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Executive summary

This product details the development of qualitative mathematical models and receptor impact
models fa the Namoi subregion. Receptor impact models enable the Bioregional Assessment
team to assess how changes in hydrology due to additional coal resource development may result
in changes in ecosystems.

A receptor impact model describes the relationship between:

1 one or more hydrological response variables, which represkatacteristis of surface
water and groundwatethat potentially change due to coal resource development (for
example, drawdown or awal flow volumepand

1 areceptor impact variable, whichascharacteristic of the system (for exampbeojected
foliage coveythat, according to the conceptual modellirigpotentially sensitiveto changes
in the hydrological response variables

The ouputs of the receptor impact models will help identdgosystem responses to coal resource
development andhe need for further localevel studies of ecosystems and their response to coal
resource development.

Coal resource developments

Receptor impacimodelling for the Namoi subregion applies ttvéo potential coal resource
development futuresonsidered in the bioregional assessments:

1 baseline coal resource development (baseliadyture that includes all coal mines and coal
seam gas (CSG) fieldsttlase commercially producing as at December 2012

- in the Namoisubregionthere are five opercut coal mines: Boggabri Coal Mine, Rocglen
Mine, Sunnyside Mine, Tarrawonga Mine and Werris Creek Mine; and one longnell
Narrabri North.

1 coal resource devgbment pathway (CRD#P) future that includes all coal mines and CSG
fields that are in the baseline as well as those that are expected to begin commercial
production after December 2012

- in the Namoi subregion there are ten additional coal resouteeclopments: Boggabri
Coal Expansion Project, Caroona Coal Project, Gunnedah Precinct, Maules Creek Project,
Narrabri SouthTarrawonga Coal Expansion Project, Vickery Coal Project, Vickery South
Coal Project, Watermark and the Narrabri Gas Project. Bighese additional coal
resource developments amaodelled for the Namoi subregion, with the remaining two
mines, Vickery South Coal Project (ofmer coal mine) and the Gunnedah Precinct (open
cut and underground), not being modelléde to insufficieninformation. Analysis of
the impacts of these two developments will bestricted to commentary in product-3
(impact and risk analysis).
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The differencen resultsbetween CRDP and baselisehe change that is primarily reported in
abioregional assessent. This change is due &alditional coal resource development.

Potential hydrological changes have been presented in companion product 2.6.1 (surface water
modelling) and companion product 2.6.2 (groundwater modelling) for the Namoi subregion. This
product outlines the development and description of the qualitative mathematical models and
receptor impact models for the Namoi subregion that will be applied to determining risk to, and
potential impacts on, ecosystems in produes impact and risk analys.

Methods

Receptor impact model development is both qualitative and quantitative due to the complexity
and uncertainty associated with describing relationships between hydrological change and
ecological components of the systeirheabsence of diredy relevant theory and ecological
response data of potential impactkie tothe hydrological changes that may ocauithe future
requiresexpert judgement or elicitatioto be used in i) mapping ecological processes and key
components (as signed digraphs) constructing qualitative models th@iredict¢ as an increase,
decrease or no changelandscape class response to hydrological chaagdiii) selection of
ecological indicators (receptor impact variables) from the ecological components or processes
andthe hydrological regime@ydrological response variablabpt support them. The resulting
statistical moded quantifyhow changes in hydrological response variables due to coal resource
development may potentially impact the receptor impact variabiea shortterm (2013 to 2042)
and longterm (2073 t02102) period within a landscape class.

Ecosystems

The Namoi subregion supports a variety of ecosystems and in this bioregional assessment they

are classified into 29 landscape classes and allocatédyoS 2 F &AE f F yRaOl LIS 3|
orf 26t 1 YR NARASNARASIQGSA yWbhb2N0 dzLJ F YR NAGSNAYSQS W5
Wwl Ay F2NBEALRATF SR FIYYR W{LINAYI&AQOD

Qualitative mathematical models and receptor impact models use these clasifiEto
investigate how changes in hydrology may affect ecosystems. Results that apply the receptor
impact models and the potential impact of hydrological changes spatially are reported in
Sections3.4.3.3,3.4.4.3 and 3.4.5.8f the impact and risk anadys in companion product

3-4 for the Namoisubregion.

Two modelling workshops were held to build the qualitative mathematical modelsessgtor

impact models and required input from experts in these landscapes and/or the Namoi subregion.
Receptor impacimodelswere developed for landscape classes that experts considered more
likelyto be at risk from hydrological changes due to additional coal resource development, and
for which they had the expertise to inform model development. Commentary on thosedapds
groups and classes that were not included in the ecosystem modelling is provided in
Section2.7.3, 2.7.4,2.7.5, 2.7.6 and 2.7.7.
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The floodplain and lowland riverine landscape classes contain a catiexdtlandscape and
ecological elements exposed to inundation or flooding along a river system including: riparian
forests, wetlands and grassy woodlands. Tihedplain and lowland riveringualitative model

was developed to capture most of the key ligka within and between the riverine and floodplain
habitats. This model informed the receptor impact variables (in bold) and hydrological response
variables for the following landscape classes:

1 Floodplain riparian forests (groundwatdependent ecosystenGDE) and noGDE)
landscape classeshange in projected foliage covierresponse to change in groundwater
drawdown and change in the frequency of overbank flows

1 Floodplain wetland (GDE and n@DE) landscape classpsobability of presence of
tadpoles fromLimnodynastegenusin pools and rifflegn response to change in the
frequency of overbank flows

1 Permanent and temporary lowland streams (GDE and@Bt) landscape classaserage
number of families of aquatic nceoinvertebrates in edge habitat response to changes in
ceaseto-flow attributes of the surface water regime.

Results from these three separate receptor impact models were tesedaluate the combined
impact of changes in one or more of theseeptorimpactvariablesacross the extent of the
WCE 22RLB G AAlYY R NA @ SiddipySedlionR.V.3/1R-4% O LIS

The floodplain riparian forests receptor impact model predicts that, in relation to groundwater
changes, the mean of the average percent praectoliage cover will drop from just under
15%with no change in groundwater level to about 10% if levels decrease by 20 m relative to the
reference level in 2012 due to additional coal resource development. A change in drawdown
overthe longer term will lave a larger effect on mean projected foliage cover than a change in
drawdown over the short term, indicating that potential impacts from changes in hydrology may
not be immediate.

In relation to surface water changes, the mean of the average perceagétover will increase
from just under 12% with no change in the frequency of overbank events to about 18% if the
frequency changes to O(évent per yearjrelative to the reference level of 0.33 (event per year)
in 2012).

The floodplain wetlands recept impact model dzLJLJ2 NIl & G KS SELISNIAaQ St A
increase in overbank flows will have asjttve effect on the probability giresence of tadpoles.

The model predicts that the probability of presence of tadpoles is fairly uncertain abmss

floodplain wetland landscape classes with values between 0.35 to 0.80 under historical conditions
and as the number of overbank flow events increases the probability of presence of tadpoles

would increasdo betweenl and 0.60.

The lowland riverineaceptor impact mode# dzLJLJ2 NJia (KS SELISNIaQ St AOA
increase in the frequency of zeflow daysdue to additional coal resource developmenil
havea negative effect on the number of families of macroinvertebrates. As the numizarof
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flow days increaseshe number of families would drogteeply,with values of less than 0.5 under
intermittent flow conditions.

Wh &Y 22 RLIE FAY 2NJ dzLX F YR NAGSNAYSQ fFyRaOl LIS 3N

CKS -WHb2¢gRLI Ay 2NJ dzLJ | YR N O SdydteyhSthat tend 16 Bed O LIS
in elevated portions of the catchment and include a diverse range of aquatic and terrestrial
ecosystemsThe upland riverine gqualitative mathematical model included all upland riverine

classes and the adjacent riparian vegetatiomg &vas developed to accommodate the general lack

of hydrological and spatial connectivity between the landscape classes across the zone of potential
hydrological change. Receptor impact variables (in bold) and hydrological response variables were
identified for the following landscape classes:

1 Upland riparian forest GDEhange in projected foliage covierresponse to changes in
groundwater drawdown and overbank flow events

1 Permanent and temporary upland streams (GDE and@Dbit) landscape classaserag
number of families of aquatic macroinvertebrates in instream pool habitaésponse to
changes in ceas®m-flow attributes of the surface water regime

1 Upland riverine landscape classpsobability of presence of tadpoles fromimnodynastes
genus in pols and rifflesn response to changes in ceaseflow attributes of the surface
water regime.

Results from these three separate receptor impact models were tesedaluate the combined
impact of changes in one or more of thaseeptorimpactvariables ONR2 848 G KS N&EG Sy i
floodplain2 NJ dzLJt I yI&ndshdpegrGuNfSecton2.7.4.1.4)

The upland riparian forest receptor impact model predicts that the mean of the average projected
foliage cover will decrease with the maximum differenceddigonal drawdown relative to the
reference level in 2012. However, there is considerable uncertainty in these predictions as there is
an 80% chance that the average foliage cover will lie somewhere between approximately 15% and
30% inthe shortassessmetperiod, and somewhere between roughly 10% and 30% in the long
assessment period, with aré drop in groundwater level. The model interpretation also indicates
that longterm drawdown will have more effect on projected foliage cover than stenr

drawdown.

In relation to change in overbank flows, the upland riparian forest model predicts that the mean
of the average of projected foliage cover will increase from just under 24% with no change to
about 30% if the frequency increases to 0.8 (event per yeelgtive to the reference level of
0.33(event per year) in 2012.

¢CKS dzLJ I YR NAGSNAYS NBOSLII2NJ AYLI Ol Y2RSt adz.
increase in the frequency of zeflow days due to additional coal resource development willeha

a negative effect on the number &édmilies of macroinvertebratedHowever, there is substantial

variability across the landscape class. Under conditions of constant flow the number of families

of macroinvertebrates can range from less than 5 (familieglmost 20. As the number of zero

flow days increases, experts were of the opinion that the number of families would drop quite
dramatically to less than 0.5.

iv| Receptor impact modellmfor the Namoi subregion



The upland riverine receptor impact model predicts that the probability of presence of
tadpoles will respond to changes in frequency of zdlmv days due to additional coal resource
development. Under conditions of constant flow the probability of presence of tadpoles is
predicted to be almost Andas the number of zerflow days increases thisay decrease to
lessthan 0.1.

In addition to the upland riverine system, a qualitative model was developed for the non
floodplain wetlands in this landscape group dodusedon internally draining lakes in the Namoi
assessment extent, with the Lake Gomnosystem being the primary focus, but also including
CFNNRS [F1S 00RUXK2ROGFANVBRoSEE WHRY I yREA O LIS
was not developed for this landscape gro@Qualitative analyses generally indicate a negative or
ambiguots response prediction for most biological variables within the-permanent wetland
ecosystemin response to hydrological changdsee and shrub groups were predicted to decline,
which leads to negative impacts to habitats for birds, frogs and terréstvartebrates. A

predicted decrease in wading birds and piscivorous and insectivorous birds leads to a release,
or increase, in their prey populations. The potential impact of decréabeet flowis predictel

to lead to a decrease in all forms of ageatnacrophytes and herbivorous birds.

Q(

Pilliga (upland and lowland) region

The Pilliga and Pilliga Outwash represent a unique set of ecological systems within the Namoi
subregion It was considered appropriate to develop a set of separate ecological miels

the Pilligato improve the assessment of potential ecological impatke zone of potential

hydrological change for the Pilliga region included riverine landscape classes (9.8% of upland
AU0NBFY&a FYR mModwm: 2F f 2¢f | y Rlandstaydclads 8&bfthe KS WD
zone), and the noifloodplain wetlands landscape classes (<0.2% of the zone). Key ecological
processes in both upland and lowland riverine landscape classes were captured together in the
Pilliga riverine qualitative mathematic#l2 RSt ® ! ljdz- t AdF A GBS Y2RSt F2
D 5 %afdscape class was also formulated, but no quantitative modelling was developed as it is
considered less sensitive to hydrological change gisaeducedreliance on groundwater and

surface water(see Section 2.7.3).

The riverine classes in the Pilliga region have a unique set of conditions such as: sandy beds,
temporary flow with some permanent pools above highly stratified sandstone, and channels that
often form shallow and poorly defined ephemna¢ wetlands Receptor impact variables (in bold)
andhydrological response variables were identified for the following ecosystems:

1 Pilliga riverine (upland and lowlanahange in projected foliage covierresponse to
changes in ceas®-flow attributesand groundwater drawdown

1 Pilliga riverine (upland and lowlandverage number of families of slewater
macroinvertebrates in instream pool habitat response to changes in ceaseflow
attributes and groundwater drawdown.

The receptor impact modellinigr the Pilliga region defines impacts on riverine landscape classes
based on changes in these receptors according to defined thresholds (see Table 37 and Table 38).
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The Pilliga riverine receptor impact model predicts that percent foliage cover wikaseas
groundwater drawdown increases due to additional coal resource development. The mean of
the average percent projected foliage cover will decrease from just below 25% with no change
in groundwater level, to about 20% if the levels decrease by 15@lative to the reference level

in 2012. In relation to surface water changes due to additional coal resource development, the
model predicts that the mean of the average percent projected foliage cover will decrease from
just under 25% under constant flow about 10% if the number of zefftow days increases to

180 (days per year).

In relation to number of families of aquatic macroinvertebrates, the Pilliga riverine receptor
impact model predicts that an increase in zél@mv days and/or ceasto-flow days will have
aslightly negative effect but will vary across landscape classes. Under conditions of constant
flow, the number of families of macroinvertebrates will range from 15 (families) to 20 and as the
number of zereflow days increases the number faimilies would decrease with values between
13 and less than 10 for very intermittent flow conditions (z8owv days of greater than 150).

The model predicts that the number of families of macroinvertebrates will decrease as
groundwater drawdown increasehie to additional coal resource development. Under
conditionsof no change in groundwater level, the number of families is predicted to be just
under12, decreasing to about 6 if levels decrease by 55 m relative to the reference level in 2012.

Wwik Ay F2NBa0Q fFyRaOl LIS 3INERdzJ

CKS WYwlAYyT2NBaluQ fFyRaOlFILIS 3INRdzLI Aa RAAGAYIdzA
compositionandA & LINBR2YA Yl 1St & W5NER wlAyTF2NBadQ 2N V¥
vegetation classes in NSWknfof theWwl Ay F2NBa i Q € I yRIFOIIKS OCHwWI 3y
D59 Q f |y Raie@ithindde 20rie lofpdtential hydrological changequalitative model
wasdeveloped for this landscape group given the conservation values surrouthdinggetation
typescommon to thisgroup. This model identified groundwater as being critical to supporting

many biophysical componentd the ecosystem (Section 2.7.6.8iven the limited resources

andthe limited extent of this landscape groupthe zoneg a receptor impat model was not

formulated. Thus, potential ecological impacts are not quantified, but can be inferred from

modelled changes in groundwater drawdown across this landscape group.

W{LINAY3IEAQ fFyRaOl LIS 3INEdzLJ

¢CKS W{LINAYy3IaQ f I yR&OHLISY REENRIdrUS AGHE |CR2aYLaNWR JUSIRNERI Fi
(GABR LINRA y 3 & D! |. y R Lditk&yfgRieltydrological connectivity of the spring to

the underlying aquiferTheWD! . & LINR y 3 & Ras$otiafeR witD sediSentdry | a &
sequences dofhe GABandcanbe & NI OG SNAaAaSR Fa WRAAOKINAEASQ 2N

tg2 2F (KS aSg@Sy wWD!. ALINAYy3IaAaQ Ay (GKS blY2A |
potential hydrological change. Given their location on the eastern edge of the Pilliga region, these
springswere consideredl 2 0 S WNXB Q khat NAhSiIOsoulice N WafeRisifrom localised

recharge from nearby sandstone outcrop areagjualitativemathematicalmodel was formulated

for a typical recharge GAB spring that included the associated terrestrial and aquatic ecosystems.
This model identified groundwater drawdown as the critical variable driving ecological function in
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this system(Section 2.7.7.2)Giventhe nature of these springs and their limited extent in the zone
of potentialhydrological change, a receptor impact model was not formulated for this group. Any
changes in groundwater drawdown across the extent of these springs can be used to infer
potential ecological impacts, however these cannot be quantified.

Limitations and gaps

The limitations and gaps surrounding evaluation of ecosystem responses to changes in surface
water and groundwater regimes are discussed. It emphasises that the degree to edoiogical
modelling can inform impacts across the extent of a particular landscape class is limited by the
available expertise, the evidence base that informs the model, and the coverage of hydrological
modelling, particularly with respect to the surawater. Some specific limitations include:

1 alimited understanding of the nature of groundwater interactions between riverine and
terrestrial ecosystems for the Pilliga region; a more complete picture of the hydrological
connections among the Pilliga riee, vegetation and wetland elements is considered a
key priority for future work

1 a paucity of surface water hydrological response information for the upland riverine reaches
and very little coverage of the entire stream network in the Pilliga region

T theRSANBS (2 6KAOK aLISOASa gAGKAY (KS WwlAyT
given that this habitat occurs in elevated parts of the Namoi subregion.

The receptor impact modelling described in this product culminates with the creation of receptor
impact models (functions) that are subsequently applied in produgt(iBnpact and risk analysis)

for the Namoi subregion, and result in risk predictions that translate the potential hydrological
change to indicators of potential ecosystem change.
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Introduction

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development (IESC) was established to provide advice ttetleral Minister for the Environment
on potential wate-relatedimpactsof coal seam gas (CSG) and large coal mining developments
(IESC, 2015)

Bioregional assessmentBAs) are one of the key mechanisms to assist the IESC in developing
this advice so that it is based on best available science and indepeergpatt knowledge.
Importantly, technical products frolBAsare also expected to be made availatehe public
providing the opportunity for all other interested partieéacluding government regulators,
industry, community and the general publio,draw from a single set of accessible information.
ABAIs a scientific analysis, providing a baseline level of information on the ecology, hydrology,
geology anchydrogeologyof abioregionwith explicit assessment of the potentiahpactsof CSG
and coal ming development on water resources.

The IESC has been involved in the developmemMeathodology for bioregional assessments of the
impacts of coal seam gas and coal mining development on water resdtive&Amethodology;
Barrett et al., 2013) and handorsed it. Thé&Amethodology specifies hoBAsshould be
undertaken. Broadly, BAcomprises five components of activity, as illustratedFigurel. Each

BAis 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 restyjudgments
exercised on what can be achieved, and an explicit record is made of the confidence in the
scientific advice produced from tHgA

The Bioregional Assessment Programme

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

The Technical Programme, part of the Bioregional Assessment ProgrémasnendertakerBAs
for the followingbioregionsand subregiongsee
http://www.bioregionalassessments.gov.au/assessmdorsa mapand further informatior):

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

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

1 the ClarenceMoreton bioregion
1 the Hunter and Gloucesteubregionswithin the Northern Sydney Badamoregion
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1 the Sydney Basibioregion
1 the Gippsland Basinioregion

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

Component 5: Outcome synthesis

1 /2345

Water-
dependent
asset
register

Joysi8a1 exed

Existing
data

Risk
treatment

Data from monitoring

Knowledge

Risk
evaluation

Risk \ Communications

assessment

Figurel Schematic diagram of the bioregional assessment medbtogy

The methodology comprises five components, each delivering information intbitregionalassessment and building on prior
components, thereby contributing to the accumulation of scientific knowledte. small grey circles indicate activitiesezral to
the bioregional assessmentisR identification and risk likelihos@re conducted within a bioregional assessmg part of

Component 4and may contributeactivities undertaken externally, such sk evaluation, risk assessment and risk tmeant.
Source: Figure 1 in Barrett et 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 applBAmethodology to
a range okubregionsandbioregions To this end, the teams undertaking tBéshave developed
and documented detailed scientific subthedologies Tablel), in the first instanceto support
the consistency of their work across tBésand, secondly, to open the approach to scrutiny,
criticism and mprovement through review and publication. In some instances, methodologies
applied in a particulaBAmay differ from what is documented in the submethodologies

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

in Figure2. While much scientific attention is given to assembling and transforming information,
particularly through the development of the numerical, conceptaad receptor impact models,
integration of the overall assessment is critical to achieving the aim dB#ts=To this end, each
submethodology explains how it is related to other submethodologies and what inputs and
outputs are required. They also defittee technical products and provide guidance on the content
to be included. When this full suite of submethodologies is implement&Awill result in a
substantial body of collated and integrated information fasubregionor bioregion including

new nformation about the potentiaimpactsof coal resource development on water andter-
dependent assets

Receptor impact modelling for the Namoi subregjod



Tablel Methodologies

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

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

Code Proposed title Summary of content
bioregionat Methodology br bioregional A highlevel description ofhe scientific and intellectual
assessment assessments of the impacts of co basis for a consistent approath all bioregional
methodology seam gas and coal mining assessments
development on water resources
MO02 Compilingwater-dependent assets Describes theapproachfor determining waterdependent
assets
MO03 Assigning receptors to water Describes theapproachfor determiningreceptors
dependent assets associated with watedependent assets
Mo04 Developing a coal resource 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 model Describes thelevelopment of the conceptual model of
of causal pathways OF dzal f LI dKgl &az ¢gKAOK ad

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

groundwater
MO6 Surface water modelling Describes thepproach taken for surface water modelling
MO7 Groundwater modelling Describes the approach taken for groundwater modellin
M08 Receptor impact modelling Describes how to develop receptor impawxbdels for

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

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

M10 Impacts and risks Describes the logical basis famalysingmpact and risk

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

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

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

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

1 unencumbered data syntheses and databases
1 unencumbered tools, model code, procedures, routines and algorithms
1 unencumbered forcing, boundary condition, parameter and initial condtiatasets
1 lineage ofdatasets(the originof datasetsand how they are changed as tBé&progresses)
1 gaps in data and modelling capability.
In thiscontext unencumbered material is material that can be published according to conditions

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

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

The Bureau of Meteorologgrchives a copy of altatasetsused in theBAs This archive include
datasetsthat are too large to be stored online amitasetsthat are encumbered. The community
can request a copy of these archived datéttp://www.bioregionalassessments.gov.au
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assemble information ‘ information Component 3 and Component 4:
Componentd: EohEuBeoL Impact and risk analysis
Contextual information Model-data analysis
4] MO3 Receptors tvuo Impacts and risks
Context statement MO5 Conceptual models 3-4
L 93 Impact and risk analysis
Conceptual modelling
MO04 Coal resource |
12
Coal and coal seam gas %
resource assessment
MO06 SW models ‘
S 2.6.1
MO02 Assets I Surface water numerical
13 | modelling
Water-dependent asset
register M09 Uncertainty ’
L 2.6.2
Groundwater numerical
15 modelling
Current water accounts —
and water quality MO7 GW models
2.5
Water balance
16 : assessment
Data register

MO8 Impact models
2.7
Receptor impact
modelling

2.1-2.2
Observations analysis,
statistical analysis and
interpolation

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

In each componentHigurel) of a bioregional assessment, a number of technical products (coloured boxes, s€ald&R) are
potentially created, depending on the availability of data and models. The light grey boxes indicate submethodbédudgds that
specify the approach used for each technical product. The red outline indicates this technical pféeuB® methodology (Barrett
et al., 2013) specifies the overall approach.
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Table2 Technicaproductsdeliveredfor the Namoisubregion

For each subregion e Northern Inland Catchmen®ioregional Asessment, technical producase delivered online at
http://www.bioregionalassessments.gov.au | & Ay RA Ol (i S Ra Gthér pibdudls; shch&d dStasets) Rdtadayaydata
visualisation and factsheetsare provided onlineThere is no product 1.4. Originally this product was going to describe the

receptor register and application of landscape classes as per Section 3.5 of the BA methodology, but this information is how
included in product 2.3 (conceptual modelling) and usegrioduct 2.6.1 (surface watetumericalmodelling) andproduct2.6.2
(groundwatemumerical modelling)There is no prduct 2.4. @iginally this product was going to include twand three
dimensionakepresentations as per Section 4.2 of the BA methodology, but these are instead included in products such as produc

2.3(conceptual modelliny product 2.6.1(surface water numerical modellingndproduct2.6.2(groundwater numerical

modelling.
Componert ProduciTitle Section in the |Type
code BA
methodology’
1.1 |Context statement 25.1.1,32 PDF, HTML
12 Coal and coadeam gasesource 2512 33 PDF, HTML
assessment
Component 1. Contextual D ot th terd dent
NEGERERGEINET I 1.3 [2CooriPHon OINE WAlerdepenaent 1o 5 5 3 34 |PDF, HTML, regist
subregion asset register
15 Currfent water accounts and water 2515 PDF, HTML
quality
1.6 |Data register 25.1.6 Register
2.1.2.p|OPsenvationsnalysis statistical 2.5.2.12.5.2.2 [PDF, HTML
analysis and interpolation
2.3 [Conceptual modelling 25.2.3,4.3 PDF, HTML
Component 2Model-data
analysis for theNamoi 2.5 |Water balance assessment 2524 PDF, HTML
subregion 2.6.1 |Surface water numerical modelling |4.4 PDF, HTML
2.6.2 |Groundwatemumerical modelling 4.4 PDF, HTML
2.7 |Receptor impact modelling 25.2.6,45 PDF, HTML
Component 3 and
Component 4: Impact and - R F IR 5.2.1,2.5.4, 5.3|PDF, HTML
risk analysis forthe Namoi
subregion
Component 50utcome
synthesis for theNamoi 5 |Outcome gnthesis 255 PDF, HTML
subregion

aThe types of products are as follows:

Wt 5CQO AYRAOFGS& | t5C RAGHevhInjand Catéhiments RidregiBndl B&ésaneld Bsingtiie stiuétuie,
standardsandformat specified by the ®®@gramme.

WicalQ AYRAOIGSa GKS aly$S O02yidSyd a Ay GKS t5C R20dzySyids o«

WwSIAAGSNR AYyRAOIGSa O2y(iNRfttSR tAada GKIG NS RSt AGSNBR dza.
bMethodology for bioregional asssments of the impacts of coal seam gas and coal mining development on water resources
(Barrett et al., 2013)
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About this technical product
The following notes are relevant only for this technical product.

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

1 Allmapscreatedas part of thisBAfor inclusia inthis product used the Albers equal area
projection with a central meridian df51.0° East for théNorthern Inland Catchments
bioregionand two standard parallels af18.0° and;36.0°.

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

1 In addition,the datasetsare published online if they are unencumbered @b be
published according to conditions in the licence or any applicable legislafioe)Bureau of
Meteorology archives a copy of diitasetsused in theBAs This archive includetatasets
that are too large to be stored online aidtasetsthat areencumbered. The community can
request a copy of these archived dataritp://www.bioregionalassessments.gov.au

1 The citation details aflatasetsare correct to the best of the knowledge of the Bioregional
Assessment Programme at the publication date of this product. Readers should use the
hyperlinks provided to access the mostigpdate information about these data; where
there are discrepanciethe information provided online should be considered correct. The
dates used to identifBioregional Assessment Source DatasetstheR | (i | puBliShed
date. Wherethe publisheddate is not available, thiast updated date or createdate is
used.ForBioregional Assessment DerivBdtasets the created date is used.
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2.7 Receptor impact modelling
for the Namol subregion

This product presents receptor impact modelling for the Namoi subregion using results from the
modeldata analysis (Component 2). Receptor impact models translate predicted changes in
hydrology into the distribution oécological outcomes that may arise from those changes. They
perform an essential role in quantifying the potential impact on and risk to waé@endent
ecosystems and assets due to coal resource development.

A receptor impact model predicts the relationgtbetween:

1 one or more hydrological response variables (hydrological characteristics of the system that
potentially change due to coal resource developmefr example, maximum groundwater
drawdown due to additional coal resource development), and

1 areeptor impact variable (a characteristic of the system that, according to the conceptual
modelling, potentially changes due to changes in hydrological response vardbles
example, annual mean percent canopy cover of woody riparian vegetation).

Receptolimpact models in a bioregion or subregion are developed for a landscape class, which
isdefined for bioregional assessment (BA) purposes as an ecosystem with characteristics that
are expected to respond similarly to changes in groundwater and/or surfaternadue to coal
resource development. Only those landscape classes that fall within the zone of potential
hydrological change are candidates for receptor impact models. Receptor impact variables are
chosen as indicators of potential ecosystem changediad$cape classes to simplify the analysis
for a large number of assets and complexity of ecosystems across the subregion. An assessment
of potential impact for a watedependent asset, which is reportedtime impact and risk analysis
(product 34), consiers the intersection of that asset with landscape classes, and the predictions
of changes in receptor impact variables for those landscape classes, amongst other lines of
evidence.
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Component 2: Modetlata analysis for thdlamoi subregion

2.7.1Methods

In receptor impact modelling the critical change is the difference betvwaamage groundwater

and surface water conditions in the reference period (1983 to 2012), and their predicted average
conditionsunderthe baseline future and under the coal resource development pathway (CRDP)
future.

BAs also consider impact on, and ttiskeconomic and sociocultural watdependent assets;
however, receptor impact models are not constructed for these assets. Potential impacts on
water-dependent economic assets are assessed through availability of groundwater or surface
water and againsspecific management thresholds, such as caasgump flow rates and
drawdown depths at which 'makgood’ provisions might apply. The assessmentatéptial

impacts on sociocultural assasdimited to characterising the hydrological changes that may

be experienced by those assets in the impact and risk analysis (prodi)ct 3

It is important to recognise that receptor impact model interpretation is often presented as
statements that are a simple summary of the (often mapmplicated) relationship between
areceptor impact variable and hydrological response variables. They are not impact or risk
predictions for the Namoi subregion, which are presented in prodetiiBnpact and risk
analysis), and should always be considealongside other indicators of potential change.
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2.7.1Methods

2.7.1 Methods

Summary

This sectiordetails the specifiapplication to theNamoisubregionof methods describeth
companionsubmethodology M0gas listed in Table Ipr receptor impact modelling (Hosack
et al., 20B).

In bioregional assessments (BAS), receptor impact models are intended to characterise
potential ecosystem changes that may result from hydrological chgoigekcted in response

to coal resource developmenA receptor impact model is comgtted for one or more

landscape classes. A landscape class represents ecosystems with similar water dependencie
that are expected to respond similarly to changes in groundwater and/or surface water. Only
landscape classes that intersect the zone of patdydrological change are considered to

be candidates for receptor impact models. Outside the zone, hydrological changes are
considered too unlikely to result in adverse impacts to watependent ecosystems.

The potential impacts of coal resource dey@hent on ecological assets are initially assessed
using qualitative mathematical models. These models are elicited from independent experts
and contain key components and processes of the landscape class ecosystems, and the
hydrological variables that spprt them. They are then used to qualitatively predict

(reported as increase, decrease or no change) how the landscape class ecosystem will
respond to changes in hydrology that may occur as a result of coal resource development.

uoibaigns 1owery} 1o} sisAfBue erepepol :z Juauodwo)d

The receptor impact modetig process continues with selection of receptor impact variables
from the ecological components or processes identified in the qualitative mathematical
model and hydrological response variables to represent the hydrological regimes that
supportthese compaents or processed.hus the landscape classification and qualitative
mathematical model$orm the basedor elicitations to quantifypotential changes in receptor
impact variables in response to changes in hydrological response variables

The elicitatiomallows the BA team to construct a statistical model that predicts how changes
in the hydrological response variables due to coal resource development will impact the
receptor impact variables. Within a landscape class, this statistical model enables the BA
teamto quantify the risk to ecological assets of coal resource development using predicted
changes in hydrological response variables in a sieonh (2013to 2042 and longterm

(2073to 2102 period.

The receptor impact models predict the distributimction of the receptor impact variables
for different futures (baseline and coal resource development pathway) and at specific
assessment years (2042 and 2102). The distribution functions are summarised in BAs by
alimited series of percentiles (or qualas), nominally 5% increments between the 5th
and95th percentiles.
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Component 2: Modetlata analysis for thdlamoi subregion

2.7.1Methods

2.7.1.1 Background and context

Receptor impact modelling attempts to capture the direct, indirect and cumulative impacts of coal
seam gas (CSG) and coal mining developroetite ecosystems withi the definedlandscape

classes. Theim of receptor impact modelling is to convert the potentially abstract information
about hydrological changes into quantities (risk assessment endpoints) that stakeholders care
about and can more readily understand anterpret. In particular, the model outcomes are

FYOGAOALI GSR G2 NBTtFGS Y2NB Of2asSte (2 aidl |{SK?2

community discussion and decision making about acceptable levels of development.

The causal pathways that desa@ibhow coal resource development can potentially lead to
changesn hydrology are identified in companion produ8 forthe Namoisubregion(Herr

et al.,2018b). The receptor impact models represent the subsequent pathways, which relate
changes in hydrolgical response variables to potential impacts on watependent landscape
classes andssets within the zone of potential hydrological change.

To better understand the potential impacts obal resource developmermin water resources and
water-dependent @sets such as wetlands and groundwater bpreseptor impact modelling for
BAs deals with two potential futures:

1 baseline coal resource developméaseline), a future that includes all coal mines and
CSGields that are commercially producing as of December 2012

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

The difference in resultsetween CRDEBNd baseline is the change that is primarily reported in a
BA. This change is due to thdditional coal resource developmeqtll coal mines an@SG fields,
including expansions of baseline operations that are expected to begin commercial production
after December 2012. In receptor impact modelling, however, the critical change is the difference
between average groundwater and surface water condisi in the reference period (1983 to

2012), and their predicted average conditiansderthe baseline and the CRD#Pthe short term

(2013 to 2042) and longer term (2073 to 2102).

This product presents the receptor impact modelling for Memoisubregion.The modelling is
described in detail in the compani@ubmethodologyMO08 (as listed in Table 1) for receptor
impact modellingHosack et al., 2@). Sectior.7.1.20f this document describdsow this
methodology is applied to thBlamoisubregion.

The following terms are used throughout the receptor impact model products to describe the
modelling process and its results:

1 hydrological responseaviable ¢ a hydrological characteristaf the system (for example,
drawdown or the annual flow volume) that potentially changes due to coal resource
development(see companiosubmethodolog M07 (as listed in Table 1) on groundwater
modelling (Crosbie et aR016) and companion submethodology M06 (as listed in Table 1)
on surface water modelling (Viney, 2016))
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2.7.1Methods

1 receptor impact &riable¢ a characteristic of the system that, according to the conceptual
modelling, potentially changes due to changes in hydroldgesponse variables (for
example, condition of the breeding habitat for a given species, or biomass of river red gum

1 receptor impact rodel areceptor impact modepredicts a relationship between a
receptorimpact variablgfor example annual mean percent canopy cover of woody riparian
vegetation), and one or moreydrological response variablé®r exampledmax maximum
groundwater drawdown due to additional coal resource development)

2.7.1.2 Receptor impact modelling for ecological watelependent assets

In BA receptor impact models for ecological watdependent assets are conditioned upon,
andtherefore depend onlandscape classe#é landscape class is definedaasecosystem with
characteristics that are expected to respond similéolghanges in groundwater and/or surface
water due to coal resource development. Each bioreginaubregiorhas multiple landscape
classes grouped into landscape groups.

The workflow for ecological receptor impact modelling is outlineBigure3. Input from
independent external ecology experts contributes to the workflow at three separate stages (2, 3
and 5 inFigure3), along with output from hydrological modelling (companion product 2.6.1 (Aryal
et al., 2018) and companion product 2.6.2 (Janardhanan et al., 2018) for the Namoi subregion)
andthe expertise of the hydrology moders. External experts, hydrologists and risk analysts
contribute to the selection of hydrological response variables that are ecologically meaningful
andalso accessible to hydrological modelling. The expert elicitation data are available as a
downloadalte dataset fromdata.gov.au
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Component 2: Modetlata analysis for th&lamoi subregion

2.7.1Methods

1. Landscape group identification

2. Qualitative modelling workshop = EEEEEEEE

]
g |

<. RIV and HRYV identification

4. Elicitation scenarios

5. Receptor impact modelling workshop

B e

Hydrology modelling input 6. RIM estimation

7. RIM prediction

Figure3 Outline of the ecological receptor impact workflow identifying (by stage) the contributions of external
independent ecology experts, groundwater hydimgy modelling and surface water hydrology modelling for the
Namoisubregion

In this figure the green boxes represent specific stages undertaken by the Assessment team in the overall receptor impact
modelling process, the red boxes are the two externalksbops and the blue boxes are external expert or modelling inputs.
HRV = hydrological response variable, RIM = receptor impact model, RIV = receptor impact variable

The workflow shown ifrigure3 leads to the construction of a receptor impact model that predicts
the response of a receptor impact variable to changes in hydrological response variables. The
receptor impact models propag@the uncertainty in: (i) the effect of coal resource development
on the hydrological response variables under the baseline and CRDP; and, (ii) the uncertainty in
the receptor impact variable response to these hydrologateanges across a landscape class
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2.7.1Methods

2.7.1.2.11dentification of landscape classes that are potentially impacted

BAsidentify landscape class€Stagel inFigure3) that could be impacted byoal resource
devdopment as those landscape classes that lie wholly or partially within the zone of potential
hydrological change. The zone of potential hydrological change is defined as the union of the
groundwater and surface water zones of potential hydrological chahige groundwater zone

of potential hydrological change is defined as the area with a greater than 5% chance of exceedi
0.2m of drawdown in the relevant aquifers (see companion submethodology EKIG{edin

Tablel) for analysing impacts and riskdeénderson et al.2018)). In the BA for the Namoi

subregion, the relevant aquifer is the regional watertable.

Z Juauodwo)

The surface water zone of potential hydrological change is defined in a similar m&iheaarea
contains thoseiver reaches where a changeahleastone of ninesurface watehydrological
response variables exceets specified threshold. For the four flthased hydrological response
variablesg annual flow(AR, daily flow rate at the 99th percentil@99, interquartile range IQR
anddailyflow rate at the 1st percentiléP01)c the threshold is a 5% chance of a 1% change in the
variable with an additional threshold specified for PO&€3 able4 in companion product -3 for
the Namoi subregion (Herr et al., 2018a)hat is, if 5% or moref model runs show a maximum
change in results under CRDP of 1% relative to baseline. For four of the frednsesscy
hydrological response variablesighflow days(FD, low-flow days LFD, length of lowflow
spell(LLFpandzeroflow days ZFD ¢ the threshold is a 5% chance of a changéhoée days
peryear. For the final frequeneyased hydrological response variall@n-flow spellsLFS), the
threshold is a 5% chantleat the maximum difference in the number laiw flow spells between
the baselir and CRDP futuresasleasttwo spells per yeafcompanion submethodology M06
(aslisted in Table 1) for surface water modelling (Viney, 2016)).
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It is important to recognise that the zone of potential hydrological change identifies those parts of
the landscape where there is at least a 5% chance of a small (as defined by hydrological thresholds
used) hydrological change attributable to coal resource development. The zone serves only to
identify those landscape classes that should be taken to the neptaftthe receptor impact
methodology from those landscape classes that should not, on the grounds that the latter are
predicted to experience negligible (or insignificant) exposure to hydrological change due to coal
resource development.

2.7.1.2.2 Qualitative mathenatical modelling of landscape classes

BAs usequalitative mathematicalmodels to ascribe landscape class ecosystems, and to predict
(qualitatively) how coal resource development will directly and indirectly affect these ecosystems.
Qualitative mathematicd models were constructed in dedicated workshops, attended by experts
familiar with these landscapes and/or the Namoi subregibaib{e3; Stage 2 irFigure3). In the
workshop, ecological and hydrological experts were asked to describe how the key species and/or
functional groups within the landscape class ecamysinteract with each other, and to identify

the principal physical processes that mediate or otherwise influence these interactions. During
this process the experts were also asked to identify how key hydrological processes support the
ecological componehd | YR LINPOSaasSa 2F GKS fFyRaoOl LIS Of |
translated into qualitative mathematical models which enable the BA team to identify critical
relationships and variables that will become the focus of the quantitative recempioact models.
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Component 2: Modetlata analysis for thdlamoi subregion

2.7.1Methods

Table3 List of organisations with experts participating in the Namoi subregion qualitative mathematical modelling
(QMM) and receptor impact modelling (RIM) workshops

Organisation Number of experts

Consultantecologist
Department of the Environment and Energ

Eco Logical Australia

NSW Department of Primary Industries
NSW Office of Environment and Heritage

3
1
3
Macquarie University 3
2
1
University of New England 2

1

University of Newcastle

Qualitative modelling proceeds from the construction and analysis ofdirgeted graphs, or

signed digraphs, which are depictions of the variables and interactions of a system. These digraphs
are only concerned with the sign (&,0) of the direct effets that link variables. For instance,

the signed digraph ifrigure4 depicts a straighthain system with a basal resource (R), consumer
(C)and predator (P). There@atwo predatorprey relationships, where the predator receives a

positive direct effect (i.e. nutrition, shown as a link ending in an arroy),(and the prey receives

a negative direct effect (i.e. mortality, shown as a link ending in a filled cir)® The signed

digraph also depicts setfffects, such as densiyependent growth, as links that start and end in

the same variable. In the exampleRigure4 these seHeffects are negative.

Figure4 Signed digraph depicting a straigithain system with a basal resource (R), consumer (C) and predator (P)

Thestructure of a signed digraph provides a basis to predict the stabilityeo$ystem that it

L2 NIONFYeax FyR Ffaz2 lftf2¢6a GKS FylFfeald (2 LINBR
(i.e. increase, decrease, no change) following a sustained change to one (or more) of its variables.
The signed digraph irigure4, for example, is stable because: (i) it only has negative feedback

cycles, (i) the paths leading from the predators to their prey and back to the predator are negative
feedback cycles of length two, and (iii) there are no positive (destabilising) cycles in the system.

This model therefore predicts that if this system were to experiensedalendisturbance it would

be expected to return relatively quickly to its previowats or equilibrium.

The predicted direction of change of the variables within a signed digraph to a sustained change in
one or more of its variables is determined by the balance of positive and negative effects through
all paths in the model that are pentbed. Consider, for example, a pressure to the system

depicted inFigure4 that somehow supplements the food available to the predator P causing it

to increase its rproductive capacity. The predicted response of C is determined by the sign of

the link leading from P to C, which is negative (denoted a§ €). The predicted response of R

will be positive because there are two negative links in the path from P to RQP {R), and
GKSANI aA3y LINPREzG) A& LR2aAiAdS 60AdSod b E
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In the system depicted iRigure4, the response of the model variables (P, C, R) to a sustained
pressure will always be unambiguogshe predictions are said to be completely sign determined.
This occurs in this model because there are no multiple pathways between variables with
oppositesigns.

By way of contrast, the signed digraph depictedrigure5 ismore complex because it includes
anadditional consumer and a predator that feeds on more than one trophic level. This added
complexity creates multiple pathways with opposite signs betwPeand R.

Figure5 Signed digraph depicting a more complex system containing an additional consumer and a predator that
feeds on more than one tropic level

Here the predicted response of R dueaio increase i® will be ambigues, because there are
now three paths leading from P to R, two positive (FC1 R, P C2 {R) and one negative
(P TR). The abundance of the resource may therefore increase or decrease. This ambiguity
canbe approached in two ways. One is to apgipwledge of the relative strength of the links

connecting P to R. If P was only a minor consumer of R then the R would be predicted to increase.

T GSNYylFGA@StEes AT w o1& GKS YIFIAY LINBe 2F t 3
diet, then Rwould be predicted to decrease in abundance.

In many cases, howevehere is insufficient knowledge @iie strength of the links involved

in aresponse prediction. In these instances, Dambaete. (2003) and Hosaakt al. (2008)
described a statistal approach that estimates the probability of sign determinacy for each
response prediction. In thEBigure5 example, with two positively signed paths and one negdyiv
signed path, there is a net of one positive path (i.e. it is considered that a negatively signed path
cancels a positively signed path) out of a total of three paths. According to this approach, in the
system depicted ifrigureb, R is predicted to increasg&% of the time because of the ratio of the
net to the total number of paths.

The ratio of the net to the total number of paths in a response prediction has been determined

to be a robust means of assigning probability of sign determinacy to response predictions. These
probabilities of sign determinacy can then be used to assessiletive impacts that result from
aperturbation to thesystem.

2.7.1.2.3 Choice of hydrologicaksponsevariables and receptor impact variables

In BAs, qualitative mattematical models are used to represent how ecosystems will respond
gualitatively (increase, decrsa, no change) to changes in the hydrological variables that support
them. The models also provide a basis for identifying receptor impact variables and hydrological

Receptor impact modelling for the Namoi subregjoh?
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response variables that are the subject of the quantitative receptor impact models ($iage
Figure3).

The qualitative mathematical models identify a suite of ecologically important water requirements
that support the landscape class ecosystem. Thesallas are sometimes expressed as
hydrological regimes, for example an overbank flow regime premised on an average recurrence
interval of once every three years. The hydrological components in these models are linked to the
hazard analysis (companion subthodology M11 (as listed in Table 1) for hazard analysis (Ford

et al., 2016)) and provide the mechanism via which the coal resource development can adversely
affect groundwater and surface water dependent ecosystems.

Hydrological response variables arerigdged from the numerical surface water and groundwater
model results to represent these ecologically important water requirements. The surface water
hydrological response variables in the receptor impact models are defined in terms of mean
annual valuesdr two 30-yearperiods: 2013 to 2042 and 2073 to 2102 (e.g. mean number of zero
flow days per year between 2013 and 2042). The hydrological response variables are generalised
for the assessment extent and thus serve as indicators of change in ecologipaliyant flows,
rather than accurate characterisation of flow regimes at local scales. They differ from the
hydrological response variables defined in companion pro@8u&tl for surface water modelling

in the Namoi subregion (Aryal et al., 2018), whiepresent the maximum difference between the
CRDP and baseline simulations over they8@r simulation period (e.g. the maximum difference

in zeroflow days per year between 2013 and 2102).

Receptor impacvariables are selected according to the followimigecia:

1 Is it directly affected by changes in hydrology®se variables typically have a lower trophic
level.

1 Is it representative of the broader landscape clasafables (or nodes) within the
qualitative model that other components of that ecosystem or landscape class depend on
will speak more broadly to potential impacts.

1 Is itsomething thatexpertise availablean provide opinion onPhere is a need to be
pragmatic and make a choice of receptor impact variable that plays to the strengths of the
expertsavailable

1 Is itsomething that is potentially measurabl&®is may be important for validation of the
impact and risk analysis.

1 Will the choices of receptampact variable for a landscape class resonate with the
community?This speaks to the communication value of the receptor impact variable.

Receptormpact variables are chosen as indicators about the response of a landscape class.
Changes in the receptampact variables (e.g. foliage cover, taxa richness) imply changes to the
ecology of the landscape class. A decrease in projected cover of woody riparian vegetation implies
a reduction in the abundance and/or health of trees along river banks. A recempact variable

may coirtide with an ecological asset. For examphe dundance of a species listed under the

I 2 YY 2y ¢ Ehvirahrkeft®Protection and Biodiversity Conservation Act (BPBG\ct),

pK2aS Y2RSttSR WIFoAdGFdG o6LRGSYGAlIT aLISOASaA RA
indicator of overall ecosystem condition if experts thought its abundance were highly sensitive

18| Receptor impact modelling for the Namoi subregion



2.7.1Methods

to hydrological change. Alternatively, a receptor impaatiable that is not an asset, but which is @)
highly sensitive to hydrological change, may be a useful indicator of the overall response of a giv%
asset or landscape class. '8

>
The goal of theeceptor impact modellingvorkshop(Stage 5 irFigure3) is to predict how a given @
receptor impact variablavill respondat future time pointsto changes ithe values of hydrological ,:;
response variables, whilst acknowledging that tieisponse may be influenced by the status and Z
condition of the receptor impact variable in the reference year (2012). Response variables to S
represent changes in water quality that might be expected to accompany changes in the relative £
contributions of surfae runoff and groundwater to streamflow are not included in the models or g’,_;
the elicitations. o
The elicitationgeneratessubjective probability distributions fdhe expected value of the receptor %
impact variableundera set of hydrological scenaritisat represent possible combinations of %
changes to hydrological response variablBsese scenarios are the elicitation equivalent of ol
asampling design faeinexperiment where the aim is to maximise the information gain and %
minimise the cost.The samedesignprinciplestherefore apply(Stage 4 ifrigure3). g

3

It is essential to have an efficient design to collect the expert information, given the large numberz
of receptor impacimodels, landscape classes, and bioregions and subregions to address within m
the operational constraints of the programme. The design must also respect, as much as posable;—
the predicted hydrological regimes as summarised by hydrological modelling ouljdititeut
this information, design points may present hydrological scenarios that are unrealistically beyond o
bounds suggested by the landscape class definition. Alternatively, insufficiently wide bounds

on hydrological regimes lead to an ovextrapolation poblem when receptor impact model
predictions are made conditional on hydrological simulations at theas$knation stage (Stage

6 in Figure3). The design must ftiver respect the feasibility of the design space, which may be
constrained by mathematical relationships between related hydrological response variables. The
design must accommodate the requirement to predict to past and future assessment years. The
designmust also allow for the estimation of potentially important interactions and nonlinear
impacts of hydrological response variables on the receptor imyadable.

u !66J

2.7.1.2.4 Construction and estimation of receptor impact models

A > 4 A ~

BfsaddressthedzSa G A2y WI 26 YAIKG aSt SOGSR NBOSLII2NI A
A0SYINxA2a 2F OKFy3aS F2NJ 0KS KeRNRf23IAOI{ NBa&L
opinion. This is difficult questionto tackleand presents a challenging eliditan task. BAs

implement a number of processes that are designed to help meet this challenge: (i) persons

invited to thereceptor impact modding workshops are selected based on the relevance of their
domain expertise; (ii) all experts are provided witleqvorkshop documents that outline the

approach, the expectations on the group and the landscape classes and descriptions, and
subsequently the finalised qualitative models; and (iii) experts are given some training on

subjective probability, common heutiss and biases, together with a practice elicitation.

The elicitation proper follows a fivetep procedure (described in detail in companion
submethodology MOgas listed in Table 1) for receptor impact modellfrigpsack et al.,
2018))that initially eligts fractiles, fits and plots a probability density function to these fractiles,
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and thenchecks with the experts if fractiles predicted by the fitted density are sufficiently close to
their elicited values. This process isiterated until the experts cafirm that the elicited and fitted
fractiles, and the fitted lower (@) and upper (9th) fractiles, provide an adequate summary of
their opinions for the elicitation scenario concerned.

¢tKS SELISNIAaQ NBaLkyaSa (2 KiboSBhyednh gehefiafisedy & |
linear model tage 6 irFigure3; see submethodology M08 (as listed in Table 1) for receptor

impact modelling (Hosack et al., 2018))eThodel estimation procedure allows for a wide variety

of possible model structures that can accommodate quadratic respongeseptor impact

variables to changes ihydrological response varialdeand interactive (Synergistic or antagonist)
effects betveenhydrological response varialdeThe procedure uses a common model selection
criterion (theBayesian Information Criterigno select the model that most parsimoniously fits the
SELIS NI & Q NBlgitaidrysgefariags2 K S

2.7.1.2.5Receptor impact model pdiction

This stagdStage 7 ifrigure3) applies the receptor impact model methodology to predict

the response of the receptor impact variables. The general framewaitolvs for the receptor
impactmodel to be applied either at single or multiple receptor locations (assessment units).
Thereceptor impact model can therefore be applied at multiple receptor locations that are
representative of a landscape class withiniarégion or subregion. The primary endpoint
considered, however, is predicting receptor impact variable response to the BA future across
anentire landscape class, which is accomplished by including all locations (assessment units)
that represent the hydrtgical characteristics of the landscape class. The uncertainty from the
hydrology modelling is propagated through the receptor impact model at each location to give
the predicted distribution of the receptor impact variable at different time points fa thvo

futures considered by BA (baseline and CRDP). The uncertainties are then aggregated to give
the response across the entire landscape class. Companion submethodology M09 (as listed in
Table 1Peeters et al., 2016) provides further details on how utaiety is propagated through

the hydrological models. Integrating across these receptors produces the overall predicted
response of the receptor impact variable for the landscape class given the choice of the BA future.
These landscape class results armmarised in product-3l (impacts and risks) for the Namoi
subregion (Herr et al., 2018a). The resdksnot replace the need for detailed site or project
specific studies, nahould theybe used to preempt the results of detailed studies that may

be required understateand Commonwealttegislation. Detailed site studies may give differing
results due to the scale of modelling used.

2.7.1.2.6 Receptor impact modelling assumptions and implications

The receptor impact modelling methodolo@ggompanion submethodology M08 (as listed

in Tablel; Hosack et al2018)) and its implementation was affected by design choices that
havebeen made withiBA Some of these broader choices are described in companion
submethodology M1@as listed in Table)Xor analysing impacts and riskdénderson et al.,
2018).Table4 summarises some of the assumptions made for the receptor impact modelling,
the implications of those assumptions for the results, and how those implications are
acknowledged through the BA products.
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Table4 Summary of the receptor impact modelling assumptions, their potential implications, and their
acknowledgememthrough BA products

Assumptions of receptor impad Implications Acknowledgement

modelling

Discretisation of continuous
landscape surface

Data underpinning landscape
classess sufficient and correct

Provided a defined spatial scope for Identify potential connections between
experts toaddress. Gnnections landscape classes where possible in
between landscape classes broken the impact and risk producSome
Changes irone landscape class may qualitative mathematical models do
have implications for adjacent include links to nearby landscape
landscape classes clasges

Landscape class definition required d¢ Acknowledge issues with data in the
input from preexisting data sources impact and risk product (also done in

Prioritisation for qualitative the conceptual modelling product)
mathematical models and receptor  In companion product 3! for the
impact models may be affected Namoi subregion (Herr et al., 2018a)
Minimal effecton model development acknowledgehat mapped resus

for receptor impact models reflect the mapped inputs

Areas of landscape classes ar¢ Provides a defined spatial scope for  Acknowledge in Methods
constant over modelling period expertassessment of changBA is

about identifying existing areas that ai
at risk from coal resource developmer
as opposedo predicting the changes il
areal extent or transition to different
landscape classes. Some potential fol
changes in the area of the landscape
class to affect its sensitivity to
hydrological change but would need t
be assessed on an asdstasset basis

Other developments and users Provided a defined context for experts Acknowledge in Methods

of water (e.g. agriculture) are
constant over time

to consider BA isaboutidentifying
existing areas that are at risk from coe
resource development as opposéal
predicting the changes due to other
developments or the relative attributio

Landscape characteristics othe Limits hydrological response vables Identify as knowledgeyapwhen the
than hydrological variables are used inreceptor impact modelso hydrological response variables used
not represented in quantitative thosethat maybe derived from in the model represent a subset of

receptor impact models

Experts available adequately
represent the state of
knowledge for relevant
landscape classes

hydrological models developed by BA the key dependenciesfcknowledge
The absence of water quality variable: importance of local (vs regional)

is a noted limitationLoss of within analyses where the concernaser
landscape class predictive performanc particular parts of a landscape class
from the receptor impact models

Experts provided domain expertise an Acknowledge that the receptor impact
experience that informed both model variableA & 'y WAYRA OF (
structure and also provided quantifiab ecosystem responsddentify as
predictions of receptor impact variable knowledge gap where part of the
responseo novel hydrological landscape class is not represented
scenarios Expert availability affected

the quality/utility of the qualitative

mathematical modelidentification of

receptor impact variables that reflect

expertise of thoseén the room
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Assumptions of receptor impag

Implications Acknowledgement

modelling

The smplification of complex
systemds appropriate for the
task

Acommon set of modelled
hydrological response variable:
is appropriateacrosdifferent
landscape clags

Receptor impact variables are
good indicatos of ecosystem
response

Extrapolation of predictions
beyond elicitation scenarios

Qualitative mathematical
models focus on impacts of
longterm sustained
hydrological changes (press
perturbations) to ecosystems.
The quantitative receptor
impact models caand do
account for pulse perturbations
and associated responses,
where experts were free to
include direct and indirect
effects as well as pulse and
press perturbations within their
assessments

BA = bioregional assessment

Provided formal approach to model  Acknowledge that one or two receptor

identification and slection of candidate impact variables can underestimate

receptor impact variabled\ot all complex ecosystem functiomMake

components and relationships are assumptions cleartHgh-level

represented by receptor impact mode interpretation of results Emphasise
importance of interpreting the
hydrological change

Limits hydrological response variables The need for locakcale information
used inrecepor impact modelgo isidentified (in multiple places)
thosethat maybe derived from

hydrological models developed by BA

Enables some simplification of comple

systems Loss of local specificity in

predictions of receptor impact variable

Thequalitative models informed the  The need for locakcale information
selection of receptor impact variables isidentified (in multiple places)
within the additional constraints

imposed by expert availability given

project imelines Focusof the

quantified relationships within the

landscape class

The ranges of hydrological scenarios t Identify as a limitation fothe

be consideed at the expert elicitation appropriate landscape classtime
sessions were informed by preliminan impact and riskproduct where this
hydrological modelling output and occurs

hydrological expert advice within BA.

However final model results sometime

extended beyond this preliminary ran¢

due to necessary changes in underlyi

hydrological modelling assumptions a

assimilation of dataExtrapolation

beyond the range of hydrological

response variables considered by the

expert elicitation increases uncertainty

in receptor impact variable predictions

Qualitativemodels may not accurately Describe rationale for the focus on

represent impacts of shiter-term press perturbations icompanion
hydrological changes (pulse submethodologyMO08 (as listed in
perturbations) on ecosystems and Tablel) forreceptor impact modelling
landscape classes (Hosack et al2018). Note that many

potential pulse perturbations are
caused by accidents and managed by
site-based processesdentify as a
limitation / knowledge gapNote that
quantitative receptor impact models
do account for pulse perturbations
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2.7.2 Prioritising landscape classes for receptor impact modelling

Summary

The purpose of this section is to provide the rationale for the choice of landscape groups
that have been selected for the impact and risk analysis, and to describe the modelling
undertaken foreach of these groups. The landscape classification for the assessment extent
of the Namoi subregion identified 29 landscape classes that were aggregated into 6 broad
landscape groups.

The zone of potential hydrological change developed for the Namoi sualoregas used to:

() identify ecological landscape classes that intersect it and are potentially impacted by the
modelled hydrological changes due to additional coal resource development, and (ii) rule
out landscape classes that do not intersect the zoné are therefore consideredery
unlikely(less than 5% chance) to be impacted by changes in hydrology. Qualitative and/or
receptor impact models are only needed for those ecological landscape classes that are
potentially impacted.

A total of21 landscapelasses, comprising 4 landscape groups that intersect the Ko 4

zone of potential hydrological change, are considered dependent on groundwaserface
water regimes These landscape groupkerefore, are potentially impacted due to additional
coalresource developmerand are considered further in this product and through the
remainder of the impact and risk analysis of the bioregional assessment (BA) for the Namoi
ddzo NBIA2yd ¢KS fFyRaOl LIS 3I NP dzLJaflodddeor WCt 2 2 R LIt
dzLX ' YR NAGSNAYSQI W{LINAYIAQ YR WwlAyT2NBalQ
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The Pilliga and Pilliga Outwash Interim Biogeographic Regionalisation of AusB&Wa (
adzoNBIA2yasx 2N aAYLX & GSNY¥YSR (KS Wt AffAdal NB
within the Namoi subrgion. Based on agreement with experts in this region, separate

modelling was undertaken for the Pilliga that included riverine landscape classes (upland

andf 26f I YRO YR (KS WDNIRJIBYRSEFR{ ISYOR a8 BB &R 6 ID
class that is mstly contained within this region.

The next four sections in this product (Sectibid.3 to Sectior2.7.6, inclusive) focus on the

four landscape groups that are considered during subsequent stages of the BA for the Namoi
subregion. The purpose of the cant section is to provide the rationale for the choice of
landscape groups that have been selected for the impact and risk analysis, and to describe
the modelling undertaken for each of these groups.

2.7.2.1 Potentially impacted landscape classes

The landscape daification for the assessment extent of the Namoi subregion identified
29landscape classes that were aggregated into 6 broad landscape groups (see &8c3ion

of companion produc®.3 for the Namoi subregion (Herr et al., 2018b)). Once the zone of
potential hydrological change was developed for the Namoi subregion (as outlined in companion
product3-4 for the Namoi subregion (Herr et al., 2018a)) it was used to: (i) identify ecological
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landscape classes that intersect it and are potentially impactettidoynodelled hydrological
changes due to additional coal resource development, and (ii) rule out landscape classes that
do not intersect the zone and are therefore consideraaty unlikelyless than 5% chance) to be
impacted by changes in hydrology. Qtailive and/or receptor impact models are only needed
for those ecological landscape classes that are potentially impacted.

There are two landscape groups that are automatically ruled out of this component of BA

regardless of their extent withinthe zondo L2 § Sy G A f KeRNRf 23IAOlIt OKI
NEYYlIyd @S3aSalriAaAz2yQ tFyRaOFLIS 3AINRdzL) A& NHzZ SR
vegetation communities that are deemed to be reliant on incident rainfall and local runoff and

do not incluce features in the landscape that have potential hydrological connectivity to surface

water or groundwater features (for further informatiosee Sectior2.3.30f companion

product?2.3 for the Namoi subregiof SNNJ S& | f @ H A my émodiFdh SRXO2 Yy R &
landscape group (comprising six landscape classes) is excluded from this analysis because it
primarily comprises agricultural and urban landscapes that are highly modified by human activity,

and contains a set of ecohydrological attributes distimotrf the other landscape groups (for

further information,see Sectior2.3.3of companion producg.3 for the Namoi subregiofHerr

et al., 2018b)). Attributes of the watetependency of some aspects of these landscapes are
considerecelsewhere ¢ee Sectior3.50f companion producB-4 for the Namoi subregion (Herr

etal., 2018a)), that is, the potential impact of coal resource development on economic assets such

as groundwater bores.

None of the 1%prings of théV b DY . & UdNdscApcdassiound in the assessment extent
are located within the zone of potential hydrological change. Theretbre landscape class can
be ruled outas itisvery unlikelyto be impacteddue toadditional coal resource development.

Theremaining 21 landscape dlses, comprising 4 landscape groups that intersect the ko#4

zone of potential hydrological change, are considered dependent on groundwater or surface

water regimes These landscape groupbkerefore, are potentially impacted due to additional coal
resource developmerdnd are considered further in this product and through the remainder of

the impact and risk analysis of the BA for the Namoi subregion (i.e. as presented in companion
product3n 01 SNNJ S&G Ff ®X Hamyll OOPAYKENI EZFRAEOY RS NR K
WhFY 22 RLI FAY 2NJ dzLJ ' YR NAGSNAYSQS W{LINAYy3IaAQ |

When developing ecological models for the Namoi subregion it was deemed necessary to develop

a separate model for defining potential ecological impacts for thegRilind Pilliga Outwash IBRA
subregiondSEWPaC, 2012he Pilliga and Pilliga Outwash IBRA subregions, or simply termed

theWt Afft A3 NBIA2YyQ KSNBI NBLINBaSyd | dzyAljdzS &
comparison to the other landscapes acsdhe Namoi subregion, the Pilliga region has many

unique attributes in terms of its ecology, geomorphology, underlying hydrogeology, soils and
ecohydrology. Consistent with the structuring of the ecological moadeigined further in this

product(see Setion 2.7.5), the potential hydrological changes and ecosystem impacts are

presented for both a separate Pilliga region of the zone of potential hydrological change and
theNB Y Ay AyAT tWyZyQ | NBFa 2N NELRNIAY s@EBIA2ya 7T
Section3.3.2.20f companion producB-4 for the Namoi subregion (Herr et al., 2018a) for details

on reporting regions).
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2.7.2Prioritising landscape classes for receptor impact modelling

27211WCE 22RLIE IAY 2N 246t yR NAODSNAYSQ ot |
The zone of potential hydrological change contains all four riverine landstagses within the é
WCEf22RLI LAY 2NI f26fFyR NADGSNAYSQ fFyRadl LS SN
group within the assessment exterfigbleb). Amonghese four riverine classes, the largest 2
O2yUNROdziA2Y Aad FTNRY (GUKS W¥SYLWRI NE SNybysyéKSﬁ
(979.6km) landscape classeBableb). All six of the nomiverine classes occur within the zone of =
potential hydrological changd éble5). The largestnoNA GSNA Y S Of I a4 a lamé | NBI
AN} aade ¢22Rf kny’—’L'F% IDYSR QW @fnHAMRDLIE | A Y krdf)NTakies) SAImos? 2 ﬁz%l \

KFEEfF 2F tf GKS WCt22RLI I A y’xtem\I\MSlMisMclua‘eﬂlN.Ba usr
the zone of potential hydrological changeaple5v @ a2 aid 2F GKS | NBI Ofal &
gSUfFYRQ YR WCOB2RWI BEKP bsaémﬁmsm&mZSEuSYu a0 o
respectively) form part of the zone of potential hydrological charigbleb).

LIIE?

s!sm

I aAy3dfS aA3TIYySR RAINI LK Y2RStf 41 & ONBI ISR T2 N
that captured most of the key linkages within and between the riverine and floodplaiitasib
From this model, key hydrological response variables were selected for a subset of the landscap&
classes. Given the expertise and resources availableeajuhlitative modelling workshop for
the Namoi subregion, it was decided that receptor impanidels be developed for a subset of
landscape classes of this grodfable5).¢ KSNB | NB (62 I yRaolLS Of £a
f26fFyR NAJSNA f,ﬁdhﬂ?llllgaIregcﬁlh\/\merd_gﬁaunﬂwaﬁrdhta]Ndown was aSS|gned
4 I KeRNRBf23IAOFIt NBaLRyaS GFNAFofSY WwWcCt 22R‘%Jf
D59Q® ¢KS O2NNBALRYRAY3I NBOSLII2NI AYLI Oiln a1 N3 |
projected foliage cover. The frequency of overbank flows was identified as being an important
RNAOGSNI 2F GKS NALI NRFY SO02a2aiGSY 6WCE22RLI I AY
landscapeclasses) as well as the @ffiannel water bodies®J Ff 22 RLIX I Ay ¢St yR&
gSUfFYRQ | YR WCi madsthgtlaskes). TheSehperts vitkhe dtdige todelling
workshop considerg the presence of tadpolesom the Limnodynastegenusas the key receptor

impact variable for floodpla wetlands. The cead®-flow attributes of the surface water regime

were considered as critical hydrological response variables for the riverine landscape classes
andwere assignedannual number of zerflow days and annual maximum zeftow spells.

As&mblages ofMmacroinvertebrates in the edge habitat were deemed to be appropriate receptor

impact variables for gauging impacts on these cdas#ow attributes of the flow regime.

loweRy) J

9.(

wSOSLII2NJ AYLI O Y2RSta 6SNBE y2i ORYRONHAHDRSR 7T
WCf 22RLI FAYy 3Nl aae ¢g22RflFYyR D59Q fFyRaol LIS Of
of this landscape group within the zone of potential hydrological change, they are considered less
sensitive to hydrological change given their redd reliance on groundwater and surface water

(see Sectio.7.3 for more details).
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Component 2: Modetlata analysis for th&lamoi subregion

2.7.2Prioritising landscape classes for receptor impact modelling

Table5 Extent of all landscape classes in the assessment extent and zone of potential hydrological change for the Namoi subregion

Landscape class hames as shown in companion pr@dBdor the Namoi subregion (Herr et al., 2018b). The relevant reporting region, qualitative model and receptor impact modefas gaen
landscape class.

Landscape group Landscape class Exten®in Extent in the zone | Reporting region| Qualitative model | Receptor impact model
assessment exterit
Floodplain or lowland Floodplain riparian forest 1.5 na 0.2 na Upper Namoi,  Floodplainor 1. Floodplain riparian forests
riverine (kn) Mid Namaoi, lowland riverine projected foliage cover
Lower Namoi
Floodplainriparian forest 148.7 na 72
GDE (k)
Floodplain wetland (kA) 30.1 na 21.6 na Upper Namoi, Floodplainor 2. Floodplain wetland (GDE and
; Mid Namaoi, lowland riverine non-GDEY;, probability of
Fll‘r)rgdplam wetland GDE 15 na & N& | ower Namoi presence of tadpoles from the
(ki) Limnodynastegenus L. dumerilii,
L. salmini, L. interiorisndL.
terraereginag in pools and riffles
Permanent lowland 17.3 1,688.6 na 979.6 Upper Namoi,  Floodplainor 3. Permanent and temporary
stream (kn3/km) Mid Namaoi, lowland riverine lowland streams (GDE and ron
Lower Namoi GDEY, average number of
Permanent lowland na 456.8 na 240.8

families of aquatic

stream GDE (kffkm) macroinvertebrate in edge habite

Temporary lowland 15 8,053.3 na 2062.2
stream (kni/km)
Temporary lowland 8.3 509.3 na 84.3
stream GDE (kftkm)
Floodplain grassy 400.2 na 121.3 na Upper Namoi,  Floodplainor No
woodland (knd) Mid Namoi, lowland riverine
Lower Namoi
Floodplain grassy 1,445.4 na 421.7 na Upper Namoi, Floodplainor No
woodland GDE (kfj Mid Namaoi, lowland riverine
Lower Namoi
Permanent lowland 17.3 1,688.6 na 14.3 Pilliga and Pilliga Pilliga riverine 1. Pilliga rivering, projected
stream (kn3/km) Outwash (upland and lowland foliage cover
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2.7.2Prioritising landscape classes for receptor impact modelling

Extentin
assessment exterit

Landscape group

Landscape class Extent in the zone | Reporting region| Qualitative model | Receptor impact model

Permanent lowland na 456.8 na <0.1 2. Pilliga riverine average
stream GDE (kfftkm) number of families of aquatic
macroinvertebrates in instream
Temporary lowland 15 8,053.3 na 624.6 pool habitat sampled using the
stream (kni/km) NSW AUSRIVAS method for poc
Temporary lowland 8.3 509.3 2.4 86.9
stream GDE (kfftkm)
Floodplain riparian forest 15 na <0.1 na Pilliga and Pilliga No No
(k) Outwash
Floodplain riparian forest 148.7 na 0.2 na
GDE (krf)
Floodplain wetland (kA) 30.1 na 0.5 na
Floodplain wetland GDE 151.8 na 1.6 na
(k)
Floodplain grassy 400.2 na 2.9 na
woodland (knd)
Floodplain grassy 1,445.4 na 0.2 na
woodland GDE (kfn
Total area 2,204.8 na 752.2 na
Total length na 10,708 na 4092.7
Non-floodplain or Upland riparian forest 87.4 na 2.9 na Upper Namoi,  Upland riverine 1. Upland riparian forest
upland riverine GDE (krf Mid Namaoi, projected foliage cover
Lower Namoi
Permanent upland strear 0.1 1,646.1 na 92.6 Upper Namoi,  Upland riverine 1. Permanent and temporary
(km?/km) Mid Namaoi, upland streams (GDE and non
Lower Namoi GDEY, average number of
Permanent upland strear 1.1 227.4 0.1 14.2 o .
KAk families of aquatic
GDE (kntkm) macroinvertebrates in instream
Temporary upland strean na 16,512.8 na 745.1 pool habitat sampled using the
(kme/km) NSW AUSRIVAS method for poc
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Component 2: Modetlata analysis for th&lamoi subregion

2.7.2Prioritising landscape classes for receptor impact modelling

Landscape group Landscape class Exten®in Extent in the zone | Reporting region| Qualitative model | Receptor impact model
assessment exterit
Temporaryupland stream 0.1 464 na 34.7 2. Upland riverine; probability of
GDE (krfikm) presence of tadpoles from the

Limnodynastegenus L. dumerilii,
L. salmini, L. interiorsndL.
terraereginag

Permanent upland strear na 1,646.1 na <0.1 Pilliga and Pilliga Pilliga riverine 1. Pilliga riverine, projected
(kr?/km) Outwash (upland and lowland foliage cover
Permanent upland strear na 227.4 na <0.1
GDE (krfikm)
Temporary upland strean na 16,512.8 na 530.4
(kn?/km)
Temporary upland strean na 464 na 115
GDE (krfilkm)
Grassy woodland GDE 3,247.6 na 561.7 na Pilliga Grassy woodland  No
(kn?) GDE
72.8 na Upper Namoi,
Mid Namaoi,
LowerNamoi
Nonfloodplain wetland 130.3 na 131 na All Nonfloodplain No
(kn?) wetland (GDE and
. non-GDE)
Nonfloodplain wetland 23.5 na 8.1 na
GDE (krf
Total area 3,490.1 na 663 na
Total length na 18,850.3 na  1428.5
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2.7.2Prioritising landscape classes for receptor impact modelling

Landscape group Landscape class Exten®in Extent in the zone | Reporting region| Qualitative model | Receptor impact model
assessment exterit
Rainforest Rainforest(kn?) na 153.1 na 4.0 All Rainforests (GDE ar No
non-GDE

Rainforest GDE (kin na 43.5 na 0.3 )

Total area na 196.6 na 4.3
Springs GAB springs (number) 7 na 2 na All GAB springs No

Non-GAB springs 15 na 0 na

(number)

Total number 22 na 2 na
Dryland remnant Grassy woodland (ki 8,623.7 na 11775 na All Not considered Not considered
vegetation

Total area 8,623.7 na 1177.5 na
Humanmodified Conservation and natura 400.7 na 111.2 na All Not considered Not considered

environments (k)
Intensive uses (k& 276 na 91.5 na

Production from dryland 16,075.3 na 28145 na
agriculture and
plantations (k)

Production from irrigated  1,854.1 na 594.2 na
agriculture and
plantations (km)

Production from relatively 2,356.2 na 739 na
natural environments

(km?)

Water (kn¥) 182.1 na 66.5 na
Total area 21,144 .4 na 4416.9 na

aExtent of each landscape class is either an area of vegetatid), (lemgth of stream network (km) or number of springs (number).
bValues for the extent in assessment extent are the same regardless of reporting region.

GAB = Great Artesian Basin; GDE = groundvagigendent ecosystem

Data: Bioregional Assessment Programme (Dataset 1)

Receptor impact modelling for the Namoi subregjoBil
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Component 2: Modetlata analysis for thdlamoi subregion

2.7.2Prioritising landscape classes for receptor impact modelling

27212Wh FY 22 RLI FAY 2N dzLJX F' YR NRAGBSNAYSQ f

For the areas outside the Pilliga region in the zone of potential hydrological change (i.e. Upper
Namoi, Mid Namoi and Lower Namoi reporting regions), the most common riverine landscape

Of aa oAGKAY2 RIKISE AW 23 NJ dzLX | y R théNZone SndtefitalQ | Yy Ra
KERNRE23aAAOIE OKIy3aS Aa Of I &4akhrelidtingtie W¢ SY L2 NI
intermittent or ephemeral nature of many of the stream segmeritak{le5). The remainder
oftheAGNBIFY ySGg2N] Aa Of I AaATAJROIZE YWISTYNIZINY DE
A0NBFY DI5YWKIKQ FoyoR &t SNY Iy Sy (i  dh)iTabedR Mastindditeriie D5 9 Q
f I yRAOI LIS EF tA2y2 RILBES AWDb 22yNJ dzLJt I YR NAGSNAYSQ I yR2
KERNRf2IAOFE OKIy3aS IINB Ay (KS KRNI a¢3KRS o4 208l Iy
NA LI NAIFY F2NBad D59Q fFyRaoOlILIS Oflaa YI1Sa dz.
hydrological change (220 | £ 2y 3 g A G K FF { 22IRLIE | FANG k?b20F | WoReQy
andWb FyY 22 RLI Ay 6SGf I yR BB)(mbled) yRaOlF LIS Of  aaSa

Three different components of this landscape group were considered for the qualitative modelling
given the general lack of hydrological and spatialnertivity between the landscape classes

across the zone of potential hydrological change. The level of fragmentation and lack of spatial
2OSNI L) 0SGsSSY (GKS W! LJX YR NALI NAI yflogdplaudS ad D
gSOf | yRD@aphoy2 yg SGf I YR D59Q f I yRAOFLIS Of I aasSa ac
hydrological and ecological connectivity. The upland riverine qualitative model included all upland
NAOPSNRAYS tFyRaoOFILIS OflaasSa IyR GKS | BRIROSyd N
landscape class. Three receptor impact models were formulated based on this qualitative model:
upland riverine (two separate models) and upland riparian foré€ab(e5). Ceaseo-flow

attributes (zereflow days and zerflow spells) of the surface water regime were assigned as
hydrological response variables for the upland riverine modtes correspondingeceptor impact

variables included changes in macroinvériate assemblages and the probability of the presence

of tadpolesfrom the Limnodynastegenus(Table5). For upland riparian forest, groundwater

drawdown and overbaniow events were considered the key hydrological response variables.

The potential ecosystem impacts on this landscape class were quantified using projected foliage
cover {Table5).

In addition to the upland riverine system, a qualitative model was developed for the non
floodplain wetlands in this landscape grouble5). However, no elicitation or quantitative
modelling was conducted because these wetland systems were considered a low priority given
their unknown levels of groundwater dependence. A qualitative model was also developed for
theWDNJ da& 2 22Rf leflass ad thigs distugsed&dwlid Section 2.7.2.1.4.

2.7.2.1.3 Pilliga riverine landscape classes

The Pilliga region within the zone of potential hydrological change contains both upland and

f26f YR NAOGSNAYS NBIFIOKSad W¢SWUWRNINE dzItsH f B Ra
(624.6 km) landscape classes make up the majority of the riverine networks, reflecting the highly
ephemeral and/or intermittent nature of the drainage networkaple5). A small fraction of the

Wt SNXYIFyYySyid t26¢f1 yR a ikmBriteyserts vith thKRRAYA tedid® in Dé doded 0O ™
of potential hydrological chang&ébleb).
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2.7.2Prioritising landscape classes feceptor impact modelling

DAGSY GKS dzyAljdzS OKI NI OGSNRaGtAOa 2F GKS tAftdA
patterns), a qualitative model, in consultation with the local experts, was developed for both
upland and lowland riverine daes; Pilliga riverine Table5). This meant that both lowland
andupland riverine landscape classes share a similar model that encompasses both the riverine
andriparian systems. From this model, key hydrological response variables were identified:
groundwater drawdown, change in annual zél@mv days and maximum zeiftow spells. The
receptor impact modelling workshop used two different receptor impact variabl@sdicate
potential ecological impacts in this system: projected foliage cover of riparian trees and number

auodwo

ofF I YATASE 2F L ljdzZr A0 YI ONPAYODOSNISONI 1Saop ! d:
landscape class was also formulated, but no quantitatmeelelling was developed.

27214WDN} dae g22RflIYyR D59Q I yR&aoOl LIS |-
¢KS WDN} dae ¢22Rfl YR D59Q f I y-riveéridelahdScapdd | & & 1

in the Pilliga region (561.Km?) and a small portion (7218n?) of the total 634.%m? of this
landscapeclass across the entire zone of potential hydrological change is located outside of
the Pilliga regionTable5). This landscape class includes a collection ofrdifitevegetation
communities and habitats, however, given the concentration of this landscape class in the Pilliga
region of the zone of potential hydrological change, a qualitative model was developed by the
workshop participants with a focus on the ecojagf this region Table5). Given the limitations

on resources at the receptor impact modelling workshop and the uncertainty surrounding the
nature of groundwater depedency of vegetation in the Pilliga region, a receptor impact model
was not formulated for this landscape class.

27215Wwl AYF2NBadQ €t yRaOI LIS 3I NP dzLJ

CKS WYwlAYyTF2NBadQ fFyRaOl LIS 3INRdzZI 200dzLJA Sa || f
change, withtts Wwl Ay F2NBad Q f Iy RanITLIS KB |1 8& SA Y iy RNEIKC
D59Q f I yRaOl LIS @ (Tabies). R yullBabi Bddél wag develoged tihis

landscape group that emphasises the relationship of key ecological components and groundwater
dynamics. Given the limited extent of this landscataess within the landscape group and the

large degree of uncertainty associated with its groundwater dependency it was decided not to
formulate a quantitative receptor impact model for this group.

27216W{ LINAY3IaAaQ I yRaOl LIS 3INEPdzJ

Two springs are known to occuithin the zone of potential hydrological change, which are

Of FaaAFASR a4 WD!. &aLINAy3aQ olasSR 2y GKSANI I a
Thesetwo springs are located on the eastern edge of the Pilliga Basin and are thought to be

primarily recharge springs, given their location on the eastern fringes of the Great Artesian Basin
(GAB)Fensham and Fairfax, 2003) qualitative model was formulated for a typical recharge
GABspring Table5). However, it was decided by experts that given the nature of the flow paths
associated with these springs, impacts from additional resource development would be difficult

to quantify and it was not pursued further.

uoifaigns Io0WeNpY] 10) égs/(@lmm@gpepow 2 U
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Component 2: Modetlata analysis for thdlamoi subregion

2.7.2Prioritising landscape classes for receptor impact modelling
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2.7.3  Wapdplain orlowlandriverineQ f | yRa OF LIS 3 NE dJ
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©
Summary %
CKS WCE22RLIEIFAY 2N t26tFyR NAGSNAYSQ | yRaDL
6% of the Namasubregion assessment extent and makes up around a quarter of the entire Y
length of the stream network across the assessment extent. There are four lowland riverine §
landscape classes that capture differences in surface water (temporary/permanent) and i
groundwater (groundwaterdependent ecosystem (GDE)/n@DE) regimes across the )
assessment extent. The floodplain landscape classes contain a collection of landscape and &
ecological elements exposed to inundation or flooding along a river system including riparian =
forests, wetlands and grassy woodlands. %
The zone of potential hydrological change for the Namoi subregion contains all four of the (fh
NADSNAYS I yRAOFLIS OflaasSazr sgAGK GKS f I NB‘%G
OHNCH®H 1 YO Iy RR Yt (ISNBY | MR iaSestt AR sisctbfe non-riverine ;
landscape classes occur within the zone of potential hydrological change with the largest Q
Of aaSa o0& I NBF 0SAy3 WCt 2 2Piélofhegzord)Nahda & & éf% 2
WCE 2 2 RLIA2A2yR f I NI RIQR a¥dl M% of the zorie)Y There is approximately 1% 0

of WCE 22RLI FAY NALINAFY F2NBad OICT @ 2IRLR W c w84
D59Q flyRaOILIS OfladaasSa gAGKAY O &brvidwdfyS 27 ngz
thoseaspects of riverine, groundwater and floodplain ecohydrology relet@atiie Namoi g'
subregion is presented to provide context to the ecological modefinregented thereafter.

A qualitative model was developed for this landscape group that captured sothe of

keylinkages within and between the riverine and floodplain habitats. From this model, key
hydrological response variables were selected for a subset of the landscape cldsses.

arel g2 fFyRaOlILIS OflaasSa Ay ( k&pePodpZnadRiigh Ay 21
region) where groundwater drawdown was assigned as a hydrological response variable:

WCE 22RLI FAY NALINARFY F2NBaldQ yR WCf22RLI I AY
impact variable for riparian forests was identifiad change in projected foliage cover. The

frequency of overbank flows was identified as being an important driver of the riparian

SO2a23aiGSY 6WCE22RLI FAY NALINARIY F2NBadQ FyR
as well as the ofthannelwaB NJ 6 2 RAS& 2NJ Fft 22RLIX FAYy ¢Sifl yRA
WCt 22RLI FAY gSGflFYyR D59Q fFyRaoOlILIS OflFaasSauvoe

workshop considered the presence of tadpolesm the Limnodynastegenusas the
appropriate receptor impactariable for floodplain wetlands.

The ceas#o-flow attributes of the surface water regime were considered as critical
hydrological response variables for the lowland riverine landscape classes and were
assignedannual number of zerflow days (averaged over 30 years) and annual maximum
zeroflow spells. Assemblages mfacroinvertebrate in the edge habitat were deemed

to be appropriate receptor impact variables for gauging impacts on these eeaiew
attributes of the flow regime.
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Component 2: Modetlata analysis for thdlamoi subregion
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2.7.3.1.1 Description

CKS WCE22RLIEFAY 2N 2t YR NAGSNAYSQ I yRaAO L
the assessment extent and makes up around a quarter of the entire lengtie stream network

across the assessment extent. The landscape classification used by the bioregional assessment
6.1'0 GSIY RSTFAYSR F2dzNJ Wf26f 1 YRQ NAGSNAYS Of |
features (i.e. lowland), water regime (i.e. pemagnt or temporary) and the likelihood of

intersecting with known surface expression G¥eg Section 2.3.3 of companion product 2.3

for the Namoi subregion (Herr et al., 20)Ifor further details). Thelassification also captures

arange of norriverinefeatures such as wetlands and vegetation types across the rigarian

floodplain transition.

Floodplains can be defined broadly as a collection of landscape and ecological elements exposed
to inundation or flooding along a river systdRogers, 2011)he fbodplain landscapes of the
Namoi subregion assessment extent are predominantly lowddngdand systems incorporating
arange of wetland types such as riparian forestgyshes, billabongs, tree swamps, anabranches
and overflowgRogers, 2011 Riparian foest landscape classes are located withimioectly
adjacent to the stream channel and are inundated when the channel is full. They are generally
classified as being dependent on groundwater in the alluvium. Floodplain grassy woodlands
occupy the floodplan further away from the stream channel and are flooded intermittently
andmay or may not rely on groundwater. @ffiannel water bodies or wetlands argerspersed
alongthe floodplain and are typically inundated during overbank flow evésggeSection 23.3

of companion product 2.3 for the Namoi subregion (Herr et al. 8@dr further details)Figure

6 isan example of the distribution of landsaapalong typical floodplain areas, such as along the
Namoi River.
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Floodplain grassy woodland

Floodplain riparian forest GDE

Permanent lowland stream " Floodplain wetland

Surface water / Direction of groundwater Direction of surface water
movement = movement
Groundwater 2 Increased evapotranspiration 1 Flux of salt

Alluvial sediments = ; 5
. {apl  Intermediate concentrations High concentrations of
WNaCl; i salt
2
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Figure6 Pictorial conceptual model of landscapetypical of (i K Hoodplain or lowland riverin@ f I y Ra Ol LJ
within the zone of potential hydrological ltangeof the Namoi subregion

The model depicts a river system that is losing water to the underlying alluvial aquifer. Some of the hydrological prelessses
to this landscape are also shown.

GDE = groundwatetependent ecosystem

Source:Symbols coutesy ofthe Integration and Application Network, University of Maryland Center for Environmental Science
(ian.umces.edu/symbols/)

The Namoi subregion zone of potential hydrological change contains all four riverine landscape
OfFaasSa sAUKAY GKAA 3INRAzZLIE 6AGK GKS fFNBSadG o
(206221 YO | YR Wt SNMINSS WIQ foxaridtdeR avabled Rigyi&?ir OF LIS O
Allsix of the norriverine landscape classes occur within the zone of potential hydrological change
(Table6b @ ¢ KS fFNBSAG fFyRaOlFILIS OflaaS® o& vAMKB I 1 I¥

~

2NJ ¢z 2F GKS 1 2yS0 | yR WC22rAR%If thézgne)Habldca 4 & 42 2
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Table6 Areas and/orlength® ¥ (1 KS WCf 22RLI Ay 2NJ ft26fF YR NAGSNRAYSQ I yR&aOl LIS
zone of potential hydrological change

tPHligadedyjian ofte (i K A y

Landscape class Area in assessmen| Area in the zone of| Percentage of total Length in Length in the zone| Percentage of total
extent potential area in the zone of| assessment extent of potential length in the zone o
(km?) hydrological changs potential (km) hydrological changs potential
(km?) hydrological changg (km) hydrological change
(%) (%)
Floodplain grassy woodland 400.2 121.3 1.7% na na na
Floodplain grassy woodland GDE 1,445.4 421.7 6% na na na
Floodplain riparian forest 15 0.2 <0.1% na na na
Floodplain riparian forest GDE 148.7 72 1% na na na
Floodplain wetland 30.1 21.6 0.3% na na na
Floodplain wetland GDE 151.8 88 1.3% na na na
Permanent lowland stream 17.3 13.4 0.2% 1,688.6 979.6 17.7%
Permanent lowland stream GDE 0 0 0% 456.8 240.8 4.4%
Temporary lowland stream 15 15 <0.1% 8,053.3 2062.2 37.4%
Temporary lowland stream GDE 8.3 4.7 <0.1% 509.3 84.3 1.5%
TotalgWCt 22 RLI F Ay 2N
landscape classes 2,204.8 744.4 10.6% 10,708 3366.9 61%
Total ¢ all landscape classes 35,659.6 7013.9 100% 29,558.3 5521.2 100%

na = not applicable
GDE groundwaterdependent ecosystem
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Coonamble Gunnedah 4

Curlewis

Coonabarabran
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Binnaway
L /.
Landscape group Zone of potential hydrological change (by reporting area) :l Subregion NAM-273-002
I Fioodplain or lowland riverine Lower Namoi Pilliga and Pilliga Outwash [ Assessment extent
Mid Namoi Upper Namoi —— Watercourse 0 10 20

L1
A Steamflow gauge Kilometres

Figure7[ 2 OF GA 2y 2F (GKS WCt22RLIXFTAY 2N t26flyR NABSNAYSQ I

change in the Namoi assessment extent

Data:Bioregional Assessment Programme (Dataset 2, Dataset 4); Bureau of Meteorology (Dataset 3)
Riverine environment

Lowland streams in the assessment extent include the Namoi River and its tributaries and are
low-gradient channels typically incised into alluw with silt or sandy bed$-{gure8). There are
limited riffles and fastvater habitat in these streams, and in those stream reaches with more
temporary waterregimes, habitat is mostly in pools. In streams such as Maules Creek, the
channelis incised into sands and sandy gravels with some riffles and cbbhifemed stretches.
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Figure8 Namoi River 20 km north of Gunnedah on the Ligepol Plains

Credit: Bioregional Assessment Programme, Patrick Mitchell (CSIRO), January 2016

Lowland stream systems in the Namoi subregion encompass a range of flow regabks).
WADBSNAYS fFyRaAOFILS OfraasSa OfraairFTASR | a WLISN
time and are mostly found along the Namoi River and the lower reaches of Mooki Creek and

thet SSt wAGSNX { GNBI Ya Qirfaca Bowsgss3tHan 80% of Hé thn¥ LJ2 NI NX
andcover a large collection of small tributaries to the Namoi River on the Liverpool Plains and
CastlereagfBarwon regiongBioregional Assessment Programme, Data3eTtese landscape

classes broadly relate to ¢hclassification of Kennard et 20100 ¢ KS WLISNX I ySy i Q
O2NNBalLRyR (G2 0KS wWaillof S (Bdnrm@&thl220M@ndhéve 33 Sa 6
flow at least80% of theyear, and a baseflow index of 0.ib0.40. The riverine landscaptasses

Of FaaAFTASR da WOGSYLERNINEQ O2NNBalLRyR OoONRIF Rf @
classes (Classes 4 anth®) (Kennard et al., 2010Rarely to highlyntermittent streams are
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characterised by streams that cease flogmore oftenthan perennial streamand have dower
(0.10to 0.35)baseflow contribution (Kennard eil., 2010). Highly intermittent or ephemeral
streams are characterised by small baseflow contributions (<0.15) and large numbers-tidwero
days (>50fKennard etl., 2010)

Table7 Maximum, median, 1€h, 25h, 75h and 9@h percentile flows (ML/d) for the three streamflow gauging
stations along lowland streams in the Namoi assessment extent

Gauge # Gauge namélatitude |Landsape class| Maximum

and longitude)

419012 Namoi River, Boggabri Permanent 314,402 18 127 410 1302 2733
(¢30.67S, 150.06E) lowland stream

419051 Maules Creekq30.49S, Permanent 30,239 1 3 8 16 45
150.08E) lowland stream

419084 Mooki Riverg Ruvigne Temporary 132556 0 0 1 19 122

(¢31.04S, 150.33E) lowland stream

Water resource development along the Namoi River has affected the water regime of the riverin
and floodplain environments and their ecological character. For exartipdee has been an
increase in the averagand maximunperiod between flooding obff-channel water bodies (e.g.
palustrine wetlandsjCSIRO, 2006j 27% and 50%, respectivelhese changes in frequency
havebeen accompanied by a reduction in annuabflong volume (28% les€FSIRO, 2007)

Despite these changes, the hydrologic condition based on the Hydrology Index score (HI) was
deemed tobe good across most of the catchmd@EH, 2010However, the fish condition in

terms of bothWy I (i A @ prépartiondof the fish assemblage that is native versus introduced)
and ¥xpectednesqthe proportion of species collected during sampling that were expected to
have occurred in each basin zone before European colonisati@asyeported as beingoor in the
NSWState ofthe Gitchments2010report in the Namoi regiofOEH, 2010Macroinvertebrate
condition was poor to moderate. The pressures from alien fish species, changes in water
temperature from dam releases (Lake Keepit), artificial barriers to movearhbther land

useand climate change effects were seen as important for these results.

uoiBaigns 1oweNU} 10} SisAfeue eregepol :z Jusuodwod

The following section provides a summary of the current state of knowledge of the linkages
between surface water and groundwater hydrological regimes in lowsareshms and floodplains

to ecological function and composition. It helps to inform the discussion on the nature of the
ecological modelling and choice of hydrological response variables associated with this landscape
group as discussed in subsequent sawiof this report.

Surface water flow regimes are defined by the timing, frequency, duration, magnitude, discharge
volume and rates of the rise and fall of flow eve(B®sulton et al., 2014; Poff et al., 2010)
Connectivity between théoodplainand strean channeliverine environmentsrises from
longitudinal, lateral and vertical exchange of water. This connectivity can be described by surface
water hydrological responseriables that span the flow regime captured by the flow duration
curve.Ecologicaltimportant components of the surface water regime can be broadly summarised
(Dollar, 2004 ps ceaseo-flow periods, periods of low flows and base flows (or those intermediate
of low flows and freshes), freshes, and periods of high flow (including ovehnlsamdoverbank

flows). These are illustrated Figure9.
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Increasing flows
Greater longitudinal and lateral connectivity

Low flows

Zero flow

Figure9 The spectrum of flow types in a river or stream segment

Source: Symbolsourtesy of theintegration and Application Network, University of Maryland Center for Environmental Science
(ian.umces.edu/symbols/)

Larger pulse®f river flowincrease lateral connectivity within the streambed and provide access
to new habitats, inclding river benches (Robson et al., 200Fyure9). An increase inocalised
velocity profiles, especially around snags and along river banksesraatwhabitat forfish and
stimulatesdownstream drift in macroinvertebratg8oulton et al., 2014)Greater exchange in
surface water and groundwater through the hyporheic zamsotends to occur, promoting
improvedwater quality ofthe alluvialaquifers and increasing recharge to groundwater.

Connectivity between the river channel and the floodplain is essential for ecosystem hedlth
isdependent on the timing, duration and frequency of overbank fl¢Wsitts et al., 2009)These
flows are capble ofinundating the adjacentfloodplain andfilling off-channel water bodies and
provide opportunities for the migratioand exchangef riparian and floodplain biotand
nutrients (Boulton et al., 2014)The presence of offhannel water bodies is aglinguishing
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feature of lowland systems compared to upland streams in the Namoi subregion assessment
extent. Overbank flows alsmodify channeblnd floodplain geomorphologyOverbank flooding
leads to deposition of nutrients and sediments on floodplainstfgvet al., 2009) and provides
important wetland habitat for fish (NSW DPI, 2014) and frogs (Watts et al., Z066jplain
vegetation growth and life cycles are highly dependentlmmdepth, duration, frequency and
timing of inundation(Roberts and Maston, 2011; Rogers, 201Hor example, regeneration of
river red gum Eucalyptus camaldulenis intimately linked to patterns of inundation along the
riparian and floodplain zones, with regular flooding events required for seedling establishment
(Robets and Marston, 2011)The understorey composition in these forests is also closely linked
to the flooding regime, with more regularly flooded sites having a seGgee, Eleocharspp.)
dominated community and sites flooded less frequently containirtivearasse¢Bren and Gibbs,
1986) Overbank flooding maintains the health of floodplain vegetation through provision of
freshwater, leaching of soil salinity and regeneration of floodplain sp¢biekle et al., 2012;
Roberts and Marston, 2011Howeverthere is considerable uncertainty associated with the
degree of connection between floodplains and alluvial aquifers at local and regional scales.

Freshes or pulse flows, characterised byd@arateincreases in streamflowncrease withirstream
flow variability and play an important role in the regulation of water quality through the input

of freshwater and flushing of deeper pools (Robson et al., 20089. main types of pulse flows
areidentified by the review oWatts et al. (2009)small and largpulses Small pulses exceed
baseflowand inundate some or all of the streambgelgure9) for time periods ranging from hours
to days. Large pulsesn reach flows upp bankfull stageand typically occur over periods of days
to weeks(Figure9). Flow pulseseset several key processes in iteeam environment through
active bedload transport, maintaining channel dimensions and scouring streambeds and banks
(Watts et al., 2009)_arger stream pulses can represent important spawning trigdéng et al.,
2009; NSW DPI, 2014y inundate benchs, anabranches and snags increasing habitat availability
(Watts et al., 2009)

uoifaigns 1o0weRy) 10J SISAjeue vlepeBpPOoIA ;2 Jusuodwo)

Mackay et al. (2014)utline 35 metrics that address the magnitude, frequency, duration and
timing of low flows. Dominant losiow metrics for ephemeral streams based on the lgses
of Mackay et al. (2014include:

1 number of zereflow days

1 low-flow discharge (where the probability of exceedance is greater than 75% or 90%)
1 coefficient of variation in these metrics

1 variation in the seasonality of minimum flows.

Low flowsand thecessation of flowplay a critical role in maintaining longitudinal connectivtyd
linkingof instream habitatsCeaseo-flow events dry out shallow habitats and can create chains

of pools,isolated pools or completely dry riverbeds, depending on rivérnm®rphology(Robson

et al., 2009)Rolls et al. (2012) propose four key principles outlining the mechanistic links between
the flow-related attributes at the low end of the hydrograph and the attendant ecosystem
processes. Loilow and zereflow attributes affect the composition, abundance and structure

of aquatic biota by influencing the:

1 physical extent of the habitat
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1 habitat conditions of water quality
i sources and exchange of material and energy
1 restriction of habitat diversity and connectivity.

The eologically relevant lowlow attributes are related to antecedent conditions, duration,
magnitude, timing and seasonality, rate of change, and frequency that operate within a temporal
hierarchy of the flow regiméRolls et al., 2012)

The response of aqtia biota to declines in streamflow can be linear while longitudinal
connectivity is maintained; but if flow ceases, a more severe threshold response is likely,
corresponding to an abrupt loss of specific habitat, change in physicochemical conditions and
ecosystem fragmentatio(Boulton, 20030 ¢ KS 02y OSLJi 2F WNI YLISRQ | VY
biotain response to declining flows was proposed for macroinvertebrate assembladisilign
(2003) The drying river system moves through several discharge thi@shalolving firstly the
isolation of riparian habitat, the cessation of flow and the eventual disappearance of surface water
(Boulton, 2003)Flow intermittence, the temporary loss of surface waieatry et al., 2014)

prevents the transport of nutrierst, biota and organic material downstream, and creates pool
environments along the river channel, the quality of which may vary considerably depending on
geomorphic condition, health of the extant riparian vegetation, length of the dry period and input
of organic matter (Bon@nd Cottingham2008). Extended periods of no flow or an increase in

the frequency of neflow periodsislikely to increase the levels of stress in the system through
deteriorating water quality (e.g. increases in turbidity, reducedaliged oxygen and increased
temperature9, crowding of biota and reduced hydrological connectiyggnd and Cottingham,
2008; Marsh et al., 2012)These neflow periods can affect seasonal habitat for some species
andremove important refugia for othemmcies(Dollar, 2004) Diversity of macroinvertebrates
isclosely linked to river drying, with the largest drops in species richness occurring in the early
stagesof drying(Leigh and Datry, 2017)he decline in taxon richness often results in invertedrat
communities becoming dominated by ubiquitous tgkeatry et al., 2014)Chessman et al. (2012)
reported that macroinvertebrate assemblages in riffle habitats with fast, flowing water were
dominated by aerophilic and rheophilic species, while riffle lebiexposed to severe flow
reductions or cessation were dominated by thermophilic species. Marsh et al. (2012) also
concluded that communities in streams that are usually perennial but cease to flow for short
periods (weeks) will mostly recover the follogi season but that the community will decline

if ceaseto-flow periods recur over consecutive years. Alterations to flow intermittence has
potentially cascading effects on adjacent ecosystems such as riparian and hyporheic zones
(Datryet al., 2007; McClwy and Sabo, 2012)

Mackay et al. (2013)etail a lowflow classification based on 35 lefow metrics calculated for
830 stream gauge records. Their work concluded that fourflow metricsprovided meaningful
biological information in most situations:

1 P90, the flow exceeded 90% of the time

1 baseflow index

1 average number of zerflow or ceaseto-flow days per year
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1 specific mean annual minimum flow (the average of the annual minimum flow divided by
the catchment area).

Their recommendations include tleaveat that these are general guidelines and the broad
generalisations associated with refining this subset should only be used as a general guide to
ecological conditionfMackay et al., 2012)

Groundwater and river system interactions

While the intercomections between groundwater and river systems are poorly understood in
many catchments globallyvkovic, 2009)the Namoi river basin has had several detailed studies
that have investigated these relations. In general, the contribution of groundwateaseflow has
declined in the lower sections of the Namoi River because of groundwater abstraction from the
surrounding alluviunfGiambastiani et al., 2012 he decrease in hydraulic head in recent decades .
has reversed the flow of groundwater, shifingthey OS W3 AYyAy3IQ O2y RAGA 2y
one (CSIRO, 2007; Giambastiani et al., 20IBgse trends in surface wategroundwater
interactions may have significant implications for the riverine environment, particularly during
low-flow periods This section focuses on ecohydrological processes relevant to the ecological
outcomes and complements the discussion of surface and groundwater interactions in Section
2.1.5 in the companion product 2.2 for the Namoi subregion (Aryal et al., 2018).

sAjeue erepgepol ;g uauodwo)

Andersen and Acworth (2008)udied the nature of surface water and groundwater exchange
along a section of the Namoi River and a zone of perennial pools along Maules Crdeg\see
10). This study detected zones of groundwater discharge along Maules Creek (reaches classified-as
WeSYLIZNINE f26f1 YR aU0NBIYQ 2N Wt SNXYIFySyid f25¢
Bioregional AssessmeRtogramme, Dataset ihat flow between pools in the streambed

sediments (sand and coarse gra@ipdersen and Acworth, 200%urther downstream, stream

water appears to be recharging the aquifer when it comes into contact with highly permeable
paleochannelgAndersen and Arorth, 2009) In a recent report concerning the assessment of
ecohydrological responses tmal seam gas and coal miniffgndersen et al., 2016inuch of

Maules Creek (excluding the most downstream ~2 km) was characterised as predominantly a

Wi 23AAYIA 29K VMa NS Y sdrfacé Row(Bryhied &i M. A2009)nig definition

implies that the capillary fringe of the watertable remains in contact with the stream and that
floodplain and riparian vegetation can access this groundwater. Howevegritogvof the

watertable can make this groundwater unavailable to vegeta(®ndersen et al., 2016)

olbaigns lowerRyl 10
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FigurelOwWA FFf S KFIOoAGFG t2y3 aldzZ S& / NBS|T O0WESYLIRNINE f26f¢
junction with the Namoi River)
Credit: Bioregional Assessment Programme, Patrick Mitchell (CSIRO), January 2016

Stygofauna live in groundwater systems and are particularly sensitive to groundwater
environmental disturbance because they are adapted to near ststatg environmental

conditions and have very narrow spatial distributions (Hose et al., 2015). Thevshagllifers of

the Namoi River and Peel River alluvium support diverse invertebrate and microbial assemblages
(Korbel et al., 2013; Tomlinson, 2008). Timast importantfactors influencing theommunity
compositionof stygofauna in the region were land usejl type and carbon availability (Korbel

et al., 2013). The microbial assemblages were more affected by ionic water quality and season

of sampling (Korbel et al., 2013). Studies of stygofauna in the nearby Gwydir River alluvial aquifer
concluded that huran impacts on streamflow and aquifer conditions had a large influence on
stygofauna community structure, with those bores exhibiting minimal riverine influence having
higher richness and abundance (Mencio et al., 2014). Experimental studies of drawdibvn in

Peel Valley alluvium found different responses among stygofauna to changes in the watertable,
with copepods showing vertical movement to changing water availability in contrast to amphipods
that did not increase their movement (Tomlinson, 2008).

Floodgain environment

The floodplain environment extends from the riparian zone adjacent to the stream channel back
across the alluvial plain that receives flood waters at various intervals. The riparian environment is
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NELINSE&ASYUSR o0& U(KRBE¥CO2RPRRI WEY 2 ARLIE NR VY NF R mu\
classes and is dominated by tree species such as river redEpesalyptus camaldulen¥iand

river sheoakCasuarina cunninghamma) (Benson et al., 2010These are represented by the
YOI aGSNY wWAGSNAYS C2NBaluaQ FyR WLYtlIYyR wigSAR
system(Keith, 2004)

odwo

Adjacent to the riparian zone is the floodplain environment, representing the transition between
the frequently flooded river channel and the upland environméindscapelasses occurring in
thefloodLJt | Ay SY@ANBYYSYy (i MP2RIREZR S REPDIHiAJERSSYWiGhdRan 3
D 5 9T@s floodplain environment contains woodlands and variypss of offchannel water

bodies or wetlands with varying degrees of groundwater dependéHojloway et al., 2013)

The back plain environment tends to be dominated by woodland species such as poplar box
(Eucalyptus populngablack box E largifloreng, coolibah E coolabal), river coobahAcacia
stenophylla and otherEucalyptuspp., shrubs and grasses (most commonly plains grass
Austrostipa aristiglumis)eco Logical, 2009pff-channel water bodies are also interspersed
alongthe floodplain andy’ Of dzZRS (G KS WCf22RLI Ay 6SGfl yRQ
classes. These tend to be palustrine wetlands, typically described as swamps, bogs, marshes an
prairies(Aquatic Ecosystems Task Group, 20ER)ding frequency, duration and depthnie to

be reduced for the floodplain wetlandndscape classethat tend tohave a temporary water
regime Severallisted ecological communities are found in the floodplandscape groupreas
includingi K Gooliah- Black Box Woodlands of the DarliRiyerine Plains and the Brigalow Belt
South Bioregior®fZA 4 1 SR dzy RS NJ i Erfvironn&nf Rrétettdrsand Biokiw@sity
Conservation Act 199EPBC Act)

Ajeue ele@poi (g u
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Alluvial aquifers form in deposited sediments such as graved], st and/or clay within
paleochannels, stream channels and the adjacent floodpl&iater is stored and transmitted

to varying degrees through integranular voidsmeaning that aquifers are generally unconfined,
shallow andchave localised flow system(®SITIA, 20125roundwaterexpressed at the surface
supports ecosystems occupying drainage lines, riverine water bahdsacustrine and palustrine
wetlands.The riparian forests along much of the lowland streams in the assessment extent were
mapped as being groundwater dependamder the NSW DPI GDE mapping appro&S&wvy

Office of Water Dataset 5). This is consistent with observationg.acfamaldulensithat show

clear dependency on groundwat@ath et al., 2014; Thorburn and Walker, 19%3)oundwater
uptake in the dominantree species of floodplain woodland environments along the Liverpool
tflrAya O0APSd WCE 22 RLI | A YE. poppubhd@fis nyt Re@n & intgnRely O | LIS
studied. One study dE. populneanferred likely groundwater uptake by comparing thetea

status of these trees compared to-cacurring shrubs and grass@mderson and Hodgkinson,
1997) Other woodland species, more widespread on the Castler&aegtvon floodplain, such
asblack box, have been studied in det@iblly and Walker, 1996)here groundwater uptake on

the Chowilla anabranch region was closely related to groundwater sa(irtityrburn et al., 1993)
When floodplain soils are flooded or receive significant rairallargflorensswitches its water
uptake to shallower soil watesources, emphasising its ability to take advantage of the most
energetically available soil waté¥olly and Walker, 1996Astudy of water use bi. populnean

the Namoi Valley made similar findings in regard to water use pattgfakitzis et al.,@00)
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The nature of groundwater dependency in these floodplain tree species will determine how these
species respond to potential drawdown of the watertalffeevious research has revealed links
between groundwater depth and tree condition, bile natureof the response in terms of being
WNJ YLISRQ 6A®PSDd f AYSIE N OKI y3SuersusWa ICRLYLBSARICK 20yA dhSyc
condition rapidly changes acrosstical threshold¥is not clearly defined for most floodplain
speciesEucalyptuspp. are capable of exploiting large soil volumes, and rooting depths of some
species such &s. marginataare capable of achieving depths of greater than 2(Dall et al.,

1983) It is likely that roots are capable of tracking available soil water freep @lluvial aquifers
where shallow sources are limit€d@horburn et al., 1993Kath et al(2014)used data from two
dominant floodplain species, river red gum and poplar,l@dx. 18 sites in the Condamine river

basin to present evidence for a criticab@vdown threshold in the range from 12.1 to 22.6 m

for river redgum and 12.6 to 26.6 m for poplar hdyeyond which canopy condition declined
abruptly. Another study in a watdimited riparian environment found that transpiration

decreased in response ®©09m decline in groundwater levels, but that changes to foliage density
were more influenced by variability between seasons and site condi{Piagitsch et al., 2015)

Tree water uptake of groundwater when growing over deeper watertables is geneslyhian

where the watertable is shallowee(g.O'Grady et al., 2006; Zencich et al., 2002)e rate of
drawdown can also be critical to vegetation survival. Plant roots can remain in contact with a
declining watertable if the rate of decline does not eedthe potential root growth rate; 3 to

15 mm/day for arid shrub and grass speci{ds&umburg et al., 2005)

Floodplain wetlands or ofthannel water bodies are perhaps most affected by water resource
RSOSt2LIYSyd |2y 3 | dza ( NdbashdKdgsford, PZADETYieseh O3St & Y I y
ecosystems are sustained by flood sequences that drive booms in their produgteiiy et
al.,2010)and therefore any reduction in flows, particularly overbank flow events, will diminish
the source of water and nutrigs for these habitats. Despite being important sites of high
biodiversity and providing key habitat for waterbir@&ngsford, 1995native fish(Closs et al.,

2005) invertebrate specie@Boulton and Lloyd, 199And microbegBoon et al., 1996heir
ecohydrological interactions are not as well understood as the riverine sy@targsford, 2000)
Flooding events provide water and organic matter that trigger a cascade of biological processes
driven by the activity of microbg8oon et al., 1996 ooplarkton (Boulton and Lloyd, 1992)
andplants(Bunn and Boon, 1993Folonisers such as fish larvae and insects are brought into the
wetland habitats when water conditions are suitable. Frogs (burrowing anebnommwing) utilise
the openwater habitats and pyduce tadpoles in the newly established water bodigansen and
Healey, 2003; Ocock et al., 201Waterbirds attracted to the abundant food sources move in to
the temporary wetland habitats from more permanent water bodies elsewl{Eiegsford, 1995)
Lignum Muehlenbeckia florulenfais an important element in these efhannel water bodies
andcan quickly respond to flooding or heavy rainfall through rapid leaf growth and/or flowering
(Capon et al., 2009 he germination of aquatic macrophytes may asour in response to
inundation(Britton and Brock, 1994)ringing floodplain trees also respond to flooding events
through increased growth and recruitment with some species sudh aamaldulensiequiring
aflooding sequence to ensure seedling sual{Roberts and Marston, 2011)
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2.7.3.1.2 Qualitative mathematical model

A model for the floodplain or lowland riverine ecosystdfig(rell) was developed based on
themodelF 2 NJ GRS 2@MR2H | Ay 2 NI Rilija) laghdscapdicidsSded Sedien o y
2.7.4.1.2 with additional components and processes associated with the floodplain system. The
low-gradient stream channels in this floodplain landscape class lgeifisant amounts of fast

water habitats; therefore fastvater habitat variables, such as associated populations ofWaser
invertebrates, tadpoles and native fishes (which are part of the model in Section 2.7.4.1.2) are
omitted from the model here.

<,

Themajor feature of the floodplain is the existence of-offannel water bodies, which are filled

by connections to overbank floods and groundwater. These water bodies provide habitat for
plankton(Boon et al., 1996)macrophytegBunn and Boon, 1993@nd pgulations of fisHCloss

et al., 2005) off-channel froggOcock et al., 2014and stilwater invertebrates such as shrimps

and snailgBoulton and Lloyd, 1991plowwater native fishes and some waterbird species are
major predators of the ofthannel fogs. Floodplain grasses, shrubs and trees provide inputs of
coarse particulate organic matter to the stream system, and habitat for mammals, reptiles, frogs
and birds(Bunn and Boon, 1993)

The volume of overbank flow (VOBF) determines the magnitudead #vents. VOBF was
defined as the maximum daily streamflow during, or cumulative volume of, an overbank event.
These flood events facilitate the transport of organic matter from the floodplain into the stream
channel. Hypoxic blackwater events {&aledbecause high concentrations of dissolved organic
matter leached from inundated detritus darkens the water) occur when the first flush of a flood
event coincides with a peak in accumulated floodplain organic mé@ftémtworth et al., 2012)
Blackwater evets severely lower pH and dissolved oxygen in floodwaters, adversely affecting
many fish and aquatic invertebrates such as crayfiihdyz et al., 203 McCarthy et al., 2014)
The inundation period of the floodplain is an important determinant of popafeiof longlived

GF RLI2f Sasx (GKS O2YLRaArAdAiAzy 2F | yR SYSKBEaWOS TN
Boulton, 2007)and the proportions of families of aquatic invertebrate communities (e.g. the

richness of Ephemeroptera, Plecoptera and Trickoptelative to Odonata, Coleoptera and

Hemiptera; EPT/OCH ratio). Flood events can increase the relative dominance of hyporheic
faunaover phreatic fauna (obligate stygobites) in aquifers alongside stream channels.

uoifaigns 1o0weRy) 10J SISAjeue vleBpPoOIA 2 luatwdwo)

Riparian trees in this landscaped.river red gum) access groundwater in the alluvium and are
heavily dependent on overbank flows for their recruitment success (Roberts and Marston, 2011).
Floodplain trees (i.e. trees outside of the riparian zone on top of river terraces such as black box)
were described as being dependent on groundwater for their growth and survival, but their
recruitment was not dependent on any specific overbank flow regime. A hydrologic flow regime
(HR2) related to overbank flood flows was considered to be key in maimgainé soil moisture

of floodplain soils for riparian trees.

Receptor impact modelling for the Namoi subregjof9
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Model variables are: algal bloorAB) biological oxygen deman@OD), bank stabity (BS, blackwater flood evenBWFE,
cyanobacteriaQyar), coarse particulate organic matter and biofil@GM BJ; catchment vegetationGQ\j, dissolved oxygen
(DO, Ephemeroptera, Plecoptera and Trichoptera richness relative to Odonata, Coleoptdrieanptera richnessHPT/Of

fine particulate and dissolved organic matt&&DOMN), flood eventFB, floodplain grassed-P G, floodplain treesKP7, fine
sediments E9, flood velocity V), groundwater connectivityQW@, hyporheic biotakiB), hyporheic fauna relative to phreatic
fauna HF/PF, inundation periodIP), land clearing and grazingG&G, longlived tadpoles, shrimps, crayfish, Odonata and snails
(LLTSS mammalsreptiles, frogs and birdsMRFB, off-channel frogs@QCF, off-channé water body QCWB, acidity or basicity
of water (pH), phosphorous runofffRQ), riparian habitat structureRH$, riparian treesRT), riparian vegetation (e.g. sedges &
rushes) RV, salinity §a), stream habitat structureSH$ submerged macrophytdSMB, suspended sedimen§g, slowwater
invertebrates and tadpolesSiV 1&7, surface water connectivitsVQ, slowwater habitat(SWH, stilkwater invertebrates,
plankton and macrophytesSWIPN, slowwater native fishesWNI;, volume of overbank flo (VOBI;, water temperature \(VT),
maximum difference in drawdown (Dmax), ldlow days (LFD), zeifftow days (ZFD), hydrologicegime 2 (HR2).

Data: Bioregional Assessment Programme (Dataset 6)

Surface water and groundwater modelling predict signifiqaotential impacts to hydrological
regime 2, lowflow days, zerdlow days, and maximum depth to groundwater level. Combinations
of these impacts were considered in seven scenariable8).
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Table8Sun¥'F NBE 2F (GKS 00dzydzZ  GABSO AYLIF OG aOSylNxR2a o6/ L{ gy
group o

CIS HR2 LFD VAS D) Dmax
C1 G 0 0 +
C2 C + 0 0
c3 C + + 0
C4 0 + 0 +
C5 0 + + +
C6 C + 0 +
C7 C + + +

Pressure scenarios are determined by combinations ed¢lmnge (0), increase (+) or a decreager( the following signed digraph
variables: hydrological regime 2 (HR2),{tow days (LFD), zeifftow days(ZFD), and maximum differencedrawdown (Dmax).
Data: Bioregional Assessment Programme (Dataset 6)

Qualitative analyses of the signed digraph moé&&jrell) generally indicate aegative, neutral
(zero) or ambiguous response prediction for biological variables within the floodplain or lowland
riverine ecosystemT{able9). The only biologicadariables that were predicted to respond

positively to any of the cumulative impact scenarios was cyanobacteria (to six of the seven
cumulative impact scenarios), algal blooms (to the first and seventh scenarios), and also off
channel frogs (OCF), thetiat of which can be attributed, in part, to a predicted decline in their
native fish predators. Riparian trees were predicted to decrease across all of the seven cumulati
impact scenarios, while riparian vegetation (sedges and rushes) was predictecréase only

in response to an increase in zeflow days. Hyporheic fauna were predicted to decrease in
proportion to phreatic fauna in cumulative impact scenarios that included a decrease in
hydrological regime 2. Note that some variables in the signgchgh were isolated from any
impacts due to the four scenarios, as there was no interaction pathway leading to them from
the input variables of HR2, LFD, ZFD or Dmax (e.g., EPT/OC, pH, GWC). In all cases their predicted
response was zero or no change, butbrevity these zero predictions were not included in

Table9 below.

udiBalqgns 1oweRy) 10} SisAjeue ejepepoN :z usuodw

Physical and habitat variables were also predicted to change in the cumulative impact scenarios,
and with a decrease in riparian trees there as an associatedase in flood velocity, decline in

bank stability and increase in fine sediments. Fine particulate and dissolved organic matter was
generally predicted to increase, and coarse particulate organic matter and biofilm to decrease.

Receptor impact modelling for the Namoi subregjadsil
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Table9 Predicted response of the signed digraph variables in the floodplain or lowland riverine ecosystem to
(cumulative) changes in hydrological response variables

Signed digraph variable Signed digraph

(full name) variable
(shortened form)

Slowwater invertebrates ~ SW I&T © ? ? ? ? © ©
and tadpoles

Fine particulate and F&DOM ? ? (+) (+) (+) (+) (+)
dissolved organic matter

Coarse particulate organic COM BF © © © © © © ©
matter and biofilm

Fine sediments FS H H H H H H GG
Bank stability BS @ @ © @ © @ @
Stream habitat structure ~ SHS ©@ © © @ @ @ @©
Flood velocity FV H B B H H ¢ ®
Riparian trees RT @ ©@ © © @ @ @
Riparian vegetation (e.g. RV 0 0 © 0 © 0 ©
sedges and rushes)

Biological oxygen demand BOD ? ? ? ? +) ? +)
Algal bloom AB +) ? ? ? ? ? €]
Hyporheic biota HB e @ ©@ © © @ @
Riparian habitat structure RHS © © © © © © ©
Mammals, reptiles, frogand MRFB © © © © © © ©
birds

Slowwater native fishes SWNF © © q © © © C

Dissolved oxygen DO e @ © © @© ? ©
Water temperature WT © ? ? ? ? ? ?

Salinity Sal 0 H B B H H ®
Phosphorous runoff PRO (+) (+) (+) (+) (+) (+) (+)
Cyanobacteria Cyan ? (+) (+) (+) (+) (+) (+)
Slowwater habitat SWH @@ ©@ © © @ @ @
Off-channel water body OCWB © © © 0 0 © ©
Off-channel frogs OCF ? (+) (+) (+) (+) (+) (+)
Stillwater invertebrates, SWIPM © © © 0 0 © ©
planktonand macrophytes

Submerged macrophytes SMP © © © 0 0 © ©)
Surface water connectivity SWC © © © 0 0 © ©
Floodplain trees FPT © 0 0 © © © ©
Flood event FE @@ @©@© @ o0 0 © @©
Volume ofoverbank flow VOBF © © © 0 0 © ©
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Signed digraph variable Signed digraph

(full name) variable
(shortened form)

Longlived tadpoles, shrimps LLTSS © © © 0 0 © ©
crayfish, Odonata and snail

Hyporheic fauna relative to HF/PF © © © 0 0 © ©
phreatic fauna

Suspended sediment SS A H H H H H MG

Qualitative model predictions that are completely determined are shown without parentheses. Predictions that are ambiguous bu
with a high probability (0.80 or greater) of sign determinancy are shown with parentheses. Predictions with a low pydbessilit

than 0.80) of sign determinancy are denoted by a question mark. Zero denotes completely determined predictions of no change.
Data: Bioregional Assessment Programme (Dataset 6)

Ajeue erepepol\ ;g uauodwo)

2.7.3.1.3 Choice of hydrological response variables and receptor impact variables

In BAs, the potential ecological impacts of coal resource development are assessed in two
simulation periods; 2013 to 2042 and 2073 to 2102. These are labelled as the-srmattlong
assessment years, respectively. Potential ecological changes are gpthimtiBAs by predicting

the state of a select number of receptor impact variables in the two simulation periods. These
predictions are made conditional on the values of certain groundwater and surface water statistic
that summarise the outputs of numeatmodel predictions in that landscape class in an interval
of time that precedes the assessment year. In all cases these predictions also allow for the
possibility that changes in the future may depend on the state of the receptor impact variable in
the reference year 2012, and consequently this is also quantified by conditioning on the predicte
hydrological conditions in a reference interval that precedes 2012 (companion submethodology
MO8 (as listed in Table 1) for receptor impact modelling (Hosack, &1(4.8)).

fpWeRY) 10} SIS

GoiBaigns

For surface water and groundwater variables in the Namoi subregion, the reference assessment
interval is defined as the 30 years preceding and including 2012 (i.e. 1983 to 2012). For surface
water variables in the Namoi subregion, the shagsessment interval is defined as the B€ars
preceding the shorassessment year (i.e. 2013 to 2042), and the fasgessment interval

isdefined as the 30 years that precede the leagsessment year (i.e. 2073 to 2102). For
groundwater, maximum drawdownr(etres) and time to maximum drawdown are considered
across the full 9gear window (i.e. 2013 to 2102).

Ly .!13&dY OK2AO0S&a 2F NBOSLII2NI AYLI OG QI NARIFOof Sa
constraints with the objectives of the assessment and thesetations of the community

(companion submethodology M10 (as listed in Table 1) for analysing impacts and risks (Henderson
et al., 2018)). This choice is guided by selection criteria that acknowledge the potential for

complex direct and indirect effects thin perturbed ecosystems, and the need to keep the expert
elicitation of receptor impact models tractable and achievable (companion submethodology

MO8 (as listed in Table 1) for receptor impact modelling (Hosack et al., 2018)).

For a subset dandscapeclasses within th&? C £ 2 2 Rlodlandiriyeri®NJ3I NB dzLJE (G KS |j d
modelling workshopdentified five hydrological response variables as key drivers of the surface

water and groundwater regimgthat were thought to (i) be instrumental in maintairgrand

shaping the ecosystem, and (ii) have the potential to change due to coal resource development.

All of the ecological components and processes represented in the qualitative model are potential

Receptor impact modelling for the Namoi subregjds3
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receptor impact variables and all of these are predidi®dary as the hydrological factors vary
either individually or in combinatiornT@blel0).

Following advice received from participants during (artdrafthe qualitative modelling workshop,
and guided by the availability of experts for the receptor impact modelling workshop, the scope
of the BA numerical modelling and the receptor impact variable selection criteria, the receptor
impact models focusedrothe following relationships:

1. the response of the floodplain riparian trees to changes in hydrological regime 2
(EventsR3.0) and maximum groundwater drawdown (dmaxRef)

2. the response of tadpoldsom the Limnodynastegenus to changes in hydrological regi
2 (EventsR3)0

3. the response of aquatic macroinvertebrates to changes in the eaiew components
of the surface water regime (ZQD and ZME).

The hydrological factors identified by the participants in thlitative modelling workshops have
been interpreted as a set of hydrological response variables. The hydrological response variables
are summary statistics that: (i) reflect these hydrological factors, and (ii) can be extracted from

I Qa Y dzY Séddaerand gidburidkter models during the reference, shand long
assessment intervals defined previously. The hydrological factors and associated hydrological
NBalLl2yaS OFNAIofSa F2NJ 0KS NBf Syl Cfgloupa Sa
are summarised iffablel0. The precise definition of each receptor impact variable, typically a
species or group of species represented by a qualitative ioolge, was determined during the
receptor impact modelling workshop.

Using this interpretation of the hydrological response variables, and the receptor impact variable
definitions derived during the receptor impact modelling workshop, the relationstgrstified in
the qualitative modelling workshop were formalised into three receptor impact modelbl€11).
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lowland riverine landscape classes, together with the signed digraph variables that they correspond to

Definition

Signed Hydrological
digraph response
variable variable

GW dmaxRef
GW tmaxRef
HR2 EventsR3.0
ZFD ZQD

ZFD ZME

Tablell Summary of the three receptor impact models developed for the floodplain or lowland riverine landscape

Maximum difference in drawdown under the baseline future or under the coal
resource development pathway future relative to the reference period (1983 to
2012)

The year that the maximum difference in drawdown relative to the reference
period (1983 to 2012) (dmaxRef) occurs

The mean annual number of events with a peak daily flow exceeding the thresl
(the peak daily flow in flood events with a return period of 3.0 years as defined
from modelled baseline flow in the refence period (1983 to 2012)). This metric
designed to be approximately representative of the number of overbank flow
events in future 3@/ear periodsThis is typically reported as the maximum chany
due to additional coal resource development.

The number of zerdlow days per year, averaged over ay3har period This is
typically reported as the maximum change due to additional coal resource
development.

The maximum length of spells (in days per year) with zero flow, averaged o@er
year period This is typically reported as the maximum change due to additiona
coal resource development.

classes in the Namoi subregion

Relationship being Receptor impact variable (with associated sample units) | Hydrological response
modelled variable

Response of the Annual mean projected foliage cover of forests dominate« Eventf3.0

floodplain riparian riverred gum (E. camaldulens)s dmaxRef

forests to changes in
hydrological regime 2
and groundwater

tmaxRef

Response of tadpoles to Probability of presence of tadpoles fronimnodynastes Event&R3.0
changes irhydrological genus (speciedumerilii salminij interiorisand
regime 2 terraereginad, sampled using standard 30 cm dip net

Response of aquatic Average number of families of aquatic macroinvertebrate: ZQD
macroinvertebrates to  edge habitat sampled using the NSWSRIVASethod for  ZME
changes in zerflow edges

regime

Hydrological response variables are as definetiaiblel0.

2.7.3.1.4 Receptor impact models

Floodplain riparian forests

Tablel2 summarises the elicitation design matrix for thejeded foliage cover of riparian trees

Ay HEdodplaitriparian foreSand€f 2 2 RLI I Ay NX laddshdpd classTieNS &
design point identifiers are simply index variables that identify the row of the elicitation design

matrix. They are includehere to maintain an auditable path between analysis and reporting.

Receptor impact modelling for the Namoi subregjdsb
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The first design point provigdor an estimate of the uncertainty in megmojectedfoliage cover
across the landscape class in the reference year 2012 (Yref). The remainingpdesign
represent hydrological scenarios that span the uncertainty in the values of the hydrological
response variables in the relevant time period of hydrological history associated with the short
(2042) and long(2102) assessment years.

AAAAA

Table129f AOAGEF GA2Y RS&AIY YIGNRE F2N FyydzZt YSIYy LINRB2SOGSH
f26tFyR NAGSNAYSQ fIyRAOILIS ANRdzZLI Ay GKS bl Y2A &dzoNB3IA

Identifier EventsR3.0 dmaxRef Yref Year tmaxRef
1 0.33 0.00 na 2012 0

26 0.38 20.20 0.07 2042 2103
28 0.10 0.20 0.22 2042 2001
48 0.67 0.20 0.22 2042 2103
15 0.67 4.46 0.07 2042 2052
36 0.67 20.20 0.22 2042 2001
52 0.10 20.20 0.22 2042 2103
86 0.38 4.46 0.22 2102 2001
61 0.10 20.20 0.07 2102 2001
73 0.10 0.20 0.07 2102 2103
57 0.67 0.20 0.07 2102 2001
92 0.38 0.20 0.22 2102 2052
108 0.67 20.20 0.22 2102 2103

Receptor impact modelling elicitation design matrix for annual mean projected foliage cover, over a 100 m x 100 m transect in
floodplain riparian forests. Design points for Yref in the future (steortl longassessment periods) were calculated during the
receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the reference Alriod
other design points (with identifiers) are either default values or values determined by groundwater and surface wateinmodell
Hydrological response variables are as defineBable10. na = not applicable

Data: Bioregional Assessment Programme (Dataset 6)

Design point identifiers 15 tbugh to 108 (as listed ihablel2) represent combinations of the

three hydrological response variables (dmaxRef, tmaxRef, BR@iffstogether with high

andlow values of Yref (see companion submethodology M08 (as listed in Table 1) for receptor
impactmodelling (Hosack et al., 2018)). The high and low values for Yref were calculated during
GKS NBOSLII2NJ AYLI OG0 Y2RStfAy3a ¢ 2 Nisitde&synd 2t t 2 4
point, andthen automatically included within the design for the elicitations at the subsequent

design points.
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The receptor impact modelling methodology allows for a very flexible class of statistical models
to be fitted to the values of theeceptor impact variables elicited from the experts at each of

the design points (companion submethodology M08 (as listed in Table 1) for receptor impact
modelling (Hosack et al., 2018)). The model fitted to the elicited values of mean foliage projected
cover for the floodplain riparian forest landscape classes is summarigédunel2 and Tablel3.
The fitted model takes the form:

dwo)

S18[e

-0 To TR Te o 1)

I

wherew is an intercept term (a vector of ones), is a binary indicator variable scored 1 for

the case of an assessment in the shant longassessment yeag) is a binary indicator variable
scored 1 for the case of an assessment in thedasgpssment yeae) is a continuous variable

that represents the value of the receptor impact variable in the reference year (Yref, set to zero
for the case of an assessment in the reference yearJQ p8 oare the (continuous or integer)

values of the three hydrological response variables (dmaxRef, tmaxBdfventsR3.0),is the

linear predictorhisan invertible link functiorandy is the expected response (Hosack et al.,
2018). Note that the modelling framework provides for more complex models, including quadrati
value of, and innteractions betwen, the hydrological response variables but in this instance the
simple linear model (Equation 1) was identified as the most parsimonious representation of the
SELISNI&Q NBaLRyasSao
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The model estimation procedure adopts a Bayesian approach. The model coefficients
I B B A R areassumed to follow a multivariate normal distribution. The Bayesian

estimation procedure quantifies how compatible different values of taeameters of this
distribution are with the data (the elicited expert opinion) under the model. The (marginal)
meanand 80% central credible intervaisf the three hydrological response variable coefficients
are summarised in padl regression plots iRigurel2, whilstTablel3 summarises the same
information for allsevenmodel coefficients.

¢tKS Y2RSt AYyRAOF(GS&a (KIG GKS SELISNIAQ 2LIAYAZY
effect on average projected foliage coveidurel2, Tablel3). This suggests that given a set of
hydrological response variable values in the future, a site with a higher projected foliage cover

at the 2012 reference point is more likely to have a higher pigé foliage cover in the future

than a site with a lower projected foliage cover value at this time point. This reflects the lag in the
response of projected foliage cover to changes in hydrological response variables that would be
expected of mature treg with long life spans.

L A central credible interval is the region in tbentre of a posterior or prior distribution that contains a specified amount of the probability of the
distribution, such that there is equal probability above and below titerval. Hence, an 80% central credible interval is defined as the range of
values with posterior (or prior) probability (4 0.8)/2 above and below the interval.

Receptor impact modellopfor the Namoi subregioh57
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¢tKS Y2RStf |fa2 AyRAOFGSEa GKIFIG GKS SELISNIaQ 2L
negative effect on average percent projected foliamgeer Figurel?). This suggests that percent
projected foliage cover will decrease as groundwater drawdown increases due to coal resource
development. The model predicts that (holding all other hydrological response variables constant
at the midpant of their elicitation range) the mean of the average percprgjected foliage

coverwill drop from just under 15% without any change in groundwater level, to about 10% if

the levelsdecrease by 20 m relative to the reference level in 2FFgurel2). There is, however,
considerable uncertainty in these predictions, with an 80% chance that the projected foliage cover
will lie somewhere between approximely 5% and 30% on the shassessment period, and
somewhere between roughly 2% and 20% in the fasgessment period. In relation to dmaxRef,
Yrs2tmax is also found significaRiqurel2). The interpretation is that lonterm drawdown will

cause a larger decrease in projected foliage cover than gbart drawdown.

¢tKS Y2RStf AYyRAOIFIGSa GKIG GKS SELISNIAQ 2LAYAZY
positiveeffect on average percent projected foliage coveig(rel2). The model predicts that

(holding all other hydrological response variables constant at the midpoihieaf elicitation

range) the mean of the average percent foliage cover will increase from just under 12% without

any change in overbank events frequency, to about 18% if the frequency increases to 0.7 (relative

to the reference level of 0.33 in 2012).

Findly, the model also indicates some diverging influence between gbam and longterm
influence Figurel?2). For the shorassessment period, exparbelieve in a relative increase
of projected foliage cover, while they expect a decrease in the-teng assessment. An
interpretation is that the effects of changes in hydrology are not immediate on projected
foliagecover, and a worsening of the conidis starting today will only be observed by 2102.
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Figurel2 (Top row) Predicted mean (black dot) and 80% central credible interval (grey line) of annual mean
projected foliage coverpver a 100 nx 100 mtransect in floodplainriparian forest landscape classes under

reference hydrological conditions. (Middle and bottom rows) Predicted future effect (mean = black line, 80% central
credible interval = grey polygon) of each hydrological response variable on annual mean projediagdaover,

holding all other hydrological responseariables constant at the midpoint of their elicitation range (during risk
estimation all vary hydrological response variables simultaneously)

Dashed vertical lines show hydrological response variabigeraised in the elicitation. EventsR3.0 and dmaxRef are as defined in
Tablel0. Yrs2tmaxRef ithe difference between tmaxRef and the assessment year that is reléwatite prediction (2012, 2042

or 2102) The numbers on the-gixis range from 0 to 1 as the receptor impact model was constructed using the proportion for the

statistical modelling. They should be interpreted as a percent foliage cover ranging froh®0%o
Data: Bioregional Assessment Programme (Dataset 6)
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Table1l3Mean, 10th and 90th percentile of the coefficients of the receptor impact model for annual mean
projected foliage cover in floodplain riparian forest landscape classe

Mean ql0 g90

(Intercept) ¢2.38 ¢3.56 ¢l1.19
futurel 1.99 0.711 3.28
longl ¢0.531 ¢0.94 ¢0.123
MG 0.98 0.656 1.3
EventsR3.0 1.1 0.486 1.72
dmaxRef ¢0.0188 ¢0.0368 ¢0.000716
Yrs2tmaxRef ¢0.00397 ¢0.00735 ¢0.000586

Futurel is the indicatovariable for the shorassessment year (2042). Longl is the indicator variable for thedesgssment year
(2102). Yref quantifies the value of the receptor impact variable during the reference pidgablogical response variables
EventsR3.0 and dmaxRare as defined iablel0. Yrs2tmaxRef ithe difference between tmaxRef and the assessment year that
is relevant for the prediction (2012, 2042 2t02).

Data: Bioregional Assessment Programme (Dataset 6)

Floodplain wetlands

Tablel4 summarises thelicitation matrix for the probability of the presence of tadesifor the
floodplain wetland landscape classes. The first design gailesign point identified ¢ addresses

the predicted variability (across the landscape class in the reference interval) in overbank flows
(Eventf3.0), capturing the lowest ardghest predicted values together with two intermediate
values(Tablel4). Thisdesign point providefor an estimate of the uncertainty in probability of
presence ofadpoles across the floodplain wetland landscape classes in the reference year 2012
(Yref Tablel4).

Tablel4 Elicitation design matrix for probability of the presence of tadpoles frdiimnodynastegenus fumerilii,
salmini, interioris andterraereginaed Ay LJ322f & YR NAFFESEa Ay (GKS WCf22RLI |
the Namoi subregion zone ofgiential hydrological change

Identifier EventsR3.0 Yref Year
1 0.33 na 2012
2 0.38 0.5 2042
6 0.67 0.8 2042
10 0.10 0.8 2102
9 0.67 0.5 2102
11 0.38 0.8 2102
61 0.10 0.5 2042
7 0.17 0.5 2042

Receptor impact modelling elicitation design matrix foobability of presence of tadpoles in pools and riffles habitat in floodplain
wetlands sampled using standard 30 cm dip neesign points for Yref in the future (shoaihd longassessment periods) were
calculated during the receptor impantodelling elitation workshop using elicited values for the receptor impact variable in the
reference period. All other design points (with iddiers) are either default values or values determined by groundwater and
surface water modelling. Hydrological responseiableEvent&R3.0 isas defined infablel10. na = not applicable

Data: Bioregional Assessment Programme (Dataset 6)
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Design points 2 to 61 inclusive (as listed ablel4) represent scenarios that span the uncertainty
in the predicted values of overbank flood events in the relevant time period of hydrological history%
associatedvith the short (2042) and long(2102) assessment years, combined with high and low ©
values of Yref. Again, the high and low values for Yref were calculated during the receptor impacg
modelling workshop. =

o

N

The fitted model for probability of the presencetaflpoles takes the form: Z

8

-0 1o e 1o T s%

o 1 o 2) o

5

D

where the termsw foo fro and o are as before and is the value of EventsR3.@ ( relates to 6

the quadratic term). The (marginal) mean and 80% central credible interval of the coefficient for (f.,

this hydrological response variable are summarised in the partial regression pktginel3, ©

whilst Tablel5 summarises the same information for all five model coefficients. '_:zf

The hydrological response variable in the tafpmodel varies during the reference interval %
andi KS FdzidzNB Ay i SNDLFt o ¢KS Y2RSt AyRAOFIGSE 8K

hypothesis that an increase in EventsR3.0 will have a positive effect on the probability of the &

presence of tadples (with a quadratic term suggesting a plateau past a number of overbank rood%

events, then a decrease). The model suggests that the probability of tadpoles is fairly uncertain
across the floodplain wetland landscape classes with values between 0.380tarfder historical
conditions (EventsR3.0 = 0.33), holding all other covariates at theivahigs. As the number

of overbank flow events increases, however, experts were of the opinion that the probability

of tadpoleswould increase with values 1 ands0 falling within the 80% credible interval under
highly flooded conditions (EventsR3. Q@& day) Figurel3).

uoib

There was very little evidence in the elicited data to suggestttiiateffect would be substantially

different in the future assessment years. Again, this is indicated by the almosicdiepartial

regression plots in the reference, shoaind longassessment yeargigurel3), and the relatively

large negative 11 and positive 9th percentiles forthe long and future coefficients ihablel5.

¢KS Y2RSt R2Sa:r K2¢SOSNE &dz33Said GKIFG GKS SEL
future assessment yearslative to the reference year.

The besffitting model in this case is unable to eliminate the possibility that the probability of

tadpoles in the reference years has no influence on the probability of tadpoles in the future years.
This is indicated by thiact that the model automatically dropped this variable from the model.

This suggestion is consistent with the hypothesis that there is likely to be very little lag in the
response of this shottived group to changes in the hydrological response vargable
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Figurel3(Top row) Predicted mean (black dot) and 80% central credible interval (grey line) of probability of
the presence of tadpoles ipools and riffle habitat in floodplain wetland landscape classes under reference
hydrological conditions. (Middle and bottom panels) Predicted future effect (mean = black line, 80% central
credibleinterval = grey polygon) of hydrological response varialleentsR3.@n probability of the presence

of tadpoles in pools and riffle habitat inldodplain wetlands

Dashed vertical lines show hydrological response variable range used in the elicitation. EventsR3.0 is as dabfeidin
Data: BioregionaAssessment Programme (Dataset 6)
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Table15Mean, 10th and 90th percentile of the coefficients of the receptor impact model for probabilitytoeé
presence of tadpoles in pools and riffle habitat in floodplain wetlands

Mean ql0 gq90
(Intercept) c4.17 ¢6.3 G¢2.03
futurel ¢0.0208 ¢l.04 1.0
longl ¢0.228 ¢0.921 0.464
EventsR3.0 18.7 9.33 28.1

I(EventsR3.0"2) cl7.7 ¢28.4 ¢7.13

Futurel is the indicator variable for the sha$sessment year (2042). Longl is the indicator variabliaédiongassessment year
(2102). Yref quantifies the value of the receptor impact variable during the reference pEvientsR3.0 is as definedTiablel0.
I(EventsR3.072) quantifies the quadratic effect of EventsR3.0.

Data: Bioregional Assessment Programme (Dataset 6)

Lowland riverine landscape classes

Tablel6 summarises the elicitation matrix for theverage number of families of aquatic
macroinvertebrates in edge habitat sampled using the NSW AUSRIVAS metkéetred to here
as simply the average number of families of aquatic macroinvertebrates. TheXiddsgn points

¢ design points 10 7 as shown in the table address the predicted variability (across the lowland
riverine landscape class in the reference interval) in ZQD-{lexodays (averaged over 30 years)
subsequently referred to in thisectioy’ | & -F ¥ 2 & N&ERd 2VE @naximum length of spells
with zero flow, averaged over a 3@ar period, capturing the lowest and highest predicted
valuestogether with two intermediate values. These design points provide for an estimate of
the uncertainty in aquatic macroinvertebrate family abundance across the landscape classes
in the reference year 2012 (Yref).

uolBalgns IoweRQU) 1o} SisAfeue vlepepol) :z lusuodwo)d

Design points 10 to 27 inclusive (as listedablel6) represent scenarios that span the

uncertainty in the predicted values of ZQD and ZME in the relevant time period of hydrological
history associated with the sherf2042) and long(2102) assessment years, combined with high
and low value®f Yref. Again, the high and low values for Yref were calculated during the receptor
impact modelling workshop.

The fitted model for number of families of macroinvertebrates takes the form:

\

T T
o) (©)

84

- Qw f I
I

I

where the termsw oo hio and @ are as before and is the integer value of ZQD add is the

integer value of ZME. The (marginal) mean and 80% central credible interval of the coefficient for
these hydrological response variables are summdrisehe partial regression plots Figurel4,

whilst Tablel7 summarises th same information for all six model coefficients.

Receptor impact modelling for the Namoi subregjd®i3



Component 2: Modetlata analysis for th&lamoi subregion

273WCE 22RLI LAY 2N f2g6fFyR NABSNAYSQ fFyRaOl LIS 3IANERdzJ

Table16 Elicitation design matrix for average number of families of aquatic macroinvertebrate in edge habitat
aF YLX SR dzaAy3a GKS b{2z 1! {wL+!{ {YS#EKI2WRR FRINGSWREEAQ Aty yiKE
Namoi subregion zone of potential hydrological change

Identifier ZQD ZME Yref Year
4 164.85 79.13 na 2012
5 327.44 8.72 na 2012
3 164.85 39.57 na 2012
2 164.84 0.82 na 2012
7 329.70 79.13 na 2012
1 0.00 0.00 na 2012
14 347.00 153.00 11.0 2042
10 339.51 13.32 11.0 2042
8 0.00 0.00 11.0 2042
11 173.00 67.10 11.0 2042
26 173.00 153.00 4.9 2042
27 173.00 153.00 11.0 2102
16 172.99 0.90 4.9 2102
19 347.00 67.10 4.9 2102

Receptor impact model elicitation design matrix for average number of families of aquatic macroinvertebrate in edgerhabitat i
permanent and temporary lowland streams. Design points for Yref in the future {shmtiongassessment periods) were

calculatal during the receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the
reference period. All other design points (with identifiers) are either default values or values determined by groundwater an
surfacewater modelling. Hydrological response variables ZQD and ZME are as defiiaddielt0. na = not applicable

Data: Bioregional Assessment Programme (Dataset 6)

The tydrological response variable in the macroinvertebratesdel varies during the reference
AYOSNBIE IyR GKS Fdzidz2NE AYyGSNBIEtd® ¢KS Y2RSt A
supports the hypothesis that an increase in ZQD and/or ZMBavié a negative effect on the

number of families of macroinvertebrates. The model suggests that it can vary substantially across
the landscape class from less than 5 to almost 20 when ZQD >0, holding all other covariates at

their midvalues. As the numbexf zeraflow days increases, however, experts were of the opinion

that the number of families would drop quite dramatically with values less than 0.5 falling within

the 80% credible interval under very intermittent flow conditions (ZFD >300 daigsiré14).

There was very little evidence in the elicited data to suggest that this effect would be substantially
different in the future assessment years. Again, this is indicated by the almostcdiepartial

regression plots in the reference, sheoaind longassessment yeargigureld), and the relatively

large negative 1 and positive 9th percentiles forthe long and future coefficients ifablel7.

¢tKS Y2RSf R2S3a3s K2¢SOSNE &adz33dSad GKIFIG GKS SEL
future assessment yearslative to the reference year.

The bestfitting model is unable to eliminate the possibility that the average number of families
of macroinvertebrates in the reference years has no influence on its number in the future years.

Thisis indicated by the fadhat the model automatically dropped this variable from the model.
This suggestion is consistent with the hypothesis that there is likely to be very little lag in the
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Figurel4 (Top row) Predicted mean (black dot) and 80% central credible interval (grey polygon) of average number
of families of aquatic macroinvertebrate in edge habitat in lowlanderine landscape classes under reference
hydrological conditions. Middle and bottom rows) Predicted future effect (mean = black line, 80% central credible
interval = grey polygon) of each hydrological response variable on average number of families afiaqu
macroinvertebrate in edge habitat in lowland riverine landscape classes, holding all other hydrological response
variables constant at the midpoint of their elicitation range (during risk estimation all hydrological response
variables vary simultaneosly)

Dashedvertical lines show hydrological response variable range used in the elicitation. ZQD and ZME are as defbietiln
Data: Bioregional Assessment Programme (Dataset 6)
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Table17 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for average number of
families of aquatic macroinvertebrates in edge habitat in lowland riverine landscape classes

Mean gq10 gq90
(Intercept) 241 1.83 2.99
futurel 0.0724 ¢0.495 0.64
longl 0.0462 ¢0.734 0.826
ZQD 0.00884 0.00188 0.0158
ZME ¢0.00419 ¢0.0107 0.00233
1(ZQD"2) ¢5.55e05 ¢7.36e05 ¢3.75e05

Futurel is the indicator variable for the sha$sessment year (2042). Longl is the indicator variable for thedesgssment year
(2102. ZQD and ZMA are as definedTiable10. 1(ZQD"2) quantifies the quadratic effect of ZQD.
Data: Bioregional Assessment Programme (Dataset 6)
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to be in elevated portions of the catchment and includes a diverse range of aquatic and -
terrestrial ecosystems. The upland riverine landscape classes make up approximately 64% §
of riverine classes in the Namoi assessment extent, while the upland terrestrial landscape i
classes make up approximately 10% of this extent. ]
e ya o~ ~ Q.)
The majority of the riverine clasde g A U KAV { 2RR LB Ay 2 NJ dzLJ | Vv R %NJ\
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(745.1km), reflecting the intermittent or ephemeral nature of many of the stream segments. S
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the Wb Algbdplain dNJ dzLJt YR NAGSNAYSQ I yR&aAOF LIS 3INPRdzRJ
OKIFy3aS A& OflFaairfFASR | &) Twdahbsaapeclass geprésénts y R D% 9
arelatively diverse set of vegetation communities that occupy several different landforms '
with groundwater contributions from potentially different flow paths ahgdrogeology The

W LI YR NALINRFY D59Q Oflaa Yl {1Sa dzJ | @S
change (29kAdd 2y 3 G AGK K {22RLO | IANG kathaid | WoRXY o
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were considered for the qualitative modelling. The upland riverine model included all upland

riverinS Of F 4aS&a FyR GKS FTR2IFOSyYyd NALINRFIY @S3aASil
class). Three receptor impact models were formulated based on this qualitative model:

upland riverine (two separate models) and upland riparian forest. Geaflew attributes

of the surface water regime were assigned as hydrological response variables for the upland
riverine model and the receptor impact variables included changes in macroinvertebrate
assemblages and the probability of the presence of tadpoles. Fondipiparian forest,

groundwater drawdown and overbank flow events were considered the key hydrological

response variables. The potential ecosystem impacts on this landscape class were quantified

using projected foliage cover. In addition to the upland rilve system, a qualitative model

was developed for the nefloodplain wetlands in this landscape group.

Receptor impact modelling indicatésat foliage cover during the reference period is an

important predictor of foliage cover in the future, and th& 6 SELISNI aQ 2LIAYA2Y
strong evidence for maximum additional drawdown having a negative etiadtthe number

of events having a positive effect on average projected foliage cBRemeptor impact

modelling alsstrongly supports the hypothesis than increase in the mean number of

zeroflow days and/oithe mean maximum length of zefftow spells will have a negative

effect on probability of the presence of tadpolasdon the number of families of
macroinvertebratesdespite the experts being q@tuncertain about average valsie
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2.7.4.1 Nonfloodplain or upland riverine

2.7.4.1.1 Description

fFyRaOl LIS 3INER dzLJ

CtKAa aSOGA2y RSaONAOGSa | YR LIN@dphiy orapladdo2f 23 A Ol
NADGSNAYSQ f I yRadriligaSegiansdd e dore 2f NdteintiSrologigay/change

of the Namoi subregion. This landscape group encompasses the riverine habitat, adjacent riparian
areas and remnant patches of vegetation across different positions in the landscape classed as
WDNI} daé g 2 Bigufel5yTRe upland énvironment includes the following riverine

classes:

T Wt SNXYI ySyi
T Wt SNXYI ySyi
f W¢ SYLIR NI NB
T W¢ SYLR NI NEB

Grassy woodland

dzLJt | Y R
dzLJt | Y R
dzLJt | Y R
dzLJt | Yy R

AU0NBIF YQ
A0NBFY D590Q
AUGNBIFYQ
A0NBFY D59Q

i © woodlands

i Groundwater

| Surface water o)

4% Vegetation associated with N
% upland riparian forest GDE

*  Vegetation associated with grassy /

v

Direction of surface water [ Direction of surface water runoff
Direction of groundwater
movement D Alluvial sediments

Infiltration and percolation
. Surface sediments

Groundwater leakage

Figurel5 Conceptual model of the hydrological connectivity and flow paths of a typical upland riverine
environment that has a gaining connection to the underlying watertable

Some key landscape classes are labelled ificlidd Y W¢ SYLJ2 NI NB  dzLJE | Yy R

22 Rt Iy Reer-depeadght).

GDE = groundwatetependent ecosystem
Source: Symbols courtesy of the Integration and Application Netviamkugnces.edu/symboly/

AGNBLFY D59Q3 W! LX |

The majority (84%) of the riverine environment nBilliga portion of the zone of potential

Ay (GKS bl Y2A &adzooNBIA2Yy A&
or 13.5% of the zone), reflectinge intermittent or ephemeral nature of many of the stream
segmentsTable6y ® ¢ KS NBYFAYRSNI 2F G(GKS

K& RNRf 23AOI

OKIy3Ss
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AONBFYQ MIdgwdabe: G B¢ SYLIR2NINE dzLJ I YR a0NBIY DB
dzLJ ' YR &0 NBI Y D5 Jahle6h Mastdithede Yiverthdhndstame:classeés are
located in the Kaputar and Liverpool Plains Interim BiogeograggmRalisation for Australia
(IBRA) subregion®épartment of Sustainability, Environment, Water, Population and
Commuirities, Datasetl) and form the upper reaches and tributaries of Coree, Mooki River,
Maules Creek and the Namoi RivErgurel6). There are small segments of the upland riverine
system classified as GDE, reflecting the gainingraaifisome reaches across the zone

of potential hydrological change. The hydrological connectivity within a typical upland riverine
environment where the streambed is receiving water from the watertable is detail€thurel5.

eIR[PPOIA 2 Jusuodwo

The majority of the noNA GSNA Y S | v RFf QI2LBL I AFYA YU K2SNJ Yblafy Yy R o N
T2yS 2F LRGSYdGALt KERNRBt23IAO0Lt OKPof MWbofthe {1 KD
zone of changeTable6y @ ¢ KS W! L YR NRALI NARIFY FT2NBad D5EQ
9km2 NI Fr ndm: 2F GKS T 2y S0 -flodRALYE I Ag/A (6S (1€ dray YR CX fZQ' mi
now: 2F (KS-FIt 2RI AR WHRAY I YR DEorQ.1% df yiekR & O 19S
12ySod ¢KS&aS gSiatlyR OflaasSa I NB thalu\fQE)\Q-'ngR
reporting region of the zone of potentialdrological change and in the southern region of the
WdzLhIBNR A Q NBLR2NIAY3I NBIA2Y YR AydiSNBSOGA é@ﬁ

uoibaigns
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Tablel8! NBF & | YRKk2N) (S AARBI PFYGRRI BhB Y YR NASSNAYSQ I yRaOl LIS -Pligaregiaréosithezdnd dt A y

potential hydrological change of the Namoi subregion

Lardscape class Area in assessmen| Area in the zone off Percentage of total Length in
extent potential area in zone of | assessment exten

potential

Grassy woodland GDE 3,247.6 72.8 1% na
Nonfloodplain wetland 130.3 13.1 0.2% na
Norfloodplain wetland GDE 23.5 8.1 0.1% na
Upland riparian forest GDE 87.4 2.9 <0.1% na
Permanent upland stream 0.1 0 0% 1,646.1
Permanent upland stream GDE 1.1 0.1 <0.1% 227.4
Temporary upland stream 0 0 0% 16,512.8
Temporary upland stream GDE 0.1 0 0% 464
Totalg W b Zlqﬁqplain or upland A 3,490.1 97 1.4% 18,850.3
NAOSNAYSQ Ofl aasSa

Total ¢ all landscape classes 35,659.6 7013.9 100% 29,558.3

GDE = groundwatetependent ecosystem, na = not applicable
Data:Bioregional Assessment Programifizataset?)
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Surface water flow regimes in upland riverine systems tend to be more intermittent than i
lowland riverine systems for many of the streams in the Namoi region. The extent of flooding
from overbank flows is reduced compared to lowland riverine systems and alluvial development
tends to be confined (Figurkb).

The major stream segments ofthel Y2 A OF G OKYSy G ¢gSNBE Of I aaATFTASR
Thoms (1998)each with its own set of physical characteristics. The location and extent of the

zones reflect the geomorphological influences on the control of flow of water and sediment. The
uplay R NAGSNRAYS fFyRaoOlFILS OflraadasSa RAaAO0dzaaSR KSNJ

WO2YyAGNIAYSRQ T2ySa 6AGK &l oThBmsetal, yogFtiea I+ yR
W NX¥2dzZNRE WY20AfSQ YR WYS legddididhtmovetghSram (& LIA O
OKIyySt IyR 0SR ai2NBa IyR az2YS$8S 7T {ThomRdtdl.} Ay RS
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1999) Thoms et al. (1999Iso investigated riverine health in these upland streams noting that
these parts of the river systems were geally in better physical condition than those lowland
parts of the Namoi river basin. Some exceptions of upland river systems with poor physical
condition were the Mooki River and Coxs Creek with a lack of riparian vegetation and bank
instability (Thoms etl., 1999)

Ecologicallymportant components of the surface water regime for upland streams can be broadly
summarisedDollar, 2004as: ceasdo-flow periods, periods of low flow, freshes, and periods of
high flow (including overbench and overbank flows) as illustrated in Figure 9. Further background
information on the linkages between these flow components and riverine ecosysterogased

in the preceding section on lowland riverine systei®sdtion 2.7.3

¢CKS NALINRFY @S3ASGFGA2y 200dzNNAy3 |f2y3 GKS d:
$22RE YR D89 @ NI T4 @y | yWR NR LIZNG | o/K & 2NBRRIA DB R QD 5
fryRaOlILIS Oflaa Aa LINBR2YAylLyGfte O2YLINRASR 27
DN} dafllyRAQ YR W2SaldSNYy {f2LS4a8 5NB { Of SNRLKE®
classes defined by Keif@004) Thus, this landscape gmp represents a relatively diverse set of
vegetation communities that occupy several different landforms with groundwater contributions

from potentially different flow paths and hydrogeological units. In the eastern portion of the

zoneof potential hydrolaical change (i.e. miamoi basin) the upland riverine and associated
terrestrial classes (. DNJ & & & ¢ ?) Arabsbojated Wit bdalt or permeable rock

types. In these systemgroundwater isstored andtransmitted through fractures, integranular

spaces or weathered zonegand is typically discharged to the surface at contact zones between

two rock typegDSITI, 20158 KS W! LJX I YR NALI NARIY F2NBad D590Q
WAGSNAYS C2NBalGaQ YS&asuarin@dminghamisayriver shéoakR2 YA Y I (1 S
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Figurel7! G@LIAOIf aAGNBIFY NBIFOK Of I &aaAi T AGRarinaicunwiggbarhiaitaNI NE
(10km north or Quirindi)
Credit: Bioregional Assessment Programme, Patrick Mitchell (f;Sé@ary 2016

Riparian vegetation performs important functions for upland riverine ecosystems including:
stabilising stream banks, filtering sediment, acting as habitat and corridors for terrestrial biota,
regulating nutrient and pollutants and modifyistream microclimatéGregory et al., 1991;
Naiman and Decamps, 199T)pland streams typical of the Namoi subregion, where the riparian
vegetation is relatively intacF{gurel?), have a larger proportion of the stream that is shaded
thus regulating stream conditions and limiting algal gro@®linn, 1986) The riparian vegetation
provides a large proportion of the organic carbon and other energy inputs to the surrounding
catchment(Briggs and Maher, 1983; Thomas et al., 1998 allochthonous detritus enters the
stream either directly or after spendingm®e time breaking down along the stream bank or
floodplain(Reid et al., 2008Both leaf and woody material provide important habitat structures
within the stream and potential sources of carbon for some animals such as stream invertebrates

Receptor inpact modelling for the Namoi subregi$ry9
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and tadpolegMcKie and Cranston, 200IJhese inputs of organic matter help to sustain the
underlying hyporheic biota via interstitial flow through the streamigBdulton et al., 2010)

2.7.4.1.2 Qualitative model
Upland riverine

A discussion of landscape classes for streantiseatjualitative modelling workshop determined

that the streams could be divided into two general groups based on their landscape classification
upland riverine and lowland riverine. The riparian vegetation and floodplain (which is only relevant
for the lowland riverine group) were also included as components of the model. As described
above, the upland riverine systems have intermittent flow characteristics across much of the
stream network in the Namoi assessment extent. The qualitative modelling hetiahfocus

on populations of stream invertebrates and tadpoles inhabiting the streams in periods of flow

with ecological preferences for fagir slowwater habitats Figurel8). These habitats are defined

and enhanced by structure provided by riparian trees and other riparian vegetation, such as
sedges and rushes. Riparian trees (the most common being river sheoak) provide a critical role
in reducing water velocityf floods and stabilising stream banks, thereby reducing erosion and

the entry of fine and suspended sediments into the stream chafBehn, 1986)Riparian trees

are dependent on soil moisture which is replenished by overbank flows, the frequency &f whic
was described as a specific hydrological regime (HR1). Riparian trees, sedges and rushes contribute
to the structure of riparian stream habitat which benefits stream and saquiatic invertebrate
populations, as well as mammals, reptiles, frogs and l{fagirel8). They also contribute to

stores of coarse particulate organic matter, which, when submerged, has an associated biofilm
community Eigurel8). The breakdown of coarse particulate organic matter contributes to stores
of fine particulate organic matter and dissolved organic mattegirel8). These stores of organic
matter are the primary carbon (energy) source for populations of stream invertebrates and
tadpoles in both slowand fastwater habitats Figurel8). Hyporheic biota living in subsurface
sediments are sustained by the supply of particulate organic matter, dissolved organic matter and
high levels of dissolved oxygen through the streachbi interstitial flow(Hose et al., 2015)

Concentrations of dissolved oxygen within the stream and streambed are influenced by flow
volume (e.g. may decline during low flows and high water temperatures), and are reduced by
biological oxygen demand, whicdepends on levels of submerged and dissolved organic matter
in the stream(Reid et al., 2008}igurel8). Phosphorus adsorbed onto particles of suspended
sedimentand in runoff from cleared lands increases the growth of cyanobacteria and the
likelihood of algal bloomd={gurel8). Cyanobacteria and algal photosynthesis can increase levels
of dissolved oxygen during the day, and algae are an important food resource for populations
of some invertebrates and tadpoles; both contribute to stores of organic matter that lead to
increasel levels of biological oxygen demafiReid et al., 2008)Water temperature is regulated

by the volume of streamflow, the amount of shade from riparian trees, and the proportional
contribution of groundwater and water turbiditfNaiman and Decamps, 199High water
temperatures promote cyanobacteria and reduce dissolved oxygen in stream (Beting and
Baker, 1996)Top aquatic predators in the system include native fishes with preferences for slow
or fastwater habitats. Many species of native fistae sensitive to the concentration of dissolved
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oxygen and are suppressed by high salinity and the toxic effects of cyanob#Bmsilbng and
Baker, 1996)

Riparian trees in the upland riverine landscape class were described as being dependent on
groundwaer, such that the changes to the maximum depth of the watertable would be an
important hydrologic response variableigurel8). River sheoaks were describedreguiring
periodic overbank flows for successful regeneratiBoberts and Marston, 201I)he frequency
and duration of zereand lowflow days were considered as important in maintaining slamd
fastwater habitats, riparian vegetation, and water qualiBond et al., 2008)

uoifaigns loweNRyl 10} SISAjeue elepapol) z Juauodwo)

Figurel8 Signed digraph model of upland riverine landscape classes

Model variables are: algal bloom (AB), biological oxygen demand (BOD), bank stability (BS), cyanobacteria (Cyan),ijcaatse part
organic matter and biofilm (COM BF), catchment vegetation (CV), maximum decrease in watetata®, (dissolved oxygen (DO),
fine particulate and dissolved organic matter (F&DOM), fine sediments (FS), flood velocity (FNgidagtvertebrates and

tadpoles (FW&T), fastwater habitat (FWH), fasvater native fishes (FWNF), hyporheic biota (HB), land clearing and grazing
(LC&G), mammals, reptiles, frogs and birds (MRFB), phosphorous runoff (PRO), riparian habitat structure (RHS), rig@&1@n trees
riparian veyetation (e.g. sedges & rushes) (RV), salinity (Sal), stream habitat structure (SHS), suspended sedimeriy&®8), slow
invertebrates and tadpoles (SW 1&T), stasater habitat (SWH), slowater native fishes (SWNF), water temperature (WT), zero
flow days(ZFD), lowlow days (LFD), hydrological regime 1 (HR1).

Data: Bioregional Assessment Programme (Dataset

Surface water and groundwater modelling predict significant potential impacts to hydrological
regime 1 (overbank flows), leflow days, zerdlow days, and maximum depth to groundwater
level. Combinations of these impacts were considered in seven scenbaiolel9).

Receptor impact modelling for the Namoi subregjo8il
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Table19 Summary of he (cumulative) impact scenarios (CISs) for upland riverine landscape classes

CIS HR1 LFD ZFD Dmax
C1 C 0 0 +
C2 G + 0 0
C3 C + + 0
Cc4 0 + 0 +
C5 0 + + +
C6 C + 0 +
C7 C + + +

Pressure scenarios are determined by combinations edlmenge (O)increase (+) or a decreas® {n the following signed digraph
variables: hydrological regime 1 (HR1, i.e. overbank flow}flmwdays (LFD), zefftow days (ZFD), and maximum decrease in
watertable Omay.

Data: Bioregional Assessment Programme (Datg)set

Qualitative analyses of the signed digraph moé&&jyrel8) generally indicate a negative or
ambiguous response prediction for all biological variables withirugiland riverine ecosystem
(Table20). Riparian trees were predicted to decrease across all of the seven cumulative impact
scenarios, as were both groups of nativhés. Similarly, hyporheic fauna were predicted to
decrease in all cumulative impact scenariehjle riparian vegetation (sedges and rushes)

were predicted to decrease only in response to an increase in-tevodays (i.e. C3, C5, C7).
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Table20 Predicted response of the signed digraph variables in the upland riverine landscape classes to (cumulative)
changes in hydrological response variables

Signed digraph variable (full name) Signed digraph

variable
(shortened form)

Slowwater invertebrates and tadpoles SW I&T © ? ? ? ? ? ?

Fine particulate and dissolved organic mat F&DOM (+) (+) + ) (+) (+) T

Coarse particulate organic matter and COM BF © q q q C C C

biofilm

Fine sediments FS A (+) (+) (+) (+) + 1

Bank stability BS q © @@ (© (@ q q

Stream habitat structure SHS © © © © © © ©
Flood velocity FV H H H H ®H H ®
Riparian trees RT Q@ © © @ @ @ @
Riparian vegetation (e.g. sedges and rushi RV 0 0 © 0 © 0 ©
Biological oxygen demand BOD ? ? ? ? ? ? (+)
Algal bloom AB (+) ? ? ? ? ? (+)
Fastwater invertebrates and tadpoles FW I&T © ? ? ? ? ? ?

Hyporheic biota HB © C C G G C C

Riparian habitat structure RHS © © © © © © ©
Mammals, reptiles, frogs and birds MRFB © © © © © © ©
Slowwater native fishes SWNF C C C C C C C

Fastwater native fishes FWNF G G G G G G C

Dissolved oxygen DO @ @ ¢ @@ ¢ S G

Water temperature WT © ? ? ? ? ? ?

Salinity Sal o H B H H H O
Phosphorous runoff PRO + H O ®H ®H ®H o+ =

Cyanobacteria Cyan ? (€)) (€)) (+) (+) ©) €)
Fastwater habitat FWH © © q © G © G

Slowwater habitat SWH @ @ @ @© @ © ¢

Qualitative model predictions thatre completely determined are shown without parentheses. Predictions that are ambiguous but
with a high probability (0.80 or greater) of sign determinancy are shown with parentheses. Predictions with a low prdlesisility
than 0.80) of sign determinan@re denoted by a question mark. Zero denotes completely determined predictions of no change.
Data: Bioregional Assessment Programme (Dataset

Nonfloodplain wetland

The nonfloodplain wetland qualitative model focused on internally draining lakes irNéu®oi
assessment extent, with the Lake Goran ecosystem being the primary focus, but also including
FNNRAS [1S 00RPUK2RISFANVSBRs S&Et WHRY I yRaOl LIS

D2N} yQa 0SR Aa FTNBIdzSy it & niRinEnzmnylagaR of th &pyosetl I 1 S

bed are used for agricultur@gEnvironment Australia, 2001yVhen the lake fills from flood events

Receptor impact modelling for the Namoi subregja8i3
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the lake water is used for irrigation. In a filled state, the lake has a number of isolated islands that
provide significant@osting and nesting habitat for migratory birds. By comparison, Yarrie Lake is
more permanent, smaller than Lake Goran and has no isl@msronment Australia, 2001)

The modelling exercise initially focused on the wetted area of the lake, which iasecteluring

flood events in its catchments via local sheet flow over nearby valley slopes or channel flow in
tributary streams. When the wetted area of the lake increases, it provides a surge of growth in
populations of algae, macrophytes, aquatic invertgls and fish, which are capitalised on by bird
populations, including the functional groups of herbivorous, insectivorous, piscivorous and wading
birds (Driver et al., 2012Figurel9). An increase in the wetted area of the lake favours the growth
of river red gum, poplar box and lignum shrubs, with river red gum and poplar box providing
critical habitat and resources for koalas, and roosting andimgsites for populations of
piscivorous, insectivorous and wadibigds (Figurel9). Additionally, an increase in the wetted

area provides feedingpportunities for wading birds and also contributes to roosting and nesting
opportunities in predatoifree areas by the isolation of islands within the lake perimeter. Lignum
shrubs, and other fringing vegetation, provide habitat and resources for repfitegs and

terrestrial invertebrates, and populations of insectivorous bifféig(rel9).

Lignum shrubs, river red gum and poplar box depend on ghmater (Roberts and Marston,

2011) Potential impacts to this ecosystem from coal resource development includes local
interception of rainfall from opeftut mines that can reduce recharge of groundwater and

diminish the magnitude of sheet flow during higinfall events Figurel9), where this effect
islocalised into lowland channels adjacent to the coal mine and not tributary channels in general.
Coal seam gas angben-cut coal mine development was depicted as having the potential to
reduce the level of the watertable.
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Model variables are: algae (Alg), coal mimerception (CMI), channel flow (CQ), coal seam gas development (CSG), emergent
macrophytes (EM), fish (Fish), floods (Floods), groundwater table (GWT), herbivorous birds (HB), habitat structure (HS),
insectivorous birds (IB), invertebrates (Inv), kodlksa), lignum shrubs (LS), piscivorous birds (PB), roosting and nesting habitat
(R&NH), reptiles, frogs and terrestrial invertebrates(RF&T]I), river red gum (and poplar box) (RG), submerged and floating
macrophytes (S&FM), sheet flow (SQ), wetted area (WAJling birds (WB).

Data: Bioregional Assessment Programme (Datg)set

Surface water and groundwater modelling predict significant potential impacts to the watertable
and to overland sheet flow. These potential impacts were considered in two cumulatiaetimp
scenarios that were developed for qualitative analysis of response predicliaide@1).

Table21 Summary of the (cumulative) impact sgel NA 2 & o/ L {-Bf02 FRIND liKS DHDRylI yRQ Iy

CIS GWT SQ
C1 q 0
c2 S S

Pressure scenarios are determined by combinations ethrenge (0) or a decreasg) (n the following signed digraph variables:
groundwater table (GWT) and shetdw (SQ).
Data: Bioregional Assessment Programme (Dataset

Receptor impact modelling for the Namoi subregjo8b
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Qualitative analyses of the signed digraph moé&&jgrel9) generally indicate a negative or
ambiguous esponse prediction for most biological variables within the4penmanent wetland
ecosystemTable22). Tree and shrub groups were predicted to decline in both impaenharios,
which lead to negative impacts to habitats for birds, frogs and terrestrial invertebrates. A
predicted decrease in wading birds and piscivorous and insectivorous birds leads to a release,
or increase, in their prey populations (i.e. fish, regdil frogs and terrestrial invertebrates). The
potential impact of decreased sheet flow in the second cumulative impact scenario is predicted
to lead to a decrease in all forms of aquatic macrophytes and herbivorous birds.

Table22PNE RA OG SR NBaALRyYyaS 2F (KS aR{IYSRLIRAANI 4 &K3G (A yWRQ off ISYAR
(cumulative) changes in hydrological response variables

Signed digraph variable (full name) | Signed digraph

variable

(shortened

form)
Roosting and n&ting habitat R&NH © ©
Wetted area WA 0 ©
Wading birds WB ? ©
Fish Fish (+) (+)
Invertebrates Inv ? ?
Insectivorous birds 3] © ©
Reptiles, frogs and terrestrial RF&TI ? €]
invertebrates
Habitat structure HS © ©
Lignum shrubs LS © ©
Piscivorous birds PB ? ©
Algae Alg ? ?
Emergent macrophytes EM 0 ©
Submerged and floating macrophyt S&FM 0 ©
Herbivorous birds HB 0 ©
Floods Floods 0 ©
River red gum (and poplar box) RG © ©
Koalas Koa © ©

Qualitative model predictions that are completely determined are shown without parentheses. Predictions that are ambiguous bu
with a high probability (0.80 or greater) of sign determinancy are shown with parentheses. Predictions with a low prdlesbility

than 0.80) of sign determinancy adenoted by a question mark. Zero denotes completely determined predictions of no change.
Data: Bioregional Assessment Programme (Datg)set

2.7.4.1.3 Choice of hydrological response variables and receptor impact variables

In bioregional assessments (BAghe potential ecological impacts of coal resource development
are assessed in two future yeay2042 and 2102. These are labelled as the stant long
assessment years, respectively. Potential ecological changes are cuehimiBAs by predicting
the state of a select number of receptor impact variables in the staord longassessment years.

86| Receptor impact modelling fdhe Namoi subregion



274Yb FY 22 RLI Ay 2NJ dzLJ F YR NRA @GS

These predictions are made conditional on the values of certain groundwater and surface water
statistics that summarise the outputs numerical model predictions in that landscape class in an

interval of time that precedes the assessment year. In all cases these predictions also allow for t@
possibility that changes in the future may depend on the state of the receptor impact vainable
the reference year 2012, and consequently this is also quantified by conditioning on the predicted=

woo

ou

hydrological conditions in a reference interval that precedes 2012 (companion submethodology ™
MO8 (as listed in Table 1) for receptor impact modellings@t et al., 2018)). §
For surface water and groundwater variables in the Namoi subregion, the reference assessment i
interval is defined as the 30 years preceding and including 2012 (i.e. 1983 to 2012). For surface g’.—;
water variables in the Namoi subregion, thleortassessment interval is defined as the 30 years o
preceding the shorassessment year (i.e. 2013 to 2042), and the Jasgpssment interval is 5’_,
defined as the 30 years that precede the lesegsessment year (i.e. 2073 to 2102). For S
groundwater, maximum iawdown (metres) and time to maximum drawdown are considered i
across the full 9¢ear modelling window: 2013 to 2102. S
Ly .1 a3 OK2A0Sa lo2dzi NBOSLII2NJ AYLI OG @I NA | @
constraints with the objectives of the assasnt and the expectations of the community %

(companion submethodology M10 (as listed in Table 1) for analysing impacts and risks (Hendersén
et al., 2018)). This choice is guided by selection criteria that acknowledge the potential for

complex direct and inidect effects within perturbed ecosystems, and the need to keep the expert
elicitation of receptor impact models tractable and achievable (companion submethodology M08«<,
(as listed in Table 1) for receptor impact modelling (Hosack et al., 2018)).

Baigns

uo

For uplandiverine landscape classes, the qualitative modelling workshop identified three
hydrological response variables thought to: (i) be instrumental in maintaining and shaping the
ecosystem and, (ii) have the potential to change due to coal resource developiieof the

ecological components and processes represented in the qualitative model are potential receptor
impact variables and all of these are predicted to vary as the hydrological response variables vary
either individually or in combinatiornT@ble2?2).

Following advice received from participants during (and after) the qualitative modelling workshop,
and guided by the availability of experts for the receptor ictpaodelling workshop, the scope

of the BA numerical modelling and the receptor impact variable selection criteria, the receptor
impact models focused on the following relationships:

1. The response of the upland riparian trees (RT) to changes in hydrdlcegoae 1
(EventsR3.0) and groundwater (dmaxRef)

2. The response of fasvater macroinvertebrates (FW | & T) to changes in number of-zero
flow days (ZQD) and maximum length of spells with zero flow (ZME)

3. The response of tadpoles (FW | & T) to chang&Qiband ZME

The hydrological factors identified by the participants in the qualitative modelling workshops have
been interpreted as a set of hydrological response variables. The hydrological response variables

are summary statistics that: (i) reflect thesednglogical factors, and (ii) can be extracted from

the. ! Q& Yy dzYSNRAOIf &dz2NFIFOS 41 GSNJ I yR FIHBmGRs I (S
assessment intervals defined previously. The hydrological factors and associated hydrological
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response variabkefor the upland riverine landscape class are summarisédte23. The precise
definition of each receptor impact variable, typically a species or group of spepiesented by
a qualitative model node, was determined during the receptor impact modelling workshop.

Using this interpretation of the hydrological response variables, and the receptor impact variable
definitions derived during the receptor impact motiey workshop, the relationships identified in
the qualitative modelling workshop were formalised into three receptor impact modelblé24).

Table23 Summary of the hydrological response variables used in the receptor impact models for landscape classes
AY GKBE BRWIE FAY 2N dzLJX I YR NAGSNAYSQ fFyRaOl LS INRdAzLIE G
correspond to

Sgned digraph| Hydrological | Definition

response
variable
GW dmaxRef Maximum difference in drawdown under the baseline future or under the coa
resource development pathway future relative to the reference period (1983
2012)
GW tmaxRef The year that themaximum difference in drawdown relative to the reference

period (1983 to 2012) (dmaxRef) occurs

HR1 EventsR.0 The mean annual number of events with a peak daily flow exceeding the
threshold (the peak daily flow in flood events with a return period ofy&érs as
defined from modelled baseline flow in the reference period (1983 to 2012)).
metric is designed to be approximately representative of the number of overt
flow events in future 3§ear periodsThis is typically reported as the maximum
change due to additional coal resource development.

ZFD ZQD The number of zerdlow days per year, averaged over a\a8ar period This is
typically reported as the maximum change due to additional coal resource
development.

ZFD ZME The maximum length a$pells (in days per year) with zero flow, averaged over
30-year period This is typically reported as the maximum change due to
additional coal resource development.

Table24 Summary of the three receptor impact models develop&d2 NJ f | y Ra O LIS -édplano6a Ay O
dzLX F YR NAGSNAYSQ fFyRaAOFLIS INRdZLI Ay GKS blY2A AdoNBIA?2

Relationship being modelled |Receptor impact variable (with associated sample units) | Hydrological

response variable

Response of the upland riparia Annual mean projected foliage cover of species group th: Eventf3.0
forest to changes in hydrologic includes: Casuarina, yellow box, Blakely's red gheacia  dmaxRef
regime 1 and groundwater salicing Angophoa floribunda, grey box. Transect of 50 m tmaxRef
length and 20 m widthhat extends from first benchipe}
on both sides of stream

Response of faswater Average number of families of aquatic macroinvertebsate ZQD
macroinvertebrates to changes riffle habitat sampled using the NSWBRIVABethod for zZME
in number ofzeroflow days and riffles

maximum zereflow event

Response of tadpoles to chanc Probability of presence of tadpoles frdomnodynastes ZQD
in number ofzeroflow days and genus §peciedumerilii salmini interiorisand ZME
maximum zereflow event terraereginag, sampled using standard 30 cm dip net

Hydrological response variables are as definetaible23.
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2.7.4.1.4 Receptor impact model
Uplandriparian forest

Table25 summarises the elicitation design matrix for thejectedfoliage cover of riparian
treesin the upland riverine landscape classs Thefirst design point design point identifier X
addresgsthe predicted variability (across the streams in the landscape class during the reference *
interval) in the overbankHventsR.0) flows that define floods with a return interval of 0.33 events
per year. Note that the design point identifiers are simply index variables that identify the row of
the elicitation design matrix. They are included here to maintain an auditable path between
analysis and reporting.

Z uauodwo)

The first design point provigdor an estmate of the uncertainty in mean foliage cover across
the landscape class in the reference year 2012 (Yref). The remaining design points represent
hydrological scenarios that span the uncertainty in the values of the hydrological response
variables in theelevant time period of hydrological history associated with the sh@@42)
andlong (2102) assessment years.

Table25 Elicitation design matrix for annual mean projected foliage cover of species group that includes: casuarina,
yellow box, Blakely's red gumAcacia salicina, Angopharfloribundax I NB & 6 2 Hoodphin ar €pndWb 2 y
NABSNRYSQ fFyRaOFLIS 3INRdAzLI Ay (G4KS Dbl Y2A adzoNBIA2Yy 12

uoiBaiqriy 1oweRy) 1o} sisAfeue eregopo

Id EventsR3.0 dmaxRef Yref Year tmaxRef
1 0.33 0.0 na 2012 0

26 0.45 188.0 0.22 2042 2103
28 0.13 0.2 0.34 2042 1983
48 0.80 0.2 0.34 2042 2103
15 0.80 15.7 0.22 2042 2043
36 0.80 188.0 0.34 2042 1983
52 0.13 188.0 0.34 2042 2103
86 0.45 15.7 0.34 2102 1983
61 0.13 188.0 0.22 2102 1983
73 0.13 0.2 0.22 2102 2103
57 0.80 0.2 0.22 2102 1983
92 0.45 0.2 0.34 2102 2043
108 0.80 188.0 0.34 2102 2103

Receptor impact modelling elicitation design matrix for annual mean projected foliage cover, over a 50 m x 20 mttransect
SEGSYRa& TNRY )adnbotisidesdfStyeif upland tiparBu@forests. Design points faefin the future (short and
long-assessment periods) are calculated during the receptor impact modelling elicitation workshop using elicitedovadhees f
receptor impact variable in the reference period. All other design points (with identifiers Id) are either default vahassesr
determined by groundwater and surface water modelling. Hydrological response variables are as desdriieli® na = not
applicable

Data: Bioregional Assessment Programme (Dataset

Design point identifiers 15 through to 108 (as listed able25) represent combinations of the
three hydrological response variables (dmaxRef, tmaxRef, EventsR3.0), together with high and
low values of Yref (see companion submethodology M08 (as listed in Table 1) for receptor impact
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modelling (Hosack et al., 2018)heThigh and low values for Yref were calculated during the
NEOSLIIi2NJ AYLI OG0 Y2RStfAYy3d 62N aKz2L) F2tt206Ay3
then automatically included within the design for the elicitations at the subsequent design points.

The receptor impact modelling methodology allows for a very flexible class of statistical models
to be fitted to the values of the receptor impact variables elicited from the experts at each of

the design points (companion submethodology M08 (as liste@able 1) for receptor impact
modelling (Hosack et al., 2018)). The model fitted to the elicited values of mean projected foliage
cover for the upland riverine landscape classes is summaridedumne20 and Table26. The fitted
model takes the form:

-0 T TR Te o )

wherew is an intercept term (a vector of ones), is a binary indicator variable scored 1 for

the case of an assessment in the shant longassessment yeag is a binary indicator variable
scored 1 for the case of an assessment in thedasgpssment yar, ® is a continuous variable

that represents the value of the receptor impact variable in the reference year (Yref, set to zero
for the case of an assessment in the reference year)carfiQ p 8 T are the (continuous or

integer) values of théhree hydrological response variables (dmaxRef, tmaxRef, EventsR3.0).

Note that the modelling framework provides for more complex models, including quadratic value

of, and in interactions between, the hydrological response variables but in this instance thle sim
fAYSEFENI Y2RSt 091ljdzr iA2y n0vo ¢Fa ARSYGAFTFASR | a
responses.

The model estimation procedure adopts a Bayesian approach. The model coefficients
¢ A i A B  are assumed to follow a multiviate normal distribution. The Bayesian

estimation procedure quantifies how compatible different values of the parameters of this
distribution are with the data (the elicited expert opinion) under the model. The (marginal)
meanand 80% central credible iatval® of the three hydrological response variable coefficients
are summarised in partial regression plotg-igure20, whilst Table26 summarises the same
information for all seven model coefficients.

¢KS Y2RSt AYyRAOFGS& (KIG GKS SELISNIAQ 2LAYAZY
effect on average perceribliage coverThis suggests that given a set of hydrological response

variable values in the future, a site with a higher foliage cover at the 2012 reference point is more
likely to have a higher foliage cover in the future than a site with a lower totager value at

thistime point. This reflects the lag in the response of foliage cover to changes in hydrological
response variables that would be expected of mature trees with long life spans.

2 A central credible interval is the region in the centre of a posterior or prior distribution that contains a specified arhthenprobability of the
distribution, such hat there is equal probability above and below théerval. Hence, an 80% central credible interval is defined as the range of
values with posterior (or prior) probability €10.8)/2 above and below the interval.
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¢tKS Y2RSt | fa2 AyRAOLI (S4a stioAglevidenc&ki& dnakRei$dldngt Q
anegative effect on average projected foliage cover. This suggests that projected foliage cover
will decrease as groundwater drawdown increases due to coal resource development. The mode'g
predicts that (holding all othrehydrological response variables constant at the qpght of their
elicitation range) the mean of the average projected foliage cover will drop from just under 25% =
without any change in groundwater level, to about 20% if the levels decrease by 150tivertla
the reference level in 2012. There is, however, considerable uncertainty in these predictions, with=
an 80% chance that the foliage cover will lie somewhere between approximately 15% and 30%
in the shortassessment period, and somewhere between tdyd 0% and 30% in the long
assessment period, with aré drop in groundwater level. In relation to dmaxRef, Yrs2tmax is
alsosignificant. The interpretation is that on average (that means for a range of drawdown from
negligible to very important) lonterm drawdown will have a larger effect on projected foliage
cover than shorterm drawdown. This is likely driven by the fact that a lbegn very deep
drawdown will have a more severe effect on the vegetation. Another important factor is the
correlation béween drawdown and time to drawdown, which will prevent some scenarios and
plays a role in the marginal interpretation of the time to drawdown effect. Also note that the
potential change in groundwater levedlative to reference was elicited over a widge, as

the elicitations were based on preliminary groundwater modelling. Subsequent groundwater
modelling identified a much lower and narrower range of drawdown as plausible than is presente
in Figure20. Predictions oprojected foliage cover in the impact and risk analysis (Herr et al.,
2018) use the final groundwater model results and focus only on the relationship over that
narrower range.
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The model indicated KI i GKS SELISNI&Q 2LIAYAZ2Y LINRJARSE
apositive effect on average projected foliage covEne model predicts that (holding all other
hydrological response variables constant at the 4pant of their elicitation rangejhe mean

of the average projected foliage cover will increase from just under 24% without any change in
overbank events frequency, to about 30% if the frequency increases to 0.8 (relative to the
reference level of 0.33 in 2012).

Finally, the model also imchtes some diverging influence between shiatm and longterm
influence. For the shorassessment period, experts believe in a relative increase of projected
foliage cover, while they expect a decrease in the itBrgn assessment. An interpretation isat

the effects of changes in hydrology are not immediate on foliage cover, and a worsening of the
conditions starting today will only be observed by 2102.
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Figure20 (Top row) Predicted mean (black dot) and 80% central credibterval (grey line) of annual mean

projected foliage cover under reference hydrological conditions. (Middle and bottom rows) Predicted future effect
(mean = black line, 80% central credible interval = grey polygon) of each hydrological response varniaaoal

mean projected foliage cover, holding all other hydrological response variables constant at the midpoint of their
elicitation range (during risk estimation all hydrological response variables vary simultaneously)

Dashed vertical lines show hydrgioal response variable range used in the elicitation. EventsR3.0 and dmaxRef are as described in
Table23. Yrs2tmaxRef is the difference between tmaxRef and thesassent year that is relevant for the prediction (2012, 2042 or
2102).Note thatdmaxRef was elicited and is plotted over a wider range as the elicitations were based on preliminary groundwater
modelling. Subsequent modelling identified a much smaller rarigrawdown as plausible, and thus relevant for predicting future
projected foliage coverThe numbers on the-gxis range from 0 to 1 as the receptor impact model was constructed using the
proportion for the statistical modelling. They should be intetpreas a percent foliage cover ranging from 0 to 100%.

Data: Bioregional Assessment Programme (Dataset
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Table26 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for annual mean
projected foliage coer in upland riparian forests

Mean ql0 qo0

(Intercept) ¢l.34 ¢1.85 ¢0.853
futurel 1.03 0.375 1.68
longl ¢0.142 ¢0.39 0.106
Yref 1.09 0.679 1.49
EventsR3.0 0.68 0.281 1.08
dmaxRef ¢0.00149 ¢0.00255 ¢0.000426
Yrs2tmaxRef ¢0.00185 ¢0.00355 ¢0.000164

Futurel is the indicator variable for the sha$sessment year (2042). Longl is the indicator variable for thedesgssment year
(2102). Yref quantifies the value of the receptor impact variable during the reference pEviedtsR3.0 and dmaxRef ae a

defined inTable23. Yrs2tmaxRef is the difference between tmaxRef and the assessment year that is relevant for the prediction
(2012, 2042 or 2102).

Data: Bioregional Assessment Programme (Dataset

Upland riverine

Table27 summarises the elicitation matrix for the average number of families of aquatic
macroinverebrates from instream habitats. The first six design pogrdssign points 1 to 7 as
shown inTable27 ¢ address the predicted variability (across the landscape atab® reference
interval) in ZQD (zerflow days (averaged over 30 yeassipsequently referred to in thisection

- a4 Wit 2NeR) drd AViEr@aximum lenth of spellswith zero flow, averaged over a 3@ar
period), capturing the lowest and highestqaticted values together with two intermediate values.
These design points provide for an estimate of the uncertainty in aquatic macroinvertebrates
family abundance across the landscape class in the reference year 2012 (Yref).

uolBalgns IoweRQU) 1o} SisAfeue vlepepol) :z lusuodwo)d

Design points 10 to 22 inclusi (as listed iTable27) represent scenarios that span the

uncertainty in the predicted values of ZQD and ZME in the relevant time period of hyidedlog

history associated with the sher2042) and long(2102) assessment years, combined with high

and low values of Yref. Again, the high and low values for Yref were calculated during the receptor
impact modelling workshop.

The fitted model for numbeof families of macroinvertebrates from instream habitats takes the
form:

f
® 5)

where the terms oo o and @ are as before and is the integer value of ZQD add is

the integer value of ZME. The (marginal) mean and 80% central credible interval of the coefficient
for this hydrological response variable are summarised in the partial regression plogune21,

whilst Table28 summarises the same information for all five model coefficients.
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Table27 Elicitation desgn matrix for average number of families of aquatic macroinvertebrates in instream pool

KFoAGEG &l YL SR dzaAy 3 (GKS b{2 FERPRR+LIE § AYSZK2 BzLF 2 MIRLIARA ©@

group in the Namoi subregion zone of potential hydrologiahange

o] ZQD ZME Yref Year
5 320.08 7.13 na 2012
1 0.00 0.00 na 2012
4 160.69 81.93 na 2012
2 160.68 0.79 na 2012
7 321.37 81.93 na 2012
3 160.69 40.97 na 2012
12 0.00 0.00 4.5 2042
11 169.00 72.30 8.7 2042
14 339.00 157.00 8.7 2042
10 334.64 11.02 8.7 2042
20 169.00 157.00 4.5 2102
19 339.00 72.30 4.5 2102
16 168.99 0.86 4.5 2102
22 0.00 0.00 8.7 2102

Receptor impact modelling elicitation design matrix for the average number of families of aquatic macroinvertebratesaminstr
pool habitat in permanent and temporary upland streams. Design points for Yref in the future- @hitongassessment peric)
are calculated during the receptor impact modelling elicitation workshop using elicited values for the receptor impade variab
the reference period. All other design points (with identifiers Id) are either default values or values determined twgatar and
surface water modelling. ZQD and ZME are as defin@dlite23. na = not applicable

Data: Bioregional Assessment Programme (Datg)set

Unlike the previousnodel, the hydrological response variable in the macroinvertebratedel

G NASa RdzZNAYy3I GKS NBFSNBYOS AyuSNBlIt |yR GKS
elicited information strongly supports the hypothesis that an increase in ZQDrafME will have

a negative effect on the number of families of macroinvertebrates despite the experts being quite
uncertain about its average value. The model suggests that it can vary substantially across the
landscape class from less than 5 to almdsuRder conditions of constant flow (ZQD = zero),

holding all other covariates at their midhlues. As the number of zeflow days increases,

however, experts were of the opinion that the number of families would drop quite dramatically
with values <0.54lling within the 80% credible interval under very intermittent flow conditions

(ZQD >300 daydfigure21).

There was very little evidence in the elicited data tg@est that this effect would be substantially
different in the future assessment years. Again, this is indicated by the almost identical partial
regression plots in the reference, shoaind longassessment yeargigure21), and the relatively
large negative 11 and positive 9th percentiles for the long and future coefficientsTiable28.

z
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future assessment years relative to the reference year.

Another notable difference between thimodel and the previous model is the estimated values
for the Yref coefficient. In the projected foliage cover model, there was strong evidence within the
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influence on the values in the future assessment years 1. The besfitting model in this S
case, however, is unable to eliminate the possibility that the average number of families of
macroinvertebrates in the reference years has no influence amutsber in the future years.
Thisis indicated by the fact the model automatically dropped this variable from the model. This
suggestion is consistent with the hypothesis that there is likely to be very little lag in the response -
of this shortlived group b changes in the hydrological response variables.

% yusuodw
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Figure21 (Top row) Predicted mean (black line) and 80% central credible interval (grey polygon) of average number
of families of aquatic macroinvertebrates in instream pool haaitin upland riverine landscape classes under
reference hydrological conditions. (Middle and bottom rows) Predicted future effect (mean = black line, 80% central
credible interval = grey polygon) of each hydrological response variable on average numbamifes of aquatic
macroinvertebrates in instream pool habitat in upland riverine landscape classes holding all other hydrological
response variables constant at the midpoint of their elicitation range (during risk estimation all hydrological
response vaiables vary simultaneously)

Dashed vertical lines show hydrological response variable range used in the elicitation. ZQD and ZME are asTd&fie2d.in
Data: Bioregional Assessment Programme (Datg)set
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Table28 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for the average number of
families of aquatic macroinvertebrates in instream pool habitat in upland riverine landscape classes

Mean gq10 q90

(Intercept) 2.47 2.06 2.88
futurel 0.0762 ¢0.41 0.562
longl ¢0.0466 ¢0.614 0.521
ZQD 0.0054 ¢0.000288 0.0111

ME ¢0.00641 ¢0.0128 ¢3.85e05
[(ZQD"2) ¢3.95e05 ¢6.04e05 ¢1.86e05

Futurel is the indicator variable for the sha@ssessment year (2042). Long1 is the indicator variable for thealsg®ssment year
(2102).Z2QD and ZME are as defined’able23. 1(ZQD"2) quantifies the quadratic effect of ZQD.
Data: Bioregional Assessment Programme (Dataset

Areue eregepol\ :z usuodwo)d

Table29 summarises the elicitation matrix for the probability of presence of tadpftas the
Limnodynastegenus umerilii, salmini, interioris and terraereginad he first six design poin¢s
design points 1 to 7 as shownTiable29 ¢ address the predicted variability (across the landscape
class in the reference interval) in ZQD and ZME, capturing the lowest and highest predicted
valuestogether with two intermedate values. These design points provide for an estimate of
the uncertainty in probability of presence of tadpoles across the landscape class in the reference
year 2012 (Yref).

NS I0We Ny} J0J SIS
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Table29 Elicitation design matrix for probability of presence of tadpoles frdoimnodynastegienus @umerilii,

salmini, interioris and terraereginagA y
subregion zone of potential hydrologicahange

22

ZQD

320.08

0.00
160.69
160.68
321.37
160.69

0.00
169.00
339.00
334.64
169.00
339.00
168.99

0.00

ZME

7.13
0.00
81.93
0.79
81.93
40.97
0.00
72.30
157.00
11.02
157.00
72.30
0.86
0.00

Year

na 2012
na 2012
na 2012
na 2012
na 2012
na 2012
0.34 2042
0.53 2042
0.53 2042
0.53 2042
0.34 2102
0.34 2102
0.34 2102
0.53 2102

OKBt BRWIE I AYy 2NJ dzLJ I YR NADGSNAYSQ Iy

Receptor impact modelling elicitation design matrix for the probability of presence of tadpoles in pools and riffles ingrgrma
and temporary upland streams. Design pointsYoefin the future (short and longassessment periods) are calculated durting
receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the reference Akriod
other design points (with identifiers 1d) are either default values or values determined by groundwater and surface water
modelling. ZQD and ZME are as define@lidhle23. na = not applicable

Data: Bioregional Assessment Programme (Data)set

Design points 10 to 22 inclusive (as listedable29) represent scenarios that span the

uncertainty in the predicted values of ZQD and ZME in the relevant time period of hydrological
history associated witkhe short (2042) and long(2102) assessment years, combined with high

and low values of Yref. Again, the high and low values for Yref were calculated during the receptor

impact modelling workshop.

The fitted model for probability of the presence of taues takes the form:

f

()

()

T T
I w

.

w

f

()

(6)

where the termsw oo o and @ are as before and is the integer value of ZQD adn is

the integer value of ZME. The (marginal) mean and 80% cem&dible interval of the coefficient
for this hydrological response variable are summarised in the partial regression plogine22,
whilst Table30 summarises the same information for all six model coefficients.

Like the previous model, the hydrological response variable in the tadpole mated darring

theNEFSNBY OS Ay idSNDI

by R
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information strongly supports the hypothesis that an increase in ZQD and/or ZME will have a
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negative effect on probability of the presence of tadml&@he model suggests that the probability

. . . . . . (@]
of tadpoles is fairly high with low uncertainty across the landscape classes with a value of almost5
1 under conditions of constant flow (ZQD = zero), holding all other covariates at thewatuiels.
As the numbenpf zeroflow days increases, however, experts were of the opinion that the
probability of presence would drop quite dramatically with values <0.1 falling within the 80%
credible interval under very intermittent flow conditions (ZQD >300 dayigu(e22).

PO :Z 1usauod

There was very little evidence in the elicited data to suggest that this effect would be substantiall

different in the future assessment years. Agdhis is indicated by the almost identical partial Q
regression plots in the reference, shoaind longassessment yeargigure22), and the relativel g’.—;
large negative 1t and positive 9th percentiles for the long and future coefficientsTiable30. 3
¢KS Y2RSt R28&3x K24SOSNE ada3sad GKFG GKS SEL
future assessment years relative to the reference year. 6
07]
Like the previous model, the beBtting model in this case is unable to eliminate the possibility ol
that the probability of the presence in the reference years has no influence on the probability of %
the presence in the future years. This is indicated by the fact the model automatically dropped &
this variable from the model. This suggestion is consistent with the hypothesis that there is likely %
to be very little lag in the response of this shtivied group to changes in the hydrological Q.
response variables. &
O
)
Q
o
-}
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Figure22 (Top row) Predicted mean (black line) and 80% central credible interval (grey polygon) of Probability of
presence of tadpoles in pools and riffles in permanent and temporary upland streams under reference hydrological
conditions. (Middle and bottom rows) Pmdicted future effect (mean = black line, 80% central credible interval =

grey polygon) of each hydrological response variable on probability of presence of tadpoles in pools and riffles in
upland riverine landscape classes holding all other hydrological@nse variables constant at the midpoint of

their elicitation range (during risk estimation all hydrological response variables vary simultaneously)

Dashed vertical lines show hydrological response variable range used in the elicitation. ZQD and&&iMiefared inrable23.
Data: Bioregional Assessment Programme (Datg)set
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Table30Mean, 10th and 90th percentile of the coefficients of threceptor impact model for the probability of the
presence of tadpoles in pools and riffles in upland riverine landscape classes

Mean qlo0 q90

(Intercept) 0.942 0.36 1.52
futurel ¢0.169 ¢0.734 0.396
longl ¢0.113 ¢0.762 0.535
ZQD ¢0.00589 ¢0.0093 ¢0.00248
ZME 0.0243 0.00842 0.0401
ZQD:ZME ¢0.00018¢€ ¢0.000271 ¢0.000102

Futurel is the indicator variable for the sh@$sessment year (2042). Longl is the indicator variable for thedlesgssment year
(2102). ZQD and ZME are as definetlahle23. ZQD:ZME quantifies the effect of the interaction between ZQD and ZME.
Data: Bioregional Assessment Programme (Dataset
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2.7.5Pilliga riverine landscape classes

2.7.5 Pilliga riverine landscapelasses

Summary

The Pilliga and Pilliga Outwash Interim Biogeograpbgddalisation for AustralidBRA)
regions represent a unique set of ecological systems within the Namoi subregion. In
consultation with experts in this region, it was considered appiaie to develop a set

of separate ecological models for the relevant riverine and terrestrial landscape classes in
thisregion to improve the assessment of potential ecological impacts.

The zone of potential hydrological change identified for the Piteg#gon extends across a

large portion of the Pilliga and Pilliga Outwash IBRA regions within the assessment exterit.
Both lowland and upland riverine landscape classes are represented in the zone of potential
hydrological change. The lowland riverine ciss 6 W¢ SYLI2Z NI NB f24f v R @
lowland stream groundwateR S LISy RSy i $02aeaiGSY 60D590Q | yRE |
f2gfFyR aGNBIYQ fFyRaOlI LS OftlaasSauv 02 SN |-§JLJ
potential hydrological change and amginly confined to the Pilliga Outwash portion where
the streams flow north onto the broad floodplains of the CastlereBghwon IBRA region.
Bohena Creek is one of the major streamthe Pilligaregion and has highly intermittent
flow, flowing less thai20% of days on average.

ISAfeue elegepol\ :Z Juauodwo)

A,

l'Y2y3 GKS dzLJ F YR NAGSNAYS I yRaOFLIS Of I a
(530.4 km or 9.6% of the zone of potential hydrological change) is the most widespread,
GKSNBI A4 (GKS W¢SYL}R2 NI NE dasdotcypies calji aNsBall Yractidvs 9 Q
ofi KS &0GNBFY ySGg2N] 6mMmdp 1Y 2N now: 2F (GKS
class occupies a very large area of the terrestrial environment in the Pilliga region (561.7 km

or 8.0% of the zone). Neffoodplain wetlands are also found within the zone of potential

hydrological change and tend to be located in the northern part of the Pilliga region where

the Pilliga Outwash adjoins the Castlered@grwon IBRA region. These wetlands include the

Wh Algbdplaing SGf | YR NIHDpOM:Y 2F (G-KES22RWSHAVYRSGPDRY
(1.8 kn? or <0.1% of the zone) landscape classes.

>

Qx
- uoiﬁ)anns lowe

A qualitative model for all Pilliga riverine landscape classes was developed that inttiaded

aquatic habitat as well as the frimgj riparian vegetation. From this model, Keydrological

response variables were identified: groundwater drawdown, change in annuaflp@ro

days(averaged over 30 years) and maximum zéow spells. The receptor impact modelling

workshop used two diffeent receptor impact variables to evaluate potential ecological

impacts in this system: projected foliage cover of riparian trees and number of families of

aquatic macroinvertebratem instream pool habita® ! ljdzr ft AGF GA GBS Y2RSt -
woodland G 9 Q f I yRAOF LIS OfFaa ¢la |faz F2N¥dzZ I GSR
developed due to limitations in resources and local expertise.

Receptor impact modelling indicatésat foliage cover during the reference period is an

important predictor of foliag cover in the futurelt also indicatesi K & G KS SELISNI aQ

provides some evidence for the maximum additionawdown having a negative effeand
strong evidencdor the number of zerelow dayshavinga negative effect on average percent
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projected foliage cover. Receptor impact modelling also supports the hypothesis that an
increase in the meanumber of zereflow days and/or the mean maximum length of zero
flow spells will have a slightly negative effect on the number of families of macroitwvatés
despite the eperts being somewhat uncertaabout its average value. There is also strong
evidence for additional drawdown having negative effect on macroinvertebrates, andhhat
number of families of macroinvertebrates will decrease as grounemwdrawdown increases
due to coal resource development. There is, however, considerable uncertainty in these
predictions.

2.7.5.1 Description

The Pilliga and Pilliga Outwash IBRA regions represent a unigue set of ecological systems

within the Namoi subregion. Byomparison to the other landscapes across the Namoi subregion,

the Pilliga and Pilliga Outwash is unique in many attributes of its ecology, geomorphology,
hydrogeology, soils and ecohydrology. In consultation with ecological experts in this region it
wasdeemed necessary to develop a specific set of receptor impact models to define potential
ecological impacts for the Pilliga and Pilliga Outwash IBRA regions. Here, the Pilliga and Pilliga
Outwash IBRA regions under consideration are referred to as sinfply t#'t A f f Righle23NB I A 2
provides a conceptual model of a typical landscape in the Pilliga Nature Reserve and examples of
the hydrologic connectivity and water mement found in it.
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Dryland remnant veg.

Grassy woodland GDE{
Temporary lowland stream
Non-floodplain wetland

Surface water Direction of groundwater % Direction of surface water
movement movement

I

|

Sandstone formation Increased evapotranspiration Groundwater leakage

Vo X

. Sandstone formation (different

permeability) )( Reduced evapotranspiration 2 Infiltration and percolation
&

uoiBaigns I0weNUl 10j SisAfeue eregepol) :z lusuodwo)d

Colluvial material mu-»  Direction of surface water ~ Wetter period
runoff S

Figure23 Pictorial conceptual model of the hydrologic connectivity and water movement across a typical landscape
in the Pilliga Nature Reserve

GDE = groundwatedependent ecosystelh W@S3dQ ' @SAShHI A2y
Source: Symbols courtesy of th@egration and Application Network, University of Maryland Center for Environmental Science
(ian.umces.edu/symbols/)

The zone of potential hydrological change identified for the Pilliga region extends across a large
portion of the Pilliga and Pilliga Outwash IBRA regions within the assessment extent. Lowland
AOGNBFYE O0WESYLERZNINER t26fFyR aidNBI YQI W¢SYLR2NI
of Wt SNX I ySy G 26t yR arabkE) ar Mairdlylcohithaddd thaPilligat | & a S a
Outwash portion of the Pilliga where the streams flow north onto the broad floodplains of the
CastlereagiBarwon IBRA region (SEWPaC, 2@@)ena Creels one of the major streams

flowing through the Pilliga, and flows nortrast towards Narrabri. It idassified predominately

asWe¢ SYLIR2 NI NE f2g¢flyR AGNBIY D59Q yR W¢SYLRNIN
streamc¢ flowing less than 20%f @ays on averagel &ble32). The flow regime is highly seasonal

with lowest monthly volumes occurring in May and higher monthly flow volumes occurring

between July att November.

l'Y2y3 GKS dzLJ I YR NAGSNAYS I yRaOlFILIS OflraasSasz
(530.4 km or 9.6% of the zone of potential hydrological change) is the most widespread, whereas
0KS WeSYLROUNBEYdD® 8 9RE BYRAOI LIS Of I aa 200dzLIA Sa
network (11.5 km or 0.2% of the zon@gple310 ® ¢ KS WDNJ} da& g22RflyR D
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ocaupies a very large area of the terrestrial environment in the Pilliga region (56 2.@rk8r0%

of the zone) Table31). Nonfloodplain wetlands are also found withihe zone of potential

hydrological change and terid be located in the northern part of the Pilliga region where the

Pilliga Outwash adjoins the Castleredggwrwon IBRA regiofrigure24). These wetlands include

GKS -Ph2FRLI I Ay FBENIA yRE: 0B pli-RE22RYIEHAV YRS YD R Y
(1.8kn?? or <0.1% of the zone) landscape clas3eble31).
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Table31! NEF & | yRk2N f Sy3dKa 2F (KS WEE22RLIEFAY 2N 62X%t Y RRNNWESNY $QQ I Yy Ra@bhelpy I NRyizL.
Pilliga region of the zone of potential hydrological change

o

3

Landscape class Area in assessmen| Area in the zone of|] Percentage of total Length in Length in the zone| Percentage of total 8

extent potential area in zone of | assessment exten of potential length in zone of >

: potential i ; potential (:)D

; hydrological chang -

(%) Y

Floodplain grassy woodland 400.2 2.9 <0.1% na na na §

o

Floodplain grassy woodland GDE 1,445.4 0.2 <0.1% na na na g

Floodplain riparian forest GDE 148.7 0.2 <0.1% na na na g*

Floodplain wetland 30.1 0.5 <0.1% na na na %

Floodplain wetland GDE 151.8 1.6 <0.1% na na na i—J

(%)

Permanent lowland stream na na na 1,688.6 14.3 0.3% n

—

Temporary lowland stream na na na 8,053.3 624.6 11.3% )

~—

Temporary lowland stream GDE 8.3 2.4 <0.1% 509.3 86.9 1.6% ng

TotalcWCt 22 RLI F Ay 2 NJ 2,184.5 7.8 0.1% 10,251.2 725.8 13.1% %

landscape classes e)

Grassy woodland GDE 3,247.6 561.7 8% na na na (éD

Nonfloodplainwetland 130.3 2.5 <0% na na na %

Nonfloodplain wetland GDE 23.5 1.8 <0% na na na %:

Temporary upland stream na na na 16,512.8 530.4 9.6% -
Temporary upland stream GDE na na na 464 11.5 0.2%
Total¢ Wb Hlgbdplain or upland 3,401.4 566 8.1% 16,976.8 541.9 9.8%

NAOBSNAYSQ OflaasSa

Total ¢ all landscape classes 35,659.6 7013.9 100% 29,558.3 5521.2 100%

na = not applicable
Data:Bioregional Assessment Programifizataset?)
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Northern Basalts

&, ® Narrabri

Pilliga

Landscape group | IBRAsubregion  Zone of potential hydrological change NAw 275002

- Floodplain or lowland riverine —— Watercourse (by reporting area) 0| 5, 1|0

Pilli Pilli h .
- Non-floodplain or upland riverine Wgaand Filliga Qukees Kilometres

Figure24[ 2 OF A2y 2F (GKS WCt22RLXIFAY 2NJ f26fFyR NAOSNAYSQ f

IBRA 4nterim Biogeographic &yionalisation for Australia
Data:SEWPaC (Dataset Bjpregional Assessment Programifizataset?); Bureau of Meteorology (Dataset 3)

Table32 Maximum, median, 1¢h, 28h, 75h and 9ah percentile flows (ML/day) forthe Pilliga region

Gauge 4 Gauge name | Landscape class| Maximum | 10th Median

41905 Bohena Creel Temporary 22,826 0 0 0 0 334
lowland stream
GDE

GDE = groundwatetependent ecosystem
Data: Bioegional Assessment Programitizataset?)

Thestream network across most of the Pilliga region is predominantly infilled Quaternary
sediments derived from sandstone and deposited by dendritic streams draining north and west
(Norris, 1996). The sediments become finer towards the Namoi River valleg ekiensive

clearing for agriculture has occurrechél'eastern margins of the Pilliga region include the recharge
beds ofthe Great ArtesianBasin andpaleochannels of overlying alluvium can be incised into
aquifer units such as the Pilliga Sandst@eecompanion product 2.3 for the Namoi subregion
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(Herr et al., 2018))Jnder these conditionapward leakag®f groundwater can occuwhere the
paleochannel has eroded thenderlyinglow-permeability saprolite. Such connectivity is poorly
understood, but is@nsidered to be highly variable across the regi@ar{sley et al., 20}t is
likely that water in the Pillig&andstone aquifer is providing baseflow to the Namoi Rinear

the confluence of the Narrabri River and Bohena Creek (companion productratg&fblamoi
subregion (Herr et al., 2018)).

The ephemeral nature of streamflow across most of the lowland riverine stream network means
that riffle habitat is uncommon and there are few permanent, disconnected pools within the
stream channel. In some relaes, there may be longitudinal subsurface flow of water from the
underlying watertable. Most fauna in these riverine systems are adapted to desiccation agd wet o,
dry phases. This means they are transitory and take advantage of available pools or damp patchgs
along the streambed.

RIRBPOIA :Z usuodwo)d

Riparian vegetation along lowland streams in the Pilliga region is often dominateddayyptus
spp. includinge. chloroclada, E. blakelyi, E. fibrosa, E. melliodora, E. @é&a crebra.
Angophora floribundand Callitris colurellarisare also found in association with these eucalypts.
Sedges are also found interspersed along the riparian areas and streaRigaceR5).

uoifaigns 1owerQyl 1o} SISA|
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Figure255 A a 02y Yy SOG SR L2 2f KFroAdGlrd FyYyR R2FOSYyd NRLI NRFY @S
A0NBIY D59Q tFyRaoOlILIS Ofl&aao
Credit: Bioregional Assement Programme, Patrick Mitchell (CSIRO), January 2016

It was decided during the qualitative modelling workshop by experts of this region that the
ecological processes and associated biota were similar across much of the upland and lowland
riverine streans in the Pilliga region (excluding some areas in the north where the Pilliga Outwash
adjoins the broader floodplains of tHeastlereagfBarwon IBRA subregion). Thus, there is an
assumption here that modelled hydrological changes across all riverine &gralstasses in the

Pilliga region have similar impacts on associated ecological receptor impact variables. This means
that the ecological modelling presented for riverine landscape classes in the Pilliga region include
both upland and lowland stream landgze classes.

¢KS WDN} &aae ¢g22RflyR D59Q flFyRaoOlI LS Oflaa 020
Pilliga region antends to be concentrated around the drainage lines and stream network. This
is probably attributable to both groundwater dischadrom surrounding sandstone aquifers
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