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Currency of scientific results

The modelling results contained in this product were caetgd in July 2015 using the best
available data, models and approaches available at that time. The product content was completed
in November 2016.

All products in the modetlata analysis, impact and risk analyaisgd outcome synthesis (see
Figure 1) were published as a suite when completed.
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Introduction

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

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

providing the opportunity for all other interested partiaacluding governmet regulators,

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

and coal mining development on water resources.

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

undertaken. Broadly, BAcomprises five components of activity, as illustrate@igurel. EacrBA

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

The Bioregional Assessment Programme

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

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

1 the Galilee, Cooper, Pedirka and Arckariaghregionswithin the Lake EyrBasinbioregion

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

i the ClarenceMoreton bioregion
9 the Hunter and Gloucestesubregionswithin the Northern Sydney Badimoregion

Observations analysis, statistical analysis and interpolation for the Gloucester suljrdgion
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i the Sydney Basibioregion
1 the Gippsland Basinioregion

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

Component 5: Outcome synthesis

1 2 (3|4

Un

Water-
dependent
asset
register

51821 eed

Existing
data

Risk
treatment

Data from monitorind

Knowledge

Risk
evaluation

Risk
assessment

\ Communications

Figurel Schematic diagram of the bioregional assessmargthodology

The methodology comprises five components, each delivering information intbitregionalassessment and building on prior
components, thereby contributing to the accumulation of scientific knowledge. small grey circles indicate actidtiesternal to
the bioregional assessmentisk identification and risk likelihos@re conducted within a bioregional assessmd part of
Component 4and may contributectivities undertaken externally, such sk evaluation, risk assessment and tiglatment.
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 applgAmethodology to
a range okubregionsandbioregions To this end, the teams undertaking tBéshave developed
and documented detailed scientific subthedologies Tablel) to, in the first instance, support
the consistency of their work across tBésand, secondly, to open the approach to scrutiny,
criticism andmprovement through review and publication. In some instances, methodologies
applied in a particulaBAmay differ from what is documented in the submethodologieas this
case an explanation will be supplied in the technical products ofB@aUltimately the
Programme anticipates publishing a consolidated 'operational BA methodology' with fully worked
examples based on the experience and lessons learned through applying the methods to

13 bioregionsandsubregions

The relationship of the submethodologiesBAcomponents and technical products is illustrated

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

outputs are required. They also define the technical products and provide guidance on the content
to be included. When this full suite of submethodologies is implement&hwaill result in a

substantial body of collated and integrated infeation for asubregionor bioregion including

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

Observations analysis, statistical analysis and interpolation for the Gloucester sulrégion



Tablel Methodologies

Each submethodology is available onlindtip://data.bioregionalassessments.gov.au/submethodology/XXXg K SNB W -

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

Code Proposed title Summary of content
bioregional Methodologyfor bioregional A highlevel description ofhe scientific and intellectual
assessment assessments of the impacts of co basis for a consistent approattall bioregional
methodology seam gas and coal mining assessments
development on water resources
M02 Compiling wateddeperdent 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
developmenpathway reported about known coal and coal seam gas resource
well as current and potential resource developments
MO5 Developing the conceptual model Describes the developmenf the conceptual model of
of causal pathways OFdzal £ LI GKgleaz ogKAOK ad

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

groundwater
MO06 Surface water modelling Describes the approachken for surface water modelling
MQ7 Groundwater modelling Describes the approach taken for groundwater modellin
M08 Receptor impact modelling Describes how to develop receptor impawbdels for

assessing potentianpact 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 fimalysingmpact and risk

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

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

The information included in the technical products is specifidtie BAmethodology . Figure2
shows the relationship of the technical productsBAcomponents and submethodologies
Table2 liststhe content provided in the technical products, with crasgerences 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
specifiedby theBAmethodology:

9 unencumbered data syntheses and databases
1 unencumbered tools, model code, procedures, routines and algorithms
1 unencumbered forcing, boundary condition, parameter and initial conddi@iasets
1 lineage ofdatasets(the origin ofdatasetsand how they are changed as tBéprogresses)
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 legislati8il.reasonable ébrts were made to provide all
material under a Creative Commons Attribution 3.0 Australia Licence.

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

The Bureau of Meteorologgrchivesa copy of alllatasetsused in theBAs This archive include
datasetsthat are too large to be stored online adtasetsthat are encumbered. The community
can request a copy dhese archived datat http://www.bioregionalassessments.gov.au
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Establish context and

assemble information
Component 1:
Contextual information

Analyse and transform the

information
Component 2:
Model-data analysis

Assess impacts and risks
Component 3 and Component 4:
Impact and risk analysis

1.1 MO3 Receptors tvuo Impacts and risks
Context statement MO5 Conceptual models 3-4
L 93 Impact and risk analysis
Conceptual modelling
MO04 Coal resource |
1.2
Coal and coal seam gas %
resource assessment
MO06 SW models ‘
L 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 M
2.5
Water balance
16 assessment
Data register
\1408 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 asséssmen

In each componentHigurel) of a bioregional assessment, a number of technical products (coloured boxes, s€aldé) are
potentially created, depending on the availability of data and models. The light grey boxes indicate submethodbddngds that
specify the approach used for each technical product. The red outline indicates this technical pfb@éu82 methodology (Barrett
et al., 2013) specifies the overall approach.
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Table2 Technicaproductsdeliveredfor the Gloucestersubregion

For each subregion the Northern Sydney BasBioregional Asessment, technical producise delivered online at
http://www.bioregionalassessments.gov.aas indicated iti K S W ¢ & [2®Qer @&ltictiz¥yth as datasets, metadata, data
visualisation and factsheetsare provided onlineThere is no product 1.4. Originally this product was going to describe the
receptor register and application of landscape classgea$ection 3.5 of the BA methodology, but this information is now
included in product 2.3 (conceptual modelling) and used in products 2.6.1 (surface water modelling) and 2.6.2 (groundwater
modelling).There is no product 2.4; originally this product wag to include tweand threedimensional representations as per
Section 4.2 of the BA methodology, but these are instead included in products such as r8dcanceptual modellingy product
2.6.1(surface water numerical modellingind product2.6.2(groundwater numerical modelling

Component Title Section in the |Typé
BA
methodology’
Context statement 25.1.1,32 PDF, HTML

Coal and coaeam gasesource 2512 3.3 PDF, HTML

assessment
Component 1Contextual -
information for the Gloucester Desctrlpthnt Oif e Cirelpeme et 25.1.3,34 PDF’t UL,
subregion asset register register
Curr_ent water accounts and water 2515 PDF, HTML
quality
Data register 25.1.6 Register

Observations analysistatistical

. . . 2.5.2.1 2.5.2.2 |PDF, HTML
analysis and interpolation

Conceptual modelling 25.23,4.3 PDF, HTML
Component 2Model-data
analysis forthe Gloucester . Water balance assessment 2524 PDF, HTML
subregion Surface water numerical modelling4.4 PDF, HTML
Groundwater numerical modelling (4.4 PDF, HTML
Receptor impact modelling 25.26,45 PDF, HTML

Component 3 and Componenti
4: Impact and riskanalysis for Impact andrisk analysis 5.2.1,2.5.4, 5.3|PDF, HTML
the Gloucester subregion

Component 50utcome
synthesis forthe Gloucester Outcome gnthesis 255 PDF, HTML
subregion

aThetypes of products are as follows:
Wt 5CQ AYRAOFGSa | t5C RAMHRNSydiieBédsk Bidregivrial ABsEsgh&it AsintbtiRe stbusturd) K S
standardsandformat specified by the l®gramme.
WitcalQ AYyRAOFIGSa (GKS aly$S O2yiGSyd a Ay GKS t5C R20dzYSyidz o
YwSIAAGSND AYRAOIFGSA 02y i Nty df BrRvats as @pprépriateK F & I NBE RSt A 3SNBR dzi .
bMethodology for bioregional assessments 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. The copyright owners of the following figures, however, did
not grant pemission to do so: Figure 17, Figure 18, Figurd-igyre 20Figure 21, Figure 22
and Figure 23. It should be assumed that third parties are not entitled to use this material
without permission from the copyright owner.

1 All maps created as part of this BA for inclusion in this product used the Albers equal area
projection with a central meridian of 151.0° East for the Northern Sydney Basin bioregion
and two standard parallels @fL8.0° and;36.0°.

1 Contact bioregionalagssments@bom.gov.au to access metadata (including copyright,
attribution and licensing information) for all datasets cited or used to make figures in this
product. At a later date, this information, as well as all unencumbered datasets, will be
published mline.

1 The citation details of datasets are 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 mosttgpdate information abouttiese data; where
there are discrepancies, the information provided online should be considered correct. The
RIFdSa dzaSR (2 ARSYGATE . A2NBIA2YyLE | 3aSaays
date. Where a created date is not available, the publicatiate or last updated date is
used.

References

Barrett DJ, Couch CA, Metcalfe DJ, Lytton L, Adhikary DP and Schmidt RK (2013) Methodology for
bioregional assessments of the impacts of coal seam gas and coal mining development on
water resources. A reportrppared for the Independent Expert Scientific Committee on Coal
Seam Gas and Large Coal Mining Development through the Department of the Environment.
Department of the Environment, Australia. View2sl February 2018
http://data.bioregionalassessments.gov.au/submethodology/bioregieasdessment
methodology

IESC (2015) Information guidelines for the Indefsart Expert Scientific Committee advice on coal
seam gas and large coal mining development propobalependent Expert Scientific
Committee on Coal Seam Gas and L&gal Mining DevelopmenAustraliaViewed23
February 2018http://www.iesc.environment.gov.au/publications/informatieguidelines
independentexpertscientificcommittee-advicecoalseamgas
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2.1 Observations analysis for
the Gloucester subregion

This product includes the observations analysis, statisticalysis and interpolation of datasets
used in the bioregional assessment. Only those datasets required for prodycb@czptual
modelling, 2.6.1(surface water numerical modellingandproduct 2.6.2(groundwater numerical
modelling are covered.

The data are categorised according to the following disciplines:

I geography

I geology

1 hydrogeology and groundwater quality

1 surface water hydrology and water quality
1 surface waterg groundwater interactions.

The observations analysis includes an assessment of data errors and uncertainties; the spatial and
temporal resolution of observations; and algorithms used in the development of derived datasets.
It requires devedpment¢ and reportingg of summary statistics that describe the nature, variation

and uncertainty for datasets.

The statistical analysis and interpolation aims to develop a quantitative understanding of the
Gloucester subregion by analysing the observath@&ndg where requiredg interpolating into
locations where data are sparse.

This product also provides advice on data gaps. More information on data gaps will be reported in
later products.

This product concludes with a detailed description of wate@magement for coal resource
developments. Only that information required for numerical modelling (in product 2sGriace
water numerical modellingand product 2.6.Zgroundwater numerical moelling)) is included.

Observations analysis, statistical analysis and interpolation for the Gloucester subjr€gion



Component 2: Modetlata analysis for th&loucesteisubregion

2.1.1Geography

2.1.1 Geography

Summary

This section covers data characteristics, including accuracy, for all datasets used in the
Geography section of the companion proddct for the Gloucester subregion (McVicar et al.,
2014).

For physical geagphy brief assessments are provided from the relevant literature for the:
(i) digital elevation model (DEM) data, (ii) surface watercourses and basin/catchment
boundary data, (iii) physiographic classes, (iv) soil classes, {Eupspean vegetation,

(vi) current vegetation, (vii) land cover dynamics and (viii) vegetation height.

For human geography concise descriptions are provided of the: (i) population density and
(if) land use management.

For retrospective climate analysis brief descriptions arevigled for: (i) precipitation (P),

(i) maximum and minimum air temperature (Tmax and Tmin, respectively), (iii) vapour
pressure (VP), (iv) net radiation (Rn), (v) wind speed and (vi) potential evapotranspiration
(PET).

For prospective climate analysis semommentary, a brief outline of the approach used, and
the utility of the approach are provided. Finally, subregspecific characterisation of errors

of the input climate data fothe long-term (from January 1980 to December 2009) monthly
relative errorvalues were calculated. This was performed as the root mean squared error
(RMSE) grid divided by the mean grid for each P, Tmax and Tmin, in turn. The final relative
error was expressed as a percentage. For P a relative error of 46% is calculatedpéttepin

P being a highly spatially variable process (it has low spatial autocorrelation) especially in
areas such as those proximal to the Gloucester subregion that have high amounts of relative
relief. Additionally, in the relative error grid the influes of spatial density of meteorological
stations is clearly seen. For Tmax the relative error is approximately 2% and for Tmin the
relative error is 6%. Air temperature variation is more spatially homogenous than
precipitation variation, hence the relativerrors are lower. Maximum air temperatures, which
are not influenced by cold air drainage like minimum temperatures are, are modelled with
greater accuracy.

All geographic data specific to tiheregional assessmeBA) of theGloucester subregiowere
obtained from state or nationalatasets No statistical analyseor interpolatiors were undertaken
within the Assessmento generate any of thesdatasets Spatiadatasetswere clipped to the
Gloucester subregiobhoundary such thasubregioncharacteristts could be identified and simple
statistics calculated (e.g. areamaxmum and minimurnelevatiors). Details of the source data
and/or methods are provided iSection2.1.1.1about doserveddata.

Soatial analysespecific to theGloucester subregiowere undertaken on some of the
meteorologicadatasetsto characterise the errors for water balance modelling. These methods
are presented irBection2.1.1.2about statistical analysis and interpolation.
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2.1.1Geografny

2.1.1.1 Observed data
2.1.1.1.1 Physical geography
Digital elevation model

The digital elevation model (DEM) was obtained from3tarcsecond(~90m resolution grid cell)
Shuttle Radar Topograpy Mission(SRTM) (Farr et al., 200Dual radar antennaacquired
interferometric synthetic aperture radar (INSAR), using phase diffe¥ measurements derived
from the two radar images to measure topograpyiginaly acquired onboard the NASA Space
Shuttle Endeavouturing its mission between 11 and 22 February 2000, when it measured the
9F NIKQ& &adzNFI OS Nand58% latiludey). TheSdsiidh& gccucaay doften
represented as X and Y) of the SRTM data are in the orderrof 48 reported by Smith and
Sandwel(2003, Sectiod.3)and Rodriguez et a2006, p257) For Australia, these data were
processed accordingtGallant et al. (2011) and the elevational accur@ten represented as Z)
of the SRTMDEMcompared to 119®%ermanentsurveymark (PSM) data points had a mean error
of ¢0.539m. The absolute accuracy of tBEEMwas 14.54n at the 9%h percentile with aroot

mean square eor (RMSEYf 7.029m in open, flat terrain. Ninetpine percent of points are

within a height difference of less than 29.8v(Gallant et al., 2011, 3¢64).

Surface watercourses

Surface watercourses were defined using GeoData Top 250K Series 3 Topographic Data
vector representation of the major features appearing on 1:250,000 scale NATMAP topographic
maps published by Geoscience Austré?id06) Using the hydrology theme from thigtaset

major and minor watercourses areadtified and both, as appropriate, used to describe the
surface hydrology of th&loucester subregiarSurface watebasins or catchments are defined
using the Australian Hydrological Geospatial Fal@&ofabrig, a specialised geographic

information sysém published by the Bureau of Meteorolo@®012) TheGeofabriaegisters the
topology between important hydrological features such as rivers, water boaigsfersand
monitoring points, and information abowsurface wateibasins and catchments.

Physiogaphicclasses

The physiographic classes were obtained from the Australian Soil Resource Information System
(ASRIgPain et al., 2011)he following description is derived from this referenthese classes

are based on a visual interpretation of landfaras expressed on the SRDEM Apart from its
descriptive role, a map of physiographic regions provides a regional system of reference for
geomorphological and related physical geographical accounts. Through the groupings of
physiographic regional charaststics at different levels, the action of underlying conti(@s

instance geologor climake) may be made apparenthese data have an Australlade coverage.

Soil classes

Soils classes used the Australian Soil Classification (ASC) system whiodustdrpm ASRIS
(2011) National soil datavasprovided by the Australian Collaborative Land Evaluation Program
(ACLER endorsed through the National Committee on Soil and Te(f@ST(ACLEP, 2014)
These data have an Austraillade coverage and are underpinned by a collation of the best

Observations analysis, statistical analysis and interpolation for the Gloucester sulrddion
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.1Geography

available nationally consistent soils data and information. Usually these data are the most
dominant soil in a polygon, not the only soil in a polygon.

Pre-Europeanvegetation

PreEuropean (1788) vegetation data was sourced from Carnfl@f6)and Australian Survey
and Land Information Group (AUSL1890).The following description is derived fromehke
references Areconstruction of natural vegetation of Austraisashownas it probably would have
been in the 1780 enerally, the minimum mapping unit39,000ha, but in some casasnaler
areas of significant vegetatipauch as rainforestare also mappedAttribute information includes
growth form of the tallst and lower stratum, foliage cover thfe tallest stratum andhe
dominant floristic typeThese data are provided at a map scale ofmiilion and have an
Australiawide coverage.

Current vegetation

Current major vegetation types were obtained from tNational Vegetation Information System
(NVIS)a comprehensive data system that provides informatdoutthe extent and distribution
of vegetation types in Australian landscaeblished bySEWPaC (2012he following
description is derived from thigference. Thislataset(v4.1)contains thelatest summary
information (November 20123bout Australig? present (extant) native vegetation, which has
been classified intonajor vegetationgroups (MVGs) and ajor vegetationsubgroups(MVSs)
Many gate andterritory vegetation mapping agencies supplied nefrmation to theNVIS/4.1
from 2009to 2011, however for NSWN\VIS data wagnly partially updatedrom 2001to 2009,
with extensive areas of 1997 data remaining from earlier vessigN'IS v4.1 ideni#s85MVSs
summarisng the type and distribution of Australia's native vegetation. The classification contains
an emphasis on the structural and floristic composition of the dominant stratum (agWvitBs),
but with additional types identified according typical shrub or ground layers occurring with
adominant tree or shrub stratunin a mapping sense, the subgroups reflect the dominant
vegetation occurring in a map unit from a mix of several vegetation typesdoessant
vegetation groups which aresa present in the map unit are not showhis in Albersqual
areaprojection with a 100n resolution(1 ha) grid size.

Current land cover

Land cover was derived from MOD8 KModerate Resolution Imaging Spectroradiometer)
satellite imagery. Specificglthe Normalised Difference Vegetation Index (ND&/§ifiple

graphical indicator that can be used to analyse remote sensing measureneergscaled to

percent green vegetation cover and this is temporally filtered into the persistent and recurrent
compments(Donohue et al., 2009ayhe MODIS NDVI imagery has a spatial resolution ah250
has global coverage, and is available monthly from February 2000 onwards, with the persistent
recurrent processing being performed Australale. The accuracy of this likely to be in the

order of 5 to 10% (Donohue, 201zkrs. conm.).

Current vegetation height

Vegetation heightvasmeasuredusing a satellite basddyht detection and rangingystem(lidar)
between20 May 2005 to 23 June 200Singthe Geoscience Laser Altimeter System (GLAS)
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2.1.1Geography

aboard ICESat (Ice, Cloud dadd Elevation Satellite)Jsingaregressiortree approach tomodel
canopyheight, Simard et al(2011)were able to globally model overstorey vegetation height at
1 km spatial reslution with a vertical RMSE of 4x and coefficient of determinationqxof 0.7
when compared against 59 flagwer field observations globally.

2.1.1.1.2 Human geography

For human geography the maitatasetsused are: (i) population density and (ii) land use
management. A brief outline of each follows.

Population density

Human mpulationinformation for theGloucester subregiowas derived from th€011 Australian
CensugABS$2011) An estimate of 5000 people living in thebregionwas determined by
intersectirg thesubregiond 2 dzy R NB gA 0K (GKS Hamm ! dz&a G NI £ Al
and population counts. The accuracy of this is likely to be in the order of 1 to 2%. This is as the
Gloucester subregioboundary does not exactly match the 2011 Australian Census mesh blocks
intersection was needed away from the dense population centres of Gloucester and Stroud to
provide this estimate. This estimate is as accurate as can be performed.

Land use managend

Catchment Scale Land Use Management (CLUM) compiled November 2012 (data ranges from
1997 to 2009, scale ranges from 1:25,000 to 1:250,0@3) obtained from thé\ustralian Bureau

of Agricultural and Resource Economics and Sciences (ABRBRESThe mat current catchment
scale land usdatasetfor Australia has been compiled using nationally agreed land use mapping
principles and procedures of the Australian Land Use and Management (ALUM) Classification
version 7. The land uskatasetswere collected a part of state and territory mapping programs

and the Australian Collaborative Land Use and Management Program (ACLUMP). The updated
datasetis a combined 5@n raster for Australia, with edgmatching errors corrected for NSW (for
which there was no newata provided compared to the previous version).

uoibaigns 121s32n0|D @ JojgISAfeue eregepo z Jusauodwo)

2.1.1.1.3 Climate (retrospective)

For retrospective climate analysis the following variables were analysed: (i) precipitation (P),
(i) maximumand minimumair temperature (Tmaxand Tmin respectively, (ii) vapour pessure
(VP), ) net radiation (Rn),\M) wind speedand i) potential evapotranspiration (PEBII these
variables are national Australi@ide grids with a 0.05 degree (or k) grid cell resolution at a
daily time step. They come from various souraad have different start dates. They are briefly
dealt with in turn in the following paragraphs.

Precipitation

Daily and monthly P grids are available from 1900 onwards and were generated by the Bureau of
Meteorology(Jones et al., 200®y using optimal geostatistical techniques, taking elevation into
account, to interpolate daily and monthly station P totals measured at isolated stations. Daily
time-step data are used as input sairface watemodelling (seeompanion product 2.6.for the
Gloucester subregiofzhang et al., 2018)), witiroundwatermodels using monthly input data
(seecompanion produc®.62 for theGloucester subregio(Peeters et al., 2018)). Given that
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.1Geography

precipitation is the most spatially discontinuous meteorologprakess, it is the oground
observation network that has the high spatial density of observat{doses et al., 2009, Figuze
Jones et ali2009)fully crossvalidated the estimates for the seven years from 2001 to 2007 by
randomly deleting 5% of thstations in the network, performing an analysis using the remaining
95% of station observations and then calculating the analysis errors for the omitted stations.
Between 2001 and 2007, the Australiede mean daily P was 1m8m/daywith a RMSE of
3.1mm/day(Jones et al., 2009, Tal8b). This represents a relative error of 172% (calculated as
RMSE/mean), although absolute differenoeay be smallFor 2001 to 2007, the Austrakade
mean monthly P was 54rBm/month with a RMSE of 21&m/month (Jonest al., 2009,

Table3a). This represents a relative error of 39% (calculated as RMSE/mean).

Air temperature

Daily Tmax and Tmin grids are available from 1900 onwards and were generated by the Bureau of
Meteorology(Jones et al., 200By using optimal gedaatistics techniques, taking elevation into
account (the environmental lapse rate), to interpolate daily extremes of air temperature

measured at isolated stations. The mean daily Tmax and mean daily Tmin for Australia between
2001 and 2007 were 24.9 and.82C with RMSE statistics of 1.2 and°LC7 respectivel{dones et

al., 2009, Tabl@b). These represent relative errors of 5 and 13%, respectively (calculated as
RMSE/mean). The mean montflgnax and mean monthly Tmin for all Australia between 2001

and 2007 were 24.9 and 12 with RMSE statistics of 0.7 and °CQrespectivelgdones et al.,

2009, Tablea). These represent relative errors of 3 and 8%, respectively (calculated as
RMSE/mean).

Vapour pressure

Daily VP data, also generated by the BureiMeteorology(Jones et al., 2009are available from

1950 onwards and are recorded at two times of the dagm®and 3om, both local times. The

same optimal geostatistics techniques (as used for P, Tmax and Tmin above) were used to spatially
interpolate VP measurements made at the isolated stations. Between 2001 and 2007, the mean
daily VP Australivide was 13.7 hPa aténm and 13.1 hPa at@n, with RMSE statistics of 1a8@d

2.5hPa, respectivelfdones et al., 2009, Tablb). These represent relate errors of 13 and 19%,
respectively (calculated as RMSE/mean). Between 2001 and 2007, the mean monthly VP Australia
wide was 13.hPa at &2am and 13.hPa at 3ym, with RMSE statistics of lahd 1.7hPa,
respectively(Jones et al., 2009, Tabla). These represent relative errors of 8 and 13%,

respectively (calculated as RMSE/mean).

Net radiation

DailyRnis generated by CSIRO Land and Water using a combination of gridded meteorological
data and satellite dat@Donohue et al., 2010 his is availabledm 1982 onwards, due to use of
satellite based albedo (the colour of the land surface, defining how much sunlight is reflected) in
the outgoing shortwave radiation calculations. The incoming shortwave and longwave
components have been validated and at anthly time step have RMSE values of 18 aid/h?
(Donohue et al., 2009b, Figusb and Figuréd, respectively)The outgoing shortwave and
longwave components utilissame seriegemotely sensed imagery, and thus capture the true
dynamics of the land stace (as opposed to other methods that use lgdagm climatologies).
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2.1.1Geography

Wind speed Q
Daily mean wind speed is also generated by CSIRO Land and(MNécar et al., 2008jom %
1975 onwards using daily wirrdn observations made at the Bureau of Meteorologywark of S
anemometers. These are quality controlled and then used as input tevaridte thinplate spline @
as a function of longitude, latitude and distance inland from the c@dsWVicar et al., 2008) }:;
LYLRNIIFIyGftes (0KS&S 3Ideds Riéclinidg widd sizeeBs) thakHas béen i A f fg y
observed at many terrestrial locations across the globe which is partly responsible for reducing S
rates of evaporative deman@onohue et al., 2010; McVicar et al., 201Z&)e RMSE of monthly Q
wind speed is 0.3f/s (Donohue et al., 2009b, Figuze). %%
Potential evapotranspiration %
t9¢> | YSF&adza2NB 2F (KS WRNEBAY3I LRESND 27 G KSH I
based Penman formulation and hence uses all of the previously mentioned meteorological (f,,
variables. It is calculated per Donohue et@010)and is available from 1982 onwards. Being a g
WLR GSYGAlEQ YSIya GKFEG RANBOG OFtARFIGAZY ZT%t

this physically based PET formulation with other PET forms, lDenet al.(2010)showed that the
Penman formulation was most optimally able to respond in a complementary manner to monthly
P trends(Donohue et al., 2010, Table.

In summary, all the data sources mentioned in this section provide the best griddechtesiof
retrospective climate data available for ti&oucester subregion

2.1.1.1.4 Climate (prospective)

uoifalgns 181Sa2n0|

For prospective climate analysis, Post e{2012)assessed changes in P and PET using output
from 15GCMsdlobal climate mode)sand reported changes faage basins such as the Manning
River and Karuah River. Specifically they used GCMs froRotlveh Assessment Repat the
Intergovernmental Panel on Climate Charf®CC, 2007, hereafter referred to as IPCC &)
used the IPCB1B global warming scario output to transform historical daily climate records to
providefuture daily climate projections of P and PET that can be used in a rainfaff model.
Compared to the globamneantemperature in 1990thisscenario indicates a global temperature
that is 1°C higher in 2030 and°Z higher in 207.0rhisscenarias based upon: (Nery rapid
economic growth (ii) with global populatios peakng mid-century and declimg thereafter, and

(ii) the rapid introduction of new and more efficietechnologies with a balance across all energy
sourceqIPCC, 2007)

2.1.1.2 Statistical analysis and interpolation

All geographic data specific to tii&oucester subregiowere obtained from state or national
datasets This means no statistical analysis or intéagion was performed to generate any of the
geographidatasets However, to characterise errors of the input climate data used for the water
balance modelling (reported icompanion product & for the Gloucester subregiofHerron et al.,
2018)), somesubregionspecific spatial analysis was performed. This is outlined in the following
sections.

In addition to the work documented in Secti@rl.1.2.1thereisasepdd 4§ S WOt AYIF (S a$s,
activity underway to determine how sensitive the hydrological models irGloeicester subregion
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.1Geography

are to climate inputs. Currently, only one future climate is input to the prospective hydrological
modelling conducted in th&loucester subregionObviously it is not known what the future

climate in theGloucester subregiowill be out to ~2100, yet the output from GCMs can be used to
generatel00 or 1000 stochastic/ensemble future climate sequences reflecting variability over
different time scales based on characteristics of observed instrumental rettmatisan be used as
input to the prospective hydrological modelling conducted in @leucester subregiarDoing this

will allow the relative impacts of the most likely future coalvdlopment and a range of possible
future climates to be compared.

2.1.1.2.1 Retrospective climate error analysis

In addition to generating daily and monthly grids of meteorological variables (P, Tmax and Tmin),
the Bureau of Meteorologgdones et al., 200@)so g@erates daily and monthly RMSE grids of the
same variables. These daily and monthly RMSE grids are a combined measure of the observational
error and geostatistical error; the latter being a function of the interpolation algorithm, density of
isolated statbn observations and degree of spataltocorrelation of the process(es) driving the

spatial variance captured in the data being interpolated.

To characterise errors of the input climate data the ldegn (from January 1980 to December

2009) monthly meanalues for P, Tmax and Tmin were calculated. Also calculated were the long
term monthly RMSE mean values for the same variables for the same time period. Relative error,
expressed as a percent, was calculated by dividing monthly RMSE mean grid by thiy mmeatt

grids (i.e. RMSE grid/mean grid for each meteorological variable).

Precipitation error analysis

The spatialbaveraged longerm monthly mean P for th&loucester subregiois 87mm/month,

and the associated P RMSlibregionmean is 40nm/month, see Figure3a and Figure3b,

respectively. This results in a relative error of 46% in the iRpgitids Figure3c). The relativénigh

error is due, in part, to P being a highly spatially variable process (it has low spatial
autocorrelation) especially in areas such as those proximal t&thacester subregiothat have

high amounts of relative relief. Additionally, in the relatereor grid the influence of spatial

density of meteorological stations is clearly seen. In the reght of the Karuah river basin (near
the location of Myall Lakes National Park) and in the naréistern portion of the Manning river
basin (proximal tohe Barrington Tops National Park) the higher relative P errors are found due to
the low density of observations in these regions.
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Figure3 Spatial variation of precipitation from 1980 to 2009

(a) monthly mean precipitatior(b) monthly mean root mean squarerer (RMSE) precipitation and (c) monthly mean precipitation
relative error for theGloucester subregioand proximal surface water basins.
Data: CSIRO Land and Water (Dataset 1)
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Air temperature error analysis

For air tanperatures, a meteorological field that has higher spatial autocorrelation than P,
regional distribution is governed by topography and distance from the ocean. The Tmax spatially
averaged longerm monthly meanis 22.8°Cfor the Gloucester subregio(Figureda). The

associated RI#E is approximately 0.4C Figuredb), which leads to a relative error of
approximately 2% for Tmakigure4c). For Tmin in th&louceser subregionthere aresimilar

spatial patternswith the spatiallyaveraged longerm monthly mean being 11.4C Figure5a) and

the associated RSEbeingapproximdely 0.67°C Figurebb), which leads to a relative error of 6%
for Tmin (Figurebc).
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Figure4 Spatial variation of maximum air temperature (Tmax) from 1980 to 2009

(a) monthly mean Tmax, (b) monthly mean root mean squama éRMSE) Tmax and (¢) monthly mean Tmax relative error for the
Gloucestesubregionand proximal surface water basins.
Data: CSIRO Land and Water (Dataset 1)
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Figure5 Spatial variation of minimum air temperature (Tmin) from 1980 to 2009

(a) monthly mean Tmin, (b) monthly mean root mean squarerd RMSE) Tmin and (c) monthly mean Tmin relative error for the
Gloucester subregioand proximal surface water basins.
Data: CSIRO Land and Water (Dataset 1)
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2.1.1.3 Gaps

2.1.1.3.1Increasing density of meteorological observations

The characterisation of input data errors inc8en 2.1.1.2suggests that having a denser network
of official Bureau of Meteorology stations recording precipitation is essential for improved-water
related moddling in theGloucester subregianWith the number of stations observing daily P
declining across all of Australigrom approximately 7500 in the 1970s to approximately 6500 in
the late 20004Jones et al., 2009, Figuta)¢ there has been an associatddcrease in the level

of predictability of RJones et al., 2009, Figu®¢ The observational network needs to be located
to better capture the influence of local relative relief in t&éoucester subregioand surrounds.
For example, locating stations the east of thesubregion the direction from which the prevailing
sea breezes bring moisture laden air which often becomes precipitation doegvaphic
processes, will allow better observation of this process. The importance of small changes in
elevaion on precipitation rates should not be underestimated. For example, for a flat area of
Norway in the 1950s (with approximately BDelevation difference) more than 200 rain gauges
were installed in an area of about a7 and it was found that precipitation rates on the small
hills could be double those on the adjacent lower ar@@ergeron, 1960; Roe, 2005)

2.1.1.3.2 Recent observed declining wind speeds

Future climate projections produced by GCMs are unceftam and Roderick0®9; Sun et al.,
2011)and use of historically repeated PET values (calculated using the phySitaByS R t Sy
formulation of PET) means that the impact of declining rates of observed wind speed which are
offsetting increasing air temperature enhancemi@f PETDonohue et al., 2010; McVicar et al.,

2012a; McVicar etal., 2012b)NBE y 24 Ay Of dZRSR Ay GKS NBadz G yi
the Gloucester subregigrwhere actual evapotranspiration is at times wakienited and at other

times energylimited through the yeafMcVicar et al., 2012bgstimates of both P and PET are

important for future projections.

y
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2.1.1.3.3 Impacts of increasing GOoncentrations on future streamflow

Finally, the impact of rising atmospheric concentrations of @Ovegeation water use, which

likely means increasing streamflow generation in endngyted areaqBetts et al., 2007; McVicar
et al., 2010pnd decreasing streamflow generation in watenited areas icVicar et al., 2010;
Ukkolaet al., 2015) needs to be imarporated for longterm hydrological modelling. In energy
limited areas the impact of vegetation water use efficiency (WUE; essentially a measure of CO
assimilation per a measure ob®l transpiration) is altered by atmospheric concentrations of CO
and ths directlyincreasestreamflow generatior{Betts et al., 2007; McVicar et al., 2010)is is a
positive feedback. In watdimited areas, C&driven vegetation enhancemei@onohue et al.,
2013)is likely to offset the WUE changes, and likely resudr@ater vegetation wateuse and
indirectly reduce streamflow generatioM¢Vicar et al., 201QJkkolaet al., 2015)this is a

negative feedback. An increase gbdm of CQroughly equates to an increase ofrim of HO
available to vegetation (even thobdhere has been no change in P; Farquhar, 1997); over the
long-term this may have profound implications on catchment water balances, and the feedbacks
with vegetation. For example, if modelling out to 2100 with a current atmospheric CO
concentration of @proximately 40ppm (which is increasing at abouppm per year so by 2100

Observations analysis, statistical analysis and interpolation for the Gloucester sulr&dion
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atmospheric Cewill be about 60(Qppm) this 50% increase on its current value will not be
accounted for. The atmospheric gi@crease is already having lotgym impacts on veget&n
dynamicqgDonohue et al., 2013nd catchment water balancégBetts et al., 2007; McVicar et al.,
2010;Ukkolaet al., 2015)
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2.1.2 Geology

Summary

Areview ofavailable surface and subsurfadatasetsin the coatbearing geological
Gloucester Basiwas conducted to build first-order regionalgeologicamodel As a
modelled representation, it ibased on available dataputs at the time it was buikind is
one possible representation among many.

The Gloucester basin geological model represents an interpretation of the underground
geometries and lithologiesThe interpretation is based on weltsutcropand geophysical data
and accourg for the uncertainties and resolution inheremnt these data. The well dataelps

to definethe limits between the different geological units as vadlthe litholog. The
uncertaintyin these datancreasesasthe distancefrom the wells increasesGeophysical data
(mostly seismic reflection datajere usedo extrapolate the data calibrated at the wedsd

to define a basirscale fault population

As te density of both weland geophysical data isw in the geological Gloucester Basin,
isopach maps (i.estratigraphicthickness maps) were used to define the bastale
architectureof the sequencesEach isopach map was calibrated against welispat the
formation scale and constrained by trends observed within each inteDedininga reference
horizon and stacking of the successs@pach maps resulted in an initial réaulted and
non-eroded gedogicalmodel. Major fault trends were addea tallow formajor misfits
between thenon-faulted geomodeblnd the formation tops at wells.
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A fault population was established for the Gloucestgbregionbased on data from the
Stratford CSG Prospect area, wheX&L Energy LimitddGL) proposes to #act coal seam
gas (CGS), and published datadtiter sedimentary coal basiris Australia, New Zealand and
the United Kingdom.

The Gloucester subregigeological modetan be updated and refimkbwith additional or
new datasetsand can be populated with hydraulic properties derived fretmatigraphic
facies

The geology of the Gloucester subregion is summarised in companion product 1.1, the context
statement for Gloucester subregion (McVicar et al., 2014). This summary wasdrasadew of
existing literature.

The constructn of the Gloucester thredimensional geological model was based on the
understanding gained from this review as well as analyses of available deep well and geophysical
datasets. Details of these datasete @rovided in Sectio.1.2.1about observed data.

The methods used to generate derivative datasets and their use in producing the three
dimensioral geological model are described in Sec2zah2.2about statistical analysis and
interpolation.
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2.1.2.1 Observed data

Two types of observed dateere usel to develop and build geological modela deepwells
dataset(NSW Tade and InvestmentDatasetl) and geophysicalatasets(Bioregional Assessment
Programme, Datase&?; AGL,. Datase3; Geoscience Australiatasetd). The deepwellsdataset
consists dstratigraphic and lithological data extracted fromell completion reportqsee listing of
well completion reports within the list of references following Sect®h.2.3. The geophysical
datasetcompriseghe digital elevation model@EM and published interpretation of seismic
reflection data.The 1:100,000 scale Dungog geological map (Roberts et al.,H&8FH$0 been
used as a guide to determine the geological limits and the major structural tieride subregion
(seeSectionl.1.3in companion product 1.1 for th€loucester subregiofMcVicar et al., 201%)
The crosssections associated witihe geological maps are interpretative and thus not used in this
model as we are producing a new interpretation of the hdatasets

2.1.2.1.1 Deep wells dataset

The deepwellsdata(NSW Tade and InvestmentDatasetl) provide informationaboutthe rock
types, stratigraphic units and geological structofehe Gloucester subregioftom geophysical

logs, core and cutting analyses and test dataorder to make the geological model in the
timeframe of the project, a set afellscrossing all thgeological layers with homogenous
interpretation have been selected among the petrolewrallsaccessible in the public domain.
Groundwater boreholes usually do not reach deep structures and are not used in this modelling
step.

A first series of stratigrapbwells hamed PGSD or Stratford 1 to 9, were drilledPbgific Power

in the Gloucester Gas Projefrtbm 1993to 2001. From 2005 to 2008, Lucas Energy ftyand
Molopo Australid_td (until 2007ontinued the exploration in th&loucester Gas Proje@wells
APWO01, LMGO1 to 03, Stratford 4, BA9). Theyextended exploration ifPetroleum Exploration
LicencePEl. 285 bloctoward north of theGloucester Gas Project (LMGWO01, Waukivory 1), south
of the Gloucester Gas Projggtells LMGCO1, Craven 1 &3, the western part of th&loucester
subregion(Faulkland 1 and 3) and the southern limit of tAkucester subregiofWeismantel 1

to 3). In 2008, AGhbtained thePEL285 exploration licencencreased the depth of Stratford 7,
drilled a newwell in the prospect (Stratford 10), and extended the exploration zone toward the
north (Waukivory 3and4) and in the Craven/Ward River central zone (Ward River 1 to 5,
Cravenp).

Twentyfour recent deepwells(drilled in the last ten years amdeeper than 60 m), with

coherent informative data ¢specially the geophysical logs) and the best spatial coverage were
selected from publicly available reports (see Section 2.1.3.1.3).do#é&ationfor the Gloucester
subregiongeological model was completedMNovember 2013Table3 shows a list of selected
wells.
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Table3 List of selected wells for the Gloucester subregion geological model

Abbreviation | Date | Company

Craven 1 C1

Craven 3a C3a

Faulkland 1a Fla
Faulkland 3 F3
Gloucester2 G2

LMGC 01 LMGCO1

Stratford 10 S10
Stratford 4 S4

Stratford 5a  Sbha

Stratford 7 S7
Stratford 8 S8
Stratford 9 S9
Ward River1  WR1
Ward River 3 WR3

Ward Riveda WR4a
Ward River 5 WR5

Waukivory 1 Waukil

Waukivory 3  Wauki3

Waukivory 4  Wauki4

Weismantel 1 W1

Weismantel 2 W2

Weismantel 3 W3

2008 Lucas Energy Piyd
Molopo Australid_td

2008 Lucas Energy Piyd
Molopo Australia_td

2008 Lucas Energy Piyd
2008 Lucas Energy Piyd
2009 AGL Energytd

2007 Lucas Energy Phyd
Molopo Australia_td

2008 AGL Energlytd

2007 Lucas Energy Piyd
Molopo Australia_td

2008 Lucas Energy Piyd
Molopo Australia_td

2008 AGL Energytd
2008 Lucas Energy Piyd
2008 Lucas Energy Phyd
2010 AGL Energytd
2010 AGL Energytd
2010 AGL Energytd
2011 AGL Energytd

2008 Lucas Energy Piyd
Molopo Australia_td

2009 AGL Energytd
2009 AGL Energytd

2008 Lucas Energy Piyd
Molopo Australia_td

2008 Lucas Energy Piyd

2008 Lucas Energy Phyd
Molopo Australid_td

Latitude

(GDA 93

¢32°08'13.204'

¢32°08'49.792'

¢32°03'13.88054
¢32°01'5155903"

¢32°0004.086"

COHC AN

¢32905'15.279"

GgoHcnpC

goHcnpC

¢32905'41.823"
¢coHcnpC
¢32.05155¢
(32°10'42.937
¢32°11'39.001"
(32°13'51.415'
¢32909'46.105"
¢32°03'31.750'

¢32901'20.339"
¢32903'15.69"
¢32°14'41.194'

COHCc MC Q

¢32.152831'

Longitude
(GDA 93

151°54'58.579'

151°53'53.632'

151°33'17.01438
151°33'54.44711

151°57'31.711'

MpMCDPpC

151°57'16.259'

MpMCPpPpY

MpMCDpPY

151°5907.0383"
15101 Qn ¢
151.57461"
151°56'18.283'
151°56'41.144
151°57'7.41691
151°57'36.379'
151°58'06.229'

151°58'35.281'
151°59'23.69'
151°55'35.384'

MpmMmcpcC

151.555179

2.1.2Geology

Total depth
(m MD KB)

959

883

1374
1004
974
937

1157
846

668

925
773
993
961
900
766
844
798

818
763
703

668
797

aThe depths are measured depth (MD) relative to the kelly bustgfegence heightKB). The coordinates are expressed in the
coordinate system used in the well completion repofiise well abbreviations shown here are used to identify well locations in

maps used later in this section

Source:see the listing of well completion repornigthin the list of references following Secti@nl.2.3
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

Well distribution varies within the Gloucestgeological basin (inset (a) Bigure6). The highest
concentration is near th&loucester Gas Projeatith almostone-third of thewellsconcentrated
within 7 kn?, whereas the major part of theubregionis much less explored. The depthf these
wellsvary between 667.72n MD (well Stratford 5A) and 1374.2% measured depth (MD) relative
to the kelly bushindKB)(well Faulkland 1ARA kelly drive refers to a type of well drilling device on
an oilor gas drilling rigThe kelly is the polygonal tubing and the kelly bushing is the mechanical
device that turns the kelly when rotated by the rotary table. Together they are referred to as a
kelly drive.

- 32°0'

Wallamg,, .
)

Bunyah Creek

any jefi

Stroud

152°0'

GLO-213-001

[ Gloucester subregion ® Town 0 5 10 0 5 10
I —" Road Deep wells —_1 L 1 )
3 Preliminary assessment extent 7 7

fffff of the Gloucester subregion Watercourse 4+ Well location Kilometres Kilometres

Figure6 Deep vell selection spatial distributionin the Gloucestersubregion

SeeTable3 for well name abbreviations.

No major lithological variationsere recognisedrom oneformationto another.Most of the
formations were deposited in a fluvial to deltaic environmant the rmain rock types are
sandstone, siltstone, mudstone and co@bnsequently, the highest levelfatiesvariation is in a
horizontal direction within eacformation. The correlation of coal seams betwesgllsremains
ambiguous given the high probability discontinuity/pinch out of seams or lateral splittifQver-
correlation of seamsould likely lead to local oventerpretation of faults Section2.1.2.2.4,
howeer, based on the available data, it is difficult to estimate the amount of stratigraphic
induced error (i.e. coal splitting) and the number and location of real faults.
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2.1.2Geology

2.1.2.1.2 Geophysical dataset O
The surface topography has been extracted from a DEM numslribed in Sectiod.1.1 %
Geography of this product (Bioregional Assessment Programme, Datd3ebscience Australia =
Dataset4). 3
I NBOASS 614 O2yRdZOGSR 2nferpletiforSaitiSde-dimefisional  dzy RS N
seismic reflection data in th@loucester Gas ProjecAGL. Dataset3). Theinterpretation consisted §

2T NBLINRPOS&aaSR aSAaYAO REGL (’)I-C)dezANBIv?tofﬂa?))gééz

with new borehole seam correlationsife deepwellsdrilled by Pacific Power in 1983 1999). )
Grieves and Saunders (2003) highlightddgh degree otincertaintyin both structural mapping g
and the location and orientation of the mapped faulf$isuncertaintyis due to the sparse and g
incomplete seismic coverage and difficulties with geesmic interpretationTheinterpretation by <
Grieves and Saunders (200®&s used to define a fault size population and constrain the %
structural interpretation of theGloucester subregio(Section2.1.3.2.4). é’"
2.1.2.2 Statistical analysis and interpolation a
Observediatasets(Section2.1.2.]) were processetb form derived datasetsThese datasetwere 8
analysed and interpolated tdevelopa three-dimensionalgeologicaimodel at the basin scal@he §
three-dimensionalgeocellulamodel was builusingRMS Roxar softwar&his package is o
commercial software developed by Emerson and used in the oil and gas industry. For more details,

please refer to the RMS Roxar webgimerson 2016).

2.1.2.2.1 Workflow

uoibaign

A step by step workflowasdesigned tadefine the subsurface structural and stratigraphic
architecture ofthe GloucesteBasin andgupport scientific reasoning through the data processing.
It is basedn classical 3D approach@Ross et al., 2004) and adapted in order to producenplsi
regional model from datasets that apmorly constrained. The aim of this workflow is to avoid
inducing a structural complexity that is highly uncertain in the grid geometry (Wellmann et al.,
2010).

This workflowcomprised

1. selection and processing observed data tdorm derived datasetsind implementing
model numerical databasecluding:

a. determiningformationtopsand lithological datasets derived from the deeplls
dataset

b. mapping the DEM da extracted from the geophysicdataset
2. three-dimensionahon-faulted and noreroded geological modelling
a. selecting a reference horizon and creating a horizon depth map
b. determining the thickness of thi@rmations(isopach) and extrapolating isopach maps
c. building a noAfaulted and noreroded geological model
d. extracting depth structure maps from the geological model

Observations analysis, statistical analysis and interpolation for the Gloucester sulré&dion



Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

3. fault analysis:
a. identifying major fault trends displacement and the spatial distribution

b. defining fults statisticapopulation¢ based on samic data and comparison with fault
populations from others coddearing basins

c. building a faulted and eroded geological model.

2.1.2.2.2 Data processing

Even if the data density is higher than in otsebregionsstudied in the frame of the Bioregional
Assessmenti®dgramme, the spatial distribution and density of the geological data in the
Gloucester geological basin can be defined as poor: for instance, there is no large scale and good
guality 3D seismic data and theellsare concentrated mainly in the Gloucesteas Project area.

For more details please refer to tkempanion product 1.1, the context statement fBtoucester
subregion(McVicar et al., 2014).

Sratigraphic andstructuralinformation provided by thedeepwell datasetwere processed to

form thewellsderived datasetWellcompletion reports from the 24 selected deeglls(see the

listing ofwell completion reports within the list of references following Sectih.2.3) were

analysed to determine eadiormationtop depth (Table4). The markers of thiormation top

depthsin thewellsk NB O f £ SR Wg S thé forinakidd fo pasiions K SfunStidNGE NJ A y
the well stratigraphic interpretation (see Secti@l.2.1.).

Table4 Depth to top of geologial formations from deep wells in the Gloucester subregion

Well name | Formation top Pick depth Formation top Pick depth

(m TVDsY

(m TVDsY

APW 01 Jilleon 275.81 Stratford 9 Jilleon 326.89
APW 01 Wenham 514.19 Stratford 9 Wenham 574.91
APW 01 Dog Trap Creek 649.74 Stratford 9 Speldon 605.69
Craven 1 Jilleon 462.1 Stratford 9 Dog Trap Creek 670.95
Craven 1 Wenham 756.48 Stratford 9 Waukivory 793.94
Craven 3a  Jilleon 173.52 Stratford 10 Jilleon 337.27
Craven 3a  Wenham 391.52 Stratford 10 Wenham 548.45
Craven 3a  Dog Trap Creek 491.8 Stratford 10 Dog Trap Creek 591.57
Craven 3a  Waukivory 579.13 Stratford 10 Waukivory 753.98
Craven 6 Jilleon 231.07 Weismantel 1 Waukivory G99.9
Craven 6 Wenham 565.31 Weismantel 1 Alum M. Volcanids 589.6
Craven 6 Dog Trap Creek 614.94 Weismantel 2 Mammy Johnsons q74.24
Craven 6 Waukivory 693.37 Weismantel 2 Alum M. Volcanids 485.46
Faulkland 1a Jilleon 684.93 Weismantel 3 Waukivory ¢91.45
Faulkland 1a Wenham 917.46 Weismantel 3 Alum M. Volcanids 542.43
Faulkland 1a Dog Trap Creek 989.56 Waukivory 1 Jilleon 307.06
Faulkland 3  Jilleon 293.408 Waukivory 1 Wenham 657.3
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Well name

Faulkland 3
Faulkland 3
Faulkland 3
Gloucester 2
LMGC 01
LMGC 01
Stratford 4
Stratford 4
Stratford 4
Stratford 4
Stratford 4
Stratford 5a
Stratford 5a
Stratford 5a
Stratford 5a
Stratford 5a
Stratford 7
Stratford 7
Stratford 7
Stratford 7
Stratford 8
Stratford 8
Stratford 8
Stratford 8
Stratford 8

Formation top

Wenham

Dog Trap Creek
Waukivory
Waukivory
Wenham
Speldon

Jilleon

Wenham
Speldon

Dog Trap Creek
Waukivory
Jilleon

Wenham
Speldon

Dog Trap Creek
Waukivory
Waukivory
Mammy Johnsons
DurallieRoad
Alum M. Volcanics
Jilleon

Wenham
Speldon
Dogtrap
Waukivory

2.1.2Geology

Pick depth Formation top Pick depth

(m TVDsYy (m TVDsY
487.918 Waukivory 1 Speldon 661.9
550.558 Waukivory 1 Dog Trap Creek 679.8
670.118 Waukivory 3 Jilleon 38.46
¢106.75 Waukivory 3 Wenham 157.46
526 Waukivory 3 Dog Trap Creek 192.46
545 Waukivory 3 Waukivory 322.46
179.17 Waukivory4 Mammy Johnsons ¢142.26
392.08 Waukivory 4 DurallieRoad 70.14
407.17 Waukivory 4 Alum M. Volcaniés 281.74
440 Wards River 1 Jilleon 75.77
583.2 Wards River 1 Wenham 435.77
¢129.77 Wards River 1 Dog Trap Creek 555.77
181.82 Wards River 1 Waukivory 595.77
189.29 Wards River 3 Jilleon ¢101.81
241.51 Wards River 3 Wenham 225.48
339.89 Wards River 3 Speldon 297.56
¢165.03 Wards River 3 Dog Trap Creek 338.49
¢15.03 Wards River 3 Waukivory 488.19
209.97 Wards River 4a  Waukivory ¢106.18
398.97 Wards River 4a  Mammy Johnsons 268.82
185.421 Wards River 4a  DurallieRoad 531.82
382.881 Wards River 5 Waukivory ¢152.62
389.981 WardsRiver 5 Mammy Johnsons 229.38
445.771 Wards River 5 DurallieRoad 466.38
554.831 Wards River 5 Alum M. Volcanids 592.38

aTVDss total vertical depth subsea reported to the Australideight Datum
bAlum Mountain Volcanics
Source:see the listing of well completion reports within the list of references following Se2tih.3

Observations analysis, statistical analysis and interpolation for the Gloucester subjr&gion
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

Eight regional stratigraphic unjtselected by thalefinition of theformationtop depthswere
modelledfor the Gloucester subregio(fFigure?):

)l

= =4 4 4 -—a -

)l

Alum Mountain Volcanics
DurallieRoad Formation
Mammy Johnsos Formation
Waukivory Creek Formation
Dog Trap Creek Formation
Speldon Formation
Wenham Formation

Jilleon Formation

The Wards Rer Conglomeratevasnot included as it is a tim@ansgressivdormation
representing a stratigraphic boundargther thana timeline. In the westhe Wards River
Conglomerate represents the equivalent of tingper Waukivory Formation to thewer Lelona
Formation. In the easthe Ward River Conglomerate thins and is intercalated between the
Wenhamand the Jilleoriormations.
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2.1.2Geology
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Figure7 Distribution of formation tops in the wells derived dataset (24 well®r the Gloucester sukegion, running
from bottom to top

The coloured wellsire thosethat containa formation top: (a)Alum Mountain Volcani¢gb)DurallieRoad Formation(c) Mammy
Johnsons Formatiqifd) Waukivory Creek Formatiofe) Dog TrapCreek Formationf) Speldon Formationg) WenhamFormation
and (h) Jilleon Formation

The different formations are figured in different colours.

w2 Sff LIAO1AaQ FNB GKS YIFINJISNAR 2F GKS F2N¥YIFGAZ2Y
SeeTable3 for wellacronyns andTable4 for more details about the well picks.
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

The 1 secondSTRMlata from the DEM (seBection2.1.2.1.3 were extrapolated with a local
B-spline algorithm to produce a topograptsarface for the geological modelling domain
(Figure8). The dcal Bspline algorithm calculates the amplitudéa family of belishaped
functions (Bsplines) using a local heuristic approach. The sum of these functions defines a
function in (x, y) that approaches the input data

$
S

Q
\
Barring®

8838888830

a7 ' Surface topography
-180 Depth (TVDss)
10 reported to mAHD

BEBYBES

@
=]

BEEE:

Deep wells
4+ Well location

Major roads
——— Watercourse

|:] Gloucester subregion

0 5 10

L 1 ]
GLO-213-003 Kilometres

Figure8 Surface topography mapbove thecoalbearing geolgical Gloucester Basin areaodelled in three
dimensions

TVDsstotal vertical depth subsea reported to the Australideight Datum; negative values represent elevation above sea level
SeeTable3 for wellacronyns.
Data: NSWrRde and InvestmenfDatasetl); Bioregional Assessment Programme (Dataseb@dscience Australiataset 4)

2.1.2.2.3 Threedimensional norfaulted and noreroded geological model

The threedimensional nonfaulted and noreroded geological model building is an intermediary
step in the modelling process. Intermediary Af@ulted and noreroded isopach maps are built on
the base of the well data extrapolation and then intermediary +fianlted and nam-eroded depth
maps are computed on the base of a reference horizon, that is, the top d/dreham Formation
This process is explained in the modelling workflow, Se@ibr2.2.1 The intermediary maps of
thickness (isopach maps) and depth are not to be taken as real geological results. They just
represent a step in the modelling and the trends observed, and do rmessarily correspond to
current geological formation depth or thickness variations.
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2.1.2Geology

The top ofthe Wenham Formationvas selected as the reference horizon as it represents the
shallowestformation top with the highest number of well picks (16 welBigure?).

Isopach data were determined directly from the twertur selectedwvells Seven isopach maps
were extrapolated Figure9):

1 TopAlum Mountain Volcanic® top DurallieRoad Formation(isopach maga))

Top DurallieRoad Formationto top Mammy Johnsos Formationi6opach map (b))
TopMammy Johnses Formation to top Waukivory Creek Formatiaofiach magc))
Top Waukivory Creek Formation to top Dog Trap Creek Formasmpagh magd))
Top Dog Trap Creek Formation to top Speldon Formasopdch mage))

Areue erepapol) :z Juauodwo)

= =4 -4 -4 -

Top Speldon Formation to top Wenhdformation (sopach mayf))
9 Top Wenham Formation to top Jilleon Formatisofach magg)).

For isopach maps (a), (b), (c) and (g), general thickness trends were determined from the
formationthickness data deduced from the well picks (isochore data) sdamFigure9. For
isopach maps (d), (e) and (f), no trend was adequately defined fakingcester subregioand a
general thickness was used.

The resulting isopdcmaps are nondeterministic and thmcertaintyincreases as the isochore
data concentration decreases. Note that these isopachs correspond to an intermediary step in th
modelling and do not represent the final isopachs observed in the geological Gleubasin. For
their determinations only thevell data and unfaulted models are considered, virtually eroding
GKSY (26 NR GKS SR3IS& 2F GKS olaiay o0& (KS

M8 19)S90N0|QY) 10} SIS

@!ﬁejq
&
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

(a) (b) (d)

(9) GLO-213-004

G2
Gloucester

G2
+. Gloucester

3 330
Tz

Thickness of
the modelled
isopachs (m)

0

Deep wells
+  Well location
O Isochore pick

[] Gloucester subregion

0 5 10
L 1 1

Kilometres

Figure9 Isopach maps containing distribution of formation thicknesses in the wells derived dataset (24 wells) for
the coatbearing geological Gloucester Basin amesadelled in three dimensions

(@) TopAlum Mountain Volcanic® top DurallieRoad Formation(b) TopDurallieRoad Formatiomo top Mammy Johnsons
Formation (c) TopMammy Johnsons Formatida top Waukivory Creek Formatiofd) TopWaukivory Creek Formatidn top Dog
TrapCreek Formation(e) Top Dog Tragreek Formatiomo top Speldon Formation(f) TopSpeldon Formatioto top Wenham
Formationand (g)Top Wenhantormationto top Jilleon Formation

SeeTable3 for wellacronyns.

Data: NSWrkde and InvestmenfDaaset1)
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2.1.2Geology

The horizon depth mag-{gurel0) was created using a radial basis algorithm with ax3@teral

step (x and y). This algorithm provides a good approximatiagtattered data by forming linear
combinations of radial functions centred at each data pditease refer to the RMS Roxar website
(Emerson, 2016pr more details.

The resulting horizon depth map is nondeterministic witttertaintyincreasing as data
concentration decreases.

The structural map of the top of the Wenham Formation and the isopach nkagpsré9) were
used to build a notfaulted and mn-eroded geological model. This model has a horizontal
resolution of 200 by 20 (x, y), with 50 vertical layers for a total of 501,000 cells. The depth
ranges between +818AHD and;1830mAHD.

Figurel0shows depttstructure maps of thenon-faulted and nonerodedformationtops
extracted fromthe geologicamodel

Observations analysis, statistical analysis and interpolation for the Gloucester sulré&§ion
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

ZHEEBEEEE88

1A T T TSl
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RIS [ [FTe

Baoud

(C)] (h)

888-88
[T [ [ ToTa
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-300
350
-400
-450
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o GLO-213-005
Depth in (m TVDss) Deep wells D Gloucester subregion
+  Well location (l) ? 1I0
O Well pick

Kilometres

FigurelODepth structure maps of notfaulted and noneroded horizons extracted from theoaltbearing geological
Gloucester Basin aremodelled in three dimensions

(a)Alum Mountain Volcanicgb) DurallieRoad Formation(c) Mammy Johnsons Formatipfd) WaukivoryCreek Formation

(e)Dog TrapCreek Formation(f) Speldon Formatior{g) WenhamFormationand (h)Jilleon Formation

w2 Sttt LIAO1AaQ FNB GKS YENJSNBR 2F GKS F2N¥IFGA2y (2L RSLIIKaA
TVDss #total vertical depth subsea reported to the Australideight Datum; negative values represent elevation above sea level
different colour scales are used for each map

SeeTable3 for wellacronymns.

Data: NSWrkde andinvestment(Datasetl)
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2.1.2Geology

2.1.2.2.4 Fault analysis

Major fault trends and displacements wereorporated in the modetio obtain a faulted
geological modelThese &ult trends wereestimated from the observation of the geological map
(location of the edges of the basiandincluded to accommodateisiblemisfits(greater than
100m) between the extracted notfiaulted and noreroded horizonsKigurelO) and theformation
tops atwells(Figure?).

This model was then eroded using the presday surface topography. The final eroded and
faulted model Figurell) has a horizontal resolution of 2@ 200m (x y), with 50 vertical layers
for a total of 501,000 cells. The depth ranges betwe@85mAHDand¢1755mAHD

BelowAlum
Mountain Volcanics

Above Jilleon formation

Figurell Threedimensional perspective view of the eroded and faulted geological model for the Gloucester
subregiong diagram in the top lefthand cornershows vertical sections within the model

Figurel2 shows theformationtops extracted from the eroded and faulted geological model. The

main fault trends affecthe stratigraphic pile and are locsdid along the western and eastern
flanks of theGloucester subregiarThe trends located within theubregionaccommodate a
normal displacement which varies between 200 and B0 he other fault trendsyhich fitthe
geological limit of thesubregion accommodate normal displacementp to 1000 m.

Observations analysis, statistical analysis and interpolation for the Gloucester suljrédion
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Component 2: Modetlata analysis for th&loucesteisubregion

2.1.2Geology

(a) (b) (c) (d)
I
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T I
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Depth in (m TVDss) Deep wells Gloucester subregion
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Figurel2 Depth structure maps extracted from the eroded and faulted geological mdoelthe coalbearing
geological Gloucester Basin area modelledlinee dimensions

(a) Alum Mountain Volcanicgb) DurallieRoad Formadtin, (c)Mammy Johnsons Formatip(d) Waukivory Creek Formation
(e)Dog TrapCreek Formation(f) Speldon Formation(g) WenhamFormationWards River Conglomeragand (h) Jilleon Formation
TVDss #otal vertical depth subsea reported to the Australideight Datum; negative values represent elevation above sea level
grey lines represent the main fault trends

Data: NSWrkde and InvestmenfDatasetl); Bioregional Assessment Programme (Dataseb@dscience Australiataset 4)
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2.1.2Geology

A fault size populatiors defined by plotting the fault size (here maximum displacement) versus
the cumulative number of fault&.g. Yielding et al., 1996). An observed characteristic of many
sampled fault populations is that the stequency distribution is described by awer-law of

the form:

0 O (1)

whereN is the number of features having a displacement greater traggual to Dais a
measure of the size of the sam@ad Gsthe powerlaw exponent. On a plot of log N against log
D, a powetlaw distribution is defined by a straight line segment with sl@@: The population
distribution can be used to extrapolate fault size outside the sampling range and predict sub
seismic scale faults and to validate structural interpretations.

A faultsize popilation for the Stratford SGProspectareawas defined according tine structural
interpretation of Grieves and Saunders (2003). This population can be used to constrain and
calibrate the large faults in the geological model and also to predict smallés that havethe
potential to affect connectivity of coal seams aaqguitards

For instance, eighteen normal faults with measurable throw are mapped on the Top Bowen Rd
split 5 (BR% see companion product 1.1 for th@loucester subregio(McVicar et al 2014) for
details) horizon for the approximatelykim? Stratford CS@rospectarea (Grieves and Saunders,
2003 (Figurel3a). The reported throws rage from 100 to 1@n. Using a typical powdaw slope

of ¢1 (e.g. Yielding et al., 1996; Needham and Yielding, 1996; Bailey et al., 2005; Manzocchi et
2009), two fault populations (Stratford medium case and Stratford lower @asg)roposed for

the Sratford CSG Prospect areleigurel3b andFigurel3c). Comparison with other fault
populationsthat had been estimated ithe coatbearing Permiaasins, that i€ollie Basin (WA)
(Figurel3d) and theTaranaki Basin (New ZealanBigurel3e), scaled down to the same surface
area (approimately 7 km?), suggestshat the Stratford CSG Prospect afaalt population
(Figurel3a) could be (i) overestimated (e.g. due to over interpretation of the seismic data) and/or
(ii) the displacement for thesaudilts are overestimated (e.g. due to inaccurate horizon picking or
time depth conversion)igurel3f shows thefault size population extrapolated fro the Stratford
lower casefault population upscaled to the size of tioucestegeological basif220km?). It

shows a higher cumulative number of faults than other fault populations from thelmmaing
Permian Collie Basin in WRIigurel3g) and the East Pennine Coalfield in UK (ER@)ré13h).

This again suggests a possible overestimation of the fault size and displacement in the Stratford
andGloucester populations. A fault population for t@doucester subregiosimilar to the Collie

Basin Figurel3g) would yield larger faults with maximum displacement around I&G@hich
correlate with the faults needed to accommodate displacement in the geological model.
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{b)Stratford medium case N=160"D"-1 {c. 7km2)
{c)Stratfordlower case N=100"D"-1 (c. 7Tkm2)
{d) Collie Basin N=55"D"-1 (scaledto Tkm2)
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Figurel3 Fault size population$or the Gloucester subregion

Dots represent thé&loucester Gas Projefetult data derived from Grieves and Saunders (2003) lines (b, ¢, d and e) represent
population scaled to the size of tt@loucester Gas Projef. 7knr). Thick lines (f, g and h) represent population scaled to the size
of the Gloucestesubregion; log scale is used

2.1.2.3 Gaps

Df 2 dzOS a (i S NJeadlodmmihiasetkae\C@@cterised by a poor spatial coverafjee main
part of thesubregionis poorly overedand in some areas not covered at all.

Incorporatingnew well data orwell data notpubliclyavailable at thecut-off date of November
2013 could help to better constrain the geological framework of@eucester subregiar list of
the deepwell reports thatare either recentlypubliclyreleased or that are going to be released in
the coming yeas follows

1 AGL Energy Ltd (2010) Well Completion Report Craven 7 PEIN38%
1 AGL Energy Ltd (2010) Well Completion Report Gloucester 1 PEN38%
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AGL Energy Ltd (2010) Welmpletionreport Wards River 2 PEL 285ISW

AGL Energy Ltd (2012) Welmpletionreport Waukivory 11 (WK11) PEL 288SW
AGL Energy Ltd (2012) Weelmpletionreport Waukivory 12 (WK12) PEL 2Z88SW
AGL Energy Ltd (2012) Weampletionreport Waukivory 13 (WK13) PEL 288SW
AGL Energy Ltd (2012) Wedmpletionreport Waukivory 14 (WK14) PEL 289SW
1 AGL Energy Ltd (2013) Wampletionreport Pontlands 3 (PLO3) PEL 238SW.

= -4 -4 -4 -

Some othetwo-dimensionalndthree-dimensonal seismic reflection data have also been
acquired by the companies in tli&oucester subregian

1 AGL Energy Ltd (2010) 2009 Bucketts-dimensionakeismicsurveyreport, PEL 28§
Gloucester Basin, NSW

1 AGL Energy Ltd (2011) 2010 Mogithnee-dimensioral ®ismicsurveyreport, PEL 28§
Gloucester Basin, NSW

1 AGL Energy Ltd (2013) 2012 Thundertwoit-dimensionakeismicsurveyreport, PEL 28§
Gloucester Basin, NSW.

However, using information frohese reportsvas notpossibledue to the lack opublicly
availableinterpretation of data Proposing a new interpretation of theslatasetswould require a
program of seismic interpretation and calibration with availaidl logs. This work could be in
scope for a new phase Gfloucester subregiogeobgical modelling.

In 2013, AGhcquired helicoptetborne magnetic and radiometric data for a large part of the
geologicalGloucester Basin. These data are not currently available (devamber 201Bto the
Assessmenteam. The magnetic data in particulaould be very helpful in improving geological
models of theGloucester subregian
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The geological model proposed$ection2.1.2.2is one possibility among manyote that the
location and orientation of most faults are unknowirhis model can be updated with a stochastic
distribution of the faultsAdditionally, he lithology and the facies can be implemented to study
flow properties ancconnectivity For instancea subseismiadataset conditioned by the fault
population can be used to test the potential impact faults could have on3becoakonnectivity

at the scale of a prospect.
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2.1.3 Hydrogeology and groundwater quality

Summary

The Gloucester subregion contains 175 groundwater bores where four types of
hydrogeological dataere analysed: (groundwater level(ii) hydraulic paramedrs,
(iif) groundwaterquality and(iv) allocation

Mean groundwater levels and bore depths were determined for various aquifers of the
Gloucester subregion including the alluvial aquifers, the fractured rock aquifers and the deep
water-bearing units. Tisiinformation is crucial to the identification of recharged/or

discharge areas and associated groundwater flow systems, as well as for the development of
the groundwater balance for the subregion as welaasin preliminary identification of areas

that can potentially be impacted by coal seam gasactionandcoalmining activities.

Overall the availability diydrogeological and hydrochemical dagdimited foralluvialand
fractured rock aquifes. For thedeeperwater-bearing systems, there rgext to no information
available

Based on the geological setting and discrete structsealimentaryformation (see McVicar et al.,
2014,Figure22 and 23), the geological Gloucester Basin, which underlieSliwcester

subregion is characterised asa@osed hydrogeological system. TB®ucester subregiooontains

two mainaquifers an alluviabquiferand anaquiferhosted by a weathered bedrock profile
occurring within 150 metres below ground level. Further detail about the hydrogeological setting
of the Gloucester subregiois provided in Sectioh.1.4 of the companion produdtl for the
Gloucester subregiofMcVicar et al., 2014). Multiplgroundwaterstudies describe four main
hydrogeological units within th&loucester subregian
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1. alluvialaquifersalong major creek linegeferred hereafter as alluvium)

2. relatively shallow weatherednd or fractured rockaquifers(referred hereafter as fractured
rock)

3. interburden units of very loypermeabilitywhich form a thick succession of low
permeabilitycod measuregreferred hereafter as deep watdrearing)

4. the impermeable Alum Mountain Volcanics Formatibat underlies hesethree
hydrogeological units.

Hydrogeological data, includiragjuifers water levels and hydraulic properties, are required to
inform groundwatermodelling. In addition, estimates of thextractionof groundwaterfor use are
needed. Information about the quality of water withaguifersenables assessment of potential
impacts fromaquifermixing anddischargeof aquiferwater into othe receiving waters. The
hydrogeologic data used in thBoregional assessmefBA) of theGloucester subregioare
detailed inSection2.1.3.1about observed data.
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2.1.3Hydrogeology and groundwater quality

2.1.3.1 Observed data

Most of the data required for groundwater modelling are obtained from bore data. Bore data for
the Gloucester subregion were obtained from the Bureau of Meteorology, but originated from
NSW state groundwater databaseseldata acquired extends to November 2013. Not all model
parameters are available at all bore locatiomable5 lists the datasets that have been used to
obtain hydiogeological data for the Gloucester subregibigurel4 shows the distribution of

bores within the Gloucester subregion.

Table5 Groundwater dchatasetsused for hydrogeology and water quality analysis in tdoucester subregion

Observed data Dataset Data item namé
Bore construction NSW Office of Water National Groundwater Bore
Information System 20140701 (NSW Office Construction Line
Water, Datasetl) NGIS_v2 20140701

NSW allocation of aquifer for screened unit Aquifers_assignment_JS Jan13
monitoring bores (Bureau of Meteorology,
Dataset?)

Groundwater level HYDMEAGS Hydstra Groundwater HYDMEAS
Measurement Update_ NoW_Nov2013 (NS\
Office of WaterDataset3)

Hydraulic parameters State Transmissivity Estimates for NSW_Pump_Test Data WRON_N\&_
Hydrogeology CrosSutting Project consolidated

(Geoscience Australiataset4)
tguess_NSW_full_set

Groundwvater quality HYDMEAGS Hydstra Groundwater ALL WQ ISELECTED
Measurement Update_ NoW_Nov2013 (NS\ REGION_gw_ 28112013
Office of Water, Datases)

Allocation Gloucester Groundwater Usage Estimates GLO_GW._licenses_ExtractionVolumes_
v20150501(Bioregional Assessment eDepths_20150501
Programme, Dataset 6)

aTypography is as used in the dataset.
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Figurel4 Spatial distribution of bores with hydrogeological informaticior the Gloucester subregion
Source Figure25in companion product.1 for the Gloucester subregion (McVicar et al., 2014
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