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Executive summary

Caveat

A large part of this submethodology is superseded by advances in methatie feioregional
assessments (BAs). Specifically, there is now no need to either generate receptors as spatial
points across the landscape or to collate them into a receptor register. Instead, receptors
areaddressed spatially by the asset and landscapsscépatial features (polygons, lines
andpoints) and covered conceptually through the development of the landscape classes
(product2.3 (conceptual modelling)), the causal pathways (product 2.3 (conceptual
modelling)) and the receptor impact modelling gpuct2.7). They are then assessed spatially
during the impact analysis using a regular grid of assessment units. Potential impacts on
receptors are reported in aggregate via landscape class and asset profiles in prdduct 3
(riskand impact analysis) ardklivered as spatial datasets @ta.gov.au

As a consequence there is no requirement for a BA to produce a-pas®d receptor dataset

or a receptor registetHowever,Chapter3 of this submethodology is still relevant to

conducting a BA as it refers to the conceptual basis and criteria for assigning receptors, which
informs the relationship between receptors and other parts of the BAgse Chapter3.2

provides the basis and approach to BA landscape classification, which is then applied to
produce the landscape classes in product(2dceptual modelling)

This submethodology provides a framework for assigreiegptorsin asubregionor bioregionfor
eachbioregional assessme(BA) in a complete, efficient and representative manner that is fit for
purpose and in accord with high standards of professional scientific practice. It defoegstors
outlines the role thateceptorsplayin the broadcontextof aBA and describes the

documentation and development of theceptorregister required for eacBA

Areceptoris a point in the landscape where watelated impacts on assets are assessed.

The process of assigning the locatiomaxfeptorsis the primary mechanism for focusindggaon

the location of potential waterelatedimpactsassociated with coal resource development and for
addressingisksto ecological, economic and sociocultuwater-dependent assetwithin the
subregia or bioregion While the process is highly interdependent with otlBactivities, it is
important to note that this submethodology initially focuses on the preliminary placement of the
receptorsacross thesubregionor bioregion Thereceptorswill be sibsequently updated with
further information produced by otheBAactivities. For example, identification and refinement of
critical relationships antnpactsfor eachreceptorwill occur during the conceptual modelling and
receptorimpactmodelling in Component2: Modeldata analysis.

Eachreceptoris a unique entity. It has coordinate attributes in two dimensions, latitude and
longitude. Information and data can be recorded aktaeptorincluding depthrelated
information. The coordinate attributes arecorded in thereceptor registerThereceptorregister
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is a simple and authoritative list oéceptorsin a specifibioregional assessmenthe list includes

a unique identifier, the location of eachceptorand the relevantandscape clas$orBA

purposes, dandscape class an ecosystem with characteristics that are expected to respond
similarly to changes in the groundwater and/or surface water due to coal resource development.
Note that there is expected to be less heterogeneity in the respongena landscape class than
between landscape classé@hiey are present on the landscape across the entire BA subregion or
bioregion and their spatial coverage is exhaustive andawarlapping.Conceptually landscape
classes can be considered as typesaufsystem assets, which ageosystems that may provide
benefits to humanityand are patial areas comprising a combination of biotic and abiotic
components and other elements which function togeth&ne receptor register, when finalised,
Isstored as apatial dataset in the Bioregional Assessment Repositodya snapshot extract
maybe obtained at any particular point in time in spreadsheet formédr example, for

publication purposes.

The process for compiling the receptor register is describékisnrsubmethodology (broadly

illustrated inFigure7). In broad terms, receptors are selected to be representative of, and linked

to, assets in the watedependent asset register and the potential impacts upon them. A number

of methods can be employed tahieve this end and they are described in this submethodology.

To ensure that the distribution of receptors across the landscape captures the impacts of potential
coal resource development within the subregion or bioregrecgeptors also need to be defide

with reference to the coal resource development pathway (CRDP) and hazard analysis. Where
there is limited or no additionaloal resource developmeim the CRDP, receptors are generally

only required to be allocated for defined landscape classes (thestcimn Sectior8.2). In other

cases, receptors may already be available fromeptisting work.

Given the potential for very large numbers of assets within a subregion or bioredamgscape
classificatiorapproach is used to reduce the complexity of tiask of assigning receptors across
the landscape while retaining the information necessary for the assessment. The rule set for
defining the landscape classes is underpinned by an understanding of the geology, geography,
ecology and hydrology (surface iaand groundwater) of the subregion or bioregion. Different
subregions and bioregions might use different landscape classes. The landscape classification
improves the efficiency in defining the required conceptual models for multiple assets and in the
subsequent assignment of:

1 hydrological response variablgbe hydrological characteristics of the system that
potentially change due to coal resource development (for example, drawdown or the annual
streamflow volume)

1 receptor impact variableghe characteistics of the system that, according to the conceptual
modelling, potentially change due to changes in hydrological response variables (for
example, condition of the breeding habitat for a given species, or biomass of river red gums).

Once the preliminargistribution of receptors within the subregion or bioregion has been

determined, receptors are linked to the assets and landscape classes via causal pathways defined
by the conceptual modelling and the receptor impact modelling activities of Comp@néfadel

data analysis. This is to ensure that the distribution of receptors is complete and representative of
GKS &dzoNB3IA2Y 2NJ 0A2NBIA2yQa aaSiaed 91 OK NBO
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and, as some assets are very large, each asset magdoeiated with more than one receptor. At

this stage, gaps or biases in the distribution of receptors across assets can be assessed. If needed,
additional receptors can be assigned to address these gaps or receptors removed where
redundancies exist.

The pocess of assignment and distribution of receptors withsubregionor bioregionmust be
conducted in consultation with ecology, hydrologydrogeologyandriskdiscipline experts
working on theBA They also must be assigned according to the guidimgiptes outlined in this
submethodology (Sectiod.1), which require that the placement ofceptorsis representative,
efficient and complete.

Productl.4 (description of the receptor registesummarises the landscape classification and

point to the reasoning and evidence used to select the location of the receptors given the relevant
knowledge available about the subregion or bioregion (noting that the conceptual models that
underpin this reasoning are documented in product Z@&ceptual modellingdnd product 2.7
(receptor impact modelling), wheas the landscape classificatigpresented in full in product

2.3 (conceptual modelliny) Thepreliminaryreceptor register should be reviewed by relevant
domain expertise and those with local knowledgesnable feedback and clarification on the
receptor placement, landscape classification, conceptual models and, when known, hydrological
response variables and receptor impact variables. After this, any changes, such as additional
receptors, can be incorpated into thepreliminary receptor registeand an updated receptor
registerproduced

Once thereceptorregister is compiled, thBAprogresses to assess potentiapactsof coal
resource development oreceptorsfound withinwater-dependent assets
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Introduction

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development (IESC) wastablished to provide advice to the fedeMInister for the Environment
on potential waterrelatedimpactsof coal seam gas (CSG) and large coal mining developments
(IESC, 2015).

Bioregional assessment8As) are one of the key mechanisms to assistE®Iin 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 interestegaiarties, includinggovernment regulators,

industry, community and the general publto 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 developmektathodology for bioregional assessments of the
impacts of coal seam gas and toaining development on water resourqéise BAmethodology;
Barrett et al., 2013) and has endorsed it. Bfmethodology specifies hoBAsshould be

undertaken. Broadly, BAcomprises five components of activity, as illustratedigurel. Each BA

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

The Bioregional Assessment Programme

The Bioregional Assessment Programme is a collaboration between the Department of the
Environmentand Enegy, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other
technicalexpertise such agrom state governments or universities also drawn on as required.
For example, atural resource management groups and catchment management authorities
identify assetghat the community values by providing the listwéter-dependent assetsa key
input.

The Technical Programme, part of the Bioregional Assessment Programme, will un@take
for the followingbioregionsandsubregiongsee
http://www.bioregionalassessments.gov.au/assessmdotsa map and further information):

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

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

i the ClarenceMoreton bioregion
9 the Hunter and Gloucestesubregionswithin the Northern Sydney Badimoregion
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i the Sydney Basibioregion
1 the Gippslad Basirbioregion

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

Component 5: Outcome synthesis

112//3||4
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Water-
dependent
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Knowledge

Risk
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Figurel Schematic diagram of the bioregional assessment methodology

The methodology comprises fiv@mponents, each delivering information into théregionalassessment and building on prior
components, thereby contributing to the accumulation of scientific knowledge. small grey circles indicate activities external to
the bioregional assessmentisR identification and risk likelihos@re conducted within a bioregional assessmd part of

Component 4and may contribute t@ctivities undertaken externally, such @sk evaluation, risk assessment and risk treatment
Source: Figure 1 in Barrett al. (2013), © Commonwealth of Australia
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Methodologies

The overall scientific and intellectual basis of B¥sis provided in theBAmethodology (Barrett
et al., 2013). Additional guidance is required, however, about how to applgAmethodology to
arange ofsubregionsandbioregions To this end, the teams undertaking tBéshave developed
and documented detailed scientific submethodologi€alflel) to, in the first instance, support
the consistency of thework across the BAand, secondly, to open the approach to scrutiny,
criticism and improvement through review and publicatibtmsome instances, methodologies
applied in a particular Biay differ from what is documented in the submethodologies this
case an explanation will be supplied in the technical products ofBBaUltimately the
Programme anticipates publishingansolidated 'operational BA methodology' with fully worked
examples based on the experience and lessons learned through apipigingethods to

13 bioregionsandsubregions

The relationship of the submethodologiesBé&components and technical products is illustrated

in Figure2. While much scientific attention is given to assembling @adsforming information,
particularly through the development of the numerical, conceptual and receptor impact models,
integration of the overall assessment is critical to achieving the aim of theT®Akis end, each
submethodology explains how it islated toother submethodologies and what inputs and

outputs are required. They also define the technical products and provide guidance on the content
to be included. When this full suite of submethodologies is implemented, wilBAesult in a

substantid body of collated and integrated information foisabregionor bioregion including

new information about the potentidimpactsof coal resource development on water awater-
dependent assets

About this submethodology
The following notes are relevanntly for this submethodology.

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

1 All maps created as part of tH®As for inclusion in this document used the Albers equal area
with a central neridian of 140.0° East for the Lake Eyre Basin bioregion and its subregions,
and 151.0° East for all other bioregions and subregions. The two standard parallels for all
bioregions and subregiorsse ¢18.0° 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, he datasetsare published online if theyr@ unencumbered (able to be
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 dlatasetsthat are encumbered. The community
canrequest a copy of these archived datantp://www.bioregionalassessments.gov.au
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i The citation details aflatasets are correct to the best of thadwledge of the Bioregional
Assessment Programme at the publication date of this submethodology. Readers should
usethe hyperlinks provided to access the mosttopdate information about these data;
where there are discrepancies, the information providedine should be considered
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created date. Where a created date is not available, the publication date or last updated
date is used.

Tablel Methodologies

Each submethodology is available onlindtip://data.bioregionalassessments.gov.au/submethodology/XXXg K SNB W -
replaced by the code in the first column.rlexample the BA methodology is available at
http://data.bioregionalassessments.gov.au/submethodology/bioregiesmdessmenmethodologyand submehodology M02 is
available athttp://data.bioregionalassessments.gov.au/submethodology/M&2ibmethodologies might be added in the future.

Code Proposed title Summary of content
bioregionat Methodology for bioregional A highlevel description ofhe scientific and intellectual
assessment assessments of the impacts of co basis for a consistent approathall biaegional
methodology seam gas and coal mining assessments
development on water resources
MO02 Compiling wateddependent assets Describes theapproachfor determining waterdependent
assets
MO03 Assigning receptors to water Describes theapproachfor determiningreceptors
dependent assets associated with watedependent asets
MO04 Developing a coal resource Specifies 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 mel  Describes the development of the conceptual model of
of causal pathways OFdzal f LI GKgleazr ogKAOK ad

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

groundwater
MO06 Surface water modelling Describes the approach taken for surface water modelli
MQ7 Groundwater modelling Describes the approach taken for groundwater modellin
MO8 Receptor impact modelling Describes how to develop receptor impacbdels for

assessingotentialimpact 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 fimalysingmpact and risk

M11 Systematic analysis of water Describes the rcess to identify potentialater-related
related hazards associated with hazards from coaksourcedevelopment
coal resource development
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http://data.bioregionalassessments.gov.au/submethodology/XXX
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology
http://data.bioregionalassessments.gov.au/submethodology/M02

Establish context and Analyse and transform the Assess impacts and risks

assemble information information Component 3 and Component 4:
“omporen 19 Component 2: Impact and risk analysis
Contextual information Model-data analysis
4 MO3 Receptors M10 Impacts and risks
Context statement MO5 Conceptual models 34
ks, 03 Impact and risk analysis

Conceptual modelling

MO04 Coal resource
1.2

Coal and coal seam gas
resource assessment

M11 Hazards

MO06 SW models ‘

L 2.6.1
MO2 Assets Surface water numerical

4 1.3 _ modelling
Water-dependent asset

register MO39 Uncertainty ‘

L 2.6.2
Groundwater numerical

25 modelling
Current water accounts
and water quality PVIW GW models
2.5
Water balance
1.6 ) assessment
Data register

\MOS Impact models ‘

2.7

Receptor impact
modelling
2.1-2.2

Observations analysis,
statistical analysis and
interpolation

Figure2 Technical products and submethodologies associated with each component of a bioregional assessment

In each componentHigurel) of a bioregional assessment (BA), a number of technical products (coloured boxes, Jebkp

are potentially created, depending on the availability of data and models. The light grey boxes indicate sudofgibe Tablel)

that specify the approach used for each technical product. The red outline indicates this submethodology. The BA methodology
(Barrett et al., 2013) specifies the overall approach.

Technical products

The outputsof the BAsinclude a suite of technical products presenting information about the
ecology, hydrologyhydrogeologyand geology of aubregionor bioregionand the potential
impactsof CSG and coal mining developments on water resources, both above amddreland.
Importantly, these technical products are available to the public, providing the opportunity for all
interested parties, including community, industry and government regulators, to draw from a
single set of accessible information when conside@&§> and large coal mining developments in
aparticular area.

TheBAmethodology specifies the information to be included in technical prodéetgire2 shows
the relationship of the technical products BAcomponents and submbbdologiesTable2 lists
the content provided in the technical products, with craeferences to the part of th&A
methodology that specifies it.
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Technical products are delivered as reports (PDFs). Additional material is@igted, as
specified by thd8Amethodology:

1 unencumbered data syntheses and databases
1 unencumbered tools, model code, procedures, routines and algorithms
1 unencumbeed forcing, boundary condition, parameter and initial condititaiasets
1 lineage ofdatasets (the origin of datasetsd how they are changed #se BAprogresses)
1 gaps in data anchodelling capability.
In thiscontext unencumbered material is material that can be published according to conditions

in the licences or any applicable legislatigii.reasonable efforts were made to provide all
material under a Creative Commons Attritmut 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 the BAs. This archive includes
datasets that are too large to be stored online and datafeds are encumberedThe community
can request a copy of these archived datéttp://www.bioregionalassessments.gov.au
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http://registry.it.csiro.au/sandbox/ba/glossary/_dataset:6
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http://www.bioregionalassessments.gov.au/

Table2 Technicabroductsdeliveredby the Bioregional Assessmerogramme

For each subregioar bioregionin a bioregional ssessmen{BA) technical productare delivered online at
http://www.bioregionalassessments.gov.alther products; such as datasets, metadata, data visualisation and factsliesmts

also provided onlineThere is no product 1;4riginally this product was going to descrilietreceptor register and application

of landscape classes as per Section 3.5 of the BA methodology, but this information is now included in product 2.3 (conceptual
modelling) and used in products 2.6.1 (surface water modelling) and 2.6.2 (groundwateding)d&here is no product 2.4;

originally this product was going to included- and three-dimensional representations as per Section 4.2 of the BA methodology,
but these are instead included in products such as producf@riceptual modelliny product2.6.1(surface water numerical
modelling and product2.6.2(groundwater numerical modelling

Component Title Section in the BA
methodology?
Context statement 251132
Component 1 Contextual Coal and coadeam gasesource assessment 25.1.2,33
information for the subregion o . Description of the \ater-dependent asset register|2.5.1.3, 3.4
Bl el Current water accounts and water quality 2515
Data register 25.1.6
_Observatl_ons analysistatistical analysis and 25212522
interpolation
Conceptual modelling 25.2.3,4.3
Component 2Model-data
bioregion Surface water numerical modelling 4.4
Groundwaer numerical modelling 4.4
Receptor impact modelling 25.2.6,45
Component 3 and Component
Impactand riskanalysis forthe Impact and risk analysis 5.2.1,2.5.4,5.3
subregion or bioregion
Component 50utcome .
synthesis forthe bioregion CUITERIIS EH e L2

aMethodologyfor bioregional assessments of the impacts of coal seam gas and coal mining development on water resources
(Barrett et al., 2013)

References

Barrett DJ, Couch CA, Metcalfe DJ, Lytton L, Adhikary DP and Schmidt3RKi€20ddology 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 Committee on Coal
Seam Gas and Large Coal Mining Development through thetDegpd of the Environment.
Department of the Environment, Australia. Viewke@®ecember 2016
http://data.bioregionalassessments.gov.au/submethodology/bioregieassessment
methodology

IESC (2015) Information guidelines for the Independent Expert Scientific Committee advice on coal
seam gas and large coal mining development propobalependent Expert Satific
Committee on Coal Seam Gas and L&gal Mining DevelopmenAustraliaViewedl
December 201mttp://www.iesc.environment.gov.au/publications/informatieguidelines
independentexpertscientificcommittee-advicecoalseamgas
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1 Background and context

1 Background anaontext

Caveat

A large part of this submethodology is supersebtgddvances in methods for the bioregional
assessments (BAs). Specifically, there is now no need to either generate receptors as spatial
points across the landscape or to collate them into a receptor register. Instead, receptors are
addressed spatially iye asset and landscape class spatial features (polygons, lines and
points) and covered conceptually through the development of the landscape classes (product
2.3 (conceptual modelling)), the causal pathways (product 2.3 (conceptual modelling)) and
the reeptor impact modelling (product 2.7). They are then assessed spatially during the
impact analysis using a regular grid of assessment units. Potential impacts on receptors are
reported in aggregate via landscape class and asset profiles in produgtskand impact
analysis) and delivered as spatial datasetszb.gov.au

As a consequence there is no requirement for a BA to predugointbased receptor dataset

or a receptor registetHowever,Chapter3 of this submethodology is still relevant to

conducting a BA as it refers to the conceptual basis and criteria for assigning receptors, which
informs the relationship between recemts and other parts of the BA proce&hapter3.2

provides the basis and approach to BA landscape classification, which is then applied to
produce the landscape classes in product(2dhceptual modelling)

Abioregional assessme(BA) is a scientificnalysis, providing baselinelevel of information on

the ecology, hydrology, geology ahgdrogeologyof abioregionwith explicit assessment of the
potentialimpactsof coal resource development on water awater-dependent assetsihe
Methodology for oregional assessments of the impacts of coal seam gas and coal mining
development on water resourcée BA methodology; Barrett et al., 2048pvides the scientific

and intellectual basis for undertakir®As It is further supported by a series of sulbiimedologies

of which this is one. Together, the submethodologies ensure consistency in approach across the
BAsand document how the BA methodology has been implemented. Any deviations from the
approach described in the BA methodology and submethodologeetoabe noted in any

technical products based upon its application.

A critical part of theBArequires thedefinition of a system that links the water anvdater-
dependent assett the changes in hydrology due to coal resource development. The defined
sydem is based on the concept spatially locatedeceptors This submethodology applies
overarching principles outlined in tf@Amethodology to the specifics alssigningeceptorsto
assetsand creating product.4 (description of the receptor registgfsee Table for details of
BAproducts) and theeceptor registerwhich isa simple and authoritative ligtf receptorsin a
specificBA
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