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Executive summary

Conceptual models are a simplified and generalised representation of a complex system. During
developmentof conceptual models, the essence of how the key system componentatepand

interact is distilledThe Bioregional Assessment Programme (@®Areptual models of causal

LI GKgl 8&a F NS RS@OSt2LISR (2 RSAONAOGS GKS f23A01
that link coal resource developments to watdependent assks.

Methods

This product details the conceptual model of causal pathways of the Cooper subregion, following
the method described isompanion submethodology MQfs listed in Table 1). For the subregion
it identifies:

1 the key system components, processesl interactions, which essentially define pathways
over and through which water can move (Section 2.3.2)

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

1 the potential hydrological changes that may occur duedal cesource 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)

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

1 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, proses and interactions

The Cooper Basin is an Upper CarbonifepMbddle Triassic geological basin in neghistern SA
and southwestern Queensland. The Cooper Basin is up to 2b@@ick, at subsurface depths of
between 1000 and 44061. The southern Coopdasin is marked by a series of troughs (e.g.
Weena and Tenappera troughs) separated by ridges against which Permian sealynecks thin
or pinch out. The Cooper Basin unconformably overlies the Warburton Basin. Several granite
bodies intrude theolder WarburtongeologicaBasin 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 Cadvia ¢ Hooray Aquifer

flows south tavards and beyond Lake Frome. In the hydrostratigraphic units of the Cooper Basin,
the regional groundwater flow direction is mainly towards the sewst.

There is limited recharge via diffuse infiltration of sporadic rain water, flood waters or straamflo
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 crfmssnation flow.
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The southen Cooper subregion is part of the Cooper Cre&ulloo river basin. Cooper Creek is
characterised by complex channel networks and numerous wetlands and wateMéss: is

derived from runoff from headwater catchments. Streamflow in Cooper Creek atiibutaries

varies greatly between years from almost no flow to significant floodilagural discharge of
groundwater to surface takes place at springs, as well as in lakes. The Lake Blanche springs are
fracture or faultfed springs sourced by the Coasaika Sandstone and Cenozoic aquifers.

Ecosystems

The ecosystems in th€oopersubregionare classified iterms of landscape classes and their
dependence on wateBased orthe Australian National Aquatic Ecosystem (ANAE) Classification
Frameworkfive elements are included in the classificatitpography, landform, water source,

water type and water availabilityrhe majority of the preliminary assessment ext@hAB for the
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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.-atand CSG) production occurring in the Cooper
subregion as of Decemb2012. 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 Gamject (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 210@n are production targets at this prospettis anticipated that the projet

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 isagethunder 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 natcetce at
the boundary of the Southwest Springs Zone, and must not exceed ata distance of Em

from any individual sprind=urthermore drawdown in excess of 10% of the pressure head at a
state border is a trigger for consultation with the poteniyahffected 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 dependentpradicted 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 ave 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 anysalt residue will be removed and disposed to an appropriately licensed facility, the ponds
will be backfilled and r@rofiled to match preexisting surface contours, and the surface will be
ripped to promote revegetation.

Data collected during productiorsting have shown that water production rates are in the order
of 30 to 85 kL/dayer well

Hazard analysis

A dedicated hazard analysis, usingpact Modes and Effects Analy@iBIEA) s used to
systematically identify activities that may initigdb@zards defined as events, or chains of events
that might result in areffect(change in the quality and/ajuantity of surface water or
groundwater)

A large number of hazards are identified; some of these are beyond the scapg@Aaind others

are adequately addressed by stased risk management processes and regulaifdhen ranked

by midpoint of the hazard priority number thp rankedhazardconsidered for BA in the Cooper
subregion associated with CSG operatioremisifer depressurisation, occurring through the
activity of water and gas extraction during the production-tfele. When ranked by hazard score,
the hazardanalysis identifies disruption of natural surface drainage as the most frequent hazard
associated with CS@perations in the Cooper subregion.

Causal pathways

Hazards associated with CSG operations that are considered to be in sctpeBa&in the

Cooper sulegionare groupedaccording to their hydrologicglathway toimpactand include (i)
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models linking an activity with a potential impact on the groundwater or surface water.

Subsurface depressurisation and dewatersgociated with the CR@curs when CSG

operations intentionally dewater and depressurise subsurface hydrostratigraphs; fami

example depressurising a watesaturated target coal seam to induce desorption and subsequent
extractionof CSGGroundwaterevel or pressure is most commonly altered, but other gradients
can also be changed via this process, such as temperateinsijty or chemical composition (water

quality).

Subsurface physical flow patimvolves physical modification of the rock mass or geological
architecture by creating new physical paths that water may potentially infiltrate and flow along.
Just because mew physical path is created does not necessarily mean that water will start flowing
along it in preference to how it flowed beforgt will still follow the path of least resistance, and

be governed by pressure gradients. Téasisal pathwagroup canhowever, potentially lead to

direct hydraulicconnection between the targedtrataand other hydrostratigraphic units (such as
regionalaquifer9, by creating new zones of deformation in the rock mass. This may occur when
the integrity ofwellsdrilled forgroundwateror gasextractionis compromised, or may occur due

to hydraulic fracturing of coal seams.
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A specific causal pathway sabsurface physical flow patishydraulic fracturing. In the Cooper
subregion, hydraulic fracturing will be cessary 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 hydostratigraphic units. Thus, at this stage, there is no evidencehydtaulic fracturing
activity in Cooper CSG fields will create new subsurface flow patiageen hydrostratigraphic

units. If new flow paths were created, this would propagate depresatios into adjacent
hydrostratigraphic unitsin 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 soeiin the Cooper subregion

Operational water managememcludes vater produced from CSG extraction wellfis wateis
recovered and stored at the surface in lined and bunded ponds. There is no provision for release
to surface water or reinjection in thCoopewsubregionCRDPWithin the southern Cooper

subregion, the surface water feature that could potentially be affected by a loss of containment is
the ephemeral, lowgradient Strzelecki Creek. Downstream effects could propagate to Lake
Blanche 40 km to the southwest Strzelecki Creek experiences large variations in discharge and
flow duration, from no flow to flooding.

Surface water drainagmvolves the physical disruption and disturbance of surface topography

and nearsurface materials (vegation, 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, igradient Strzelecki Creek. Downstream effects could

propagde 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 operatmhsding 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 hydrogeologicahasecture around the Cooper subregion CRDP
include a lack of detailed understanding of the thisienensional distribution of faults and other
geological structures, the hydraulic parameters of target and adjacent formations, and the inter
aquifer connectiity 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 itieisation of the Bioregional Assessment
Programme. Due to the limited coasource development potentiao numerical surfacevater

or groundwater modelling, receptor impact modelling, risk or impact anatysassociated
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 providecadw thefederal Minister for the Environment
on potential waterrelatedimpactsof coal seam gas (CSG) and large coal mining developments
(IESC, 2015)

Bioregional assessmentB8As) are one of the key mechanisms to assist the IESC in developing this
advce so that it is based on best available science and independent expert knowledge.
Importantly, technical products froBBAsare also expected to be made availatiehe public

providing the opportunity for all other interested partigacluding governmet regulators,

industry, community and the general publio,draw from a single set of accessible information. A
BAis a scientific analysis, providing a baseline level of information on the ecology, hydrology,
geology andhydrogeologyof abioregionwith explicit assessment of the potentiahpactsof CSG

and coal mining development on water resources.

The IESC has been involved in the developmeltathodology for bioregional assessments of the
impacts of coal seam gas and coal mining development oerwasource¢the BAmethodology;
Barrett et al., 2013) and has endorsed it. BAmethodology specifies hoBAsshould be

undertaken. Broadly, BAcomprises five components of activity, as illustrateérigurel. EacrBA

will be different, due in part to regional differences, but also in response to the availability of data,
information and fitfor-purpose models. Where differences occur, these amrded, judgments
exercised on what can be achieved, and an explicit record is made of the confidence in the
scientific advice produced from thHgA

The Bioregional Assessment Programme

The Bioregional Assessment Programme is a collaborbétween the @partment of the
Environmentand Energythe Bureau of Meteorology, CSIRO and Geoscience Australia. Other
technicalexperise, such agrom state governments or universities also drawn on as required.
Forexample, natural resource management groups eatthment management authorities
identify assetghat the community values by providing the listwéiter-dependent assetsa key
input.

The Technical Programme, part of the Bioregional Assessment Programme, will un@xside
the followingbioregionsand subregiongsee
http://www.bioregionalassessments.gov.au/assessmdotsa mapand further information):

1 the Galilee, Cooper, Pedirka and Arckariaghregionswithin the Lake Eyre Badioregion

1 the MaranoaBalonneCondamine, Gwydir, Namoi and Central Wasditregionswithin the
Northern Inland Catchmentsioregion

9 the ClarenceMoreton bioregion
1 the Hunter and Gloucestesubregionswithin the Northern Sydey Basirbioregion
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1 the Sydney Basibioregion
1 the Gippsland Basinioregion

Technical products (describedariatersection) will progressively be delivered throughout the
Programme.

Component 5: Outcome synthesis

12 (3] |4

U1

Water-
dependent
asset
register

Jysi8) eed

Existing
data

Risk
treatment anal}'Sis

Data from monitorind

Knowledge

Risk
evaluation

Risk \ Communications

assessment

Figurel Schematic diagram of the bioregmal assessment methodology

The methodology comprises five components, each delivering information intbithregionalassessment and building on prior
components, thereby contributing to the accumulation of scientific knowledge. small grey circles iiwdte activities ebernal to
the bioregional assessmentisk identification and risk likelihos@re conducted within a bioregional assessmgx# part of
Component 4and may contributectivities undertaken externally, such sk evaluation, risk assement 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 Bxsis provided in thaBAmethodology (Barrett
et al., 2013). Additional guidance is required, however, about how to applgAmeethodology to
a range oubregionsaandbioregions To this end, the teams undertaking tB&shave developed
and documented detailed scientific subthedologies Tablel) to, in the first instance, support
the consistency of their work across tBé&sand, secondly, to open the approach to scrutiny,
criticism andinprovement through review and publication. In some instances, methodologies
applied in a particulaBAmay differ from what is documented in the submethodologies this
case an explanation will be supplied in the technical products ofBRaUltimatel 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 bioregionsandsubregions

The relationship of the submethodologigsBAcomponents and technical products is illustrated

in Figure2. While much scientific attention is given to assembling and transforming information,
particularlythrough the development of the numerical, conceptual and receptor impact models,
integration of the overall assessment is critical to achieving the aim d#sTo this end, each
submethodology explains how it is related to other submethodologies arat imputs 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 implement&Awaill result in a

substantial body of collated and integrated infaation for asubregionor bioregion including

new information about the potentiampactsof coal resource development on water awater-
dependent assets
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Tablel Methodologies

Each submethodology is available onlindatip://data.bioregionalassessments.gov.au/submethodology/XXXg K S NB W .

replaced by the code in the first columifor examplethe BA methodology is available at
http://data.bioregionalassessments.gov.au/submethodology/bioregiesmdessmenmethodologyand submethodology M02 is
available athttp://data.bioregionalassessments.gov.au/submethodology/M82bmethodologies might be added in the future.

Code Proposed title Summary of content
bioregionat Methodology for bioregioal A highlevel description ofhe scientific and intellectual
assessment assessments of the impacts of co basis for a consistent approathall bioregional
methodology seam gas and coal mining assessments
development on water resources
MO02 Compiling wateidependent assets Describes theapproachfor determining waterdependent
assets
MO03 Assigning receptors to water Describes theapproachfor determiningreceptors
dependent assets associated with watedependent assets
MO04 Developing a coal resource Spedies the information that needs to be collected and
development pathway reported about known coal and coal seam gas resource
well as current and potential resource developments
MO5 Developing the conceptual model Describes the development of tlenceptual model of
of causal pathways Oldzalf LI GKgleaxr ¢gKAOK &ad

operates and articulates the potential links between coa
resource development and changes to surface water or

groundwater
MO6 Surface water modelling Describes the approach taken faurface water modelling
MQ7 Groundwater modelling Describes the approach taken for groundwater modellin
M08 Receptor impact modelling Describes how to develop receptor impaxbdels for

assessing potentid@npact to assetslue tohydrological
changesthat mightarise from coal resource developmen

M09 Propagating uncertainty through Describes the approach to sensitivity analysis and
models quantification of uncertainty in the modelled hydrologica
changes that might occur in response to coal resource
development

M10 Impacts and risks Describes the logical basis famalysingmpact and risk

M11 Systematic analysis of water Describes the process to identify potentiedter-related
related hazards associated with hazards from coaksourcedevelopment
coal resource development
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Technical products

The outputs of thaBAsinclude a suite of technical products presenting information about the
ecology, hydrologyhydrogeologyand geology of &ioregionand the potentiaimpactsof CSGnd
coal mining developments on water resoas; both above and below grouniknportantly, these
technical productsre availableto the public providing the opportunity for all interested parties,
including community, industry and government reguala, to draw from a single set of accessible
information when considerin@S@nd large coal mining developments in a particular area.

The information included in the technical products is specifigtie BAmethodology Figure2
shows the relationship of the technical productsBAcomponents and submethodologies
Table2 lists the content provided in the technical products, with crosferences to the part of
the BAmethodology that specifies it. The redtlinesin both Figure2 and Table2 indicate the
informationincluded inthis technical product.

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

1 unencumbered data syntheses and databases
1 unencumbered tools, model code, procedures, routines and algorithms
1 unencumbered forcing, boundary condition, paramed@d initial conditiordatasets
1 lineage ofdatasets(the origin ofdatasetsand how they are changed as tB&progresses)
1 gaps in data and modelling capability.
In thiscontext unencumbered material is material that can be published according to comslitio

in the licences or any applicable legislatigii.reasonable efforts were made to provide all
material under a Creative Commons Attribution 3.0 Australia Licence.

Technical product, and the additional material, are available online at
http://www.bioregionalassessments.gov.au

The Bureau of Meteorologgrchivesa copy of altlatasetsused in theBAs This archive include
datasetsthat are too large to be stored online andtasetsthat are encumbered. The community
can request a copy of these archived datéttp://www.bioregionalassessments.gov.au
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Establish context and Analyse and transform the Assess impacts and risks

assemble information information Component 3 and Component 4:
Compo.nent . : Component 2: Impact and risk analysis
Contextual information Model-data analysis
4] MO3 Receptors \\Mlo Impacts and risks
Context statement MO5 Conceptual models 34
9.3 Impact and risk analysis
Conceptual modelling
MO04 Coal resource
1.2
Coal and coal seam gas MsLhaserd:
\d_/f—\
resource assessment
MO06 SW models
. 2.6.1
MO02 Assets Surface water numerical
] modelling
Water-dependent asset
register M09 Uncertainty ’
L 2.6.2
Groundwater numerical
3D modelling
Current water accounts —
and water quality MO07 GW models
2.5
Water balance
16 . assessment
Data register
MO8 Impact models
2.7
Receptor impact
modelling
2.1-2.2

Observations analysis,
statistical analysis and
interpolation

Figure2 Technical products and submethodologiassociated with each component of a bioregional assessment

In each componentHigurel) of a bioregional assessment, a number of technical products (coloured boxes, s€aldéR) are
potentially created, depending on the availability of data and eiedThe light grey boxes indicate submethodologieblel) that
specify the approach used for each technical product. The red outline indicates this technicaltpfb@ BA methodology (Barrett

et al., 2013) specifies the overall approach.
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Table2 Technicalproductsdeliveredfor the Coopersubregion

For each subregion the Lake Eyre BasBioregional Asessment, technical produdse celivered online at
http://www.bioregionalassessments.gov.au | & A Y RA Ol (i S Ra Gthér pibdusts; sUdh&ad dStasets) Rdtada¥aydata
visualisation and factsheetsare provided onlineThere is no product 1.4. Originally this product \gas;g 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 useproduct 2.6.1 (surface waterumericalmodelling)and product2.6.2
(groundwatemumerical modelling)There is no product 2.4; originally this product was going to include awd three

dimensional representations as per Section 4.2 of the BA methodology, but these are instead included in prodastsuint

2.3 (conceptual modelliny

Component Title Section in the|Typée
BA
methodology’
1.1 |Context statement 2.5.1.1,3.2 |PDF, HTML

Coal and coadeam gasesource

1.2 25.1.2,3.3 |PDF, HTML
assessment
Component 1Contextual D i f the ater-d dent
information for the Cooper 1.3 esctrlp |(_)nto € \wier-dependen 2.5.1.3,3.4 |PDF, HTML, regist
subregion asset register
15 Curr_ent water accounts and water 2515 PDF, HTML
quality
1.6 |Data register 2516 Register
2.1-2.2 Obser\_/atlons_ analyslst_atlstlcal 2.5.2.1 2.5.2.9Not produced
analysis and interpolation
2.3 [Conceptual modelling 2.5.2.3,43 |PDF, HTML
Component 2Model-data
analysis for theCooper 2.5 [Water balance assessment 2524 Not produced
subregion 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 Componen 521254
4: Impact and rislanalysis for 3-4 |Impactand risk analysis 5'3' " |Not produced
the Cooper subregion :
Component 50utcome
synthesis for theCooper 5 Outcome gnthesis 255 Not produced

subregion

aThe types of products are as follows:
Wt5CQ AYRAOIFIGSAE I t5C R2aRaFyBasin Biorégional Adsassniedt dsdid tBelsifiBture) standarsS
andformat specified by the ®®8gramme.

Wi tcalQ AYRAOIFIGSa GKS aly$S O2yidSyid Fa Ay G(KS t5C R20dzYSyidz o
YwS3IAaGSND AYyRAOIFGSA 02y i Nty df BrRvats as apprépriateK F & | NB RSt A 3SNBR dzi
Wh2(d LINBRdZOSRQ AYyRAOIFIGS&a (KIFIG GKS LINRPRAzOG ¢l a y2i RS@St 2LISR

(Table 1).
bMethodology for bioregional assessments of the impacts of coal seam gas and dagl aeivelopment 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.

1 All reasonable efforts were made to provide all material under a Creative Commons
Attribution 3.0 Australia Licence.

1 Allmapscreatedas part of thiBAfor inclusian inthis product used the Albers equal area
projection with a central meridian df40.0° East for thd_ake Eyre Baslioregionand two
standard parallels af18.0° and;36.0°.

1 Visithttp://bioregionalassessments.gov.da access metadata (including copyright,
attribution and licensing information) fatatasetscited or used to make figures in this
product.

1 In addition,the datasetsare published online if they are unencumbered (atdebe
published according to conditions in the licence or any applicable legislafio@)Bureau of
Meteorology archives a copy of ditasetsused in theBAs This archive includetatasets
that are too large to be stored online addtasetsthat are encumbered. The community can
request a copy of these archived datahdifp://www.bioregionalassessments.gov.au

1 The citation details aflatasetsare correct to the best of the knowledge thie Bioregional
Assessment Programme at the publication date of this product. Readers should use the
hyperlinks provided to access the mosttagpdate information about these data; where
there are discrepancies, the information provided online shoulddresiclered correct. The
dates used to identifBioregional Assessment Source DatasetstheR | (i | puBlighed
date. Wherethe publisheddate is not available, thiast updated date or createdate is
used.For Bioregional Assessment Derigatasets the created date is used.
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Barrett DJ, Couch CA, Metcalfe DJ, Lytton L, Adhikary DP and Schmidt RK (2013) Methodology for
bioregional assessments of the impacts of coal seam gas and coal mining development on
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Department of the Environment, Australia. ViewHgl January 2017
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methodology

IESC (2015) Information guidelines for the Independent Expert Scientific Committee advice on coal
seam gas and large coal mining development propobalependent Expert Scientific
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independentexpertscientificcommittee-advicecoalseamgas
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2.3 Conceptual modelling for
the Cooper subregion

This producfirstly 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 potentialdtes considered in bioregional assessments:

1 baseline coal resource development (baseliadlture that includes all coal mines and coal
seam gas (CSG) fields that are commercially producing as of December 2012

9 coal resource development pathway (CRRR)ture 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 tatiditional coal resource developmenall coal

mines and CSG fields, including expansions of baselinetapesethat are expected to begin
commercial production after December 2012.

The Impact Modes and Effects Analysis method is then used to idbatifirds defined aevents,
or chairs of events, that might result in agffect(change in the qualitgnd/or quantity of surface
water or groundwater,)

Next are presentedausal pathwaysi KS f 23A 0Lt OKIAYy 2F S@Syia
that link coal resource development and potential impacts @tewresources and water
dependent assets. Causal pathys for hazards are identified by considering coal resource
development activities, impact causes, impact modes and the resulting weltded effects. This
product describes the causal pathways from the coal resource development to the hydrological
charges (represented by hydrological response variables), for the baseline and CRDP.
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Camponent 2: Modeldata analysis for th€ooper subregior

2.3.1Methods

2.3.1 Methods

Summary

Theconceptual model of causal pathwagfsaracterises theausal pathwaythe logical chain

2T S@PSyia SAUOKSNI LI} | vy Sure detlogmgritdint powgriiaR
impacts on water and watedependent assetsThis section details the specific application to

the Cooper subregionf methods described in the companion submethodol®f5 (aslisted

in Tablel) for developing a concepaiimodel 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 developnogenimal, 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) landstagsfication; (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 hydgptal 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 MO5although the understanding of the key systeomponents, 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 tikenceptual modebdf causal pathway®r the Cooper
subregion which was developed using methods outlined in tdoenpanion submethodology M05
(as listed in Table 1) for developing@nceptual modedf causal pathway@fHenderson et al.,
2016). The application to the Coopsubregionis described in Sectidh3.1.2 with more specific
details in the individual sections that follonhd development otausal pathwayss the main
outcome of theBA for theCoopersubregion These pthways may assist in future assessments
that may occur in thisubregion

Conceptual modelsre abstractions or simplifications of reality. A numbecafceptual models
are developed foa bioregional assessmefBA) includingconceptual model$or geolay,
groundwaterandsurface watey which underpin the numerical modelling.

Another type ofconceptual modeis aconceptual model of causal pathwayshich characterises
thecausal pathway G KS OKFIAYy 2F f23A0 2NJ I Othdt@wkddal S &
resource development and potentishpactson water resources anwater-dependent assetsThe
conceptual modebf causal pathwaybrings together a number aonceptual modelsleveloped
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2.3.1Methods

in aBA and might be expressed in a variety of wayish narrative, pictorial graphics, and
influence diagrams all important.

Thecausal pathwayplay a critical role in focusing tl@Aon the most plausible and important
hazards defined as events, or chains of events, that might result iafeact (chang in the quality
and/or quantity ofsurface wateror groundwatel). Thecausal pathwayassociated with these
hazardsunderpin the construction ajroundwaterand surface watemodels, and frame the
assessment of theeverityandlikelihoodof impactsto water-dependent assetsAwater-

dependent assas anassetpotentially impacted, either positively or negatively, by changes in the
groundwaterand/or surface wateregime due to coal resource development. Some assets are
solely dependent on incident raidfand will not be considered as water dependent if evidence
does not support a linkage groundwateror surface watethat will be impacted by coal resource
development.

Theconstructionof causal pathwayeequires the Assessment team to first syntisesand
summarise the key system components, processes and interactions for the gdotdgygeology
andsurface waterof the subregion(as presented in Section 2.3.2). Emphasising gaps and
uncertainties is as important as summarising what is known abowtvarious systems work.

Section 2.3.3 presents the development daadscape classificatiomvhich aims to systematically
simplify a complex system that contains a large number of assets identified by the community. T
landscape classification descrgbthe main biophysical and humanosystemsand provides a
high-level conceptualisation of theubregionat the surface. Most assets are related to one or

more landscape classewhich are defined foBApurposes agcosystemsvith characteristics that

are expected to respond similarly to changegioundwaterand/or surface waterdue to coal
resource development.andscape classase present on the landscape across the entire
subregionand their spatial coverage is exhaustive and-nerrlapping. Concdpally, landscape
classexan be considered as typesaxfosystem assetsvhich areecosystemshat may provide
benefits to humanity (Bureau of Meteorology, 2013; United Nations et al., 2014)

uoiBai10@s 1adoodU) 10} SISAjeue elepepolN :Z usauodwo)d

Section 2.3.4 then defines two potential futur@sgure3), namely the:

1 baseline coal resource developmémaseline), a future that includes all coal mines aadl
seam gas@SGfields that are commercially pducing as of December 2012. For the Cooper
subregion there were no coal mirsor CSG fields in commercigderation prior to
December 2012

9 coal resource development pathw@yRDP), a future that includes all coal mines and CSG
fields that are in thdasdine as well as those that are expected to begin commercial
production after December 2012

The difference in results betwedbRDRind baselineis the change that is primarily reported in a
BA This change is due to tlaelditional coal resource developmenall coal mines and CSG fields,
including expansions d¥aselineoperations, that are expected to begin commercial production
after December 2012mpactsthat may occur due to additional coal resource development are
assessed in detail in receptor impawodelling, and through numerical surface water and
groundwatermodelling. It is important to note that the receptor impact modelling and the

Conceptual modelling for the Cooper subregjohl



Camponent 2: Modeldata analysis for th€ooper subregior

2.3.1Methods

numerical surface water and groundwater modelling are not taking place for the Cooper
subregion due to the limied coal resource development potential.

Figured illustrates this fundamental comparison of these futures, with liaselinein the top half
of the figure and theCR[Pin the bottom half of the figure. It emphasises that in order to assess
potential impact orassetsit is important to compare the changes in two types of variables at
specific points in space and time:

1 hydrological response variabldbe hydrologicatharacteristics of the system that
potentially change due to coal resource development (for example, drawdBignre4) or
the annual streamflow volume)

1 receptor impat variablesthe characteristics of the system that, according to the conceptual
modelling, potentially change due to change$ydrological response variablé@er
example, condition of the breeding habitat for a given species, or biomass of rivenmes).g

Time (years)
December
1982 2012 2102

\

T
|
1
1
|
1
|
1
1
|
1
|
|
1
|
1
|
1
1
|

Drawdown for baseline

Difference in
A drawdown
between
CRDP and

¥ baseline, due
to the ACRD

Drawdown (m)

Drawdown for CRDP

Model spin-up
period

Figure3 Generic example ofirawdown at a specific location over time for the baseline coal resource development
(baseline) and coal resource development pathway (CRDP). The differertraindown between CRDP and
baseline is due to the additional coal resource development (ACRD)

The lighter shades indicate the uncertainty in results. Model-gpiperiod is a warrup period for the models.
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Causal pathway for the baseline coal resource development

Baseline coal Hydrological
resource Surface water response Receptor impact Water-dependent

development Groundwater variables variables assets

D w X=f(W) [YIX] A

| |
| |
| | |

Comparison allows assessment of potential impacts due to additional
coal resource |clevelopme.lnt

| |
| |
| |
| |
Baseline and

additional coal Hydrological
resource Surface water response Receptor impact Water-dependent

development Groundwater variables variables assets

D+AD w’ X’=f(W’) [Y’|X’] A

Causal pathway for the coal resource development pathway

Figure4 The difference in resiis 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 theazardanalysis, using thenpactModes and Effects AnalygiSs1EA)
method, as described itompanion submethodology M11 (as listed in Table 1h&@ardanalysis
(Ford et al., 2016), and illustrated kiigure5. Potentialcausal pathwayfor both baselineand
CRDP are identified by considering:

uolbaigns J1adoodyi 10J SISAjeue erepepolN g luauodwo)

1 activities¢ planned evens associated with £S@peration or coal mine. For example,
activities during theexploration and appraisdife-cycle stagen a CSG operation include
drilling and coring, grounflased geophysics and surface core testing. Activities are grouped
into components which are grouped to life-cycle stages

1 impact causs¢ activities(or aspecs of anactivity) that initiate a hazatous chain of events

1 impact modeg the manner in which a hazardous chain of events (initiated biyngact
causg could result in aeffect (change in the qualitgnd/or quantity ofsurface waterwor
groundwated. There might be multiplanpact modedor eachactivity or chain of events

1 effects¢ changesin the quantityand/or quality ofsurface wateior groundwater Aneffectis
a specific type of ammpact(any change resulting from prior events).

Conceptual modelling for the Cooper subregjot3
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(a) Simple case
Causal pathway

Hydrological changes  Changes to water-
dependent assets

Activity Impact Impact

Dewatering down Change in Reduced
to coal seam for groundwater groundwater
an open-cut mine pressure availability for a
groundwater-
dependent
ecosystem

Impact cause

Impact mode
Intentional dewatering
down to coal seam

(b) More complex case

Activity Event Event Impacts Impact

Corridor or site Rainfall event Soil erosion Change in SW Change of
vegetation quantity and SW condition of
removal for CSG quality habitat for a
operations or given species

. Stressors
coal mines

SW flow
7SS

Impact cause Effect

Impact mode
Soil erosion following heavy rainfall

Causal pathway

Figure5 Hazard analysis usinfpe Impact Modes and Effects Analysibhis figure shows how hazards identified
using IMEA are linked to changes in hydrology and wadependent assets via causal pathways

The italicised text is an example of a specified element in the Impact ModedfantsAnalysis. (a) In the simple case, an activity
related to coal resource development directly causes a hydrological change which in turn causes an ecological changed The haz
just the initial activity that directly leads to the effect (changehe qualityand/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 el@wgnts,

with the stressofs) (for example surface water (SW) floand total suspended solids (TE$auses a hydrological change which in
turn causes an ecological change. The hazard is the initial activity plus the subsequent chain of events that leacct. the eff

This product only specifies tloausal pathwayfom coal resource development toydrological
response variableseeFigured). ForBAsundertaking receptor impact modelling, the subsequent
causal pathway@rom hydrological response variablés impactson landscape classesidwater-
dependent asselsare reported in the companion product 2ré¢eptor impact modelling)These
causal pathwayare reported for only thoséandscape classegth potential hydrological

14| Conceptual modellinépr the Cooper subregion
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changes, as reported in product 2.6sLiface water numerical modellinghd product 2.6.2
(groundwater numerical modellingThis is the final product for the Cooprbregionfrom this
iteration of the Bioregional Assessment Programme. Due to the lthdtal resource
development potential, identified in Section 2.3.4, no numerical surface watgraamdwater
modelling, receptor impact modellingskor impactanalysis or associated products are being
produced.

2.3.1.2 Developing causal pathways

The approadt undertaken in the Coopesubregionclosely follows the process laid out in the
companion submethodology Md6r developing aonceptual modebf causal pathways
(Henderson et al., 2@).

Given the limited scope for development of CSG resources in the Caapegion no numerical
groundwateror surface watemodelling is being undertaken as part of tBi& As a result, several
companion products are not required for the Coogebregionassessment. These are:

1 product 1.4 (description of the receptor register and the receptor register database)
product 2.22.2 (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)

uoifaigns 1adooduyi 1o} SISAjeue elepepolN :Z usuodwo)d
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product 2.7 (receptor impact modelling)
9 product 34 (impact and risk analysis)

The development of theausal pathwaybas benefitted greatly from informain provided and
discussions at the external workshop t@usal pathwaykeld 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 ResourceA®ALands 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 Assest Technical Programme. These participants
were invited as they are the key knowledge holders for the parts o$tieegionconsidered in

the CRDPand for whichconceptual modeltave been developed.

The conceptual models of the springs discussedimproduct 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 dfeippel et al. (201@ndGotch et al.

(2016) The geological cweptualisation was developed in collaboration with Geoscience Australia
and Geological Survey of South Australia geologists, which has been repdraitienal. (2015)

and the underpinning data released for public use as Geoscience Australia (Oataset

The key system components, processes and interactions for the geblatypgeologyand water
dependent landscape classification of tG&DRvere summarised and potentiahusal pathways
were discussed with stakeholders at this workshop. The potecdiasal pathwaysonsidered the
CRDPtheimpact causeandimpact modesthe activities and the potential wateelated effects

Conceptual modelling for the Cooper subregjotb
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identified by thelMEA From this discussion, eigbd@usal pathwaywere identified for theCRDMn
the Coopersubregion theseare 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 Carbonifephiddle Triassigeologicabasin in north

eastern SA and soutlvestern QueenslandiheCooper Basin isp to 2500m thick at
subsurfacedepths of between 1000 and 4400. The southern Cooper Basin is marked by a
series of troughge.g. Weena and Tenappera trougbsparated by ridges against which
Permian sedimerary rockghin or pinchout. The Cooper Basin unconformably overlies the
Warburton BasinSeveragranite bodies intrud the Warburton Basin and underlie the
Cooper Basim thick alteration profil€clayrich blanket)exists on the basal unconformity of
the CooperBasin.

The facus 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 ga®(/St&eyelopments
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). Rockshe Weena Troughre interbedded fluvial sarngtone, coal and
shale.Cooper Basin strata aboviea Patchawarrd=ormationare not encountered.The
Patchawarra Formation is therefore the uppermost unit of the Cooper Basin, directly
underlying rocks of the Eromanga Badihe Eromanga Basin is up to 150@hick.The
geologicalake Eyre Basin is up to 4@tthickoverthe southern Cooper Basin. The Lake Eyre
Basin sequengecomprisinghe basal Eyre Formatiothe Namba Formatioand Quaternary
sedimentsunconformably ovdies the Winton Formationf the Eromanga Basin

The watertable is hosted in the Namba Formation and Quaternary sedimeititsregional
flow southwestwards towards Lake Blanch&oundwater within the Cadnawie ¢ Hooray
Aquiferof the Great Artesian Banflows south towards and beyond Lake Frome. Regional
groundwater flow in the Cooper Basin is mainly towards the sowght

The Rolling Downs Gro@guitard is greatethan 370m thick There isalsoa thick
weathering overprint on the Winton Formatiaf about 100m thickness which reducdabe
effective hydraulic conductivity of the Winton Formation.

There idimited recharge via diffuse infiltration of sporadic rain water, flood waters or
streamflowto the groundwater systeniThe most significant souemf groundwaterecharge
to the Eromanga Basin sequence in the Cooper subregion is inflow from outside the
subregionRecharge to the Cooper Basiocursby vertical leakage or crodsrmation flow.

The southernCooper subregion is part of the Cooper Gre@®ulloo river basin. Cooper Creek
is characterised by complex channel networks and numepeasianent and ephemeral
wetlands.Water is derived from runoff from headwater catchmerfssteamflow in Cooper
Creek and its tributaries varies greatly betwe@ags from almost no flow to significant
flooding

Conceptual modelling for the Cooper subregjah/
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Natural discharge to surface takes place at springs, as well as inTakelsake Blanche
springs are sourced from the Coorikiana Sandstone and Cenozoic aquifers via a fracture zone
or fault pathway

2.3.2.1 Scopeand overview

This section summarises the geology a&ydrogeologyof the southern part of the Cooper
subregion(hereafter referred to as the southern Cooper Basin), as showigure6. This is due to
the absence of any CS@ly developments identified in the rest of tiseibregion As the
Bioregional Assessment Programme is focused on coal and CSG resource developments, thi
productdoes not consideother unconventional gas systems (such as shale or tight gas),
composite unconventional gas systefashydrocarbon resource characterised by multiple
potential reservoir types within the gas saturated zone. For example, it maydbacked shale gas
and coal seam gas resource) conventional gas resourcbecause it is not possible to separate
the source within a composite systeffine area lies within thereliminary assessment extent
(PAE) described in companion product 1.8the Coopesubregion(Sparrow et al., 2015and
focuses on the area of thepal resource development pathwégRDP) described 8ection 2.3.4

The product incorporates the information provided in companion product 1.1 for the Cooper
subregion(Smith etal., 2015b) and includes further information on the geology angirogeology
developed during the course of the BA. This summary describdsagedine coal resource
development(baseline) of thesubregion 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 Cocpéregion(Smith et al.,

2015b) New data incorporated herein includesratigraphyand palynology fromvells,

reinterpreted geological models of the geological Cooper Bgtail et al., 2015 xeinterpreted
stratigraphyand geological history for the Weena Trough (discussed at the exteomceptual
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 fddaldl in
etal.(2015)

The Cooper Basin is an Upper CarbonifemMbiddle Triassic basin in norastern SA and south
western Queensland-{gure6). The geological basin covers approximately 130kp0with a
package of sedimentampcks up to 2500n thick at depths of between 1000 and 4400m (Smith
et al., 2015hb)

Exploration activity is currently focused on conventional oil and gas resources, as well as newly
identified unconventional hydrocarbon plays. These include the extensive-basired and tight

gas accumulations in the Gidgealpa Group, CSG and deep@igsS&ciated with the Patchawarra
and Toolachee formations, as well as the less extensive shale gas plays in the Roseneath and
Murteree shalegGoldstein et al., 2012; Menpes et al., 20183 noted irBection 2.3.4there is

only one potential CS@nly resourceidentified in the subregion

18] Conceptual modelling for the Cooper subregion
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Data: Geoscience Australia (Data8ktSA Department of State Development (Dat&ethll et al (Dataset 13)

The Cooper Basin is divided into northern and southern areas, separated by the Jackson
NaccowlakPepita (JNP) Trer(ffigure6). These areas shodifferent structural and sedimentary
histories(Fergusson and Henderson, 2013; Heath, 19B8pocentres south of the JNP Trend are
generally deeper and contain a thicker and menatigraphicallicomplete Permian succession
than those to the norti{Fegusson and Henderson, 2013; Hill and Gravestock, 1988)three

major troughs in the southivest (Patchawarra, Nappamerri and Tenappera) are separated by the

GidgealpaVierrimelialnnamincka (GMI) and Murteree Ridges, which approximatefyd north-
east Figureb6), parallelto the main depositional axis of the bagi@ravestock and Jens&thmidt,

Conceptual modelling for the Cooper subregjot®
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1998) The Weena and Tenappera troughs on the southern margin of thie bee separated by
the Tinga Tingana Ridge, which strikes nahth Eigure7). In the northern Cooper Basin, the
Permian succession is thinner than in the soatig the major depocentres, including the
Windorah Trough and Ullenbury Depression, are generally less well d¢bnapler, 2002;
Fergusson and Henderson, 2013)

The southern Cooper Basin issgion marked by a series wbughs separated by ridgesgjainst
which Permian sedimeaty rockghin or pinch out. The elongate and orthogonal alignment of
troughs and ridge§Figure6 and Figure7) appears to reflect a structural fabric inherited from the
underlying Warburton Basin as well as subsequent compressional tegtbaigsver,this
basement relief is additionally modified jacial souring across the Cooper Bag§Boucher,
2001a)

20| Conceptual modelling for the Cooper subregion
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2.3.2.2.1 Basement to thesouthernCooper Basin

The Cooper Basin unconformably overlies the sedimentary and volcanic rocks of the Cambrian
Ordovician Warburton Basin. The Warburton Basin consists of a sequence of marine sedimentary
rocks deposited i range of environments from the continental shelf to the deeper ocean
(Fergusson and Henderson, 2013)
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Devoniarrocksare intersected in the Warrabin and Barrolka troughs, beneath the reatt
trendingCooper Basirand can be identifiedfom seismic d&a (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
Carbonifeous and early Permian granites are present beneath the Nappamerri Trough, and

include the Big Lake Suite granodioli@&atehouse et al., 1995; Meixner et al., 2012)

The Warburton Basin sequencemprises siltstone and sandstone, with some reported vatcan
rocks and dolostones. Fractures in brittle siltstoaes capable of producing commercial oil and
gas for example Moolalld, Lycosdl, Sturt6, Sturt7 and Challuri9 (Primary Industries and
Resources SA, 2003andstongorosityranges from 5% to 20%, althoughrmeabilityrequires
interconnected fracture networks. Theorosityof volcanic rocks is up to 17% due to dissolution of
feldspar and glasses, although, as for the sandstquersneabilityrequires interconnected

fracture networks(Radke, 2009)

Athick alteration profile however exists on the basal unconformity of the Cooper Basin over the
Warburton Basin. This profile probably developed inldte Carboniferous andarly Permian.

The profile developed as a result oepCooper Basin weathering combined with kswnperature
hydrothermal alterationThe profile generally exceeds AObut varies in thickness, thinning onto
highs and ridges. Because of the alteration of feldspars to muscovite and illite, the alteration
profile forms aseismically mappableemiregional sea(Boucher, 2001b)As this regional

alteration profileacts asan aquicludehydrogeologicatonnectivitybetween the base of the
Cooper Basin and the Warburton Basin is unlikely

2.3.2.2.2 Stratigraphyof the Coope Basin

This section incorporates data and information made available following completion of companion
product 1.1 for the Cooper subregi¢8mith et al., 2015b)rhis includes incorporation of recent
drilling results andeprocessing at basin scale of structure surfaces and isoffeifiset al., 2015)

as well as a reinterpretation of the stratigraphy of the Weena Trough based on recent drilling and
re-analysis of palynologiMorton, in review) The stacked basin architieire of the Cooper

subregion is shown in the stratigraphic colunkig(rel0) and crosssections Figure8 and

Figure9). As noted previously, the focus of this work is the southern Cooper Basin.
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Figure8 Geological crossection 1 through the Tenappera and Weena troughs to Lake Blastioeving the stratigraphic variation between these areas. Cross section locations shown in map on bottom right

The Patchawarra Formation is thickerthe 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 pag20fmm x 297 mm).
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Figure9 Geological crossection 2 through the Milpera Depression and Weena Trough to Lake Blasbobwing the
stratigraphic variation between these areas. The Patchawarra Formation is thicker in the Weena Trough and
adjacent areas, andirectly underlies Eromanga Basin units. Cra@sxtion locations shown ifrigure8

Data: Hall et al. (Dataset 13)
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Figurel0 Stratigraphic column for the Cooper subregion
Data:Hall et al. (2015 Ransley et al. (20)5Smith et al. (2015

This figure has been optimised for printing on A3 paper (28vx 420mm).
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Component 2: Modetlata analysis for th€ooper subregior

2.3.2Summary of key system components, processes and interactions
Cooper Basin

The recenstratigraphic reinterpretatiorby Morton (in review)on re-calibrated palynological ages

in eastern Australian basirgblicoll et al., 2015)as highlightedinique featuresof the Cooper
Basinstratigraphyin the Weena TroughA revisedstratigraphyfor 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
stratigraphyis shown irFigurell.

Quaternary sandplains, dunes
and alluvium

Namba Formation Cenozoic

Lake Eyre

Eyre Formation Basin

Winton and
Mackunda
formations

Rolling
Downs
Group Coorikiana

Sandstone

Bulldog Shale Eromanga
Basin

Cadna-owie - Hooray and
Hutton-Birkhead-Algebuckina
(J-K aquifer)

Upper Patchawarra

Intra-Patchawarra

Lower Patchawarra

Basement

C00-232-014

Figurell Simplified stratigraphy of the Weena Trough, southern Cooper Basin
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2.3.2Summary of &y system components, processes and interactions

The sequence in the Weena Trough consists of interbedded fluvid) saal and shale. Distinctive
features associated with the Epsilon Formation in the remainder of the Cooper Basin are not
SyO2dzy i SNBR Ay (KS 2SSyl ¢ NEPdZAK® OK FagH NNSF da
recorded in allvellsin the Weena Tough Eigurell). This unit has been interpreted to have been
deposited in a distal prglacial lake settingMorton, in review)

i

%LUO:)

The intra-Patchawarra shalmember is recognised in Kleells, Le Chiffrel, Tinga Tingana
and Weenal (Morton, in review. These shales had previously béegged aither the Murteree
or Roseneatlshales. Additionally, thereinterpretation of Permian Patchawarra Formation
originally logged as lse@ment, indicateshat the Patchawarradrmation is much thicker than
previously interpreted, with basement being consequently much dedpigue8 and Figure9).

The top of the Permian section (comprising the Murteree Shale, Epsilon FormationgRibsen
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, andshefrthe 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 presentthe Weena Trough around the Klelells Le Chiffrel,

Weenal or Forgel (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 Baskiqure8 andFigure9). The 400 to 60én thick Patchawarra

Formation intersected ihe Chiffrel and KlebHL in the Weena Trough consists of interbedded
coal, carbonaceous shale, very fine mediumgrained sandstone, and claysto(trike Energy
Limited, 2014a; 2014bAs discussed in companion product 1.2 for the Cospbregion(Smith et

al., 20153aand in Section 2.3, the Vu and Vm3 coal seams of the Patchawarra Formation are the
targets for CSG development in the Coopelbregion

uoifaigns 1adoopy) 10} SISAjeurelepepolA Z 1usu

Eromanga Basin

Thestratigraphyof the Eromanga Basin is discussed in this section, and shdviguirel0; this

version is based on information for the southern Cooper Basin, and information from the external
conceptual modelling of causal pathways worksheigurel2 shows the spatial extents of the

lower Eromanga Basin sequences in the southern Cooper Basin.

As the Westbourne Formation thins and wedgrit, the AdoriHoorayand Namur sandstones
become ollectively the Namur Sandstone. The overlying Murta Formation definesxieait of
the Namur Sandstone

The Birkhead Formation has a slightly greater westward extent than the Westbourne Formation
and thus separates the Namur Satahe from the underlyindHutton Sandstone. The Algebuckina
Sandstone refers to the undifferentiated sandstone under the Camivia Formation, where the
Birkheal Formationwedges out

On the ®uth-eastside of the Central Eromanga Depocentre where oldets are absent, the
Hooray Sandstone has broad extent out to the boundary of the Eromanga Basin.
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Component 2: Modetlata analysis for th€ooper subregior

2.3.2Summary of key system components, processes and interactions
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Stratigraphic extent :l Subregion

[ ] Hutton Sandstone, Birkhead Formation, 0 20 40
Adori Sandstone, Westboumne Formation L —1 |
and Namur Sandstone Kilometres

|:| Algebuckina Sandstone
\:| Poolowanna Formation

Figurel2 Extent of Eromanga Basin units below the Caemaie Formation
Data: Geoscience Australia (DataseDataset 12)

The Cadnawie Formation is a mangal marine unit with a much broader exterit always
overliesthe Algebuckina Sandston&ée Trinity Well Sandstorfdember of the Cadnawie
Formationcanbe considered aawestern facies equivalent to the Wyandra Sandstone Member
which is present in @eensland.

Within the overlying Rolling Downs Group, the nomenclatural changes are primarily determined
by the limit of the southwesternextent of the Toolebuc Formation. Beyond the Toolebuc
Formation extentthe underlying upper parf the Wallumbilla Brmation 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, coarsepward sandstone unit with minor
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2.3.2Summary of key system components, processesinteractions

siltstone interbedgSheard et a) 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

Z Jusuodwo)

The geology of the Lake Eyre Basin sedimentary rocks is described in companion product 1.1 fo
the Coopersubregion(Smith et al., 20150 The geological Lake Eyre Basin is up tod@ick in

the southern Cooper Basin, where it overlies the Weena Trokigjuiel3). In the southern
CooperBasinthe Cenozoit.ake Eyre Bassequence thickens westward across the Weena Trough
region.At approximately50 m thickness in Queensldnthere is a progressive thickening to over
200m 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;

-

|leueeiepspoN

The Lake Eyre Basiaquence unconformably overlies the Winton Formatdithe Eromanga
Basin This Cenozoic sequence comprises the basal Pale&tmrene Eyre Formation which is
disconformably overlain by the Miocene Namba Formatiamelativelythin layer of Quaternary
sadiment (mainlysang covesthe Namba Formation throughout the southern Cooper Batire
thickness of the Quaternary sediment is rarely recorded but known to be as muchaggtarts
of the southernCooperBasin althoughevidence frondrilling in theWeena Trough region
suggests here it is only abobim. However, the pervasive seif dune topography across the
subregionalmost approaches a comparable scale of r¢kejurel3).
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Component 2: Modetlata analysis for th€ooper subregior

2.3.2Summary of key system components, processes and interactions
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Figurel3 Thickness of the geological Lake Eyre Basin in the southern Cooper Basin

Data: Bioregional Assessment Programme (Datéset

2.3.2.2.3 Groundwater flow directions, groundwater recharge and discharge

Lake Eyre Basimegional watertable and surface drainage interactions

The regionalvatertableof the Great Artesian Basin (Kellett et al., 2012) is hosted in the Namba
Formation and Quaternary sediments across the Weena Trough rélgiemwatertableis broad

and of low gadient across the southern Cooper Bastig(rel4).

The watertableover the Weena Trough infers regional flow soutestwards towards Lake
Blanche anddjacent saltakesextending from Lake Frome througih lakes Callabonna, Blanche

and Gregory. These are ephemeral salt lgkeas precipitate halite fromgroundwaterbrine
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2.3.2Summary of key system components, processes and interactions

(Kellett et al., 2012). The southern side of this regigmalindwatersink featuresa steep
watertable gradient off the Flinders Ranges.

North of the Weena Trough theatertablegradients are more convoluted with a subtle
groundwatermound centred over the Dunoon Ridge, and an adjoining subtle gsotith
depression centred over the Murteree High.

The watertablemapping and highly ephemeral nature of flow implies that Strzelecki Creek is not
reliant on thewatertable It is likely that flow in Strzelecki Creek may contribute to recharging the
watertableaquiferon the rare occasions water flows arsdable to infiltrate the creek bed.
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Figurel4 Subsurface depth to regional watertable in the southern Cooper Basin
Data: Geoscience Australia (DataSgtSA Department of State Development (Dat#&get
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Component 2: Modetlata analysis for th€ooper subregior

2.3.2Summary of key system components, processes and interactions
Groundwater flow in theEromanga Basin and Cooper Basin

The direction ofjroundwaterflow inthe Cadnaowie ¢ 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; Ransleyadt, 2015)Keppel et al. (20D6dentified thatgroundwater head
data used previously to constrain tiflew directions in the Cadrawie ¢ HoorayAquifer (3K
aquifer) inthe southern Cooper Baswere likely from bores which were screenecbiher
hydrostratigraphic unitsSubsequently, the potentiometric surface of t@adnaowie ¢ Hooray
Aquifer wasreinterpretated as part of the Lake Eyre Basin Springs Assessment (LEBSA). The
revised flow in the Cadrawie ¢ Hooray Aquifer indicates a southward fleé@wards and beyond
Lake Fromgand this flow direction is generally interpreted for the other Eromanga Basin units.
Flow is also inferred to occur from the northern end of the FlindRarsges ¢rystallinebasenent)
north towards Lake Blanche, this flow paerminates at Lake Blanche, represented by a low in
the contours on the soutlwestern margin of the laké

Figurel5). A general soutlivesterly flow direction ishown bypotentiometric surfaces presented

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

used todevelop the potentiometric surfaces did not extend south of the Tinga Tingana.Ridge
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Figurel5Reduced standing water level (RSWL) of the Cadnée ¢ Hooray Aquifer (K aquifer) and groundwater flow directions in the southern Cooper Basin
Source: Figure-8 from Keppel et al (2016)

This figure has been optimised for printing on A3 pag20fmm x 297 mm).

2.3.2Summary of key system components, processes and interactions
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