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Executive summary

In bioregional assessments (BAs), conceptual models are developed to descicheshe

pathwaysit KS t 23A 0l f OKIFIAY 2F S@Syda SAGKSNI LI |y
development and potential impacts on watersourcesand waterdependent assets the
MaranoaBalonneCondamine subregion. A BA considers the difference in results betiween

potential futures:

1 baseline coal resource developmémaseline) a future that includes all coal mines and coal
seam gas (CSG) fields that are commercially producing as of DecembeF@0i e
MaranoaBalonne/ 2 Y Rl YAY S & dzo NBIARBYXyRLAZRSENET WoF &b
in the subregion that are reported in the 2014 annual report for the Surat cumulative
management area

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

The difference in results between CRDP and baseline is due aaltligonal coal resource
developmen{ACRDJ all coal mines and CSG fields, including expansionssefiba operations,
that are expected to begin commercial production after December 2012.

Methods

This product details the conceptual model of causal pathways dfflmanoaBalonne
Condaminesubregion, following the method described in in companion submethodology M0O5 on
the development of conceptual modeté causal pathwaydt identifies:

1 the key system components, processes and interactions, which essentially define pathways
over and throud which water can move

1 the ecosystems in the subregion in terms of landscape classes and their dependence on
water

i the potential hydrological changes that may occur due to coal resource development in the
subregion by describing and documenting the basetind CRDP, including a summary of
water management for coal resource developments

1 hazards from coal resource development usinglthpact Modes and Effects Analysis
(IMEA) hazard analysis approach

1 causal pathways from coal resource development throughytdrological changes, both for
baseline and CRDP.

The conceptual model of causal pathways fog MaranoaBalonneCondamine gbregion

leverages existing stateased resources and knowledge of geological, surface water, groundwater
and ecological conceépal models. Notablythe geological and groundwater conceptual models

are consistent with the Office of Groundwater Impact Assessment (OGIA) regional groundwater
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modd developed in 2012. THBGIA model was revised for 8 also simulate waterelated

impacts of coal mine development in the regional groundwater systems. The Assessment team
refined the landscape classificatiand high-level conceptualisatioof the causal pathways

following discussioslr & (G KS W/ 2y OSLJidzZ £ Y@ RBE NJAYKE2 1D FK bl RizaA
2015.

Summary of key system components, processes and interactions

The spatial extent of the water flows and pathways is limited to the preliminary assessment extent
(PAEYDf the MaranoaBalonneCondamine subregion. The PisEhegeographic area associated
with a subregion or bioregion in which the potential watetated impact of coal resource
development on assets is assessébe PAkcludesmapped outcropareas of the Hutton,
Clematis and Precipice sandstone aquifers and aload@awson, Moonie and Weir rivers that are
outside the subregion boundary. Coal mend CSG operations in the subregion target the
Walloon Coal Measures of the Surat and Clarevioceeton geological basins, which has the
potential to directly affect theegional groundwater and surface water systems. Hydrological
changes to the groundwater systesssociated with coal resource developmean propagate
through the alluvium and other aquifers to indirectly affect surface watgroundwater
interactions inthe aquifer outcrop and subcrop areas.

Important groundwater systems in the subregion are the surficial allthaasialt and Great

Artesian Basin (GAB) sandstone aquifers. The Condamine Alluvium and Main Range Volcanic
aquifers are important water sourcéar irrigation, stock and domestic and town water supplies.
The GAB aquifers of the Surat Basin that underlie most of the subregion are part of one of the
largest groundwater systems in the world and are a major water source for stock and domestic
and town water suppliesRiver basins in the PAE are the Border, Condafalenne (including

the Maranoa River), Fitzroy and Moonie rivers. Most river systems are temporary, with the
exception of parts of the Dawson River, which receive baseflow contributionmsrizjected GAB
recharge in the aquifer outcrop areas. The temporary nature of the surface water systems means
that the management, treatment and disposal of wasessociated with coal resource
developmentcan affectsurface water quality andurface wateig groundwater interactions.

Ecosystems

The ecosystems in tHdaranoaBalonneCondaminesubregion are classified in terms of

landscape classes and their dependence on water. Landscape classification is used to characterise
the diverse range of watedependent assets into a smaller number of classes for further analysis.
Where appropriate, tB approach has built on and integrated with existing classification systems.
This classificatiomentified 34 landscape classes, which are aggregateditandscape groups

based on broagcale distinctions in their water dependerayd association witkcAB or norGAB
GDEggroundwaterdependent ecosystemsijloodplain/nonfloodplain or upland/lowland

environments and remnant/humamodified habitat types

T WCEt22RLIETFTAY 2N f2gfDlY.R NRPDENRYS 0AYyOf dzRAY 3
f WD!. D594 ONRARODSNAVGWT{ RRRAYBAYORt 22RLI Ay 2N
1 Wb Zlgbdplain or upland riverine (includingndn! . D59auv Q
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T WENBEFYR NBYYlIyld @S3SilFrdirzyQ
T WldzYly Y2RAFASRQO®

TheBAteam finalised the landscape classification following discussion with stakeholders at the
W/ 2y OSLIidz2t £ Y2RStfAy3d 2F Oldalf LI GKgl&daQ 2N

az2zald 2F GKS t!19 O0THIV-YRRADASRADSRI ¢g7RRONILIS K I NW U;
agriailtural, urban and other intensive land usésthe remainder of the PAost of the

landscape falls into th##5 NB f | Y R NXB Y yahdgcape @&3@0%0jartd dha lAndRape

groupsWCf 2 2 RLJ | Ay 2(NdlutlityddrGAB BDEER @ H:NXiohdpldiba? ypland

riverine (including noRGAB GDEQ) 6 w2 0 I Y (Rverih® 5pringd) fo@dplain or nen

floodplainQ oMK D PWSNEf I YR NBYYlIyid @S3aSiriA2yQ fFyRa
dependent. The stream network is classadCt 2 2 RLI | Ay 2(NdlutlidgddrBABR NA O ¢
GDEL®D 6 n y:':flocHplatd braipfand riverinéincluding nosRGAB GDEQ) 6o i’z 0 | YR WD!
(riverine, springs, floodplain or ndioodplainQ 6 NSt sprihgsand springcomplexes in the

PAE of tk MaranoaBalonneCondamine subregion (86%) are associated with &pigers

Aspects of water dependency and the vegetation communities associated with each landscape

group are discussed.

Baseline and coal resource development pathway

The CRDP for tidaranoaBalonneCondamine subregion includes five baseline epencoal
mines, five baseline CSG fields and asditionalopen-cut coal minesThe CRDP is based on
information available as of July 2015 and was finalised after feedback provided at tRe CRD
workshop held in December 2018he five baseline coal mines are: Cameby Downs Mine,
Commodore Mine, Kogan Creek Mine, New Acland Coal Mine Stage 2 and Wilkie Creek Mine
(which ceased operations in December 2013). The two proposed coal miné¢éearédcland Coal
Mine Stage 3 and The Rand® ensure consistency with OGIA reporting, the baseline includes all
CSG projects in the Maran@alonneCondamine subregion that are reported in the 2014 annual
report for the Surat cumulative management ardé&e five baseline CSG projects are: Australia
Pacific LNG Project, Queensland Curtis LNG Project, Santos Gladstone Sd@@n&Gladstone
LNG Gas Field Development projects, Surat Gas Project and Ironbark Project.

Water affected by opeitut coal mines in the subregion is typically treated for discharge off site

and for use in mineelated activities such as dust suppression and coal washing. Water
management for CSG operations is consistent with the Queensland \GaVEryQo4) Seam Gas

Water Management Policyfhis policy aims to strategically managegpcoduced water by

prioritising its beneficial use by new and existing users as well as-drepeandent industries; it
proposes treatment and disposal of-pooducedwater in a way that firstly avoids, and then

minimises and mitigates, impacts on environmental values. Reverse osmosis is the preferred water
treatment technology of the four major CSG operators in the subregion (Arrow Energy Pty Ltd,
Origin Energy LimitedQGC Pty Limited and Santos Ltd).

Hazard analysis
A dedicated hazard analysiBEA,is used to systematically identify activities that may initiate

hazards defined as events, or chains of events that might result iaféect(change in the quality
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or quantity of surface water or groundwater). A large number of hazards are identified; some of
these are beyond the scope of BA and others are adequately addressed-bgssie risk
management processes and regulation. The main hazards considered forr@AMartanoa
BalonneCondamine subregion associated with CSG operationgaeatial impacts on aquifers,
impacts associated with storage, processing and disposal of treated water: raised groundwater
levels, soil salt mobilisation and leaching from storpgeds Hazards associated with opeuat

coal miresinclude thepotential to link, or cause leakage between, aquifelediberate pit wall
dewatering, subsidence and enhanced aquifer interconnectivity caused byclossire water

filling the pit.

Causal pathways

Hazards associated with CSG operations and -@peicoal mines that are considered to be in
scope for BA in the MaranddalonneCondamine subregion are grouped into four main causal
pathway groups:

1 Wybsurface depressurisatiandR S ¢ I 4 SNA y 3 Q

1 Wybsurface physical flow paghQ

T W{dzNFI OS 41 G4SNJ RNX¥AyIl3ISQ

f WhLISNIGA2yFE 41 GSNI YFYyIF3ISYSyidQ

¢ K Subsdrface depressurisation and dewatefiausal pathway grougssociated with the CRDP
hasthe potential to directly affect the regional groundwater system, and indirectly affect surface
water ¢ groundwater interactions in aquifer outcrop areas.

¢ K Subsdrface physical flow pads Ol dza I f  Lihvélvésiphysicalaredfidation of the
rock mass or geological architecture by creating new physical paths that water may potentially
infiltrate and flow along. This hazard may occur dulydraulic fracturingpf coal seams owhen

the integrity of wells drilled for groundwater or gas extractisncompromised. The cracking that
occurs in the rock mass above underground longwall panels may also subsequently cause
enhanced hydraulic connectioithe extent of these changes is likely to be restricted to aquifer or
aquifer outcrop areas withinenements, but can also affect connected watercourses within and
downstream of tenementdncomplete kiowledge of the location of subterranean faults and
fractures of the geological layers means that uncertainty exists in the precise spatial extent of
groundwater level decline due teubsurface depressurisation and dewaterihtpwever, the
uncertainty analysiseported in companion product 2.6(groundwater numerical modelling) for
the MaranoaBalonneCondamine subregioallows a probabilistic estimate of aximum
groundwater level decline

TheWJrface water drainag&ausal pathwagroup contains the most frequent hazards associated
with CSG operations and opent coal mines. Intercepting surface water runoff, altering surface
water system and subsidencé land surface can change, or disrupt, surface water drainage in the
PAE. Effects on surface water direction, volume and quality can have mésliomg5 to 10years)

to longterm (10 to 100years) cumulative effects amatercourses within and downstream of
tenements.
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¢ K Opendtional water managemeft O dza | £  Lihvélvésitte @noddidaiodzifvater
management systems and mhgive cumulative effects on surface water catchments and stream
networks, surface wateg groundwater interactions and groundwater conditions. Effects are likely
to be in themedium to longerm and include watercourses aquifer outcrop areas that are

within and downstream of tenements

Gaps

Thecombination oflimited water quality and quantity data availability and use @fraundwater
model that is focused on the deepergional aquiferlimits the value of developing a coupled
surface waterg groundwater numerical model in the MarandalonneCondamine subregion at
this time.

Further work

The causal pathwaydescribed in this product guideow the modelling (product 2.6.2
(groundwater numerical modelling)) is conducted and how prodegt(Bnpad and lisk analysis) is
framed for the Marano&@alonneCondamine subregion.
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Introduction

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development (IESC) was established to pl@advice to théederal Minister for the Environment
on potential waterrelatedimpactsof coal seam gas (CSG) and large coal mining developments
(IESC, 2015)

Bioregional assessmentBAs) 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 froBBAsare also expected to be made availatwehe public

providing the opportunity for all other interested partigacluding government regulators,

industry, community and the general publio,draw from a single set of accessible information. A
BAis a scientific analysis, providing a baseline level ofnmdtion 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 developmektathodology for bioregionadssessments of the
impacts of coal seam gas and coal mining development on water resdtive@&Amethodology;
Barrett et al., 2013) and has endorsed it. Bfmethodology specifies hoBAsshould be

undertaken. Broadly, BAcomprises five componentd activity, as illustrated ifrigurel. EacrBA

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

The Bioregional Assessment Programme

TheBioregional Assessment Programme is a collabordt@ween the Department of the
Environmentand Energythe Bureau of Meteorology, CSIRO and Geoscience Australia. Other
technicalexpertise, such agrom state governments or universities also drawn oras required.
Forexample, natural resource management groups and catchment management authorities
identify assetghat the community values by providing the listwéiter-dependent assetsa key
input.

The Technical Programme, part of the Bioregional #swsent Programme, will undertal@Asfor
the followingbioregionsand subregiongsee
http://www.bioregionalassessments.gov.au/assessmdotsa mapand further informatior):

1 the GalileeCooper, Pedirka and Arckaringabregionswithin the Lake Eyre Badioregion

i the MaranoaBalonneCondamine, Gwydir, Namoi and Central Wasdtregionswithin the
Northern Inland Catchmentsioregion

i the ClarenceMoreton bioregion
1 the Hunter and Glouwstersubregionswithin the Northern Sydney Badimoregion
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http://www.bioregionalassessments.gov.au/assessments

i the Sydney Basibioregion
1 the Gippsland Basinioregion

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

Figurel Schematic diagram of the bioregional assessment methodology

The methodology comprises five components, each delivering information intbitregionalassessment and building on prior
components, thereby contributing to the acnulation of scientific knowledgdhe small grey circles indicate activitiesezral to
the bioregional assessmentisk identification and risk likelihos@re conducted within a bioregional assessmd part of
Component 4and may contributeactivities undertaken externally, such ask evaluation, risk assessment and risk treatment
Source: Figure 1 in Barrett et al. (2013), © Commonwealth of Australia
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