diagenesis. In
drilled intersections, porosity is commonly low (0.5% to 5%) (Gorton and Troup, 2018)
although may be up to 15% to 20% in zones with extensive dissolution cavities and vughs,
and also in zones of moldic porosity in oolitic grainstones (Moultrie, 1991). Measured
permeability is generally low, with values ranging from less than 1 milliDarcy (mD) to

3.4 mD.

Where the Loretta Supersequence occurs close to surface (shallow subcrop), it has markedly
higher aquifer potential. For example, below the base of the Mesozoic Carpentaria Basin
sequence in exploration well Burketown 1, 1328 m of dolostone from the Loretta
Supersequence includes a lower 53-m thick cavernous dolostone with extremely high
transmissivity (Perryman, 1964). This zone produced hot artesian groundwater at a rate of

about 1 litre per second (L/s) when first drilled, indicative of connectivity between this lower

cavernous zone and the basal sandstone aquifer of the overlying Carpentaria Basin through
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a complex cavernous fracture network that exists within the upper 275 m of the Loretta
Supersequence. The seismic character of the Loretta Supersequence indicates that
enhanced cavernous permeability occurs commonly across the region (especially in areas of
subcrop). Accordingly, such zones may offera conduit for groundwater flow, and potentially
any fugitive gas migration where it directly underlies the shale gas plays of the prospective
Riversleigh Siltstone.

The Loretta Supersequence isthe most widely accessed unit of the Isa Superbasin for
groundwater. According to the Queensland groundwater database, there are five bores
(Table 2) screenedin dolomite or limestone that are inferred to access the Loretta
Supersequence (Lady Loretta Formation and equivalent Walford Dolomite). Groundwater
yields of up to 6.5 (L/s) have beenreported. The location of the wells, depth to the screened
interval and the solid geology interpretation are presented in Figure 9.

Of particular note is bore RN72582 which, along with the Burketown 1 well, exhibited
artesian conditions during drilling in 1991. However, no additional groundwater
observations have beenrecorded from this bore since it was installed, so it is not possible to
comment upon the temporal characteristics of artesian conditions within this unit.

Table 2 Characteristics of groundwater bores tapping Proterozoic aquifers of the Isa Superbasin and South
Nicholson Basin in and around the Isa GBA region

Bore Bore Bore Bore |Lithology Groundwater| Bore
registered elevation | screen | screen yield diameter

number? (mAHD) (mbgl) | (mAHD)? (WA] (mm)
3349 unknown 121.9 219 100.0 nd nd nd
16177 unknown 92.0 30.8 61.2 nd 0.25 152
16444 unknown 85.1 36.6 48.5 nd 0.9 152
17421 Lawn Hill 104.4 39.6 64.8 limestone/carbonate nd 152

Formation /shale
17422 Lawn Hill 91.9 243 67.6 limestone/carbonate nd 152
Formation /shale

23245* unknown 116.1 nd nd nd nd nd
26174 unknown 69.6 nd nd nd nd nd
36343* unknown 82.0 nd nd nd nd nd
45203 unknown 96.3 31 65.3 nd 1 127
45204 unknown 80.6 16 64.6 nd 6.5 127
45205 unknown 84.6 18 66.6 nd 6.3 127
45468 unknown 95.2 30.5 64.7 nd nd 141
45469 unknown 84.8 244 60.4 nd nd 141
45578 unknown 114.5 nd nd nd nd nd
45581 unknown 1113 nd nd nd nd nd
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Bore
registered
number?

45583 unknown
45588 unknown
45589 unknown
45618 unknown
45624 unknown
45625 unknown
45630 unknown
45884 unknown

72498* Walford
Dolomite

72499 unknown

72500 unknown

72582* Walford
Dolomite

72620* Walford
Dolomite

72621* Walford
Dolomite

100067* unknown

109203 Paradise
Creek
Formation

109204 unknown

109223 Lady
Loretta
Formation

139379 South
Nicholson
Basin

139380 South
Nicholson

Basin

171074 Lawn Hill
Formation

Bore
elevation
(mAHD)

109.3
98.9
72.0

127.8

105.3

142.3

110.8
87.7

107.9

82.7
98.2
158.6

1311

146.9

88.4
122.0

128.1
112.0

102.0

110.9

139.6

Bore
screen
(mbgl)

nd
nd
nd
nd
nd
nd
31
39.6

200

nd
nd
129

259

172

nd
90

20
38

42

72

24

Bore
screen
(mAHD)?

nd
nd
nd
nd
nd
nd
79.8
48.1

-92.1

nd
nd
29.6

-127.9

-25.1

nd
32.0

108.1
74.0

60.0

38.9

115.6
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Lithology

nd
nd
nd
nd
nd
nd
nd
nd

Mixed dolomite,
siltstone shale

nd
nd

Dolomitic siltstone

Mixed dolomite,
siltstone, shale

Siltstone, sandstone,
dolomite

nd

Limestone

Black shale

Weatheredchert

Sandstone

Sandstone

Shale, grey

Groundwater
yield
(L/s)

nd
nd
nd
nd
nd
nd
nd
nd

1.2

nd
nd
nd

nd

nd
nd

nd
nd

nd

nd

nd

Bore
diameter
(mm)

nd
nd
nd
nd
nd
nd
127
141

75

nd
nd
75

nd

nd

nd
140

141
200

160

355

140

nd=no data; mAHD=metres relative to Australian Height Datum; mbgl=metres below ground level; L/s=litres per second
Inumbers in bold are for bores with water level data (shown in Figure 19); artesian bores are marked with an asterisk *
2negative values relate to screened depths below mean sealevel
Data: bore data (Geoscience Australia, 2018f)
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Figure 9 Groundwater bores tapping Proterozoic units in and near the Isa GBA region, showing depth to
screened interval

Data: Geology: outside Isa GBA region (Department of Natural Resources, Mines and Energy (Qld), 2018c), inside Isa GBA
region (Bradshaw et al., 2018a), bores (Geoscience Australia, 2018f)
Element: GBA-ISA-2-037
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4.1.1.3 River, Term, Lawn, Wide and Doom supersequences (upper
McNamara Group)

The upper McNamara Group, equivalent to the River, Term, Lawn, Wide and Doom
supersequences, includes the hydrocarbon-prospective carbonaceous shales and siltstones
that are mostly presentin the upper Lawn Hill Formation (Lawn 4 Sequence) and the
Riversleigh Siltstone (River Supersequence). The basal part of the intervening Termite Range
Formation (lower Term Supersequence) has some reservoir characteristics with known gas
and oil shows (Bailey etal., 2020).

4.1.1.3.1 River Supersequence

The organic-rich shales of the Riversleigh Siltstone (River Supersequence) are among the
main shale gas source rocks for the Isa Superbasin, having over 100 m gross thickness and
generally uniform composition across the Lawn Hill Platform (Gorton and Troup, 2018). The
typically fine-grained nature of these rocks results in aquitard properties.

4.1.1.3.2 Term Supersequence

The Term Supersequence comprises the Termite Range Formation, and units Pmh 1 and
Pmh 2 of the Lawn Hill Formation. Typically, these formations consist of interbedded
sandstone, siltstone, shale and tuffaceous sandstone and siltstone, and are considered
aquitards. However, turbiditic sandstones of the Termite Range Formation commonly have
measured porosity of 0.5% to 5% and, in some isolated zones porosity may be up to 16%
(Gortonand Troup, 2018), indicative of leaky aquitard properties.

4.1.1.3.3 Lawn Supersequence

The Lawn Supersequence comprisesthe Bulmung Sandstone Member (Pmh 3) and the
lower Pmh 4 unit of the Lawn Hill Formation. The shallow marine Bulmung Sandstone
Member (Pmh 3) has measured porosities typically between 2% and 9%, with up to 25%
rarely observed. Permeability is generally low (less than 1 mD), although locally can be three
orders of magnitude greater, up to 2 D (Gortonand Troup, 2018). Partial aquifer status is
attributed to this sandstone member, which directly underlies the shale gas-prospective
carbonaceous rocks of the Lawn 4 Sequence. As such it is potentially a conduit for natural
gas emissions from adjoining source rocks. The lower Pmh 4 unit is characterised by organic-
rich shale, with minor sandstone, siltstone, tuffaceous sandstone and siltstone. It s
considered an aquitard.

4.1.1.3.4 Wide Supersequence

The Wide Supersequence comprisesthe upperPmh 4 unit and part of the Widdallion
Sandstone Member (Pmh5). The Widdallion Sandstone Memberis dominantly thickly cross-
bedded, medium-to coarse-grained, and granule-rich with minor pebbles. This unit contains
volcanolithic sands which have a diagenetically modified porosity ranging from 1% to 15% in
a 40 m thick unit of stacked sandstones (Gortonand Troup, 2018) and can be accorded
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partial aquifer to aquifer status. This aquifer has potential to be a conduit for natural gas
emissions from the underlying shale gas source rocks of the Lawn Supersequence. Gorton
and Troup (2018) considered that wrench-faulting during deposition of the Wide and Doom
supersequences could have formed excellent structural traps to contain migrating
hydrocarbons.

The Queensland groundwater database (Department of Natural Resources, Mines and
Energy (Qld), 2018d) indicates that three groundwater bores access water from the Lawn
Hill Formation (and equivalent Doomadgee Formation), as shownin Table 2. These bores
likely draw groundwater from either the Widdallion Sandstone Member or the

Bulmung Sandstone.

4.1.1.3.5 Doom Supersequence

The Doom Supersequence consists of the upper Widdallion Sandstone Member(Pmh 5) and
the Pmh 6 unit of the Lawn Hill Formation. The Pmh 6 unit is characterised by sandstone,
siltstone, shale and carbonate with log-derived porosity of 1% to 15%. These rocks are
typically considered aquitards. Some sandstone-dominated intervals in the upper part of the
Pmh 6 unit are up to 40 m thick, with log-derived total porosity of 8% to 15% (upto
maximum of 21%).

4.1.1.4 South Nicholson Group

The South Nicholson Basin sequence in the Isa GBA region (Orr et al., 2020) is composed
entirely of sedimentary rocks that were deposited fluvial to shallow marine environments
(Figure 8). Typically, these units have hydraulic properties characteristic of leaky aquitards
or aquitards. The exceptionsto this are the thick-bedded quartz-arenites of the Constance
and Elizabeth sandstones. These units are generally tight with porosity between 0.5% and
5%, although much higher porosity occurs in places (up to about 16%). Permeability is
equally variable, ranging from <1 mD to nearly 7 D. Thereis a clear relationship between
porosity and permeability, with zones of higher porosity and permeability likely relating to
microfractures (Gortonand Troup, 2018). Testing of the Constance Sandstone at well
DDH83-3 produced water at a rate of over 10 L/s (Dorrins et al., 1983).

Two groundwater bores are known to source water from rocks of the South Nicholson Basin
(RN139380 and 139379), as shown in Table 2.

A north-trending cross-section of the Isa GBA region showing the Proterozoic rock units and
their hydraulic properties is in Figure 10.
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Figure 10 North-trending cross-sectionthrough Proterozoic units of the Isa Superbasin showing inferred
hydrogeological properties

This section illustrates that the Loretta Supersequence (Lady Loretta Formation) has the greatest aquifer potential of all the
Proterozoic unitsin the Isa GBA region. SNB = South Nicholson Basin; Esp. Fm = Esperanza Formation

Data: after Bradshaw et al. (1999) and Krassay et al. (1999)

Element: GBA-ISA-2-154

4.1.2 Hydrogeology of the Carpentaria Basin

Within the Isa GBA region, the Carpentaria Basin (part of the GAB) consists of a variably
confined groundwater system comprising multi-layered aquifers of variable hydraulic
characteristics, hosted within predominantly continental sandstones. The basin aquifers are
separated and centrally confined by aquitards of both fluvial and marine mudstone
(Smerdonet al., 2012b). The Carpentaria Basin is structurally separated from the Eromanga
Basin to the south by the Euroka Arch, which forms a major groundwater divide (Figure 4).

The Isa GBA region spans the western margin of the Carpentaria Basin, with sedimentary
sequences thickening towards the regional depocentre in the north-east (which is now
within the Gulf of Carpentaria). The GAB margins used in this report are those definedin the
GAB Atlas (Ransley et al., 2015b). Recent studies (Smerdon et al., 2012b) revised the
western margin of the Carpentaria Basin to be approximately 35 km further west than
previously identified by Habermehl and Lau (1997). This revised margin is based on the
mapped structural boundaries between the Proterozoic basementrocks and the Karumba
and Carpentaria basins, as shown on the 1:250,000 geological maps for Lawn Hill (Hutton
and Grimes, 1983) and Westmoreland (Grimes and Sweet, 1979). Although lithostratigraphic
units of the Carpentaria Basin occur as outliers further west of the basin boundary, these
are considered hydrogeologically isolated from the GAB. Any groundwater system that may
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occur in these outlier units does not contribute to regional Carpentaria Basin flow, and are
only subject to local hydrogeological influences.

Within the study area for this assessmentthere are two regional aquifer systems hosted in
the Carpentaria Basin, namely the:

e deeperGilbert River Formation aquifer (and potentially underlying basal Jurassic to
Cretaceous aquifer system of the Eulo Queen Group)

e shallower Late Cretaceous Normanton Formation aquifer (the upper part of the
Rolling Downs Group).

These two aquifer systems are separated by the relatively thick aquitard sequence of the
Rolling Downs Group, which comprises the Wallumbilla Formation, Toolebuc Formation and

Allaru Mudstone (Figure 11).

Figure 11 Cross-section of the Carpentaria and Karumba basins in the Isa GBA region

Inset shows cross-section location.
Data: Geoscience Australia (2018c)
Element: GBA-ISA-2-140

4.1.2.1 Gilbert River Formation aquifer

The basal GAB sandstone sequence in the Isa GBA region is the Gilbert River Formation
(referredto as the Gilbert River Formation aquifer in this report). This formation typically
comprises sandstones with minor shale lenses and overall has characteristic aquifer
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properties. This aquifer is relatively widespread over the central and eastern Isa GBA region,
and typically occurs east of Doomadgee. Along the axis of the synform in basementrocks,
this aquifer has a convoluted western extentas it appears to infill paleovalleys incised into
the South Nicholson Basin (Figure 12).

The basal aquifer of the Carpentaria Basin is typically the deepestaquiferaccessed for
groundwater use in the Isa GBA region. Bores are typically screened at a depth of 150 m to
over 500 m below ground level, and groundwater within this aquifer is commonly under
artesian pressure (discussed further in Section 4.3.2). Based on measurementsin the
northern Carpentaria and Laura basins, the hydraulic conductivity of the Gilbert River
Formation is estimated as 2m/day (ranging from 0.1 to 10 m/day) (Klohn Crippen Berger,
2016a).

Bores completed in this aquifer in the Burketown region initially produced at flow rates of
between 31 and 300 L/s, but overtime the flow rate for some bores has diminished to a
trickle (Ingram, 1972). According to the Queensland groundwater database (Table 3), there
are 22 bores attributed to the Gilbert River Formation in the area, although only three of
these are actually within the Isa GBA region, with the rest nearby to the east and south
(Figure 12). Groundwateryields in this aquifer are variable, ranging from 0.3 L/s (RN45979)
to 6.4 L/s (RN109264). Artesian conditions are indicated where the column ‘Bore yield’ in
Table 3 showsflow rates with reference to pressure (kilopascals, kPa), where 100 kPa is
approximately equivalent to 10 m of groundwater head.

An artesian bore at Burketown drilled into the Gilbert River Formation is producing methane
gas, interpreted to have migrated from the underlying Proterozoic shale gas reservoirs of
the River and Lawn supersequences across an unconformable contact (EHS Support, 2014).
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Figure 12 Gilbert River Formation aquifer extent, thickness and groundwater bore locations

mbgl=metres below ground level
Data: aquifer (Geoscience Australia, 2018c); bores (Geoscience Australia, 2018f)
Element: GBA-ISA-2-032
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Table 3 Characteristics of bores that access the Gilbert River Formationin and around the Isa GBA region

Bore Bore Bore Bore Lithology Groundwater | Bore
registered elevation| screen screen yield diameter
number (mAHD) [ (mbgl) (mAHD)* (L/s) (mm)
330 Gilbert River Fm 3.7 702.7 -699.0 nd nd nd
3030 Gilbert River Fm 31.0 701 -670.0 Sandstone nd 152
7572 Gilbert River Fm 45.6 339 -293.4 Sandstone 0.63 152
16407 Gilbert River Fm 45.6 229 -183.4 Sandstone nd
16447 Gilbert River Fm 61.0 231 -170.0 Sandstone nd 152
16490 Gilbert River Fm 51.0 201.2 -150.2 Shale and nd 127
sandstone
34051 Gilbert River Fm 425 400.2 -357.7 Sandstone nd 127
45180 GilbertRiver Fm 224 583  -560.6 Soft 1.6(at172 127
sandstone kPa)
45181 GilbertRiver Fm 13.4 601.5 -588.1 Soft 0.5(at137 101
sandstone kPa)
45979 GilbertRiver Fm 34.1 469 -434.9 Tight, grey 0.3 (bailer)
sandstone
72002 Gilbert River Fm 14.5 667 -652.5 Sandstone nd 171
92812 GilbertRiver Fm 64.7 228 -163.3 Greyclays 2.4 (airlift) 168
109264 Gilbert River Fm 47.6 405 -357.4 Sandstone 6.4 (airlift) 168
109309 Gilbert River Fm 30.2 482 -451.8 Shalebeds nd 168
109649 GilbertRiver Fm 7.5 585 -577.5 Sandstone 2.5 (at290 kPa, 127
and shale 59°C)
109811 Gilbert River Fm 6.7 595 -588.3 Hard, fine- 0.7 (at245 kPa, 127
grained 58°C)
sandstone
126658 GilbertRiver Fm 22.0 572 -550.0 Grey nd 127
sandstone
126659 Gilbert River Fm 19.7 611.3 -591.6 Coarse nd 168
siltstone
171028 Gilbert River Fm 39.5 4914 -451.9 Sand, coarse- nd 127
grained with
quartzgrains
171260 Gilbert River Fm 28.3 671 -642.7 Shale,trace nd 140
sandstone
171269 GilbertRiver Fm 32.4 600 -567.6 Sandstone nd 140
171340 Gilbert River Fm 27.8 700 -672.2 Sandstone nd 140

mAHD=metres relative to Australian Height Datum; mbgl=metres below ground level; L/s=litres per second; nd=no data;
Fm = Formation

Inegative values relate to screened depths below mean sealevel

Data: bore data (Geoscience Australia, 2018f)
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4.1.2.2 Rolling Downs Group

The Rolling Downs Group comprises the Wallumbilla Formation, Toolebuc Formation, Allaru
Mudstone and Normanton Formation. Of these, the Normanton Formation is considered a
partial aquifer, and other units are generally considered aquitards (Ransley et al., 2015b).

4.1.2.2.1 Rolling Downs Group aquitard

The Rolling Downs Group aquitard (comprised of the Wallumbilla and Toolebuc formations
and the Allaru Mudstone) is widespread across the Isa GBA region and areas to the east and
south. The boundary of this aquitard corresponds to the western margin of the Carpentaria
Basin, and it thickens eastwards across the Isa GBA region (Figure 13). The Rolling Downs
Group aquitard is considered the most effective aquitard in the Carpentaria Basin because
of its substantial lateral extent, significant thickness and the very low permeability of its
constituent mudstonesand other fine-grained sediments.

The lithology of the units and the hydraulic properties of the Rolling Downs Group aquitard
are summarised in Table 4.

Table 4 Stratigraphic units of the Rolling Downs Groupaquitard

Typical lithology Hydraulic properties

Allaru Mudstone Mudstone with calcareous concretions, some Leaky aquitard
siltstones. Shale and siltstone in northernareas

Toolebuc Calcareous, bituminous shale, limestone, Aquitard
Formation sandstone, siltstone

Wallumbilla Mudstone and siltstone with calcareous Leaky aquitard
Formation concretions; glauconitic labile sandstone,

particularly in lower sections

Lithofacies in the Wallumbilla Formation and Allaru Mudstone are spatially variable
(Smerdonetal., 2012b). Due to the dominance of non-radiogenic clays in the mudstone,
and the presence of radiogenic glauconitic sands in the aquitard, there remains considerable
uncertainty about establishing the sand-shale characteristics based on gamma responsein
the area of investigation and more broadly in the Staaten Sub-basin.

An important feature of this aquitard is the ubiquitous, intraformational, polygonal faulting
that pervadesthe entire sequence with small vertical displacements in the order of tens of
metres. The structural overprint of the Rolling Downs Group aquitard is further discussed in
Section 5.5.
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Figure 13 Rolling Downs Group aquitard extent, thickness and groundwater bore locations

mbgl=metres below ground level
Data: aquifer (Geoscience Australia, 2018c); bores (Geoscience Australia, 2018f)
Element: GBA-ISA-2-034

Although these units are typically aquitards, small supplies of generally saline water have
been obtained from what are inferred to be minor isolated lenses of sandstone and shale
(Smart et al., 1980). Giventhe general lack of groundwater data from this region, there s a
relatively high level of uncertainty surrounding the spatial distribution of these lenses.
Based on information within the Queensland groundwater database (Department of Natural
Resources, Mines and Energy (Qld), 2018d), six bores access the Rolling Downs Group

Hydrogeology and groundwater systems of the Isa GBA region | 37

xipuadde |eaiuydal swaisAs Jarempunoud pue ASojoa304pAH :z 93e1s



Stage 2: Hydrogeology and groundwater systems technical appendix

4 Groundwater system conceptualisation

aquitard within or close to the Isa GBA region. A summary of the available hydrogeological
data for these bores is in Table 5.

Table 5 Features of bores that access the Rolling Downs Groupaquitardin and around the Isa GBA region

Bore Bore Strata Groundwater Bore
registered elevation| screen | screen [information yield diameter
number (mAHD) | (mbgl) | (mAHD)* (L/s) (mm)
36255 Allaru Mudstone 39.2 70.1 -30.9 Blueshale 1.3 152
38649 Allaru Mudstone 283 57.91 -29.6 Blue shale 0.4 152
45878 Rolling Downs 455 105 -59.5 Sandstone nd 161
Group aquitard
72580 Rolling Downs 51.4 45 6.4 Coarse-grained 4.4 141
Group aquitard sand
92915 Wallumbilla 67.1 192 -124.9 Firmbroken 4.0 168
Formation grey/white
rock
92952 Toolebuc 66.8 72 -5.2 Greyshale 1.0 200
Formation

mAHD=metres relative to Australian Height Datum; mbgl=metres below ground level; L/s=litres per second; nd=no data
1 negative values relate to screened depths below mean sealevel
Data: bore data (Geoscience Australia, 2018f)

4.1.2.2.2 Rolling Downs Group — Normanton Formation

The Lower Cretaceous Normanton Formation, the uppermost unit of the Rolling Downs
Group, is a relatively extensive unit of glauconitic sandstone and siltstone that has a fringing
near-coastal distribution around the Carpentaria Basin. The Normanton Formation typically
has partial aquifer characteristics onshore but transitions into a low-permeability aquitard
offshore, generally increasing in thickness towards the main depocentre in the central part
of the Gulf of Carpentaria. Median bore yields are 2 L/s, ranging from less than 1 to about

4 L/s (Klohn Crippen Berger, 2016a).

Within the Isa GBA region, the boundary of the Normanton Formation runs approximately
north to south about 10 km west of Burketown (Figure 14). The aquifer thickness increases
to the east reaching a maximum thickness of around 300 m near the coastline. Within the
study area, only one bore (RN109352) is identified as accessing water from the Normanton
Formation at a depth of 39.5 m below ground level.
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Figure 14 Normanton Formation extent, thicknessand groundwater bore locations

Data: aquifer (Geoscience Australia, 2018c); bores (Geoscience Australia, 2018f)
Element: GBA-ISA-2-035

4.1.3 Hydrogeology of the Karumba Basin

The Cenozoic Karumba Basin (Orr et al., 2020) is widespreadin the Isa GBA region, pinching
out approximately 45 km to the west of Doomadgee, corresponding to the edge of the
Carpentaria Basin (Figure 15). The lithostratigraphic units, weathering cycles, and
hydrostratigraphic designations for the Karumba Basin are summarised in Table 6.
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Table 6 Major lithology and hydraulic properties of the units of the Karumba Basin

Typical lithology Thickness |Hydraulic

properties

Claraville Cycle Pliocene-  Armraynald Silt, clay,sand and gravel  upto 25m Leaky aquitard
Pleistocene beds

Wyaaba Cycle Miocene  Wyaababeds Clayeyquartzosesandand unknown Partial aquifer
sandstone, granule to
(locally) pebble gravel,
conglomerate

Bulimba Cycle Paleocene Bulimba Cross-bedded fine-grained 40 mmax Partial aquifer
to Eocene Formation guartzose clayey
sandstone; local
conglomerate, thin
chalcedoniclimestoneand
siltstone

The sediments associated with the three primary cycles of Cenozoic deposition (Bulimba,
Wyaaba and Claraville cycles) each have variable aquifer characteristics. The basal Bulimba
Formation of the Bulimba Cycle consists of fine-grained quartzose and is typically the most
productive aquifer of the Karumba Basin. The overlying units contain minor sand-rich zones
but overall have leaky aquitard properties. Localised aquitard zones of the Gregory Downs
Limestone (Wyaaba Cycle) create a variable semi-confined system (Radke et al., 2012).

The lithology of the Bulimba Formation is highly variable, ranging from shale (bore
RN45347) to sandy ferricrete (bore RN45350). There are correspondingly variable
groundwater yields for this unit (Table 7), with an average yield of 1 L/s ranging from

0.25 L/s to 4.5 L/s. According to the GAB water resource assessment (Smerdon et al., 2012c)
the hydraulic conductivity of the Bulimba Formation ranges from 150 to 300 m/day and the
specific yield is 0.1. The Bulimba Formation is the most commonly accessed unit of the
Karumba Basin in the Isa GBA region, with nine bores identified in the Queensland
groundwater database (Department of Natural Resources, Mines and Energy (Qld), 2018d).
Bore inlet screen depths range from 29 to 45 m below ground level. Formation thickness is
typically about 40 m north of Doomadgee, around 25 m in the Burketown region and 18 m
in the south (Grimes and Sweet, 1979).

The Armraynald beds consist of brown and grey clays (commonly silty), minor beds of
sandstone and clay-bound gravel, and limestone nodules. Within the Isa GBA region,
outcrop is restricted to stream banks, so lithological information is limited, and derived
mainly from drillers’ logs. Smart et al. (1980) suggested that unit thickness varies from about
10 min the south of the region, to 25 metres in the north. One registered bore accesses
groundwater from the Armraynald beds, producing water at a rate of about 2.5 L/s
(Queensland groundwater database). This groundwater bore is screened at a depth of 30 m
in red and yellow sandstone.
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Figure 15 The Karumba Basin extent, thickness and groundwater bore locations

mbgl = metresbelow ground level
Data: aquifer (Geoscience Australia, 2018c); bores (Geoscience Australia, 2018f)
Element: GBA-ISA-2-036
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Table 7 Groundwaterbores inferred to access water from the Karumba Basin and alluvial deposits

Bore Lithology Bore yield Bore

registered (L/s) diameter

number (mm)

15937 Alluvium 18.1 21 -2.9 Loose gravel 13 152

34586 Alluvium 4.9 4.6 0.3 Fine-grained brown 0.6 152
sand

34587 Alluvium 5.1 43 0.8 Fine-grained brown 0.6 152
sand

34588 Alluvium 4.9 4.7 0.2 Clean brown sand 0.6 152

34589 Alluvium 5.0 53 -0.3 Brownsand 0.6 152

45347 Bulimba Fm 45.0 40 5.0 Blackshale ~0.5 152

45348 Bulimba Fm 32.9 38 -5.1 Clay, red mottled ~0.73 152
sandstone

45349 Bulimba Fm 37.0 45 -8.0 White sandstone ~0.56 152

45350 Bulimba Fm 353 42 -6.7 Ferricrete, sandy ~0.56 152

45449 Bulimba Fm 30.5 36 -5.5 Grey mudstone 4.5 152

45471 Alluvium 394 24 15.4 Sand 0.2

45628 Bulimba Fm 26.5 28 -1.5 yellowclay 0.25 150

45766 Bulimba Fm 34.2 38 -3.8 Sand nd 161

45879 Armraynald 21.0 30 -9.0 Redand Yellow 2.5 161

Beds Sandstones
72518 Bulimba Fm 36.9 42 -5.1 sandstone 0.58 161
72519 Bulimba Fm 35.8 29 6.8 Red, white and 0.63 161

brown sandstone

72578 Karumba Basin 42.1 40 2.1 Mudstone, 34 141
sandstone and
gravel layers

72579 Karumba Basin 63.0 22 41.0 Mudstone with 1.5 141
gravel layers

72581 Karumba Basin 75.2 25 50.2 Sandstone with 1 141
clay matrix

91210024 Alluvium 16.1 125 3.6 Greysandswith nd 50

Ironstone bands

mAHD=metres relative to Australian Height Datum; mbgl=metres below ground level; L/s=litres per second; nd=no data
1 negative values relate to screened depths below mean sealevel
Data: bore data (Geoscience Australia, 2018f)

4.1.3.1 Unconsolidated deposits

Colluvial and sheetwash deposits are widespreadin the region and form a thin cover over
the Bulimba Formation and other sediments of the Karumba Basin. These unconsolidated
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deposits, which may include surficial Holocene sands, are commonly underlain by ferricrete
at shallow depth.

Alluvial deposits mainly occur on lower gradients in areas of relatively lower elevation. They
are generally poorly sorted and typically comprise silts and very fine-grained sands. They are
relatively widespread aquifers, with seven bores in the Queensland groundwater database
(Department of Natural Resources, Mines and Energy (Qld), 2018d) identified as accessing
alluvial deposits. Bore screen depths are generally shallow, typically around 5 m, although
may be up to 21 m below ground level. Yields for this aquifer are generally low, ranging
from 0.2 to 1.3 L/s.

4.2 Recharge

42.1 Proterozoic units

Recharge mechanisms to aquifers of the Isa Superbasin and South Nicholson Basin are
primarily limited to diffuse recharge at formation outcrops to the west of the GAB margin.
Due to the highly lithified nature of the Proterozoic rock units, any recharge rates are
expectedto be low and limited to areas where meteoric weathering or fracture zones may
provide a preferential pathway at the surface for recharge waters to enter the groundwater
system.

Where the Proterozoic units are covered by the GAB, recharge may potentially occur
through inter-basin groundwater flow, particularly betweenthe Loretta Supersequence and
the basal aquifer of Carpentaria Basin. However, the direction of groundwater flow between
aquifers of different basins will depend on relative groundwater pressures within the
respective aquifers. There is little data currently available to quantify such flow rates or
directions. Inter-basin hydrological connectivity is furtherdiscussed in Section 5.

4.2.2  Carpentaria Basin

Diffuse recharge occurs where rainfall directly recharges downwardsinto an aquifer. This is
thought to be the main recharge mechanism for the Normanton Formation, where it occurs
beneath shallow Cenozoic cover sediments (Smerdon et al., 2012a). Due to the scarcity of
groundwater data, recharge rates have not beendirectly calculated for the Isa GBA region.
However, according to a recent hydrogeological assessment of the GAB (Klohn Crippen
Berger, 2016a), recharge to the Normanton Formation (within the Southern Carpentaria
sub-basin), is 38 GL/year on average, ranging from 19 to 96 GL/year.

Recharge from rivers may contribute to groundwater recharge of the Karumba Basin
aquifers and (indirectly) the Normanton Formation, particularly during the wet seasonwhen
ephemeralrivers in the region typically flow. However, recharge from the streambed is not
expectedto be a large contributor (DSITIA, 2014). Estimates of this type of recharge are
hampered by a lack of temporally matched river stage and groundwater depth

Hydrogeology and groundwater systems of the Isa GBA region | 43

xipuadde |eaiuydal swaisAs Jarempunoud pue ASojoa304pAH :z 93e1s



Stage 2: Hydrogeology and groundwater systems technical appendix

4 Groundwater system conceptualisation

measurements. In cases where suitable data are available, hydrograph analysis has been
undertaken as part of this study and these results are discussed further in Section 4.5.2.

The primary source of recharge to the deeperconfined GAB aquifer system, the Gilbert
River Formation, is through intake beds where the aquifer outcrops and receives direct
infiltration from rainfall. However, there are no outcrop areas of the Gilbert River Formation
within or near to the Isa GBA region. Instead, the main recharge beds for the Gilbert River
Formation are approximately 600 km to the east of the Isa GBA region, on the western
slopes of the Great Dividing Range. Within the Southern Carpentaria sub-basin, recharge to
the Gilbert River Formation is estimated as 22 GL/yearon average, ranging from around

8 GLl/yearto 31 GL/year (Klohn Crippen Berger, 2016a). The combined recharge rate to the
Carpentaria Basin is about 60 GL/yearon average, ranging from 27 to 127 GL/year (Table 8).

Table 8 Estimated rechargerates for the main aquifers of the Karumba and Carpentaria basins in the

Southern Carpentaria sub-basin

Average (ML/yr) Minimum (ML/yr) Maximum (ML/yr)
Karumba Basin 160,000 80,000 400,000
Normanton Formation 38,400 19,200 96,000
Gilbert River Formation 21,700 7,750 31,000
Southern Carpentariasub-basintotal 220,100 106,950 527,000

Source: Klohn Crippen Berger (2016a)

4.2.3 Karumba Basin

Diffuse recharge and river recharge (to a lesser extent) drive groundwater movementin the
Karumba Basin. The laterites of the Bulimba Formation have a particularly high vertical
permeability and are capable of receiving considerable diffuse recharge during the wet
season. Although estimates are not yetavailable for recharge rates in the Isa GBA region,
net recharge rate to the Bulimba Formation in outcrop areas is estimated as 4 mm/year in
the Southern Carpentaria sub-basin (incorporating the Isa GBA region) compared to a much
higher rate in the northern extent of the Carpentaria Basin of 25 mm/year which has higher
wet-season rainfall (Klohn Crippen Berger, 2016a). Warner (1968) suggested that the
Wyaaba beds may receive some local recharge from stream leakage in addition to diffuse
recharge.

A large proportion of total recharge in the Karumba Basin is expectedto enterthe surface
water system as baseflow to rivers, spring discharge, overland flow or evapotranspiration
losses (DSITIA, 2014). According to a recent hydrogeological assessment of the GAB (Klohn
Crippen Berger, 2016a), the total recharge volume to the main aquifer of the Karumba Basin
(within the Southern Carpentaria sub-basin) is 160 GL/year on average, ranging from 80 to
400 Gl/year (Table 8).

For the Southern Carpentaria sub-basin the average net recharge rate is estimated as
10 mm/year, with a range of 5 to 20 mm/year (Klohn Crippen Berger, 2016a). The combined
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total recharge for the Karumba and Carpentaria basins within the Southern Carpentaria sub-
basin averagesabout 220 GL/year, ranging from 107 to 527 GL/year (Table 8).

4.3 Groundwater hydrodynamics

4.3.1  Structural controls on groundwater flow

4.3.1.1 IsaSuperbasin and South Nicholson Basin

Recent publications by the Geological Survey of Queensland (Frogtech Geoscience, 2018)
and Geoscience Australia (Bradshaw et al., 2018a) include maps of geological structures that
integrate surface and subsurface features. These maps show that the moderately deformed
rocks of the Isa Superbasin are structurally segmentedinto a series of fault-bound troughs in
the Isa GBA region, which variably trend east-south-easterly to east-north-easterly. The
major structural elements of the region are presented in Figure 16.

Analysis of seismic reflection data indicates significant fault offsetsand thickness changes
within the Proterozoic units of the Isa Superbasin. Synsedimentary fault movement,
particularly along steeply north-dipping, largely north-east-trending normal faults, partition
the depositional system into local sub-basins (Krassay et al., 2000).

The structural architecture of the Isa GBA region, as well as displacement of aquifers along
individual fault systems, have potential implications for groundwater flow in the main
aquifers of this area. For example, where fault offsets are significant enough to displace a
potential aquifer by more than the unit thickness of the aquifer, the potential exists for
compartmentalisation of groundwaterflow. This situation is depicted in Figure 10, where
the amount of displacement along structures such as the Doomadgee and Nicholson River
fault zonesis such that potential lateral hydrological connectivity within the Loretta
Supersequence may be reduced due to fault offsets.

On the basis of existing information compiled for this study, the level of control that the
regional fault zones have on groundwater flow systemsis largely speculative and requires
more detailed hydrogeological investigations. Further analysis of the potential influence of
geological structures on groundwater flow in the Isa GBA region, especially as possible
hydrological pathways connecting the deep (Proterozoic) and shallow (GAB) aquifer
systems, is presented in Section 5.

4.3.1.2 Carpentaria Basin

Structural elements at the base of the Carpentaria Basin include a series of north-easterly
trending faults with relatively small throws over the western basin margin around
Doomadgee, and a series of north-eastto northerly trending major faults and associated
horst and graben structures within the main axis of the Carpentaria Basin (to the east of the
Isa GBA region (Figure 17)). Based on the relatively smooth groundwater flow contours and
lack of short-scale variation in groundwater pressure head (Figure 19 and Figure 20), there
does not appear to be any significant impact on groundwater flow from these structural
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elements (albeit from limited available pressure data). The implications of geological
structures on hydraulic connectivity are discussed furtherin Section 5.

Figure 16 Major structural elements of the South Nicholson Basin and Isa Superbasin in the Isa GBA region

Data: structural elementsare derived from the base River Supersequence and Base Term Supersequence depth-structure
maps of Bradshaw et al. (2018b). Queensland SEEBASE® image sourced from Frogtech Geoscience (2018). NT SEEBASE®
image sourced from Frogtech Geoscience (2018)

Element: GBA-ISA-2-255

Within the Rolling Downs Group aquitard, intraformational polygonal faults are widespread
and pervasive, although typically have relatively minor offsets (Smerdon et al., 2012b).
Analysis of seismic reflection data (for example, Figure 32 in the geology technical appendix
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(Orretal., 2020)) indicates that these faults are especially common within the Toolebuc
Formation. Polygonal faults in the Rolling Downs Group may provide tortuous fluid
pathways with enhanced vertical permeability, and potentially permit inter-formational flow
(i.e.aquifer leakage) within the Carpentaria Basin. However, there is no clear information
currently available to quantify the magnitude, rate or direction of any inter-aquifer flow that
may exist within the Carpentaria Basin.

Figure 17 Major structural elements of the Carpentaria Basin

Datum = mean sea level (MSL); contour interval (C.I.)=100 m
Data: depth-structure grid, contours and faults from Bradshaw et al. (2018b)
Element: GBA-ISA-2-021
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4.3.2  Groundwaterlevelsand pressures

Accurate inferences of groundwater dynamics, such as the seasonal changes in groundwater
levels or analysis of long-term trends, are predicated on sufficient spatial and temporal
coverage of groundwater data. Groundwater level records from bores within and around
the Isa GBA region are generally poor. Measurements have been collected at irregular
intervals and only a small number have been made. Based on the Queensland groundwater
database (Department of Natural Resources, Minesand Energy (Qld), 2018d), for all of the
aquifer and aquitard units in the Isa GBA region, groundwater levels have only been
measured on average twice or less (Table 9). The most frequently measured bore
(RN91210024) has 16 groundwater level measurements collected since it was first installed.

Table 9 Summary statistics for groundwater levels in geological units in and near the Isa GBA region

Number of bores | Average numberof | Max. numberof | Latest sample date
sampled measurements samples

Proterozoic 9 1.3 2 3/09/2015
aquifers

Gilbert River 12 1.7 5 14/03/2016
Formation

Rolling Downs 5 1.0 1 5/07/1998
Group

Normanton 1 1.0. 1 20/11/2006
Formation

Karumba Basin 15 2.0 16 14/06/1985
sediments

Data: bore data (Geoscience Australia, 2018f)

4.3.2.1 South Nicholson Basin and Isa Superbasin

Groundwaterlevels and pressures in the aquifers of the South Nicholson Basin and Isa
Superbasin show significant spatial variation in and around the Isa GBA region. This may be
due to the influence of faulting, which may contribute to compartmentalisation within
water-bearing units. For this reason, and due to the paucity of bores with groundwater
measurements, no attempt has been made for this study to interpolate the groundwater
elevation surface between the available point-scale measurements. Groundwaterlevelsin
the Isa Superbasin range from 68.6 mAHD to 134.6 mAHD. Groundwater levels from the two
bores inferred to be in the South Nicholson Basin were 91.9 mAHD and 97.0 mAHD when
measured (Figure 19).

Most (29) Proterozoic bores listed in the Queensland groundwater database (Department of
Natural Resources, Mines and Energy (Qld), 2018d) are sub-artesian (Table 2), with none of
the groundwater measurementsin Figure 19 indicative of artesian conditions. Furthermore,
there has been no reported overpressure during exploration drilling which may suggest such
hydrological conditions. However, within the region of investigation artesian conditions
were recorded at the time of drilling of several bores (Table 2), although the subsequent
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status of these bores is unknown. In addition, artesian conditions were reported during
drilling of the Burketown 1 bore (which flowed at a rate of 63 L/min when first drilled) into
the Lady Loretta Formation (Loretta Supersequence) (Perryman, 1964). The cause of the
artesian pressures evidenced during construction remains speculative, although one
possibility is gas overpressure resulting from the adjacent River Supersequence (aknown
shale gas reservoir). As no further groundwater observations have beenrecorded to
understand the long-term pressure changes in this aquifer, the classification of this aquifer
as confined and displaying artesian characteristics is highly uncertain.

4.3.2.2 Gilbert River Formation aquifer

Groundwater pressure in the Gilbert River Formation aquifer appears to have remained
relatively constant for the period where data has been collected. Groundwater pressure
from the two most regularly measured bores (RN3030 and RN4180) is shownin Figure 18.

Figure 18 Groundwater pressures in the Gilbert River Formation

Data: Geoscience Australia (2018f)
Element: GBA-ISA-2-153

Eight artesian bores tapping the Gilbert River Formation aquifer are in the north-east of the
groundwater area of investigation, with recorded artesian pressures during well completion
ranging from 137 kPa to 290 kPa (approximately 15 to 30 mAHD) (Department of Natural
Resources, Mines and Energy (Qld), 2018d). Other flowing artesian bores are known to exist
in the area, including the Burketown Bore (RN330), although groundwater levels for these
bores are not documented (and so have not been presented on Figure 19).

Based on available data, groundwater levels (above mean sea level) in the confined Gilbert
River Formation aquifer range from 27.4 to 46.8 m AHD (Figure 19). In this region the Gilbert
River Formation occurs only in subcrop. Due to insufficient groundwater measurements, no
attempt has been made in this study to generate a potentiometric surface for this aquifer
(noting that groundwater levelcontours are included in Ransley et al. (2015b)).
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Figure 19 Groundwater levels in the Isa Superbasin and South NicholsonBasin and Gilbert River Formation
aquifer of the Great Artesian Basin

Groundwater levels are shown in metresabove sea level (mAHD)
Data: formation extent (Bradshaw et al., 2018b); groundwater levels (Geoscience Australia, 2018f)
Element: GBA-ISA-2-038

4.3.2.3 Regional watertable

Within the Isa GBA region, the regional watertable ranges from an elevation of about

60 mAHD on the western margin of the GAB to zero mAHD near the coast, where it occurs
in Karumba Basin sediments (Ransley et al., 2015b) (Figure 20). The groundwater flow
direction generally follows this north-easterly gradient, although it may be locally influenced
by topographic features. The zero watertable contour (zero mAHD) is up to 30 km inland
from the coast.
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Figure 20 Groundwater level and inferred flow directionin the regional watertable of the Karumba Basin

Data: geology (Geoscience Australia, 2018c); groundwater contours (Ransley et al., 2015b)
Element: GBA-ISA-2-039

The extent of seawaterintrusion in the watertable in this region remains unknown, dueto a
lack of gro