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Executive summary 

Conceptual models are a simplified and generalised representation of a complex system. During 

development of conceptual models, the essence of how the key system components operate and 

interact is distilled. The Bioregional Assessment Programme (BA) conceptual models of causal 

ǇŀǘƘǿŀȅǎ ŀǊŜ ŘŜǾŜƭƻǇŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ƭƻƎƛŎŀƭ ŎƘŀƛƴ ƻŦ ŜǾŜƴǘǎ  ŜƛǘƘŜǊ ǇƭŀƴƴŜŘ ƻǊ ǳƴǇƭŀƴƴŜŘ  

that link coal resource developments to water-dependent assets.  

Methods 

This product details the conceptual model of causal pathways of the Cooper subregion, following 

the method described in companion submethodology M05 (as listed in Table 1). For the subregion 

it identifies: 

¶ the key system components, processes and interactions, which essentially define pathways 

over and through which water can move (Section 2.3.2) 

¶ the ecosystems in terms of landscape classes and their dependence on water (Section 2.3.3)  

¶ the potential hydrological changes that may occur due to coal resource development by 

describing and documenting the baseline coal resource development (baseline) and coal 

resource development pathway (CRDP) (Section 2.3.4), including a summary of water 

management for coal resource development (Section 2.3.4.2) 

¶ hazards from coal resource development using a hazard analysis approach (Section 2.3.5.2) 

¶ causal pathways from coal resource development through to hydrological changes, both for 

baseline and CRDP (Section 2.3.5.3).  

Summary of key system components, processes and interactions 

The Cooper Basin is an Upper Carboniferous ς Middle Triassic geological basin in north-eastern SA 

and south-western Queensland. The Cooper Basin is up to 2500 m thick, at subsurface depths of 

between 1000 and 4400 m. The southern Cooper Basin is marked by a series of troughs (e.g. 

Weena and Tenappera troughs) separated by ridges against which Permian sedimentary rocks thin 

or pinch out. The Cooper Basin unconformably overlies the Warburton Basin. Several granite 

bodies intrude the older Warburton geological Basin and underlie the Cooper Basin.  

The watertable is hosted in the Namba Formation and Quaternary sediments, with regional flow 

south-westwards towards Lake Blanche. Groundwater within the Cadna-owie ς Hooray Aquifer 

flows south towards and beyond Lake Frome. In the hydrostratigraphic units of the Cooper Basin, 

the regional groundwater flow direction is mainly towards the south-west. 

There is limited recharge via diffuse infiltration of sporadic rain water, flood waters or streamflow 

to the groundwater system. The most significant source of groundwater to the Eromanga Basin 

sequence in the Cooper subregion is inflow from outside the subregion. Recharge to the Cooper 

Basin occurs by vertical leakage or cross-formation flow. 
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The southern Cooper subregion is part of the Cooper Creek ς Bulloo river basin. Cooper Creek is 

characterised by complex channel networks and numerous wetlands and waterholes. Water is 

derived from runoff from headwater catchments. Streamflow in Cooper Creek and its tributaries 

varies greatly between years from almost no flow to significant flooding. Natural discharge of 

groundwater to surface takes place at springs, as well as in lakes. The Lake Blanche springs are 

fracture or fault-fed springs sourced by the Coorikiana Sandstone and Cenozoic aquifers. 

Ecosystems 

The ecosystems in the Cooper subregion are classified in terms of landscape classes and their 

dependence on water. Based on the Australian National Aquatic Ecosystem (ANAE) Classification 

Framework five elements are included in the classification: topography, landform, water source, 

water type and water availability. The majority of the preliminary assessment extent (PAE) for the 

/ƻƻǇŜǊ ǎǳōǊŜƎƛƻƴ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ ǘƘŜ Ω5ǊȅƭŀƴŘΩ landscape group (75.36%). Where landscapes are 

water-dependent, floodplain landscape classes comprise 13.10% by area of the PAE. 

Coal resource development 

There is no coal or coal seam gas (CSG) (i.e. stand-alone CSG) production occurring in the Cooper 

subregion as of December 2012. As a result, the baseline coal resource development (baseline) for 

the subregion does not have any coal resource developments. 

As of early 2016, the only potential project in the CRDP likely to proceed to production is the 

Southern Cooper Basin Gas Project (Strike Energy Ltd main JV owner and operator), in the Weena 

Trough. Coal seams in the Patchawarra Formation of the geological Cooper Basin at depths of 

around 1900 to 2100 m are production targets at this prospect. It is anticipated that the project 

will enter production sometime during 2020 or 2021, with a reported production life of 20 years.  

Water management 

The Southern Cooper Basin Gas Project is located within the Far North Prescribed Wells Area 

(FNPWA) in SA. Groundwater in the FNPWA is managed under a water allocation plan (the Far 

North Water Allocation Plan, FNWAP). 

In addition to the allocated volume for petroleum activities, the FNWAP also sets limits for 

drawdown effects at springs and at the SA border. Predicted drawdown must not exceed 1 m at 

the boundary of the Southwest Springs Zone, and must not exceed 0.5 m at a distance of 5 km 

from any individual spring. Furthermore, drawdown in excess of 10% of the pressure head at a 

state border is a trigger for consultation with the potentially-affected state. 

Water for drilling and stimulation activities for the Southern Cooper Basin Gas Project will be 

sourced from shallow bores adjacent to the well site, or trucked in. Produced water will be stored 

in lined ponds. Pond size is dependent on predicted water production rate, predicted total 

produced water volumes, evaporation rates and site constraints. Ponds will be constructed 

according to standard Cooper Basin construction methods. Excavation and bunding will be used to 

elevate pond walls above ground level. Ponds will be located on existing disturbed areas as far as 

practicable. Impermeable liners will be installed in ponds where required. 
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At the completion of operations, after pond water has evaporated or been pumped out, the liner 

and any salt residue will be removed and disposed to an appropriately licensed facility, the ponds 

will be backfilled and re-profiled to match pre-existing surface contours, and the surface will be 

ripped to promote revegetation. 

Data collected during production testing have shown that water production rates are in the order 

of 30 to 85 kL/day per well. 

Hazard analysis 

A dedicated hazard analysis, using Impact Modes and Effects Analysis (IMEA), is used to 

systematically identify activities that may initiate hazards, defined as events, or chains of events 

that might result in an effect (change in the quality and/or quantity of surface water or 

groundwater).  

A large number of hazards are identified; some of these are beyond the scope of a BA and others 

are adequately addressed by site-based risk management processes and regulation. When ranked 

by mid-point of the hazard priority number the top ranked hazard considered for BA in the Cooper 

subregion associated with CSG operations is aquifer depressurisation, occurring through the 

activity of water and gas extraction during the production life-cycle. When ranked by hazard score, 

the hazard analysis identifies disruption of natural surface drainage as the most frequent hazard 

associated with CSG operations in the Cooper subregion. 

Causal pathways 

Hazards associated with CSG operations that are considered to be in scope for the BA in the 

Cooper subregion are grouped according to their hydrological pathway to impact and include: (i) 

Ψ{ǳōǎǳǊŦŀŎŜ ŘŜǇǊŜǎǎǳǊƛǎŀǘƛƻƴ ŀƴŘ ŘŜǿŀǘŜǊƛƴƎΩΤ όƛƛύ Ψ{ǳōǎǳǊŦŀŎŜ ǇƘȅǎƛŎŀƭ Ŧƭƻǿ ǇŀǘƘǎΩΤ όƛƛƛύ Ψ{ǳǊŦŀŎŜ 

ǿŀǘŜǊ ŘǊŀƛƴŀƎŜΩΤ όƛǾύ ΨhǇŜǊŀǘƛƻƴŀƭ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΩΦ These causal pathway groups represent 

models linking an activity with a potential impact on the groundwater or surface water. 

Subsurface depressurisation and dewatering associated with the CRDP occurs when CSG 

operations intentionally dewater and depressurise subsurface hydrostratigraphic units; for 

example, depressurising a water-saturated target coal seam to induce desorption and subsequent 

extraction of CSG. Groundwater level or pressure is most commonly altered, but other gradients 

can also be changed via this process, such as temperature, density or chemical composition (water 

quality).  

Subsurface physical flow paths involves physical modification of the rock mass or geological 

architecture by creating new physical paths that water may potentially infiltrate and flow along. 

Just because a new physical path is created does not necessarily mean that water will start flowing 

along it in preference to how it flowed before ς it will still follow the path of least resistance, and 

be governed by pressure gradients. This causal pathway group can, however, potentially lead to 

direct hydraulic connection between the target strata and other hydrostratigraphic units (such as 

regional aquifers), by creating new zones of deformation in the rock mass. This may occur when 

the integrity of wells drilled for groundwater or gas extraction is compromised, or may occur due 

to hydraulic fracturing of coal seams. 
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A specific causal pathway in subsurface physical flow paths is hydraulic fracturing. In the Cooper 

subregion, hydraulic fracturing will be necessary to liberate gas from the Patchawarra Formation 

coals. The available evidence from initial CSG well testing by Strike Energy Ltd has shown that 

hydraulic fractures are contained within target coal seams and do not propagate beyond into 

adjacent hydrostratigraphic units. Thus, at this stage, there is no evidence that hydraulic fracturing 

activity in Cooper CSG fields will create new subsurface flow paths between hydrostratigraphic 

units. If new flow paths were created, this would propagate depressurisation into adjacent 

hydrostratigraphic units. In addition, any fluids injected during hydraulic fracturing operations will 

be contained within the target unit within the Patchawarra Formation. The Patchawarra 

Formation is not utilised as a groundwater source in the Cooper subregion. 

Operational water management includes water produced from CSG extraction wells. This water is 

recovered and stored at the surface in lined and bunded ponds. There is no provision for release 

to surface water or reinjection in the Cooper subregion CRDP. Within the southern Cooper 

subregion, the surface water feature that could potentially be affected by a loss of containment is 

the ephemeral, low-gradient Strzelecki Creek. Downstream effects could propagate to Lake 

Blanche, 40 km to the south-west. Strzelecki Creek experiences large variations in discharge and 

flow duration, from no flow to flooding.  

Surface water drainage involves the physical disruption and disturbance of surface topography 

and near-surface materials (vegetation, topsoil, weathered rock). Within the southern Cooper 

subregion, the surface water feature that could potentially be disrupted due to infrastructure for 

CSG operations is the ephemeral, low-gradient Strzelecki Creek. Downstream effects could 

propagate to Lake Blanche. The Southern Cooper Basin Gas Project is located adjacent to existing 

roads and gas pipelines, so the requirement for major infrastructure development will be small. 

However, this will depend upon the final layout of the CSG operations including well spacing and 

number of wells, and location and type of support infrastructure such as accommodation, roads, 

gas flowlines, water management infrastructure and processing infrastructure. 

Gaps  

Knowledge gaps relating to the hydrogeological architecture around the Cooper subregion CRDP 

include a lack of detailed understanding of the three-dimensional distribution of faults and other 

geological structures, the hydraulic parameters of target and adjacent formations, and the inter-

aquifer connectivity between the Cooper Basin and the overlying Eromanga Basin. 

Uncertainties around the well spacing, depth, production timeline and size of the CSG resource 

hamper the assessment of the potential impact of the CRDP, but do not significantly affect the 

identification of causal pathways and development of conceptual models for those pathways. 

Similar uncertainty exists around water production rates and water requirements for the CRDP. 

Further work 

This is the final product for the Cooper subregion from this iteration of the Bioregional Assessment 

Programme. Due to the limited coal resource development potential no numerical surface water 

or groundwater modelling, receptor impact modelling, risk or impact analysis or associated 

products are being produced. 
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Introduction 

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining 

Development (IESC) was established to provide advice to the federal Minister for the Environment 

on potential water-related impacts of coal seam gas (CSG) and large coal mining developments 

(IESC, 2015). 

Bioregional assessments (BAs) are one of the key mechanisms to assist the IESC in developing this 

advice so that it is based on best available science and independent expert knowledge. 

Importantly, technical products from BAs are also expected to be made available to the public, 

providing the opportunity for all other interested parties, including government regulators, 

industry, community and the general public, to draw from a single set of accessible information. A 

BA is a scientific analysis, providing a baseline level of information on the ecology, hydrology, 

geology and hydrogeology of a bioregion with explicit assessment of the potential impacts of CSG 

and coal mining development on water resources. 

The IESC has been involved in the development of Methodology for bioregional assessments of the 

impacts of coal seam gas and coal mining development on water resources (the BA methodology; 

Barrett et al., 2013) and has endorsed it. The BA methodology specifies how BAs should be 

undertaken. Broadly, a BA comprises five components of activity, as illustrated in Figure 1. Each BA 

will be different, due in part to regional differences, but also in response to the availability of data, 

information and fit-for-purpose models. Where differences occur, these are recorded, judgments 

exercised on what can be achieved, and an explicit record is made of the confidence in the 

scientific advice produced from the BA. 

The Bioregional Assessment Programme 

The Bioregional Assessment Programme is a collaboration between the Department of the 

Environment and Energy, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other 

technical expertise, such as from state governments or universities, is also drawn on as required. 

For example, natural resource management groups and catchment management authorities 

identify assets that the community values by providing the list of water-dependent assets, a key 

input. 

The Technical Programme, part of the Bioregional Assessment Programme, will undertake BAs for 

the following bioregions and subregions (see 

http://www.bioregionalassessments.gov.au/assessments for a map and further information): 

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

¶ the Maranoa-Balonne-Condamine, Gwydir, Namoi and Central West subregions, within the 

Northern Inland Catchments bioregion  

¶ the Clarence-Moreton bioregion 

¶ the Hunter and Gloucester subregions, within the Northern Sydney Basin bioregion  

http://www.bioregionalassessments.gov.au/assessments
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¶ the Sydney Basin bioregion 

¶ the Gippsland Basin bioregion.  

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

Programme. 

 

Figure 1 Schematic diagram of the bioregional assessment methodology 

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

The overall scientific and intellectual basis of the BAs is provided in the BA methodology (Barrett 

et al., 2013). Additional guidance is required, however, about how to apply the BA methodology to 

a range of subregions and bioregions. To this end, the teams undertaking the BAs have developed 

and documented detailed scientific submethodologies (Table 1) to, in the first instance, support 

the consistency of their work across the BAs and, secondly, to open the approach to scrutiny, 

criticism and improvement through review and publication. In some instances, methodologies 

applied in a particular BA may differ from what is documented in the submethodologies ς in this 

case an explanation will be supplied in the technical products of that BA. Ultimately the 

Programme anticipates publishing a consolidated 'operational BA methodology' with fully worked 

examples based on the experience and lessons learned through applying the methods to 

13 bioregions and subregions. 

The relationship of the submethodologies to BA components and technical products is illustrated 

in Figure 2. While much scientific attention is given to assembling and transforming information, 

particularly through the development of the numerical, conceptual and receptor impact models, 

integration of the overall assessment is critical to achieving the aim of the BAs. To this end, each 

submethodology explains how it is related to other submethodologies and what inputs and 

outputs are required. They also define the technical products and provide guidance on the content 

to be included. When this full suite of submethodologies is implemented, a BA will result in a 

substantial body of collated and integrated information for a subregion or bioregion, including 

new information about the potential impacts of coal resource development on water and water-

dependent assets.  
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Table 1 Methodologies 

Each submethodology is available online at http://data.bioregionalassessments.gov.au/submethodology/XXXΣ ǿƘŜǊŜ Ψ···Ω ƛǎ 
replaced by the code in the first column. For example, the BA methodology is available at 
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology and submethodology M02 is 
available at http://data.bioregionalassessments.gov.au/submethodology/M02. Submethodologies might be added in the future. 

Code Proposed title  Summary of content 

bioregional-
assessment-
methodology 

Methodology for bioregional 
assessments of the impacts of coal 
seam gas and coal mining 
development on water resources 

A high-level description of the scientific and intellectual 
basis for a consistent approach to all bioregional 
assessments 

M02 Compiling water-dependent assets Describes the approach for determining water-dependent 
assets 

M03 Assigning receptors to water-
dependent assets 

Describes the approach for determining receptors 
associated with water-dependent assets 

M04 Developing a coal resource 
development pathway 

Specifies the information that needs to be collected and 
reported about known coal and coal seam gas resources as 
well as current and potential resource developments 

M05 Developing the conceptual model 
of causal pathways 

Describes the development of the conceptual model of 
Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅǎΣ ǿƘƛŎƘ ǎǳƳƳŀǊƛǎŜǎ Ƙƻǿ ǘƘŜ ΨǎȅǎǘŜƳΩ 
operates and articulates the potential links between coal 
resource development and changes to surface water or 
groundwater 

M06 Surface water modelling Describes the approach taken for surface water modelling 

M07 Groundwater modelling Describes the approach taken for groundwater modelling  

M08 Receptor impact modelling Describes how to develop receptor impact models for 
assessing potential impact to assets due to hydrological 
changes that might arise from coal resource development 

M09 Propagating uncertainty through 
models 

Describes the approach to sensitivity analysis and 
quantification of uncertainty in the modelled hydrological 
changes that might occur in response to coal resource 
development 

M10 Impacts and risks Describes the logical basis for analysing impact and risk 

M11 Systematic analysis of water-
related hazards associated with 
coal resource development 

Describes the process to identify potential water-related 
hazards from coal resource development 

  

http://data.bioregionalassessments.gov.au/submethodology/XXX
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology
http://data.bioregionalassessments.gov.au/submethodology/M02
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Technical products 

The outputs of the BAs include a suite of technical products presenting information about the 

ecology, hydrology, hydrogeology and geology of a bioregion and the potential impacts of CSG and 

coal mining developments on water resources, both above and below ground. Importantly, these 

technical products are available to the public, providing the opportunity for all interested parties, 

including community, industry and government regulators, to draw from a single set of accessible 

information when considering CSG and large coal mining developments in a particular area. 

The information included in the technical products is specified in the BA methodology. Figure 2 

shows the relationship of the technical products to BA components and submethodologies. 

Table 2 lists the content provided in the technical products, with cross-references to the part of 

the BA methodology that specifies it. The red outlines in both Figure 2 and Table 2 indicate the 

information included in this technical product. 

Technical products are delivered as reports (PDFs). Additional material is also provided, as 

specified by the BA methodology: 

¶ unencumbered data syntheses and databases  

¶ unencumbered tools, model code, procedures, routines and algorithms 

¶ unencumbered forcing, boundary condition, parameter and initial condition datasets 

¶ lineage of datasets (the origin of datasets and how they are changed as the BA progresses) 

¶ gaps in data and modelling capability. 

In this context, unencumbered material is material that can be published according to conditions 

in the licences or any applicable legislation. All reasonable efforts were made to provide all 

material under a Creative Commons Attribution 3.0 Australia Licence. 

Technical products, and the additional material, are available online at 

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

The Bureau of Meteorology archives a copy of all datasets used in the BAs. This archive includes 

datasets that are too large to be stored online and datasets that are encumbered. The community 

can request a copy of these archived data at http://www.bioregionalassessments.gov.au. 

http://www.bioregionalassessments.gov.au/
http://www.bioregionalassessments.gov.au/
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Figure 2 Technical products and submethodologies associated with each component of a bioregional assessment 

In each component (Figure 1) of a bioregional assessment, a number of technical products (coloured boxes, see also Table 2) are 
potentially created, depending on the availability of data and models. The light grey boxes indicate submethodologies (Table 1) that 
specify the approach used for each technical product. The red outline indicates this technical product. The BA methodology (Barrett 
et al., 2013) specifies the overall approach. 
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Table 2 Technical products delivered for the Cooper subregion 

For each subregion in the Lake Eyre Basin Bioregional Assessment, technical products are delivered online at 
http://www.bioregionalassessments.gov.auΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ Ψ¢ȅǇŜΩ ŎƻƭǳƳƴa. Other products ς such as datasets, metadata, data 
visualisation and factsheets ς are provided online. There is no product 1.4. Originally this product was going to describe the 
receptor register and application of landscape classes as per Section 3.5 of the BA methodology, but this information is now 
included in product 2.3 (conceptual modelling) and used in product 2.6.1 (surface water numerical modelling) and product 2.6.2 
(groundwater numerical modelling). There is no product 2.4; originally this product was going to include two- and three-
dimensional representations as per Section 4.2 of the BA methodology, but these are instead included in products such as product 
2.3 (conceptual modelling). 

Component Product 
code 

Title Section in the 
BA 
methodologyb 

Typea 

Component 1: Contextual 
information for the Cooper 
subregion 

1.1 Context statement 2.5.1.1, 3.2 PDF, HTML 

1.2 
Coal and coal seam gas resource 
assessment 

2.5.1.2, 3.3 PDF, HTML 

1.3 
Description of the water-dependent 
asset register 

2.5.1.3, 3.4 PDF, HTML, register 

1.5 
Current water accounts and water 
quality 

2.5.1.5 PDF, HTML 

1.6 Data register 2.5.1.6 Register 

Component 2: Model-data 
analysis for the Cooper 
subregion 

2.1-2.2 
Observations analysis, statistical 
analysis and interpolation 

2.5.2.1, 2.5.2.2 Not produced 

2.3 Conceptual modelling 2.5.2.3, 4.3 PDF, HTML 

2.5 Water balance assessment 2.5.2.4 Not produced 

2.6.1 Surface water numerical modelling 4.4 Not produced 

2.6.2 Groundwater numerical modelling 4.4 Not produced 

2.7 Receptor impact modelling 2.5.2.6, 4.5 Not produced 

Component 3 and Component 
4: Impact and risk analysis for 
the Cooper subregion 

3-4 Impact and risk analysis 
5.2.1, 2.5.4, 
5.3 

Not produced 

Component 5: Outcome 
synthesis for the Cooper 
subregion 

5 Outcome synthesis 2.5.5 Not produced 

aThe types of products are as follows: 
 Ψt5CΩ ƛƴŘƛŎŀǘŜǎ ŀ t5C ŘƻŎǳƳŜƴǘ ǘƘŀǘ ƛǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ Lake Eyre Basin Bioregional Assessment using the structure, standards 

and format specified by the Programme. 
 ΨI¢a[Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎŀƳŜ ŎƻƴǘŜƴǘ ŀǎ ƛƴ ǘƘŜ t5C ŘƻŎǳƳŜƴǘΣ ōǳǘ ŘŜƭƛǾŜǊŜŘ ŀǎ ǿŜōǇŀƎŜǎΦ  
 ΨwŜƎƛǎǘŜǊΩ ƛƴŘƛŎŀǘŜǎ ŎƻƴǘǊƻƭƭŜŘ ƭƛǎǘǎ ǘƘŀǘ ŀǊŜ ŘŜƭƛǾŜǊŜŘ ǳǎƛƴƎ ŀ Ǿŀriety of formats as appropriate.  
 Ψbƻǘ ǇǊƻŘǳŎŜŘΩ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǇǊƻŘǳŎǘ ǿŀǎ ƴƻǘ ŘŜǾŜƭƻǇŜŘΦ ! ǿŜōǇŀƎŜ ŜȄǇƭŀƛƴǎ ǿƘȅ ŀƴŘ Ǉƻƛƴǘǎ ǘƻ ǊŜƭŜǾŀƴǘ ǎǳōƳŜǘƘƻŘƻƭƻƎƛŜǎ 

(Table 1). 
bMethodology for bioregional assessments of the impacts of coal seam gas and coal mining development on water resources 
(Barrett et al., 2013)  
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About this technical product 

The following notes are relevant only for this technical product. 

¶ All reasonable efforts were made to provide all material under a Creative Commons 

Attribution 3.0 Australia Licence.  

¶ All maps created as part of this BA for inclusion in this product used the Albers equal area 

projection with a central meridian of 140.0° East for the Lake Eyre Basin bioregion and two 

standard parallels of ς18.0° and ς36.0°.  

¶ Visit http://bioregionalassessments.gov.au to access metadata (including copyright, 

attribution and licensing information) for datasets cited or used to make figures in this 

product.  

¶ In addition, the datasets are published online if they are unencumbered (able to be 

published according to conditions in the licence or any applicable legislation). The Bureau of 

Meteorology archives a copy of all datasets used in the BAs. This archive includes datasets 

that are too large to be stored online and datasets that are encumbered. The community can 

request a copy of these archived data at http://www.bioregionalassessments.gov.au. 

¶ The citation details of datasets are correct to the best of the knowledge of the Bioregional 

Assessment Programme at the publication date of this product. Readers should use the 

hyperlinks provided to access the most up-to-date information about these data; where 

there are discrepancies, the information provided online should be considered correct. The 

dates used to identify Bioregional Assessment Source Datasets are the ŘŀǘŀǎŜǘΩǎ published 

date. Where the published date is not available, the last updated date or created date is 

used. For Bioregional Assessment Derived Datasets, the created date is used. 
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2.3 Conceptual modelling for 
the Cooper subregion 

This product firstly summarises key system components, processes and interactions for the 

geology, hydrogeology and surface water in the Cooper subregion. It describes its ecosystems 

using a landscape classification. 

The product then characterises the two potential futures considered in bioregional assessments: 

¶ baseline coal resource development (baseline): a future that includes all coal mines and coal 

seam gas (CSG) fields that are commercially producing as of December 2012   

¶ coal resource development pathway (CRDP): a future that includes all coal mines and CSG 

fields that are in the baseline as well as those that are expected to begin commercial 

production after December 2012. 

The difference in results between CRDP and baseline is the change that is primarily reported in a 

bioregional assessment. This change is due to the additional coal resource development ς all coal 

mines and CSG fields, including expansions of baseline operations, that are expected to begin 

commercial production after December 2012. 

The Impact Modes and Effects Analysis method is then used to identify hazards, defined as events, 

or chains of events, that might result in an effect (change in the quality and/or quantity of surface 

water or groundwater). 

Next are presented causal pathways, ǘƘŜ ƭƻƎƛŎŀƭ ŎƘŀƛƴ ƻŦ ŜǾŜƴǘǎ  ŜƛǘƘŜǊ ǇƭŀƴƴŜŘ ƻǊ ǳƴǇƭŀƴƴŜŘ  

that link coal resource development and potential impacts on water resources and water-

dependent assets. Causal pathways for hazards are identified by considering coal resource 

development activities, impact causes, impact modes and the resulting water-related effects. This 

product describes the causal pathways from the coal resource development to the hydrological 

changes (represented by hydrological response variables), for the baseline and CRDP. 
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2.3.1 Methods 

Summary 

The conceptual model of causal pathways characterises the causal pathway, the logical chain 

ƻŦ ŜǾŜƴǘǎ  ŜƛǘƘŜǊ ǇƭŀƴƴŜŘ ƻǊ ǳƴǇƭŀƴƴŜŘ  ǘƘŀǘ ƭƛƴƪ Ŏƻŀƭ ǊŜǎource development and potential 

impacts on water and water-dependent assets. This section details the specific application to 

the Cooper subregion of methods described in the companion submethodology M05 (as listed 

in Table 1) for developing a conceptual model of causal pathways (Henderson et al., 2016). 

This is the final product for the Cooper subregion from this iteration of the Bioregional 

Assessment Programme. Due to the limited coal resource development potential, identified in 

Section 2.3.4, no numerical surface water or groundwater modelling, receptor impact 

modelling, risk or impact analysis or associated products are being produced for the purposes 

of the bioregional assessment in the Cooper subregion. 

Key concepts and terminology are also explained, and the overall steps are summarised, 

including the: (i) synthesis of the key system components, processes and interactions for the 

geology, hydrogeology and surface water of the subregion; (ii) landscape classification; (iii) 

definition of the coal resource development pathway (CRDP) and additional coal resource 

development; (iv) identification of potential hazards; (v) identification of potential causal 

pathways from the coal resource development to hydrological changes; and (vi) 

characterisation of those potential causal pathways for the Cooper subregion. 

This development of causal pathways closely follows the process laid out in the companion 

submethodology M05, although the understanding of the key system components, processes 

and interactions was explored with external stakeholders at a workshop in Adelaide in 

November 2015.  

2.3.1.1 Background and context 

This product presents information about the conceptual model of causal pathways for the Cooper 

subregion, which was developed using methods outlined in the companion submethodology M05 

(as listed in Table 1) for developing a conceptual model of causal pathways (Henderson et al., 

2016). The application to the Cooper subregion is described in Section 2.3.1.2, with more specific 

details in the individual sections that follow. The development of causal pathways is the main 

outcome of the BA for the Cooper subregion. These pathways may assist in future assessments 

that may occur in this subregion. 

Conceptual models are abstractions or simplifications of reality. A number of conceptual models 

are developed for a bioregional assessment (BA), including conceptual models for geology, 

groundwater and surface water, which underpin the numerical modelling. 

Another type of conceptual model is a conceptual model of causal pathways, which characterises 

the causal pathwayΣ ǘƘŜ ŎƘŀƛƴ ƻŦ ƭƻƎƛŎ ƻǊ ŀŎǘƛǾƛǘƛŜǎ  ŜƛǘƘŜǊ ǇƭŀƴƴŜŘ ƻǊ ǳƴǇƭŀƴƴŜŘ  ǘhat link coal 

resource development and potential impacts on water resources and water-dependent assets. The 

conceptual model of causal pathways brings together a number of conceptual models developed 
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in a BA, and might be expressed in a variety of ways, with narrative, pictorial graphics, and 

influence diagrams all important. 

The causal pathways play a critical role in focusing the BA on the most plausible and important 

hazards, defined as events, or chains of events, that might result in an effect (change in the quality 

and/or quantity of surface water or groundwater). The causal pathways associated with these 

hazards underpin the construction of groundwater and surface water models, and frame the 

assessment of the severity and likelihood of impacts to water-dependent assets. A water-

dependent asset is an asset potentially impacted, either positively or negatively, by changes in the 

groundwater and/or surface water regime due to coal resource development. Some assets are 

solely dependent on incident rainfall and will not be considered as water dependent if evidence 

does not support a linkage to groundwater or surface water that will be impacted by coal resource 

development. 

The construction of causal pathways requires the Assessment team to first synthesise and 

summarise the key system components, processes and interactions for the geology, hydrogeology 

and surface water of the subregion (as presented in Section 2.3.2). Emphasising gaps and 

uncertainties is as important as summarising what is known about how various systems work. 

Section 2.3.3 presents the development of a landscape classification, which aims to systematically 

simplify a complex system that contains a large number of assets identified by the community. The 

landscape classification describes the main biophysical and human ecosystems, and provides a 

high-level conceptualisation of the subregion at the surface. Most assets are related to one or 

more landscape classes, which are defined for BA purposes as ecosystems with characteristics that 

are expected to respond similarly to changes in groundwater and/or surface water due to coal 

resource development. Landscape classes are present on the landscape across the entire 

subregion and their spatial coverage is exhaustive and non-overlapping. Conceptually, landscape 

classes can be considered as types of ecosystem assets, which are ecosystems that may provide 

benefits to humanity (Bureau of Meteorology, 2013; United Nations et al., 2014) 

Section 2.3.4 then defines two potential futures (Figure 3), namely the: 

¶ baseline coal resource development (baseline), a future that includes all coal mines and coal 

seam gas (CSG) fields that are commercially producing as of December 2012. For the Cooper 

subregion, there were no coal mines or CSG fields in commercial operation prior to 

December 2012 

¶ coal resource development pathway (CRDP), a future that includes all coal mines and CSG 

fields that are in the baseline as well as those that are expected to begin commercial 

production after December 2012. 

The difference in results between CRDP and baseline is the change that is primarily reported in a 

BA. This change is due to the additional coal resource development ς all coal mines and CSG fields, 

including expansions of baseline operations, that are expected to begin commercial production 

after December 2012. Impacts that may occur due to additional coal resource development are 

assessed in detail in receptor impact modelling, and through numerical surface water and 

groundwater modelling. It is important to note that the receptor impact modelling and the 
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numerical surface water and groundwater modelling are not taking place for the Cooper 

subregion, due to the limited coal resource development potential. 

Figure 4 illustrates this fundamental comparison of these futures, with the baseline in the top half 

of the figure and the CRDP in the bottom half of the figure. It emphasises that in order to assess 

potential impact on assets, it is important to compare the changes in two types of variables at 

specific points in space and time: 

¶ hydrological response variables, the hydrological characteristics of the system that 

potentially change due to coal resource development (for example, drawdown (Figure 4) or 

the annual streamflow volume) 

¶ receptor impact variables, the characteristics of the system that, according to the conceptual 

modelling, potentially change due to changes in hydrological response variables (for 

example, condition of the breeding habitat for a given species, or biomass of river red gums). 

 

Figure 3 Generic example of drawdown at a specific location over time for the baseline coal resource development 

(baseline) and coal resource development pathway (CRDP). The difference in drawdown between CRDP and 

baseline is due to the additional coal resource development (ACRD)  

The lighter shades indicate the uncertainty in results. Model spin-up period is a warm-up period for the models. 
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Figure 4 The difference in results between the coal resource development pathway (CRDP) and the baseline coal 

resource development (baseline) provides the potential impacts due to the additional coal resource development 

(ACRD) 

Section 2.3.5 details the hazard analysis, using the Impact Modes and Effects Analysis (IMEA) 

method, as described in companion submethodology M11 (as listed in Table 1) for hazard analysis 

(Ford et al., 2016), and illustrated in Figure 5. Potential causal pathways for both baseline and 

CRDP are identified by considering: 

¶ activities ς planned events associated with a CSG operation or coal mine. For example, 

activities during the exploration and appraisal life-cycle stage in a CSG operation include 

drilling and coring, ground-based geophysics and surface core testing. Activities are grouped 

into components, which are grouped into life-cycle stages 

¶ impact causes ς activities (or aspects of an activity) that initiate a hazardous chain of events 

¶ impact modes ς the manner in which a hazardous chain of events (initiated by an impact 

cause) could result in an effect (change in the quality and/or quantity of surface water or 

groundwater). There might be multiple impact modes for each activity or chain of events 

¶ effects ς changes in the quantity and/or quality of surface water or groundwater. An effect is 

a specific type of an impact (any change resulting from prior events). 
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Figure 5 Hazard analysis using the Impact Modes and Effects Analysis. This figure shows how hazards identified 

using IMEA are linked to changes in hydrology and water-dependent assets via causal pathways  

The italicised text is an example of a specified element in the Impact Modes and Effects Analysis. (a) In the simple case, an activity 
related to coal resource development directly causes a hydrological change which in turn causes an ecological change. The hazard is 
just the initial activity that directly leads to the effect (change in the quality and/or quantity of surface water or groundwater). (b) 
In the more complex case, an activity related to coal resource development initiates a chain of events. This chain of events, along 
with the stressor(s) (for example, surface water (SW) flow and total suspended solids (TSS)), causes a hydrological change which in 
turn causes an ecological change. The hazard is the initial activity plus the subsequent chain of events that lead to the effect.  

This product only specifies the causal pathways from coal resource development to hydrological 

response variables (see Figure 4). For BAs undertaking receptor impact modelling, the subsequent 

causal pathways (from hydrological response variables to impacts on landscape classes and water-

dependent assets) are reported in the companion product 2.7 (receptor impact modelling). These 

causal pathways are reported for only those landscape classes with potential hydrological 
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changes, as reported in product 2.6.1 (surface water numerical modelling) and product 2.6.2 

(groundwater numerical modelling). This is the final product for the Cooper subregion from this 

iteration of the Bioregional Assessment Programme. Due to the limited coal resource 

development potential, identified in Section 2.3.4, no numerical surface water or groundwater 

modelling, receptor impact modelling, risk or impact analysis or associated products are being 

produced. 

2.3.1.2 Developing causal pathways 

The approach undertaken in the Cooper subregion closely follows the process laid out in the 

companion submethodology M05 for developing a conceptual model of causal pathways 

(Henderson et al., 2016). 

Given the limited scope for development of CSG resources in the Cooper subregion, no numerical 

groundwater or surface water modelling is being undertaken as part of this BA. As a result, several 

companion products are not required for the Cooper subregion assessment. These are:  

¶ product 1.4 (description of the receptor register and the receptor register database)  

¶ product 2.1-2.2 (observations analysis, statistical analysis and interpolation)  

¶ product 2.5 (water balance assessment)  

¶ product 2.6.1 (surface water numerical modelling)  

¶ product 2.6.2 (groundwater numerical modelling)  

¶ product 2.7 (receptor impact modelling) 

¶ product 3-4 (impact and risk analysis).  

The development of the causal pathways has benefitted greatly from information provided and 

discussions at the external workshop for causal pathways held in Adelaide on 11 and 12 November 

2015. This workshop included participants from SA Department of State Development, SA 

Department of Environment Water and Natural Resources, SA Arid Lands Natural Resources 

Management Board, Strike Energy Limited, Beach Energy Limited, the Office of Water Science 

from the Australian Government Department of the Environment, the Assessment team and 

Science Leadership Group of the Bioregional Assessment Technical Programme. These participants 

were invited as they are the key knowledge holders for the parts of the subregion considered in 

the CRDP, and for which conceptual models have been developed. 

The conceptual models of the springs discussed in this product rely heavily on work undertaken by 

SA Department of Environment Water and Natural Resources under the Lake Eyre Basin Springs 

Assessment. This work is summarised and reported on by Keppel et al. (2016) and Gotch et al. 

(2016). The geological conceptualisation was developed in collaboration with Geoscience Australia 

and Geological Survey of South Australia geologists, which has been reported in Hall et al. (2015), 

and the underpinning data released for public use as Geoscience Australia (Dataset 1). 

The key system components, processes and interactions for the geology, hydrogeology and water-

dependent landscape classification of the CRDP were summarised and potential causal pathways 

were discussed with stakeholders at this workshop. The potential causal pathways considered the 

CRDP, the impact causes and impact modes, the activities and the potential water-related effects 
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identified by the IMEA. From this discussion, eight causal pathways were identified for the CRDP in 

the Cooper subregion; these are described in Section 2.3.5. 
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2.3.2 Summary of key system components, processes and 
interactions 

Summary 

The Cooper Basin is an Upper Carboniferous ς Middle Triassic geological basin in north-

eastern SA and south-western Queensland. The Cooper Basin is up to 2500 m thick, at 

subsurface depths of between 1000 and 4400 m. The southern Cooper Basin is marked by a 

series of troughs (e.g. Weena and Tenappera troughs) separated by ridges against which 

Permian sedimentary rocks thin or pinch out. The Cooper Basin unconformably overlies the 

Warburton Basin. Several granite bodies intrude the Warburton Basin and underlie the 

Cooper Basin. A thick alteration profile (clay-rich blanket) exists on the basal unconformity of 

the Cooper Basin. 

The focus of the development of causal pathways is the Weena Trough and the southern 

Cooper subregion. This is due to the absence of any coal seam gas (CSG)-only developments 

identified in the rest of the subregion. There is the potential for CSG resources from 

interbedded shale and coal in other parts of the basin, such as the western flank, but such 

composite unconventional hydrocarbon resources are outside the scope of bioregional 

assessments (BAs). Rocks in the Weena Trough are interbedded fluvial sandstone, coal and 

shale. Cooper Basin strata above the Patchawarra Formation are not encountered. The 

Patchawarra Formation is therefore the uppermost unit of the Cooper Basin, directly 

underlying rocks of the Eromanga Basin. The Eromanga Basin is up to 1500 m thick. The 

geological Lake Eyre Basin is up to 400 m thick over the southern Cooper Basin. The Lake Eyre 

Basin sequence, comprising the basal Eyre Formation, the Namba Formation and Quaternary 

sediments, unconformably overlies the Winton Formation of the Eromanga Basin. 

The watertable is hosted in the Namba Formation and Quaternary sediments, with regional 

flow south-westwards towards Lake Blanche. Groundwater within the Cadna-owie ς Hooray 

Aquifer of the Great Artesian Basin flows south towards and beyond Lake Frome. Regional 

groundwater flow in the Cooper Basin is mainly towards the south-west. 

The Rolling Downs Group aquitard is greater than 370 m thick. There is also a thick 

weathering overprint on the Winton Formation of about 100 m thickness which reduces the 

effective hydraulic conductivity of the Winton Formation. 

There is limited recharge via diffuse infiltration of sporadic rain water, flood waters or 

streamflow to the groundwater system. The most significant source of groundwater recharge 

to the Eromanga Basin sequence in the Cooper subregion is inflow from outside the 

subregion. Recharge to the Cooper Basin occurs by vertical leakage or cross-formation flow. 

The southern Cooper subregion is part of the Cooper Creek ς Bulloo river basin. Cooper Creek 

is characterised by complex channel networks and numerous permanent and ephemeral 

wetlands. Water is derived from runoff from headwater catchments. Streamflow in Cooper 

Creek and its tributaries varies greatly between years from almost no flow to significant 

flooding. 
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Natural discharge to surface takes place at springs, as well as in lakes. The Lake Blanche 

springs are sourced from the Coorikiana Sandstone and Cenozoic aquifers via a fracture zone 

or fault pathway. 

2.3.2.1 Scope and overview 

This section summarises the geology and hydrogeology of the southern part of the Cooper 

subregion (hereafter referred to as the southern Cooper Basin), as shown in Figure 6. This is due to 

the absence of any CSG-only developments identified in the rest of the subregion. As the 

Bioregional Assessment Programme is focused on coal and CSG resource developments, this 

product does not consider other unconventional gas systems (such as shale or tight gas), 

composite unconventional gas systems (a hydrocarbon resource characterised by multiple 

potential reservoir types within the gas saturated zone. For example, it may be a stacked shale gas 

and coal seam gas resource), or conventional gas resources because it is not possible to separate 

the source within a composite system. The area lies within the preliminary assessment extent 

(PAE) described in companion product 1.3 for the Cooper subregion (Sparrow et al., 2015), and 

focuses on the area of the coal resource development pathway (CRDP) described in Section 2.3.4. 

The product incorporates the information provided in companion product 1.1 for the Cooper 

subregion (Smith et al., 2015b), and includes further information on the geology and hydrogeology 

developed during the course of the BA. This summary describes the baseline coal resource 

development (baseline) of the subregion, which did not have coal mining or coal seam gas 

developments as of December 2012. 

2.3.2.2 Geology and hydrogeology 

The detailed review of the geology of the southern Cooper Basin presented in this section builds 

on information presented in companion product 1.1 for the Cooper subregion (Smith et al., 

2015b). New data incorporated herein includes stratigraphy and palynology from wells, 

reinterpreted geological models of the geological Cooper Basin (Hall et al., 2015), reinterpreted 

stratigraphy and geological history for the Weena Trough (discussed at the external conceptual 

modelling for causal pathways workshop). Further information on the geological history and 

unconventional gas resource potential for the Cooper Basin as a whole can be found in Hall 

et al. (2015). 

The Cooper Basin is an Upper Carboniferous ς Middle Triassic basin in north-eastern SA and south-

western Queensland (Figure 6). The geological basin covers approximately 130,000 km2 with a 

package of sedimentary rocks up to 2500 m thick at depths of between 1000 m and 4400 m (Smith 

et al., 2015b). 

Exploration activity is currently focused on conventional oil and gas resources, as well as newly-

identified unconventional hydrocarbon plays. These include the extensive basin-centred and tight 

gas accumulations in the Gidgealpa Group, CSG and deep dry CSG associated with the Patchawarra 

and Toolachee formations, as well as the less extensive shale gas plays in the Roseneath and 

Murteree shales (Goldstein et al., 2012; Menpes et al., 2012). As noted in Section 2.3.4, there is 

only one potential CSG-only resource identified in the subregion. 
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Figure 6 Cooper subregion showing depth to pre-Permian basement rocks and major structural features 

Data: Geoscience Australia (Dataset 3), SA Department of State Development (Dataset 2), Hall et al (Dataset 13) 

The Cooper Basin is divided into northern and southern areas, separated by the Jackson-

Naccowlah-Pepita (JNP) Trend (Figure 6). These areas show different structural and sedimentary 

histories (Fergusson and Henderson, 2013; Heath, 1989). Depocentres south of the JNP Trend are 

generally deeper and contain a thicker and more stratigraphically complete Permian succession 

than those to the north (Fergusson and Henderson, 2013; Hill and Gravestock, 1995). The three 

major troughs in the south-west (Patchawarra, Nappamerri and Tenappera) are separated by the 

Gidgealpa-Merrimelia-Innamincka (GMI) and Murteree Ridges, which approximately trend north-

east (Figure 6), parallel to the main depositional axis of the basin (Gravestock and Jensen-Schmidt, 
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1998). The Weena and Tenappera troughs on the southern margin of the basin are separated by 

the Tinga Tingana Ridge, which strikes north-south (Figure 7). In the northern Cooper Basin, the 

Permian succession is thinner than in the south, and the major depocentres, including the 

Windorah Trough and Ullenbury Depression, are generally less well defined (Draper, 2002; 

Fergusson and Henderson, 2013). 

The southern Cooper Basin is a region marked by a series of troughs separated by ridges against 

which Permian sedimentary rocks thin or pinch out. The elongate and orthogonal alignment of 

troughs and ridges (Figure 6 and Figure 7) appears to reflect a structural fabric inherited from the 

underlying Warburton Basin as well as subsequent compressional tectonics; however, this 

basement relief is additionally modified by glacial scouring across the Cooper Basin (Boucher, 

2001a). 
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Figure 7 Southern Cooper Basin showing depth to pre-Permian basement rocks and major structural features 

Data: SA Department of State Development (Dataset 2), Hall et al (Dataset 13) 

2.3.2.2.1 Basement to the southern Cooper Basin 

The Cooper Basin unconformably overlies the sedimentary and volcanic rocks of the Cambrian ς 

Ordovician Warburton Basin. The Warburton Basin consists of a sequence of marine sedimentary 

rocks deposited in a range of environments from the continental shelf to the deeper ocean 

(Fergusson and Henderson, 2013). 
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Devonian rocks are intersected in the Warrabin and Barrolka troughs, beneath the north-east 

trending Cooper Basin, and can be identified from seismic data (Draper et al., 2004; Fergusson and 

Henderson, 2013; Murray, 1994). 

Numerous granite bodies intrude the Warburton Basin and underlie the Cooper Basin. Early 

Devonian granites occur beneath the southern Cooper Basin in Queensland and SA. Middle 

Carboniferous and early Permian granites are present beneath the Nappamerri Trough, and 

include the Big Lake Suite granodiorite (Gatehouse et al., 1995; Meixner et al., 2012). 

The Warburton Basin sequence comprises siltstone and sandstone, with some reported volcanic 

rocks and dolostones. Fractures in brittle siltstones are capable of producing commercial oil and 

gas, for example Moolalla-1, Lycosa-1, Sturt-6, Sturt-7 and Challum-19 (Primary Industries and 

Resources SA, 2003). Sandstone porosity ranges from 5% to 20%, although permeability requires 

interconnected fracture networks. The porosity of volcanic rocks is up to 17% due to dissolution of 

feldspar and glasses, although, as for the sandstones, permeability requires interconnected 

fracture networks (Radke, 2009). 

A thick alteration profile, however, exists on the basal unconformity of the Cooper Basin over the 

Warburton Basin. This profile probably developed in the late Carboniferous and early Permian. 

The profile developed as a result of pre-Cooper Basin weathering combined with low-temperature 

hydrothermal alteration. The profile generally exceeds 40 m but varies in thickness, thinning onto 

highs and ridges. Because of the alteration of feldspars to muscovite and illite, the alteration 

profile forms a seismically mappable semi-regional seal (Boucher, 2001b). As this regional 

alteration profile acts as an aquiclude, hydrogeological connectivity between the base of the 

Cooper Basin and the Warburton Basin is unlikely. 

2.3.2.2.2 Stratigraphy of the Cooper Basin 

This section incorporates data and information made available following completion of companion 

product 1.1 for the Cooper subregion (Smith et al., 2015b). This includes incorporation of recent 

drilling results and reprocessing at basin scale of structure surfaces and isopachs (Hall et al., 2015), 

as well as a reinterpretation of the stratigraphy of the Weena Trough based on recent drilling and 

re-analysis of palynology (Morton, in review). The stacked basin architecture of the Cooper 

subregion is shown in the stratigraphic column (Figure 10) and cross-sections (Figure 8 and 

Figure 9). As noted previously, the focus of this work is the southern Cooper Basin.
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Figure 8 Geological cross-section 1 through the Tenappera and Weena troughs to Lake Blanche showing the stratigraphic variation between these areas. Cross section locations shown in map on bottom right 

The Patchawarra Formation is thicker in the Weena Trough and adjacent areas, and directly underlies Eromanga Basin units.  
Data: Bioregional Assessment Programme (Dataset 11), Hall et al. (Dataset 13) 

This figure has been optimised for printing on A3 paper (420 mm x 297 mm). 
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Figure 9 Geological cross-section 2 through the Milpera Depression and Weena Trough to Lake Blanche showing the 

stratigraphic variation between these areas. The Patchawarra Formation is thicker in the Weena Trough and 

adjacent areas, and directly underlies Eromanga Basin units. Cross-section locations shown in Figure 8 

Data: Hall et al. (Dataset 13) 
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Figure 10 Stratigraphic column for the Cooper subregion 

Data: Hall et al. (2015); Ransley et al. (2015); Smith et al. (2015b) 

This figure has been optimised for printing on A3 paper (297 mm x 420 mm).
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Cooper Basin 

The recent stratigraphic reinterpretation by Morton (in review) on re-calibrated palynological ages 

in eastern Australian basins (Nicoll et al., 2015) has highlighted unique features of the Cooper 

Basin stratigraphy in the Weena Trough. A revised stratigraphy for the Weena Trough and 

surrounding parts of the Cooper Basin, incorporating this reinterpretation, has been developed by 

Morton (in review), and is summarised in this section. A schematic representation of this 

stratigraphy is shown in Figure 11. 

 

Figure 11 Simplified stratigraphy of the Weena Trough, southern Cooper Basin 
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The sequence in the Weena Trough consists of interbedded fluvial sand, coal and shale. Distinctive 

features associated with the Epsilon Formation in the remainder of the Cooper Basin are not 

ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǘƘŜ ²ŜŜƴŀ ¢ǊƻǳƎƘΦ ! ǎƘŀƭŜ ǳƴƛǘΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ΨƛƴǘǊŀ-tŀǘŎƘŀǿŀǊǊŀ ǎƘŀƭŜΩΣ ƛǎ 

recorded in all wells in the Weena Trough (Figure 11). This unit has been interpreted to have been 

deposited in a distal pro-glacial lake setting (Morton, in review). 

The intra-Patchawarra shale member is recognised in Klebb wells, Le Chiffre-1, Tinga Tingana-1 

and Weena-1 (Morton, in review). These shales had previously been logged as either the Murteree 

or Roseneath shales. Additionally, the reinterpretation of Permian Patchawarra Formation 

originally logged as basement, indicates that the Patchawarra Formation is much thicker than 

previously interpreted, with basement being consequently much deeper (Figure 8 and Figure 9). 

The top of the Permian section (comprising the Murteree Shale, Epsilon Formation, Roseneath 

Shale and Toolachee Formation) is not recorded in the Weena Trough area. The lithologic 

character of the Weena Trough includes sand, shale and coal beds, which suggests a more 

complex depositional model compared to the Tenappera Trough area, and the rest of the Cooper 

Basin (Morton, in review). 

The Toolachee Formation is also not present in the Weena Trough; nor are the Daralingie 

Formation and Roseneath Shale. The Murteree Shale appears to pinch out south of the Tinga 

Tingana High, and is not present in the Weena Trough around the Klebb wells, Le Chiffre-1, 

Weena-1 or Forge-1 (Morton, in review). In the Weena Trough and toward Lake Blanche, the 

Patchawarra Formation is therefore the uppermost unit of the Cooper Basin, directly underlying 

rocks of the Eromanga Basin (Figure 8 and Figure 9). The 400 to 600 m thick Patchawarra 

Formation intersected in Le Chiffre-1 and Klebb-1 in the Weena Trough consists of interbedded 

coal, carbonaceous shale, very fine- to medium-grained sandstone, and claystone (Strike Energy 

Limited, 2014a; 2014b). As discussed in companion product 1.2 for the Cooper subregion (Smith et 

al., 2015a) and in Section 2.3.4, the Vu and Vm3 coal seams of the Patchawarra Formation are the 

targets for CSG development in the Cooper subregion. 

Eromanga Basin 

The stratigraphy of the Eromanga Basin is discussed in this section, and shown in Figure 10; this 

version is based on information for the southern Cooper Basin, and information from the external 

conceptual modelling of causal pathways workshop. Figure 12 shows the spatial extents of the 

lower Eromanga Basin sequences in the southern Cooper Basin. 

As the Westbourne Formation thins and wedges out, the Adori, Hooray and Namur sandstones 

become collectively the Namur Sandstone. The overlying Murta Formation defines the extent of 

the Namur Sandstone. 

The Birkhead Formation has a slightly greater westward extent than the Westbourne Formation 

and thus separates the Namur Sandstone from the underlying Hutton Sandstone. The Algebuckina 

Sandstone refers to the undifferentiated sandstone under the Cadna-owie Formation, where the 

Birkhead Formation wedges out. 

On the south-east side of the Central Eromanga Depocentre where older units are absent, the 

Hooray Sandstone has broad extent out to the boundary of the Eromanga Basin. 
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Figure 12 Extent of Eromanga Basin units below the Cadna-owie Formation 

Data: Geoscience Australia (Dataset 1, Dataset 12) 

The Cadna-owie Formation is a marginal marine unit with a much broader extent; it always 

overlies the Algebuckina Sandstone. The Trinity Well Sandstone Member of the Cadna-owie 

Formation can be considered as a western facies equivalent to the Wyandra Sandstone Member, 

which is present in Queensland. 

Within the overlying Rolling Downs Group, the nomenclatural changes are primarily determined 

by the limit of the south-western extent of the Toolebuc Formation. Beyond the Toolebuc 

Formation extent, the underlying upper part of the Wallumbilla Formation and the overlying Allaru 

Mudstone can no longer be readily differentiated and are grouped as the Oodnadatta Formation. 

The Coorikiana Sandstone is a spatially extensive, coarsening-upward sandstone unit with minor 
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siltstone interbeds (Sheard et al., 2012). It differentiates the Oodnadatta Formation from the 

underlying Bulldog Shale. The Rolling Downs Group extends across the entire southern Cooper 

Basin. 

Lake Eyre Basin 

The geology of the Lake Eyre Basin sedimentary rocks is described in companion product 1.1 for 

the Cooper subregion (Smith et al., 2015b). The geological Lake Eyre Basin is up to 400 m thick in 

the southern Cooper Basin, where it overlies the Weena Trough (Figure 13). In the southern 

Cooper Basin the Cenozoic Lake Eyre Basin sequence thickens westward across the Weena Trough 

region. At approximately 50 m thickness in Queensland, there is a progressive thickening to over 

200 m above the Weena Trough, then with a slight thinning to the west. Northward there is a 

slight thickening in the Tenappera Trough but a distinct thinning on the adjoining Murteree Ridge. 

The Lake Eyre Basin sequence unconformably overlies the Winton Formation of the Eromanga 

Basin. This Cenozoic sequence comprises the basal Paleocene-Eocene Eyre Formation which is 

disconformably overlain by the Miocene Namba Formation. A relatively thin layer of Quaternary 

sediment (mainly sand) covers the Namba Formation throughout the southern Cooper Basin. The 

thickness of the Quaternary sediment is rarely recorded but known to be as much as 60 m in parts 

of the southern Cooper Basin, although evidence from drilling in the Weena Trough region 

suggests here it is only about 5 m. However, the pervasive seif dune topography across the 

subregion almost approaches a comparable scale of relief (Figure 13). 
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Figure 13 Thickness of the geological Lake Eyre Basin in the southern Cooper Basin 

Data: Bioregional Assessment Programme (Dataset 4) 

2.3.2.2.3 Groundwater flow directions, groundwater recharge and discharge 

Lake Eyre Basin, regional watertable and surface drainage interactions 

The regional watertable of the Great Artesian Basin (Kellett et al., 2012) is hosted in the Namba 

Formation and Quaternary sediments across the Weena Trough region. The watertable is broad 

and of low gradient across the southern Cooper Basin (Figure 14). 

The watertable over the Weena Trough infers regional flow south-westwards towards Lake 

Blanche and adjacent salt lakes extending from Lake Frome through to lakes Callabonna, Blanche 

and Gregory. These are ephemeral salt lakes that precipitate halite from groundwater brine 
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(Kellett et al., 2012). The southern side of this regional groundwater sink features a steep 

watertable gradient off the Flinders Ranges. 

North of the Weena Trough the watertable gradients are more convoluted with a subtle 

groundwater mound centred over the Dunoon Ridge, and an adjoining subtle northςsouth 

depression centred over the Murteree High. 

The watertable mapping and highly ephemeral nature of flow implies that Strzelecki Creek is not 

reliant on the watertable. It is likely that flow in Strzelecki Creek may contribute to recharging the 

watertable aquifer on the rare occasions water flows and is able to infiltrate the creek bed. 

 

Figure 14 Subsurface depth to regional watertable in the southern Cooper Basin 

Data: Geoscience Australia (Dataset 5), SA Department of State Development (Dataset 6) 
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Groundwater flow in the Eromanga Basin and Cooper Basin 

The direction of groundwater flow in the Cadna-owie ς Hooray Aquifer is inferred to be similar to 

that of the watertable, towards the series of salt lakes between Lake Frome and Lake Gregory 

(Keppel et al., 2016; Ransley et al., 2015). Keppel et al. (2016) identified that groundwater head 

data used previously to constrain the flow directions in the Cadna-owie ς Hooray Aquifer (J-K 

aquifer) in the southern Cooper Basin were likely from bores which were screened in other 

hydrostratigraphic units. Subsequently, the potentiometric surface of the Cadna-owie ς Hooray 

Aquifer was reinterpretated as part of the Lake Eyre Basin Springs Assessment (LEBSA). The 

revised flow in the Cadna-owie ς Hooray Aquifer indicates a southward flow towards and beyond 

Lake Frome, and this flow direction is generally interpreted for the other Eromanga Basin units. 

Flow is also inferred to occur from the northern end of the Flinders Ranges (crystalline basement) 

north towards Lake Blanche, this flow path terminates at Lake Blanche, represented by a low in 

the contours on the south-western margin of the lake ( 

Figure 15). A general south-westerly flow direction is shown by potentiometric surfaces presented 

by Dubsky and McPhail (2001) for the Cooper Basin hydrostratigraphic units; however, the data 

used to develop the potentiometric surfaces did not extend south of the Tinga Tingana Ridge.
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Figure 15 Reduced standing water level (RSWL) of the Cadna-owie ς Hooray Aquifer (J-K aquifer) and groundwater flow directions in the southern Cooper Basin 

Source: Figure 2-6 from  Keppel et al (2016) 

This figure has been optimised for printing on A3 paper (420 mm x 297 mm).
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