,&\l PROVIDING SCIENTIFIC WATER RESOURCE
'——.\

INFORMATION ASSOCIATED WITH COAL
BIOREGIONAL SEAM GAS AND LARGE COAL MINES

ASSESSMENTS

Australian Government

Description of the waterdependent asset
register for the Galilee subregion

Product 1.3 for the Galilee subregion from the
LakeEyreBasinBioregionalAssessment

25 September2015

A scientific collaboration between the Department of the Enwronment,- ’
Bureau of Meteorology, CSIRO and Geoscience Australia




The Bioregional AssessmeRrogramme

The Bioregional AssessmédPtogammeis a transparent and accessilieogrammeof baseline assessments that increase the
available science for decision making associated with coal seam gas and large coal mines. A bioregional assessméifitis a scien
analysis of the ecology, hydrologyeology and hydrogeology of a bioregion with explicit assessment of the potential direct,
indirect and cumulative impacts of coal seam gas and large coal mining development on water resour&egidrismedraws

on the best available scientific informati and knowledge from many sources, including government, industry and regional
communities, to produce bioregional assessments that are independent, scientifically robust, and relevant and meaningful at a
regional scale.

TheProgrammas funded by the Augalian Government Department of the Environment. Thepartment of the Environment
Bureau of Meteorology, CSIRO and Geoscience Australia are collaborating to undertake bioregional assessments. For more
information, visithttp://www.bioregionalassessments.gov.au

Department of the Environment

The Office of Water Science, within the Australian Government Department of the Environment, is strengthemégutation of

coal seam gas and large coal mining development by ensuring that future decisions are informed by substantially impnoeed scie
and independent expert advice about the potential water related impacts of those developments. For more tidormiait
http://www.environment.gov.au/coalseamgasmining/.

Bureau of Meteorology

¢CKS . dzNBldz 2F aSGS2NRt23& Aa ! dza i NI.Ukderthawasél At RaDFfHe BureauSs: (i K S NE
responsible for compiling and disseminatidgstralia's water informationThe Bureau is committed to increasing accessdter
informationto support informed decision making abadiie management ofvater resour@s. For more informatiopvisit
http://www.bom.gov.au/water/.

CSIRO

Australia is founding its future on science and innovation. Its national science agency, CSIRO, is aipepweéitieas, technologies
and skills for building prosperity, growth, health and sustainability. It serves governments, industries, business anditt@snmun
across the nationf-or more information, visitttp://www.csiro.au.

Geoscience Australia

O«

DS280ASy0S 1 dzAGNI ft AL A& ' dAGNIEfAlI Q& yIGA2yIlLf 352a0AS8Sy 0S8 | 38y

challenges. Geoscience Australia provides geoscientific advice and informationAodtralian Government to support current
priorities. These include contributing to responsible resource development; cleaner and low emission energy technologies;
community safety; and improving marine planning and protection. The outcome of Geoscighde N f A Q& 62 NJ A &
potential for the Australian community to obtain economic, social and environmental benefits through the applicationaté$isst
research and information. For more informationisit http://www.ga.gov.au

ISBNPDFO781-92531515-8

Citation

Sparrow A, Raisbedkrown N, Evans T, Read A, Bruce C, Wiehl G and M¢201% Description of the watatependent asset
register for the Galilee subregioRrodud 1.3 for the Galilee subregion from the Lake Eyre Basin Bioregional Assessment.
Department of the Environment, Bureau of Meteorology, CSIRO and @eocsdustralia, Australia.
http://data.bioregionalassessments.gov.au/product/LEB/GAL/1.3

Authorship islisted inrelative order of contribution
Copyright
=r'=-‘“-*-.-=?"*'?=~" © Commonwealth of Australia 261
E@ﬂ‘l‘ﬂ With the exception of the Commonwealth Coat of Arms and where otherwise noted, all matettii i
= L publication is provided under a Creative Commons Attribution 3.0 Australia Licence
http://www.creativecommons.org/licenses/by/3.0/au/deed.en
TS . A2NB3IA2ylLf 1 aaSaaySyd tNBINIYYS NBljdzSaida FGliNROGdziAZY |
Programmehttp://www.bioregionalassessments.gov.auQ ®

Disclaimer

The information contaied in this report is based on the best available information at the time of publication. The reader is advised
that such information may be incomplete or unable to be used in any specific situation. Therefore decisions should n& be mad
based solely onhiis information or without seeking prior expert professional, scientific and technical advice.

The Bioregional AssessmdPtogrammes committed to providing web accessible content wherever possible. If you are having
difficulties with accessing this docemt pleasecontactbioregionalassessments@bom.gov.au

Cover photograph
Artesian Spring Wetland at Doongmabulla Nature Refuge,
Queensland, 2013

S

Credit: Jeremy Drimer, University of Queensland LS
Australian Government

Department of the Environment

Bureau of Meteorology
Geoscience Australia

v20170704


http://www.bioregionalassessments.gov.au/
http://www.environment.gov.au/coal-seam-gas-mining/
http://www.bom.gov.au/water/
http://www.csiro.au/
http://www.ga.gov.au/
http://data.bioregionalassessments.gov.au/product/LEB/GAL/1.3
http://www.creativecommons.org/licenses/by/3.0/au/deed.en
http://www.bioregionalassessments.gov.au/
mailto:bioregionalassessments@bom.gov.au

Contents

Contributors to the TeChNICaAPIOGramMME. ..........oiiiiiiiii e Vi
ACKNOWIBAGEIMENTS. ...ttt e e e e e e e e e e et et e e e e e e e e et bnreeeeeeenaanaaas viii
oo 11 o 1o PSSP 1
The Bioregional Assessment Programmle...........uoiiieeiiieeiiiiiiee et eee e 1
\YT=]1 g oTe (o] [0 o | =T TP PP UPPPPPPPPPRTPPP 3
TechniCal ProAUCTS ..o e eeennenn e B
Y oTo 101 a8 i aTISTR C=Tod ol a1 o= 1IN o] oo [ Lot P 7

] (= (=] (o =T R RUPUPRRRRPRRRTRRRY §
R TRt I/ =1 T T RSP SSPP 10
1.3.1.1 Background and CONEXL...........uuiiiiiiiiiiiiiiiiei et e e e e e e 10
1.3.1.2 Compiling assets and developing the wadependent asset register................ 11
1.3.1.2.1 ECOIOQICAl ASSEIS......uuiiiiiiiiiieeieii it 11
1.3.1.2.2 ECONOMIC @SSEIS.....ciiiuiiiiiiiiiiieeeeeee sttt ettt e e e e e e s s s b eee e e e e e e e e s snnneebeeees 14
1.3.1.2.3 SOCIOCUIUIAl @SSELS......ceiieiieiiiieeeeeieieeeeteee e e e e e e e e e eeas 15
1.3.1.2.4 Duplicated or overlapping aSSELS.......ccciviiiiiiiiiiiiiiie e 16

1.3.1.3 Determining the preliminary assessment extent................uuvevevevieeernnnnnnnnnnnnns 17
1.3.1.4 Assessing water dependencCe...........coiiiieiiiiiiiiiiis e 20
1.3.1.4.1 ASSESSMENT PHNCIPIES.....ciiiiiiiiitee e 20
1.3.1.4.2 Assessment criteria using ass@mMIiNg CONVENLIONS..........uuuriiiininineaneennnnn 21
1.3.1.4.3 Assessment criteria using documents describing asset management....22
1.3.1.4.4 Assessment criteriasing GIS and remote sensing databases.................. 22
RETEIENCES ..ottt e e e e e e e s s r e e e e e e e e e annannees 33
DALASELS. ...ttt e e e e e e e e e e e eeaa s 34
1.3.2 ECOIOQICAI BSSELS.....ceiiiiiiiiiiiiititttt ettt 39
1.3.2.1 DESCIIPIION...cceieeeeeiiiitt ettt ettt e e e e s e e e e e e e e e e e e r e e eeas 39
1.3.2.1.1 Introduction to assets by subgroup, class and data source.................... 39
1.3.2.1.2 Threatened ecological COMMUNITIES..........ceviiiiiiiiiiiiiiiiiiiee e 52
1.3.2.1.3 Habitats of threatened SPECIES..........uuuiiiiieiiiiiiice e 52

R C T oL SRR PPPPPPPPPPN 56
RETEIENCES ... e e e e e e e e e e e e e e e e e e e e e e e e e aaeeaeeeeeeeeeeeeeeeeees 57

D2 L= 5] =] £ PP PP RRPPPPRP 57

Description of the watedependent asset regter for the Galilee subregigni



L. 3.3 ECONOMUC ASSBES. . ettt e et ettt et e 59

1.3.3.1 DESCIIPLION......ciiiiiiiiiiieeeeeeee ettt e e e e e e e e e e aaaaeas 59
R R T €T | oL ST PPPPPPPPP 62
REIBIENES. ... oo 63
DT 1= L] < £ 63
1.3.4 SOCIOCUIUIAI ASSELS. . ..o e e e e 65
3 I I 7Yoo 4 ) S 65
1.3.4.2 AP i iiiiiiiiie ittt e e e e e e e e e e e e 69
R (] (=] [T NPT 69
[ F2 1 = ESY S £ TP 70

ii | Description of the watedependent asset register for the Galilee subregion



Hgures

Figure 1 Schematic diagram of the bioregional assessment methodology....................... 2

Figure 2 The simple decision tree indigatke flow of information through a bioregional
2 oY Ty 1 0T o | PP 5

Figure3 Potential coal resource development sites, and surface and groundwater preliminary
assessment extents (PAE) for the Gall@Rregion............ccoooveei 19

Figure4 Logic for separate assessment and tracking of dependence on groundwater and
SUITAICE WAL ... .ttt ettt e e et e e e e e e e e e s s sttt e et e et e e e e e e e s s s nnbbabbeeeeeeaeeenn 21

Figure5 Grourdwater-dependent ecosystems reliant on subsurface presence of groundwater in
the Galilee preliminary assessment extent (RAE)............uvviiiiiiiiiiiiiiiiiiieeee e 25

Figure6 Groundwaterdependent ecosystems reliant on surface eegsion of groundwater in
the Galilee preliminary assessment extent (RAE)............uuviiiiiiiiiniiiiiieeece e 26

Figure7 Distribution of wetland ecosystems types in the Galilee preliminary assessment extent
(PAE), accordingtofh v dzSSy aftyR D2@SNYyyYSyiaQa NBIRRYLIE S

Figure8 Mean annual evapotranspiration in excess of incident rainfall across the Galilee
preliminary assessment extent (PAE)........ou i 28

Figure9 Percentage of time water was observed during 1987 to 2015 across the Galilee
preliminary assessment eXtent (PAE). ... ... . e 29

Figue 10 Distribution of riparian vegetation potentially intersecting shallow groundwater in the
Galilee preliminary assessment extent (PAE)..........ooiiiiiiieeeeeee e 30

Figurell Spatial intersection of a specific asseghern National Park, with layers of (a) mean
annual evapotranspiration in excess of incident rainfall, (b) groundwagpendent
ecosystems reliant on subsurface presence of the water and (c) grounddependent
ecosystems reliant on surface expresstithe Water..............cveeiiiiiiiiiiiiieeeee e 31

Figurel2 Spatial intersection of a specific asset, Lochern National Park, with layers of (a)

percent duration of time water was observed, (b) wetlands according to the Queehsla
D2OSNYyYSyiQa NBIA2yIlf SOz2aedaidSvya OftlaaAaFTAaAOlGa
intercepting Shallow groUNAWALEL............coiiiiiiiiiiiieie e 32

Figure 13 Map of Collaborative Australian Protected Areas DataB#geAD) assets within the
Galilee preliminary assessment extent (PAE)........ccccccoiiiiiiiieeeeeeeee . 42

Figure 14 Map oA directory of important wetlands in Austra(2IWA) assets within the Galilee
preliminary assessment@Nnt (PAE)........oooo e 43

Description of the watedependent asset register for the Galilee subrediom



Figure 15 Map of Environmental Assets Database (EAD) assets within the Galilee preliminary
asSeSSMENt EXIENT (PAE).........uuiiiiiiiiiiirrrssrr s s e e s s e e e e e aneaeaeanaaaennanannnennnnnnneenennn D4

Figure 16 Map of Great Artesian Basin Groundwater Recharge assets within the Galilee
preliminary assessment eXteNt (PAE)........ovv e 45

Figure 17 Map of Birds Australia Important Bird Areas (IBA) asghis the Galilee preliminary
asSeSSMENt XLENt (PAE)..... ... i ee e eeeeeeeeeeeeeseseseseeeee 40

Figure 18 Map of key environmental assets (KEA) of the MiDaayng Basin within the Galilee
preliminary assessment extent (PAE).........uiiii e a7

Figure 19 Map of Queensland Department of Environment and Resource Management
Waterbodies Database assets within the Galilee preliminary assessment extent.(PAE)48

CAIdzNE wn al Ll 2F OKNBFGSYSR NBINagyd t SO2aeads
Conservation Act 199&ithin the Galilee preliminary assessment extent (PAE)...............49

CAIdz2NBE um al L) 2F GKNBIFIGSYSR S02t23A0Ft 0O2YYdzy
Environment Protection and Biodiversity Conservation Act #&8# the Galilee preliminary
aSSESSMENT EXIENT (PAE)......c oottt e e e e e 50

Figure 22 Map of Water Asset Information Tool (WAIT) database assets within the Galilee
preliminary assessment extent (PAE), across all natural resource management region$1

Figure23 Location of surface water assets in the preliminary assessment extent (PAE) of the
Galilee SUDIEQION. .. ..o e e e e e e e a et e e e e e e e aara 61

Figure24 Location of groundwater assets in the preliminary assessment extent (PE) o
(CT= 1] TSI U] o] =0 [ (0] o PP 62

Figure 25 Location of sociocultural assets in the Galilee subregion..............ccccvveeeeee 67

iv| Description of the watedependent asset register for the Galilee subregion



Tables

Table 1 Methodologies and associated technical products listed in Table.2..................... 3
Table 2 Technical products delivered by the Lake Eyre Basin Bioregional Assessment..6

Table3 Natural resource management organisations which contributed data to the Water Asset
Information Tool database for the Galilee SUbregion.............ccccceeeiiieciiiiiiiiie e 12

Table4 Federd state and regional data sources for ecological assets in the Galilee subi@&gion
Table5 Data sources for economic assets in the Galilee subregion..............cccccoveininnee. 15

Table6 Data sources from the Australian Heritage Database for sociocultural assets in the
Galilee SUDIEQION. .. ..ot e e et e e e e e e et e e e e e e ean 16

Table 7 Summary of ecological assets within the prelinginasessment extent (PAE) of the
Galilee subregion, according to asset subgroup and Class...........cccceevvvvvvviviiiiiiiiiiieennnn. 40

Table 8 Summary of ecological assets in the preliminary assessment extent (PAE) of the Galilee
subregion, according to asset data SOUICE...........cceeeeeeeeeieeeeiieceeee e eeeeeeeeeeeaneees 41

Table 9 Watedependent threatened ecological communities listed under the EPBC Act and
within the preliminary assessment extent (PAE) of the Galilbesgion..............cceeeveeeeennn. 52

Table 10 WateRSLISY RSy i GKNBIF § Sy SR aLJSOA SeEnvirbniénti SR dzy F
Protection and Biodiversity Conservation Act 1888 within the preliminary assessment
extent(PAE) of the Galilee SUDregiQn.............ooooiiiiiiiiii e 53

Table 11WateRSLISY RSy & G KNBIF G§Sy SR & LJSNatré Gonskrkadion SR dzy F
Act19920 6 dzi y 20 f A&0GSR dzyER@ohmenKPSotdibr2andBdgiversity £ i K Q a
Conservation Act 199@nd within the preliminary assessment extent (PAE) of the Galilee

0] o] (=T [ [o] o PO P PP PP PPPPPPPPPRN 55

Table 12 Summary of economic assets in the Galilee asset datahase.......................... 60

Tablel3 Summary of sociocultural assets in the preliminary assessment extent (PAE) of the
(CT= 1] TSI U] o] =0 [ (0] o PP 66

Description of the watedependent asset register for the Galilee subredion



Contributors to theTechnicalProgramme

The folbwing individuals have contributed to thieechnicaProgrammethe part of the
Bioregional Assessment Programme that undertakes bioregional assessheaaksrs are

underlined.

Assistant Secretary

ProgrammeDirector

Department of the EnvironmeniMatthew Whitfort

Department of the Environmenfnthony Swirepik

Technical Programme Directol Bureau of Meteorology: Bronwyn Ray

Projects Director
Principal Science Advisor

Science Directors

Integration Lead

Programme management

ProjectLeaders

Assetsand receptors

Bioregional Assessment
Information Platform

Communications

CSIRO: David Post
Department of the Environment: Peter Baker

CSIROBrent Henderson

Geoscience Australi&teven Lewis
Bureau of Meteorology: Richard Mount

Bureau of Meteorology: Graham Hawke, Louise Minty
CSIRCRPaul HardistyWarwick McDonald

Geoscience Australia: Stuart Minchin

CSIRQAlexander HerrTim McVicar, David Rassam
Geoscience Australigdtashim Careriton Glenn Tim Evans, Martin Smith

Bureau of MeteorologyNatasha Herron

Bureau of MeteorologyRichard MountEliane Prideaux

Department of the EnvironmentLarry GuoGlenn JohnstoneéBrad Moore,
Wasantha PereralinWang

Bureau of MeteorologyDerek ChenTrevor Christielaylor Melita Dah| Lakshmi
Devarathan, Angus MacAulayChrigine PantonPaul Sheaharkellie Stuart

CSIRCPeter Fitch

Department of the EnvironmenGeraldine Cusack
Geoscience Australidleal Evans

Bureau of MeteorologyKaren de Plater

CSIRCChris Gerbing

Department of the Environment:ea Loke Milica Milanja

Geoscience Australia: Chris Thompson

vi| Description of the watedependent asset register for the Galilee subregion



Coordination

Ecology

Geology

Geographic information
systems

Groundwatemodelling

Hydrogeology

Information management

Products

Risk and uncertainty

Surface water hydrology

Bureau of Meteorologydulie BurkeSarah van Rooyen
CSIRQRuth Palmer

Departmentof the EnvironmentJames HillAngela Kaplishiylegan StanfordCraig
Watson

Geosaence AustraliaTerai Luttrell

CSIRO: Tanya Doody, Brendan Ebner, Kate Holland, Craig MacFarlane,
PatrickMitchell, JustinéMurray, AnthonyQO'Grady ChrisPavey, Jodie Pritchard,
NatRaisbeckBrown, Ashleysparrow, GeorViehl

CSIRMeepak Adhikary,uke ©nnell, Emanuelle Frery, Jane Hodgkinson, Jam
Kear,Manoj KhanalZhejun Pan, Kaydy Pinetown, MatthRaiber, Hayley Roheac
O'Brien, Regina Sander, PeSghaubsGarth WarrenPaul WilkesAndrew Wilkins,
Yanhuazhang

Geoscience Australi&tephen Hogtler, Steven LewisBruce Radke

CSIRQCaroline Bruce, Jody Bru&eve MarvanekArthur Read

Geoscience Australi&drian Dehelean

CSIRO: Olga BarrdRussell Crosbi@ao Cui, Warrick Dawes, LaioG
SreekanthlanardhanapLukPeeters, PraveedumarRachakonda, Wolfgang
Schmid SaeedrorkzabanChrisTurnadge Binzhong Zhou

CSIRO: Konrad Miotlinski

Geoscience Australia: Rebecca CasStdyen HostetlerJim Kellett
JessicdNorthey, TimRansley Baskaraisundaram, Gabrielle Yates

Bureau of MeteorologyBelinda Allisonjill McNamaraBrendan MoranSuzanne
Slegers

CSIRQVick CarPhil DaviesAndrew Freebairn, Mick HartcheBeoff Hodgson,
Brad LaneBenLeidton, Trevor PickettRamneek Singijatt Stenson

Geoscience Australia: Luke Caruana, Matti Peljo

CSIRO: Maryam Ahmddaniel AraminiHeinz Buettikofer, Simon Gallant, Karin
Hosking, Francedarston Linda MerrinBecky SchmidtSally Tetreaul€ampbell,
CatherineTicehurst

Geoscience Australid?enny KilgoyrKathryn Owen

CSIRGBimon BarryJeffery Dambacher, Jess Ford, Keith Hayes, Hesé#ick)Yang
Liu, Warren JiDanPagendam, Carmel Pollino

CSIRO: Santosh Aryal, Mat Gilfedder, Fazlul Karim, Lingtao L\ &amet,

JorgeluisPeia-Arancibia Xiaogang Shi,omVan NielNeil Viney Bill Wang, Ang
Yang, Yonggiarghang

Description of the watedependent asset register for the Galilee subregjorii



Acknowledgements

This technical product was reviewed by several groups:

1 Discipline Leaders: Russell Crosbie (groundwater modelling, CSIRO) and Jim Kellett
OKBRNRIS2f 238 DS230ASYyO0S !'dzZadid NI fAFVE ! yiK?2
(geology, Geoscience Australia), Neil Viney (surface water hydrology, CSIRO)

1 Senior Sence Leaders: David Post (Projects Director), Steven Lewis (Science Director,
Geoscience Australia), Brent Henderson (Science Director, CSIRO), Becky Schmidt (Products
Manager, CSIRQO)

Technical Assurance Reference Group: Chaired by Peter Baker (PS8om@pak Advisor,
Department of the Environment). This group comprises officials from the NSW, Queensland, South
Australian and Victorian governments.

viii | Description of the watedependent asset register for the Galilee subregion



Introduction

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Developmat (IESC) was established to provide advice tddkeral Minister for the Environment
on potential waterrelated impacts of coal seam gas (CSG) and large coal mining developments.

Bioregional assessments (BAs) are one of the key mechanisms to asts$@ha 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 avdibatble public
providing the opportunity for all other interesteghrties,includinggovernment regulators,

industry, community and the general publio draw from a single set of accessible information.
ABA is a scientific analysis, providing a baseline level of information on the ecology, hydrology,
geology and hydrgeology of a bioregion with explicit assessment of the potential direct, indirect
and cumulative impacts of CSG and coal mining development on water resources.

The IESC has been involved in the developmektathodology for bioregional assessments of the
impacts of coal seam gas and coal mining development on water resdtired®A 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, sisalied inFigurel. Each BA

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 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 collaborbétween the Department of the
Ervironment, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other technical
experise, such agrom state governments or universities also drawn on as requireéor
example, atural resource management groups and catchment management augsidentify
assets that the community values by providing lise of waterdependent assets, a key input.

The Technical Programme, part of the Bioregional Assessment Programme, will undertake BAs for
the following bioregions and subregions:

the GalileeCooper, Pedirka and Arckaringa subregions, within the Lake Eyre Basin bioregion

= =

the MaranoaBalonneCondamine, Gwydir, Namoi and Central West subregions, within the
Northern Inland Catchments bioregion

the ClarenceMoreton bioregion
the Hunter and Gloucter subregions, within the Northern Sydney Basin bioregion
the Sydney Basin bioregion

= -4 -4 -

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

Component 5: Outcome synthesis

1|F21(3| /4|5

Water-
dependent
asset
register

12151821 E3Red

Existing
data

Risk
treatment

Data from monitorin9

Knowledge

Risk
evaluation

Risk

\ Communications
assessment '

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 accumulation of sciiotnowledgeThe small grey circles indicate activitiesezral to
the bioregional assessmentisk identification and risk likelihos@re conducted within a bioregional assessmga# part of

Component 4and may contributeactivities undertaken exterally, such asisk evaluation, risk assessment and risk treatment
Source: Figure 1 in Barrett et al. (2013), © Commonwealth of Australia
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Methodologies

For transparency anatensure consistency acrossBAs submethodologies have been

developed tosupdement thekey approachesutlined in theMethodology for bioregional

assessments of the impact of coal seam gas and coal mining development on water resources
(Barrett et al., 2013)Ths series ofsubmethodologiesligns with technical products as presesu

inTablel. ThesubY S K2 R2f 23AS48 I NB y20 AYyiSyRSRbyii2z 0685
step instructions; rather they provide an overview of the approach to be tadkesome

instancesmethods applied for a particul@Amay need to differ from what is proposed in the
submethodologies; in this case an explanation will be supplied. Overall silf@nethodologies

are intended to provide a rigorously defined foundation describing Bésare undertaken.

Tablel Methodologies and associated technical products listedTiable2

Gode | Proposed itle Summary of content Associated échnical product
MO1 | Methodology for A highlevel description ofhe scientific and All

bioregonal assessments | intellectual basis for a consistent approach

of the impacts of coal to all bioregional assessments

seam gas and coal
mining development on
water resources

MO02 | Compiling water Describes theapproachfor determining water 1.3 Description of the water
dependent assets dependent assets dependent asset register
MO03 [ Assigning receptors and | Describes theapproachfor determining 1.4 Descriptn of the receptor
impact variables to water | receptors associated with watetependent register
dependent assets assets
MO04 | Developing a coal resourd Specifies the information that needs to be 1.2 Coal and coal seam gas
development pathway collected and reported in product 1.2 (i.e. know resource assessment
coal and coal seam gas resouress
well as current and potential resource 2.3 Conceptual modelling

developments). Describes the process for
determining the coal resource development
pathway (reported in product 2.3)

MO5 | Developing the conceptug Describes thelevelopment of the conceptual 2.3 Conceptual modelling
model for causal pathway| model for causal pathways, which summarises
K2g (GKS wasadasSyQ 2LSN
links between coal resource developments and
impacts on receptors

MO06 | Surface water modelling | Describes the gmoach taken for surface water | 2.6.1 Surface water numerical
modelling across all of the bioregions and modelling

subregions. It covers the model(s) used, as we
as whether modelling will be quantitative or

qualitative.
MO7 | Groundwater modelling | Describs the approach taken for groundwater | 2.6.2 Groundwater numerical
modelling across all of the bioregions and modelling

subregions. It covers the model(s) used, as we
as whether modelling will be quantitative or
gualitative. It also considers surface water
groundwater interactions, as wels&ow the
groundwater modelling is constrained by

geology.




Gode | Proposed ttle Summary of content Associated échnical product

models that are required to assess the potentig
impacts from coal seam gas andgarcoal mining
on receptors. Conceptual, semuantitative and
guantitative numerical models are described.

MO8 | Receptor impact modellin| Describes how to develop the receptor impact | 2.7 Receptor impact modelling

M09 | Propagating uncertainty | Describes the approach to sensitivity analysis § 2.3 Conceptual modelling

through models guantifying uncertaintyn the modelled 2.6.1 Surface water numerical
hydrological response to coal and coal seam g{ modelling
development 2.6.2 Groundwater numerical
modelling
2.7 Receptor impact modelling
M10 | Risk and cumulative Describes the procedo identify and 3 Impact analysis
impacts on receptors analyse risk 4 Risk analysis
M11 | Hazard identification Describes the process to identify potential 2 Modeldata analysis
water-related hazards from coaind coal 3 Impact analysis
seamgas development 4 Risk analysis
M12 | Fracture propagation Describes the likely extent of both vertical and | 2 Modeldata analysis
and chemical horizontalfractures due to hydraulic stimulation| 3 Impact analysis
concentrations and the likely concentrationf chemicals after | 4 Risk analysis

production of coal seam gas

Each submethodology &vailable online ahttp:// www.bioregionalassessments.gov.&ibmethodologies might be added in the
future.

Technical products

The outputs of thaBAsinclude a suite of technical products variously presenting information
about the ecologyhydrology, hydrogeology and geology of a biore@od the potential direct,
indirect and cumulative impacts &fSGnd coal mining developments on water resascboth
above and below groundmportantly, these technical productse availableto the publig
providing the opportunity for all interested parties, including communitglustry and
government regulators, to draw from a single set of accessible information when considering
CS@nd large coal mining developments in a particular area.

The information included in the technical products is specifigtie BA methodologyFigure2
shows the information flow within a BAable2 lists the content provided in the technical
products, with crosseferences to the part of the BA methodology that specifies it. The red
rectanglesin both Figure2 and Table2 indicate the informatiorincluded inthis technical product.

This technical product is delivered as a report (PDF). Additional material is also provided, as
specified by the B methodology:

1 all unencumbered data syntheses and databases

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

1 unencumbered forcing, boundary condition, parameter and initial condition datasets
1

the workflow, comprising a record of all dsion points along the pathway towards
completion of the BA, gaps in data and modelling capability, and provenance of data.

4| Description of the watedependent asset register for the Galilee subregion


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

The PDF of this technical product, and the additional material, are available online at
http://www.bioregionalassessments.gov.au
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Figure2 The simple decision tree indicates the flow of information through a bioregional assessment

The redrectangleindicates the informatiorincludedin thistechnicalproduct
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Table2 Technicabroductsdeliveredby the Lake Eyre BasiBioregional Assessment

For each subregion the Lake Eyre BasBioregional Asessment, technical producise delivered online at

http://www.bioregionalassessmes.gov.ax

&

visualisation and factsheetsare provided online.

AY RAOF (i §Ra Gthér pipubts; $Uch&d dtasets) RdtadaYaydata

Component

Component 1 Contextual
information for the Galilee

Title Section in the|Typée
BA
methodology’
Context statement 25.1.1,3.2 |PDF, HTML
Coal and coadeam gasesource 2512 33 |PDF, HTML
assessment
Description of the ater-dependent 2513,34 |PDF, HTML, regist

asset register

subregion

Component 2Model-data
analysis forthe Galilee

subregion

Component 3impact analysis
for the Galilee subregion

Component 4Risk analysis for
the Galilee subregion

Component 50utcome
synthesis forthe Lake Eyre
Basin bioregion

Description of theeceptor register |2.5.1.4, 3.5 |PDF, HTML, regist
Curr_ent water accounts and water 2515 PDF, HTML
quality
Data register 25.1.6 Register
Obser\_/atlons_ analysls'FatlstlcaI 25.2.12.5.2.4PDF, HTML
analysis and interpolation
Conceptual modelling 2.5.2.3,4.3 |PDF, HTML
Water balance assessment 2524 PDF, HTML
Surface water numerical modelling/4.4 PDF, HTML
Groundwater numerical modelling |4.4 PDFHTML
Receptor impact modelling 2.5.2.6,45 |PDF, HTML
Impact analysis 5.2.1

PDF, HTML
Risk analysis 254,53
Outcome gnthesis 255 PDF, HTML

aThetypes of products are as follows:

Wt 5CQ AYRAOFGSaA

t 5C RaRe(EgryBayiriBiotedidnal Asgedsméing HSstrtuis, Btandagds, i K S

and lok and feel specified by the programme.

WitcalQ AYyRAOIGSa
YwSIAAaGSND AYRAOIF(GSa
bMethodology for bioregioal assessments of the impacts of coal seam gas and coal mining development on water resources

(Barrett et al., 2013)

iKS

alYysS O2ydSyid
Oz2yiNRftf SR
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About this technical product

The following notes are relevant only for this technical product.

)l

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

All maps create@s part of thiBAfor inclusion inthis product used the Albers equal area
projection with a central meridian df40.0° East for thd.akeEyre Basitioregion andwo
standard parallels af18.0° and;36.0°.

Contactbioregionalassessments@bom.govtalaccess metadata (including copyright,
attribution and licensing information) for all datasets cited or usedniake figures in this
product. At a later date, this information, as well as all unencumbered datasets, will be
published online

The citation details of datasets are correct to the best of the knowledge of the Bioregional
Assessment Programme at the pighation 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 should be considered correct. The

dates used to identify BINB IA 2y f ! 8438aYSy i { 2pudBndd 51 G &

date. Wherethe publisheddate is not available, thiast updated date or createdate is
used.For Bioregional Assessment DeriBatasets, the created date is used.

References

Barrett DJ, @Quch 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
water resources. A report prepared for the Independent Expert Scientific Committeeadn C
Seam Gas and Large Coal Mining Development through the Department of the Environment.
Department of the Environment, Australia. Viewgduly 2017
http://lwww.iesc.environment.gov.au/publications/methodologyioregionatassessments
impactscoalseamgasand-coatmining-developmentwater.
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1.3 Description of he water-
dependent asset register
for the Galilee subregion
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potentially impacted by changes in groundwater and/or surface water due to coal or coal seam

gas development. Some ecological assets solely depend on incidefatlrand will not be

considered as water dependent if evidence does not support a linkage to groundwater or surface
water.

ax
ax
wn
cn
ax
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assessment and are listed in the watigpendent asset register (available at
http://data.bioregionalassessments.gov.au/product/LEB/GAL/1.3
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Component 1: Contextual information for tl@&alilee subregior

1.3.1Methods

1.3.1 Methods

Summary

The waterdependent asset register described in this repera list of wateidependent

assets identified for the bioregional assessment (BA) of the Galilee subregion. This section
details the specific implementation to the Galilee subregion of methods described in the
companion submethodology M02 for compilingter-dependent assets (Mount et al., 2015).

The methods covered include: the process of nomination and collation of different groups of
assets, the determination of the preliminary assessment extent (PAE) for the Galilee
subregion, the approach to deternerwater dependency based upon multiple lines of
evidence (including literature, remote sensing data and available mapping), and the
development and compilation of the watelependent asset register.

1.3.1.1 Background and context

This product presents informatiaabout the waterdependent asset register developed for the
Galilee subregion. The name of the dated snapshot of the asset register this description refers to is
'‘Water-dependent asset register and asset list for the Galilee subregion on 10 September 2015’
(available aSparrow et al., 20105 The pointof-truth version of the asset register that this

snapshot was extracted from resides in the asset database (Bioregional Assessment Programme,
Dataset 1). The asset database and the walipendent asset regist can be updated so a more
current version might be available at
http://data.bioregionalassessments.gov.au/product/LEB/GAL/1.3

Development of the register used methods and msses defined and outlined in the companion
submethodology M02 (as listed in Table 1) for compiling weéegrendent assets (Mount et al.,
2015); their specific application to the Galilee subregion is described in the following sections.

Anassetis an entiy having value to the community and, for bioregional assessment (BA)
purposes, is associated with a bioregion or subregl@thnically, an asset is a store of value and
may be managed and/or used to maintain and/or produce further value. &ss#iwill have

many values associated with it and they can be measured from a range of perspectives; for
example, the values of a wetland can be measured from ecological, sociocultural and economic
perspectivesAbioregionis a geographic land area within which teaam gas (CSG) and/or coal
mining developments are, or could, take place and for which BAs are conductaldregions an
identified area wholly contained within a bioregion.

Awater-dependent assdtas a particular meaning for BAs; it is an asset m#y 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 evidenased not support a linkage to groundwater or surface
water.

Thewater-dependent asset registés a simple and authoritative listing of the assets within the
preliminary assessment extefRAE)discussed in Section 1.3.1tBat are potentially subject to
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1.3.1Methods

water-related impacts. A PAE is the geographic area associated with a bioregion or subregion in
which the potential watetrrelated impact of coal resource development on assets is assessed.
Thecompiling of the asset register is the first step to identifyand analysing potentially

impacted assets, which is the goal of the overall BA.

dwo)

The asset source data are compiled intceaset databasgincluding the geographic location,

which are designated adementg(individual spatial features points, lines ad polygons e.g.
components of a larger system) aadgsetgcombinations of one or more elements). During the
compilation process, assets are classified into three groups: (i) ecological, (ii) economic and (iii)
sociocultural. Many assets are obtained fretate and national databases and an important

group of assets is provided by natural resource management organisations (NRMs) via the BA
purposebuilt Water Asset Information To@WWAIT) database. The Office of Water Science liaised
with Indigenous knowlegle holders about Indigenous sociocultural watipendent assets

(further discussed in Section 1.3.4.1).

Theasset listis created through selection of assets in the asset database that occur within the
PAE. The assets in the asset list that pass the B&dapendency test are then 'registered’ in the
water-dependent asset register. A preliminary version of the asset register is presented to expert
and organisations with local knowledge at organised workshops. Feedback is sought about
whether the asseteqgister is complete and correct; appropriate amendments are then made. It is
at this stage; when assets have been selected using the PAE and the amendeddeaemdent
assets have been recorded in the databgdkat the waterdependent asset register complete

for the purposes of producing product 1.3. Note, however, that the addition of new assets to the &
asset database, or a review of the status of existing assets in the database will mean that the as@t
register may be updated. As this has implicasidor other BA components, any updates must be
documented. The product 1.3 will not be updated or republished as part of bioregional
assessments but an updated version of the asset register (derived from the asset database) may
be published at the samentie as other products, for example, those associated with

Componen®3: Impact analysis (Figure 1 and Figure 2).

1qns a9|1eatf) 10} UoeWIOjUl [eNIX3IU0D T JUBUO

Following development of the asset register, the connection of the registered assets to coal
NBaz2dz2NOS RS@St 2LIYSy( Atésts and, 3 fofedtidlRsulnjedtxoyvater Y Y I (1 S N.
related impacts, assigneé@ceptors(after Barrett et al., 2013). A receptor is a point in the

landscape where waterelated impacts on assets are measured and/or estimated. The approach

to assigning receptors twater-dependent assets is described in the comparsalmethodology

MO3 (as listed in Table 1) for assigning receptors towRt& LISY RSy G 1 aaSda 6h QDI

1.3.1.2 Compiling assets and developirige water-dependent asset regter

1.3.1.2.1 Ecological assets

Eght natural resource management organisations (NRMs) nominated assets through contribution
of data to the Water Asset Information Tool (WAIT) database (Australian Government Department
of the Environment, Datas&, DataseB). These NRMominated assetsvere added to the asset
database. Contributing organisations are listed able3.
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1.3.1Methods

Additional assets were nominated from analysis of data provided by national, state and regional
databasesTabled). These datasets included:

i areas with various designations of formal conservation at national or state level
1 ecosystem types with a threatened status recognised by national or state legislation

9 potential distributions of species with a threatened status recegdiby national or state
legislation

1 previously identified watedependent ecosystem types or watezlated topographic
features, nominated regardless of any designated conservation status.

Table3 Natural resource management oegisations which contributed data to the Water Asset Information Tool
database for the Galilee subregion

Organisation Description in asset Elements Assets
register (asset list)

North Queensland Dry Tropics WAIT_Burdekin 221 31
Desert Channels Queensland WAIT_Desert Channels 25,635 214
Fitzroy Basin Association WAIT_Fitzroy 7,532 36
Queensland Murrayparling Committee WAIT_QMDC 519 10
Queensland Murrayparling Committee WAIT_QMDC_ERIN 7 1
SA Arid Lands Natural Resources Management Bi WAIT _SA 1,471 35
Southern Gulf Catchments WAIT_Southern Gulf 6,743 113
South WestNatural Resource Management Ltd WAIT_SWQLD_ERIN 8 8
Additional data contributed by ERIN WAIT_ERIN 204 38
Total 42,340 486
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Table4 Federal, state and regionalada sources for ecological assets in the Galilee subregion

Collaborative Australian Protected Areas
Database (CAPAD) 2012

Directory of Important Wetlands in Australi
(DIWA) Spatial Database

Environmental Asset Database
Commonwealth Enronmental Water Office

Great Artesian Basin and Laura Basin
groundwater recharge areas

National Groundwater Dependent
Ecosystems (GDE) Atlas

Birds Australia Important Bird Areas (IBA)
2009

Key EnvironmentaAssets KEA of the
Murray Darling Basin

Permanent and Senflfermanent
Waterbodies of the Lake Eyre Basin

Communities of National Environmental
Significance Database

Australia- Species of National Environmen
Significance Database

QLD DSITIA Galilee LGA Species List

Biodiversity status of prelearing and
remnant regional ecosystemsSouth East

Qld

Dataset citation

Organisation

Department of the Australian Government

Environment Departmentof the
Environment
(Dataset4)

Department of the Australian Government

Environment Department of the
Environment
(Datasetb)

Department of the Australian Government
Environment Department of the
(restricted access) Environment

(Dataset6)
Geoscience Geoscience Australia
Australia (Datase 7)
Bureau of Bureau of Meteorology

Meteorology (Datasetd)

Birds Australia
(Dataset9)

BirdsAustralia

Murray-Darling Murray-Darling Basin

Basin Authority  Authority (Dataset10)
Department of Queensland

Science, Department of
Information, Environment and
Technology, Resource Managemen

Innovation andhe (Datasetll)
Arts, Queensland
Government

Department of the Australian Government

Environment Department of the
Environnent
(Datasetl?2)

Department of the Australian Government
Environment Department of the
Environment

(Dataset13)
Department of Queensland
Environmeit and Department of Science
Heritage Information
Protection, Technology, Innovatior
Queensland and the Arts
Government (Datasetl4)

Department of
Environment and

Queensland Herbariurr
Department of Science

Heritage Information

Protection, Technology, Innovatior
Queensland and the Arts
Government (Datasetl5)

63

52

520

110,320

13

7,724

1,124

4,630

641

227,171

4,143

63

39

10

2,265

13

149

926

39

78

43
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1.3.1Methods

Datasef” Organisation Dataset citation Elements| Assets
(asset list)
Ramsar Wetlands of Australia Department of the Australian Government 1 1
Environment Department of
Sustainability,

Environment, Water,
Population and
Communities
(Datasetl6)
Total 356,405 3,636

aThe asset databas8ipregional Assessment Programrbatasetl) is a collation of all these source datas&eme assets may be
capturedin multiple databaseand some databases may be restrict@these replicates are retained in the asset register as
boundaries may differ between databases.

bTypology and punctuation are given as provided in the metadata for these datasets

The asset datahseincludes a wide range of information about each asset, inclugimgueasset
identifier(AIDZ  y I YSY G@LS yR 3IS23ANILKAO t20FGA2y®d D
the sense of geographic information systems (GIS). A shape maydbgan (for an area of land)

aline (for a linear feature such as a watercouresep point (for a specific location whose area is
smaller than the areal resolution of the geographic information (e.g. a spring). Many nominated
assets are composed of sevegalographic parts. For example, a national park may comprise

several blocks of land separated by road or railway reserves, the potential habitat of a threatened
species of bird may include patches of remnant habitat separated by agricultural land, and the
potential habitat of a threatened species of fish may be restricted to the artesian springs scattered
widely across a landscape. To accommodate assets composed of many parts, the asset database
ALISOATASAE SIOK akKl LIS |a |y retiehgiorpediolcRatd agdis. 2 Y S
A detailed description of the process for classifying and aggregating elements to assets is
presented in the companion submethodology M@2 listed in Table 1) for compiling water
dependent asset@Mount et al, 2015.

Apreliminary version of the watedependent asset register, along with associated maps and data,
was presented to experts and organisations with local knowledge at workshdapngreach and
Richmondn Sepember 2014 and in Brisbane in October 20Xdr comment and feedbacklhe
attendees were given two weeks review thepreliminarywater-dependent asset register arid
return comments and suggestions.

1.3.1.2.2 Economic assets

As described in the companion submethodology M02 (as listed in Table 1) for compilerg w

dependent assets (Mount et al., 2015), economic assets in Queensland are classed either as a

Wol &A0 g 0SNI NRIKGFQ Ywad BN | IOOB a2 WIAKANI QY 2 NJ

1 basic water right (stock and domestigihis is the right to take water for domestic astbck

LJdzN1J2 8S&a 2yfed | o6FaA0 NARIKOG TddywsrikisthdtS 2 F =
may be involvede.g. abore), but does not require a licence for the extractiontioé water.
I 0lF&aA0 NRIKG F2N Wil 1S 2dval tordayFork©ds fordhe G SN F
extraction ofthe water.
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9 water access right this requires a licence both for the works and the extraction of the
water. The extraction of the water can be for a range of purposes including irrigation,
commercial, industal, farming, dewatering, mining andtensive agriculture.

Licensing datavere sourced from the Queensland Department of Natural Resources and Mines

(DNRM)Bores were also nominated by two NRM organisations (Desert Channels NRM and
Southern Gulf NRM) throughe WAITdatabase.

Within the asset database, evelyater access rigliland Basic water right (stock and domesfir)
iIsan element, anctlements are grouped by type aispatial locationaccording to the nine water
management zones or areds)create asets

Table5 Data sources for economic assets in the Galilee subregion

Organisation Dataset citation Elements Assets

(asset list)

Groundwater Entittements  Department of Natural Bioregional Assessment 4863 96

linked to bores and NGIS v4 Resouces and Mines, ProgrammegDatasetl?)

28072014 Queensland Government

Surface Water Licences linke Department of Natural Bioregional Assessment 149 33

to Spatial Locationsvl Resources and Mines, ProgrammgDataset18)

20140313 Queensland Government

Total 5012 129

aThe asset databas8ipregional Assessment Programrbatasetl) is a collation of all these source datas&eme assets may be
captured in multiple databases. These replicates are retained in the asset regibtauradaries may differ between databases.
bTypology and punctuation are given as provided in the metadata for these datasets

1.3.1.2.3 Sociocultural assets

Sociocultural assets were sourced from thastralian Heritage Databaséhich includes assets
sourced from théNorld Heritage List, National Heritage List and the Register of the National
Estate (Australian Government Department of the Environment, Datt&dDataset 20,
Dataset21).

Meetings have been held with Indigenous knowledge holders irGhidee subreginto gain
further understanding of Indigenous cultural watdependent assetd/Vhere possible and
appropriate, and with the agreement of Indigenous knowledge holders, these additional
Indigenous sociocultural watetependent assets will bgublished in eseparate report. Identified
assets will be incorporated into an updated watipendent asset register and/or incorporated
into later technical products.

Description of the waterdependent asset register for the Galilee subredidrd
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1.3.1Methods

Table6 Data sources from the Australian Heritage Database for sociocultusakss in the Galilee subregion

Organisation Dataset citation SENENS Assets
(asset list)
Australia World Heritage Department of the Australian Government 1 1
Areas Environment Department of the
Environment (Dataset9)
National Heritage Li$patial Department of the Australian Government 9 9
Database (NHL) (v2.1) Environment Department of the
Environment (Datase20)
Australia, Register of the Department of the Australian Government 96 96
National Estate (RNEppatial Environment Department of the
Database (RNESDB) Interne Environment (Datase2l)
Total 106 106

aThe asset databas8ipregional Assessment Programrdatasetl) is a collation of all these source datas&@eme assets may be
captured in multiple databases. These replgsaare retained in the asset register as boundaries may differ between databases.
bTypology and punctuation are given as provided in the metadata for these datasets

1.3.1.2.4 Duplicated or overlapping assets

Somespecific areas within the GalileBAE werenominatedseveral timesfrom different
databasesFor exampleizdgbaston Springad the immediate surrounding areas (nomhst of
Aramac, in the nortkeastern part of the PAE) were nominated as:

i a protected area (CAPAD)

1 an important wetland (DIWA)

1 an area of hatage significance to the National Estate (RNE)

1 part ofa national threatenececological community (EPBC TEC)
9 a Desert Channels NRM asset (WAIT)

Likewise, somessetssourced from differentiatasets overlie each other, as thegnsiderslightly
different aspects of the same geographic arEar examplea national parknayinclude springs,
wetlands, and groundwatediependent woodlands, and therefotee park maypartially overlap

assets describing:

i areas of heritage significance to the Register of thedvati Estate (RNE)
9 groundwaterdependent ecosystems (GDES)

{ threatened ecological community distributiofisted in the/ 2 Y'Y 2 y ¢ EhviranriKeft
Protection and Biodiversity Conservation Act 1EPBC Act)

1 potential habitatsof federal or statdistedthreatenedspecies

Duplicateand overlapping assetwe treated aentirely separate assets fahe purposes of
compiling the register of watedependent assets for the Galilee subregion. Such an approach
means that no judgment need be made of the priorityook asset or asset type over another
asset or asset type, and thereby that equedpectand attention is paid t@ll stakeholdersasset
nominations anctontributeddatabases
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1.3.1.3 Determining the preliminary assessment extent

Defining the PAE allows the assegister to be compiled in parallel with the assessment of the
coal and coal seam gassources (Lewiset al., 2014) and the development of the coal resource
development pathway (see pending companion product 2.3) for the subregion.

Because development the Galilee PAE occurred prior to any modelling or significant data
analysis taking place as part of the Galilee BA, the following principles guided the development
of the PAE:

)l

)l

)l

The Galilee PAE was constructed from two parts: a surface water PAE and groundwater PAE.
The surface wigr PAE was constructed according to the following steps:

1.

. ldentify major infrastructure in the catchments where surface water flow could be

1.3.1Methods

The PAE had to encompass all conceivable, conceptualised scenarios, andérgatve
and precautionary.

The PAE had to encompass all potential coal resource developments within the Galilee
subregion (see Lewis et al., 2014).

euwLojul [en1xajuo) T wauodwo)d

There needed to be a buffer zone around the PAE area to avoid potential boundary effects =
during modellingand impact assessment (e.g. not having enough data outside the modelled f’h
area of interest to show the true edge of potential response and impact areas).

Identify major catchments in the Galilee subregion and identify where the major drainage
channels ended.

uoibalgns 9|16y 10

significanty impeded(e.g. dam}

If infrastructure such as a major dam exists, then the PAE was stopped at that point, as it
was assumed any impacts would be captured rather than propagated further downstream.
The exception was the surface water PAE in the Burdelanbasin. For the Burdekin River,
the surface water PAE was extended beyond the Burdekin Falls dam to the coast. This was
done to ensure that assets in the vicinity of the Burdekin River directly downstream of the
dam were included in the asset regists all of the coal developments at an advanced
approval stage in the Galilee subregion are located in the headwaters of the Burdekin river
basin.

. If there was no significant infrastructure, then the surface water PAE was extended along

the main drainageo the outlet of the catchment. This was either at the se&ati Thanda
¢ Lake Eyre.

A buffer of 5 km was placed around all drainage channels, to capture amgineam assets
and counte potential data errors in GIS datasets.

The groundwater PAE wasnstructed according to the following steps:

1.

The whole of the Galilee subregion was included according to the precautionary principle.
This approach was taken because, at the time of development of the PAE, there was limited
information available about potgial coal resource developments and potential
hydrogeological connectivity.
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2. A buffer of 20 km was applied to the eastern margin of the subregion. Here, the reasoning
was that the eastern margin of the Galilee subregion forms a major geological boundary
and it is envisaged that drawdown of the watertable from developments would not extend
far into adjoining geological regions. In addition, a 20 km buffer would include much of the
Belyando River catchment, which is an area in which impacts could potentially as a
result of its proximity to proposed coal resource developments.

3. At the time of development of the Galilee PAE, it was still uncertain how far any potential
hydrological responses might extend into overlying aquifers associated with the Eromanga
Basin.Thus &200km buffer was applied to the western and southern margins of the
subregion. The reasoning here was that the overlying Eromanga Basin rock units extend to
the west and south of the Galilee subregion.

4. The section of PAE boundary extendnagth-east from Cloncurry corresponds with the
edge of the Eromanga Basin. This basin margin edge approximates a major groundwater
divide in the Great Artesian Basin.

The Galilee PAE is a composite of this groundwater PAE and surface waterghAds)(
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Figure3 Potential coal resource development sites, and surface and groundwater preliminary assessment extents
(PAE) fotthe Galilee subregion

Data: Geoscience Australia (Data22j, Bioregional Assessment Programme (Dat@<gt
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1.3.1.4 Assessing water dependence

1.3.1.4.1 Assessment principles

Once assets were compiled into the asset database and checked for inclusion in the PAE, they
were assessed for water dependence. Although most nominated aasstby definition of their
database sources, 'water dependent' (e.g. groundwater bores, rivers, lakes and wetlands), there
are a number of types of assets that are less clearly 'water dependent’ (e.g. a national park with
avaried landscape, the habitaf a noraquatic species and historical places). Because of the
diversity of asset types, the spectrum of degrees to which assets might be water dependent, and
the need for all assessment decisions to be transparent and recorded, a highly structured, forma
approach was developed for assessment of water dependency.

Six principles form the foundation of the approach to assessment of water dependence of assets
in the Galilee PAE:

1
1

Efficiency The methods are suitable for effective application to large numbkassets.

TransparencyAll decisions in assessmeiaire tracked including their rationales, argata
sources and dates of assessnent

Rigour Decisiommakingis based on sound ecological, economic and sociocultural principles
and clear logicandableto withstandclose peer and expescrutiny.

Multiple lines of evidenc&Vherever possible, assessment decisions are based on as many

sources of information about water dependence as possible. Three broad groups of evidence

are used: (i) asset naming comii®ns, (i) documents describing asset management and
(iif) GIS and remote sensing databases containing layers that directly or indirectly quantify
surface water and groundwater availability.

PrecautionWhere part of an asset is water dependent, the emfisset is assessed as water
dependent.Where there is inconclusive evidence, assessment decisions conlsisierdn

the side of assuming potential water depender{(ce. if one data source indicates water
dependence, then the overall decision across thultiple lines of evidence is water
dependence). On this basis, the maximum numbessietss retainedwithin the database
for subsequent analys@ potential development impacts.

Separate tracking of assessment for dependence on groundwater andesuréder Later

stages of the BA impact analysis are likely to demonstrate separate causal pathways for
potential impact of coal resource development via surface water and groundwater systems.
If that proves to be the case, then potential for impact oneaset via the surface water or
groundwater pathway will only be true if the asset depends on the corresponding above or
below-ground water resourceFigured).
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Groundwater Surface water

Water Overall test of water |

dependence dependence: |
Yes OR Yes

________ -

Hydrological T i T 7 overalltestof |

connectivity to : 3 s . hydrological connectivity: |

¥ 8 - Yes OR Yes .

Potentially : . Potentially
: impacted via .o impacted via . for impact (potential
. groundwater . . surface water « TR
-as anll materiality):
pathway: . . pathway: . Yes OR Yes
.Yes AND Yes:. . Yes AND Yes «

Overall test of potential

Figure4 Logic for separate assessment attdcking of dependence on groundwater and surface water

This report focuses exclusively on assessment of water dependence i.e. the upper part of this logic. Future bioregismerdasses
for the Galilee subregion will assess hydrological connectivityespbnse, and thus the potential for impact on assets.

1.3.1.4.2 Assessment criteria using asset naming conventions

For some asset sources, the only direct information available for assessing water dependence o
each asset is its name. TRavironmental Assets Databe(EAD)Great Artesian Basin

Groundwater RechargBeds database and th€ey Environmental AsseiSEAPT the Murray

Darling Basiare databases in which little asset data other than name and geographic coordinates
are available. Th@ueensland goundwaer and surface water licensing from the water
management system databases are also restricted in terms of information other than asset name
and type.
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Two simple naming criteria were used to assess water dependence for assets of these types:

1 if assetnameincludes@pringQWoakag®Wo 2 NS Q> W 8tblBhdryfhe askeiliS NI >
groundwater dependent

1 if assethame includestverQ¥treamQ¥oodplairQWaterholeQWillabondQYakeQWetlandQ
YharsiQW a dzNJF | Cef., thieh theSadkEx I surfaovater dependent

Although initially developed for specific, informatipoor data sources, these rules were
subsequently applied to all assets in the asset list, regardless of data source.
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1.3.1.4.3 Assessment criteria using documents describing asset management

Most assets sourced from theollaborative Australian Protected Area Datab@saPAR A
directory of important wetlands) Australia(DIWA), theRamsalL.ist of Wetlands of International
Importance and EPB@reatenedecologicalcommunities(EPBOEare subject to legislatively
requiredmanagement planthat includesome degree oécosystem descriptiar-or these assets,
management plans and/or asset descriptions were obtained freteirfal andQueensland
agencies. The management plans and their constiteensystem descriptions were then
subjected to text analysis, using the following simple criteria to assess water dependence:

1 if ecosystendescription include&8pringQthen asset is groundwater dependent

1 if ecosystendescription includes any ecosystemyte, community typehabitat type
or dominant specieand has been identified in any published literatureaasessg
groundwater(e.qg. river relgum, coolbah (Eucalyptus coolabahblack boXEucalyptus
largifloreng, fishspecie$, then asset is groundater dependent

1 if ecosystendescription include&lverine vegetatioQ¥oodplainQWaterholeQWillabondQ
YakeQWetlandQ%harsiQetc.,then asset is surface water dependent

1 if ecosystendescription includes angcosystem type, community typbabitat type or
dominant species known to access surface wétey. river redgum, coddah, black box,
lignum, mostwaterbird species, fish),then asset is surface water dependent

¢KS 61 GSNI RSLISYRSyOe 2F UGKNBI (S ypgedesisteduaderS 3 Q K
0KS / 2YY 2 Engid®nmenPfo@ciionand Biodiversity Conservation A&99(EPBQ\ct)

I YR dzy RS NJ WazBeOgrisdniatibriRARtd 99Rature Conservation Agtwas assessed

by a review of the habitat requirements for each sj@s.It is important to emphasise that BAs

consider the potential impact to the habitat of spegiast to the population of thespecieger se

In most cases, profiles from ti&pecies Profile and Threats DatabéSERAT) (Australian

Government Departmerof the Environment, Dataseto 0 I YR (G KS v dzSSyaf | yR
Wetlandnfo website (DEHP, 2015) were examined.

lye AYTF2NXIFGA2Yy adz33SadGAy3 GKFG 61 G6SNJI RSLISYRS
AYOGSNLIINBGSR Fa Wgl (SNIftRSakddtyeRBiSey. 1 Q T2 NJ 0 KS  LJdzNIL.

1.3.1.4.4 Assessment criteria using GIS and remote sensing databases

Criteria based upon asset naming and upon available, published asset descriptions and
management plans proved to be inadequate for satisfactory assessment of water depemi@nce
large proportion of assets. Other sources of information were sought to expand the range of data
available for assessment of asset water dependence.

Six mapped GIS and remote sensing data layers were identified as providing additional information
relevant to assessing dependence on surface water or groundwater. GIS analyses were used to
spatially intersect each asset with each of the six data layers. If any part of an asset was found to
overlap with any one of these layers, that observation was usevidence for water

dependence, according to the precautionary principle previously described.
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The six data layers were:

1.
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S
Graundwaterdependent ecosystems reliant @ubsurface presenoaf groundwater, é
derived from theNationalatlas of groundwater dependéecosystem¢Bureau of S
Meteorology, 2012)Subsurface presencd groundwater is defined as groundwater that o
contributes to the soil water and neaurface aquifers accessible to plant roots without :
generating a flow of water at the soil surface. Onlysd@&DEs derived from previous field O
work or possessing a high or moderate potential for groundwater dependency were used ir3
the intersection. Positive intersection of an asset with this layer indicates potential g
dependency on groundwater. A map of this @dayer across the Galilee PAE is shown in c
Figure>s. %
Groundwaterdependent ecosystems reliant on surface expression of groundwater, derived g“
from the Nationalatlas of groundwater dependent ecosyste(Bsireau of Me¢orology, §
2012). Surface expression of groundwater is defined as groundwater that flows at the soil 2.
surface in the form of a spring or seep, including those springs that lie under surface water S
bodies such as streams, waterholes, lakes or swamps, for Wiegbrimary source of water é‘"

may be from surface flows. Only those GDEs derived from previous field work or possessi
a high or moderate potential for groundwater dependency were used in the intersection.
Positive intersection of an asset with this laymtticates potential dependency on
groundwater and/or surface water. A map of this data layer across the Galilee PAE is sho
in Figureo.

2 SGflFyRa RSTAYSR [ OO2NRAY3 (2 GKS sv dzééyégl- \
classification (Queensland Herbarium, 2014). Positive intersection of an asset with this layes’
indicates potential dependency on groundwater and/or surface water. These data are not -
available for the parts of the PAE that lie in SA. A map of this dagaflar the Queensland

parts of the Galilee PAE is showrFigure?.

el

gnsay

Mean annual evapotranspiration in excess of incident rainfall across the Galilee PAE (Reside
et al., 2013). This layer is calculated as theetBffice between actual evapotranspiration
assessed through remote sensing techniques during 1992 to 2011 and a predicted model of
evapotranspiration if water were sourced only from incident rainfall. A positive difference
means that longerm observation othe amount of water released into the atmosphere by
plant evapotranspiration exceeds the inputs of water from rainfall, and the vegetation is
accessing additional water from groundwater pools or contributions to soil water. These
contributions to soil watr result from surface water flowing from elsewhere in the

catchment; however, the data are not able to be interpreted to indicate whether the
additional water is from a groundwater pool or surface water flow. Thus, intersection of an
asset with high excesevapotranspiration values in this layer indicates potential

dependency on groundwater and/or surface water. A map of this data layer across the
Galilee PAE is shownHhingure8.

The percentageof time water was bservedduring 1987 to 2015, from the Water
Observations from Space databas8eofedgonal Assessment Programme, Datasek 27
Positive intersection of an asset with higher percentage inundation classes in this layer
indicates potential dependency on surfamater. A map of this data layer across the Galilee
PAE is shown iRigure9.
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6. The distribution of riparian vegetation potentially intersecting groundwaBsoegonal
Assessment Programme, Datase}.ZBhis layesummarises the results of an analysis of
remote sensing data to measure evapotranspiration rates towards the end of a prolonged
period of below average rainfall. Positive intersection of an asset with this layer indicates
potential dependency on groundwateA map of this data layer across the Galilee PAE is
shown inFigurelO.

Application of this approach is demonstrated for a single asset in the Galilee PAE, Lochern National
Park, inFigue 11andFigurel2. Lochern National Park sits immediately to the west of the

Thomson River (sdeigurel0). All six GIS and remote sensing layers provide clear evidence for
dependence on groundwater afat surface water along the main channels of the Thomson River.
Therefore, this asset is assessed to be water dependent and is included in the register ef water
dependent assets. However, it is important to note that away from the channels, each of the six
layers provides evidence for different patterns of potential water dependence. Therefore the six
layers provide independent and complementary lines of evidence for the assessment of asset
dependence on water.
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Figure5 Groundwate-dependent ecosystems reliant osubsurface presencef groundwaterin the Galilee

preliminary assessment extent (PAE)

Data: Bureau of Meteorology (Datast
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Figure6 Groundwaterdependent ecosystems reliant osurface expressin of groundwaterin the Galilee
preliminary assessment extent (PAE)

Data: Bureau of Meteorology (Datast
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Figure7 Distribution of wetland ecosystems types in the Galilpeeliminary assessment extent (PABccording to

the QueenslandD 2 @ S NJ/ Ye§iohdleRdsystiids classification
Data:Bioregional Assessment Program(Dataset25)
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Figure8 Mean annual evapotranspiration in excess of incidentnll across the Galilee preliminary assessment
extent (PAE)

Data: Bioregional Assessment Programme (Dat28pt
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Figure9 Percentageof time water was observed during 1987 to 2015 across the Galilee preliminary assessment
extent (PAE)

Data: Bioregional Assessment Programme (Dat2gpt
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