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Introduction

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Developmem (IESC) was established to provide advice tddaeral 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 mechanismsssist 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 otheinterested partiesincluding government regulators,
industry, community and the general publio,draw from a single set of accessible information. A
BAis a scientific analysis, providing a baseline level of information on the ecology, hydrology,
geobgy 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 sea gas and coal mining development on water resoufitesBAmethodology;
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. Wére differences occur, these are recorded, judgments
exercised on what can be achieved, and an explicit record is made of the confidence in the
scientific advice produced from tHgA

The Bioregional Assessment Programme

The Bioregional Assessmdfriogramme is a collaboratidretween the Department of the
Environmentand Energythe Bureau of Meteorology, CSIRO and Geoscience Australia. Other
technicalexpertise such agrom state governments or universities also drawn on as required.
Forexampge, natural resource management groups and catchment management authorities
identify assetghat the community values by providing the listwéiter-dependent assetsa key
input.

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

1 the Galilee, Cooper, Pedirka andRaringasubregionswithin the Lake Eyre Badioregion

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

i the ClarenceMoreton bioregion
9 the Hunter and Gloucestesubregionswithin the Northern Sydney Badimoregion
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i the Sydney Basibioregion
1 the Gippsland Basinioregion

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

Component 5: Outcome synthesis

1 P28 (3] |4

U1

Water-
dependent
asset
register

Joysi821 e1ed

Existing
data

Risk
treatment

Data from monitorind

Knowledge

Risk :
evaluation Risk

assessment

\ Communications

Figurel Schemaic diagram of the bioregional assessment methodology

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

Component 4and may contributeactivities undertaken externally, such @sk evaluation, risk assessment and risk treatment
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
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Tablel Methodologies

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

replaced by the code in the first columifror 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 lists the content provided in the technical products, with crosferences 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:

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 originof datasetsand how they are changed as tBéAprogresses)
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 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 of these archived datéttp://www.bioregionalassessments.gov.au
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Establish context and Analyse and transform Assess impacts and risks

assemble information - the information Component 3 and Component 4:

Compo.nent 1: . Component 2: Impact and risk analysis
Contextual information Model-data analysis
1.1 MO05 Conceptual models | t\”lo Impacts and risks
Context statement L] 23 3-4
Conceptual modelling Impact and risk analysis
tvm Coal resource M11 Hazards
1.2
Coal and coal seam gas
resource assessment MO06 SW models ’
L 2.6.1
Surface water numerical
MO02 Assets ! .
1.3 ol modelling
Water-depe.ndent asset M09 Uncertainty ‘
register L] 26.2
Groundwater numerical
\\1\403 Receptors | medeling
1.4 MO07 GW models
Receptor register
2.5
Water balance
1.5 assessment

Current water accounts
and water quality

MO8 Impact models
2.7
Receptor impact
modelling

—=

1.6
Data register

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€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 ClarenceMoreton bioregion

Forthe ClarenceMoreton Bioregional Asessment, technical productse delivered online at
http://www.bioregionalassessments.gov.au | & A Y RA Ol (i S Ra Gthér pibdusts: shch&d dStasets) Rdtadataydata
visualisation andactsheetsg are 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 now
included in product & (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 was going to include @wd threedimensional representations as per
Section 4.2 of the BAethodology, but these are instead included in products such as pt@l8¢conceptual modelliny 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 Clarence Desct:lptl_o? O i Ve aa e 2513,34 PDF’t HTML,
Moreton bioregion assetregister register
Curr_ent water accounts and water 2515 PDF, HTML
quality
Data register 25.1.6 Register

Observations analysistatistical

. . . 2.5.2.125.2.2 |[PDF, HTML
analysis and interpolation

Conceptual modelling 25.23,4.3 PDF, HTML
Component 2Model-data
analysis forthe Clarence . Water balance assessment 2524 PDF, HTML
Moreton bioregion Surface water numerical modelling4.4 PDF, HTML
Groundwater numerical modelling (4.4 PDF, HTML
Receptor impact modelling 25.26,45 Not produced
Component 3 and Componenti
& IgetS e (el el e Impact and risk analysis 5.2.1,2.5.4, 5.3|Not produced

the ClarenceMoreton
bioregion

Component 50utcome
synthesis forthe Clarence Outcome gnthesis 255 PDF, HTML
Moreton bioregion

aThe types of products are as follows:
Wt 5CQ AYRAOIFIGSa | t5C R Zl@rdareBlofdion Bidtdgitnal Mssesshend Ssin@thdStRictoed statdkirs
andformat specifiedoy the Rogramme.
Wi ¢al Q AYRAOFGSa
YwSIAaiSND AYRAOI G
Wh2id LINRRddzZOSRQ AYyR
(Table 1).

S alvyS O2yiSyid +ta Ay G(KS t5C R20dzySyidsz o
& Oz2yiNRfftSR fAraida GKFG FNB RSt AQOSNBR dz.
Bdt dedeped. K Webpagde explainsIM®By Rtk @aints folrelevant submethodologies
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About this technical product
The following notes are relevant only for this technical product.

1 All maps createas part of thiBAfor inclusion inthis product usd the Albers equal area
projection with a central meridian df51.0° East for theClarenceMoreton bioregion and
two standard parallels af18.0° and;36.0°.

1 Contactbioregionalassessments@bom.govtaltaccess 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 datasetbewill
published online

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 mostigpdate information about these data; where
there are discrepancies, the information provided online should be considered correct. The
RFiSa dzaSR (2 ARSYGATE . A2NB3IA2YIdublishédd Saa Y S
date. Wherethe publisheddate is not availale, thelast updated date or createdate is
used.For Bioregional Assessment Derived datasets, the created 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 report prepared for the Independent Expert Scientifin@ttee on Coal
Seam Gas and Large Coal Mining Development through the Department of the Environment.
Department of the Environment, Australia. View2@ December 2016
http://data.bioregionalassessments.gov.au/submethodology/bioregieasdessment
methodology

IESC (2015) Information guidelines for the Independent Expert Scientific Committee advice on coal
seam gas and large coal mining development propobalependent Expert Scientific
Committee on Coal Seam Gas and L&qgal Mining DevelopmenAustraliaViewed20
December 201ttp://www.iesc.environment.gov.au/publications/informaticguidelines
independentexpertscientificcommittee-advicecoatseamgas
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2.1 Observations analysifor
the ClarenceMoreton

bioregion

This product includes the observations analysis, statistical analysis and interpolation of datasets
used in the bicegional assessment. Only those datasets requiregfoduct 2.6.1(surface water
numerical modelliny product 2.6.3groundwater numerical modellingand product 2.3

(conceptual modellinpare covered.

The data are categorised according to the followdiggiplines:

I geography

I geology

9 hydrogeology and groundwater quality

i 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 development and reportingg of summary statistics that describe the nature, variation

and uncertainty for datasets.

The statistical analysis and inp@lation aims to develop a quantitative understanding of the
ClarenceMoreton subregion by analysing the observed data @mchere requiredg interpolating
into locations where data are sparse.

This product also provides advice on data gaps. Nidfmmation on data gaps will be reported in
later products.
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This product concludes with a detailed description of water management for coal resource
developments. Only that information required for numerical modellingp{oduct 2.6.1(surface
water numerical modellingand product 2.6.Zgroundwater numerical modellinyis included
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2.1.1Geography

2.1.1 Geography

Summary

This section provides an analysis of the errors associated with the climate data used for the
water balance modelling.olcharacterise errors of the input climate data, the ldagnm

monthly values of precipitation (P), and maximumJand minimum (J;,) temperatures

were calculated along with roeneansquare error RMSEjnean values for the same

variables for the peod January 1980 to December 2009. Results showed relative errors of
47.5%, 2%, and 8% in RaJ and T.n, respectively (where relative error is calculated by
dividing the monthly RMSE mean grid by the monthly mean grids).

2.1.1.1 Observed data

The basic geographic data for the ClareiM@reton bioregionwere reported in the companion
productl.1 for the Clarencéloreton bioregion(Rassam et al., 2014).

2.1.1.2 Statistical analysis and interpolation

All geographic data specific to the ClareiMereton bioregionwere obtained from state or
nationaldatasets This means no statistical analysis or interpolation was performed to generate
any of the geographidatasets However, to characterise errors of the input climate data used for
the water balance modetlg, somebioregionspecific spatial analysis was performed. This is a
useful characterisation to better understand the limitations of the input data. This analysis is
outlined in this section.

uoibalolg uolaloARIUBIR|DPU] 10} SISAjeureIepepolA :Z Jusuodwo)

In addition to generating daily and monthly grids of meteogital variables (P.3xand T..), the
Bureau ofMeteorology(Jones et al., 200@)sogenerate daily and monthly rogheansquare

error (RMSE) grids of the same variables. These daily and monthly RMSE grids are a combined
measure of the observational enr and geostatistical error. The latter is a function of the
interpolation algorithm, density of isolated station observations and degree of spatial
autocorrelation of the process(es) driving the spatial variance captured in the data being
interpolated.

Tocharacterise errors of the input climate data the letegm (from January 1980 to December
2009) monthly mean values for R,ofand T, were calculated. Also calculated were the leng

term monthly RMSE mean values for the same variables for the samedénosl. Relative error,
expressed as a percent, was calculated by dividing the monthly RMSE mean grid by the monthly
mean grids (i.e. RMSE grid/mean grid for each meteorological variable).

Thespatiallyaveraged longerm monthly mean P for the Clarend&oreton bioregionis
110mm/month, and the associated P RMSE mEarthe bioregionis 45mm/month (see

Figure3a andFigure3b, respectively. This results in a relative error of 47.5% in the input P grids
(Figure3c). The relatiely high erro is due, in part, to P being a highly spatially variable process (it
has low spatial autocorrelation).
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Component 2: Modetlata analysis for th€larenceMoreton bioregion

2.1.1Geography

(@)

CLM-210-084

RMSE (mm/m) Relative error (%)
<20 5 570 <30 75 65
[ Bioregion [] Richmond river basin

Figure3 Spatial variation of precipitation from 1980 to 2009 (a) monthly mean precipitation (b) monthly mean
rootmean-square error (RMSE) of monthly mean precipitation and (c) monthly mean precipitation relative error for
the ClarenceMoreton bioregion and proxinal surface water basins

Data: Bioregional Assessment Programme (Dataset 1)

For air temperatures, a meteorological field that has higher spatial autocorrelation than P,
regional distribution is governed by topography and distance from the ocean. bhepdtially-
averaged longerm monthly meanis 22°C for the Clarenc®loreton bioregion(Figureda). The
associated RMSE is approximately 0@ #igure4b), which leads to a relative error of 2% farI
(Figured4c). For T, in the ClarenceMoreton bioregion there aresimilar spatial patternswith the
spatiallyaveraged longerm monthly mean being25°C Figure5a)andthe associated RSE
beingapproximately 0.8 °C Eigurebb), whid leads to a relative error of8 for T, (Figuresc).
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2.1.1Geography

CLM-210-085

RMSE (°C) Relative error (%)
03% 047 5058 <4 20 26
[ Clarence-Moreton bioregion [ Richmond river basin

Figure4 Spatial variation of maximum air temperature ) from 1980 to 2009 (a) monthly mean,J; (b) root-
meansquare error (RMSE) of monthly meag,fand (c) monthly mean [, relative error for the ClaenceMoreton
bioregion and proximal surface water basins

Data: Bioregional Assessment Programme (Dataset 1)
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Component 2: Modetlata analysis for th€larenceMoreton bioregion

2.1.1Geography

(@)

CLM-210-086

Mean Trin (°C) RMSE (°C) Relative error (%)
< 125 19 05 060 >081 a9 80 >12.1
[ Clarence-Moreton bioregion [ Richmond river basin

Figureb Spatial variation of minimum air temperature (J,) from 1980 to 2008 (a) monthly mean,J (b) root-
mean-square error (RMSE) of monthly meag,Jand (c) monthly mean [, relative error for the ClarencéMoreton
bioregion and proximal surface water basins

Data: Bioregional Assessment Programme (Dataset 1)

2.1.1.3 Gaps

The characterisation of input da&rors suggests that having a denser network of official Bureau
of Meteorology stations recording climate data has the potential for improved wateted
modelling in the ClareneBloreton bioregion For precipitation, while the greatest RMSE values
arein the higher rainfall area to the nortbast of Kyogle, the greatest relative errors are in the
lower rainfall areas further west.
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2.1.2 Geology

Summary

This section describes the datasets that have been obtained and compiled for the
development of the threedimensional geological model of tli@arenceMoreton bioregion.
This section also describes the workflow used to build the talie®nsional geological
models. The geological data described in this product inform the development of multiple
three-dimensional geological models of surface wdiasins within the Clarendéoreton
bioregion.

Prior to this bioregional assessment, no thh@diemensional geological models existed for most
areas within the Clarene®loreton bioregion (for example, no models existed for the
ClarenceMoreton bioregion inrQueensland). Furthermore, although pegisting grids were
available for selected sedimentary bedrock hydrostratigraphic units such as the Walloon Coal
Measures (the primary target of coal seam gas (CSG) exploration) in NSW, Ro three
dimensional representsons of alluvial or volcanic aquifers and shallower bedrock units
existed anywhere in the Clarend&oreton bioregion. The threglimensional geological

models developed during this bioregional assessment therefore substantially contribute to
the understandhg of the geometry and architecture of sedimentary bedrock units, volcanic
aquifers and alluvial aquifers in the ClaresMereton bioregion.

Section2.1.2.lintroducesthe datatypes that underpinned théhree-dimensionalgeological
model. Thg includelithological and stratigraphic logs from groundwater bores and
exploration and deep stratigraphiwells arborne geophysical dataemotely sensed data
seismic data andeologicaktructureinformation. ArcGIS and GoCAD were used to determine
the extent of major stratigraphic units at the surface and in the subsurfacmtegrating and
visualsing all the associated data.

The major geological data sources in the Clardvioeeton bioregion are geological maps,
lithological and stratigraphic data from the Queensland and NSW groundwater databases,
stratigraphic records from exploration wells and ghgsical data. In addition, interpolated
surfaces of selected geological contacts (i.e. interfaces between different sedimentary
bedrock stratigraphic units) provided by Metgasco Limited and the NSW Department of Trade
and Investment helped to inform theestelopment of the threadimensional geological

models.

The Clarencéoreton bioregion includes six major alluvial aquifer systems, which are likely
to directly support many of the groundwatelependent assets. These alluvial systems are the
Lockyer Valleythe Bremer river basin and Watrrill creek basin, the Le§j#oert river basin,

the Richmond river basin, and the Clarence river basin. These alluvial aquifers overlie the
bedrock stratigraphic units of thgeologicalClarenceMoreton Basin and the basaltd the

Main Range Volcanics and Lamington Volcanics.

Data from groundwater bores underpin the characterisation of the interface between the
alluvial aquifer systems and the underlying sedimentary and volcanic bedrock, which is crucial
in determining how shllow and deep aquifer systems interact hydraulically. There are more
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than 12,000 registered groundwater bores with lithological information throughout the
different river basins of the bioregion. However, only approximately 40% of these bores have
stratigraphic information, and the stratigraphic information is often incomplete (i.e. not
continuous for the entire bore length) or incorrect. When possible, the lithological logs were
converted into stratigraphic logs, and these were subsequently used to défneontacts
between the alluvium and the underlying sedimentary or volcanic bedrock. The spatial
interpolation of the groundwater stratigraphic data shows that these different alluvial aquifer
systems within the bioregion are very different with regatdsheir sediment thickness, the
width of the alluvial plains and the shape of the valleys. However, there are also some
common characteristics. For example, most alluvial systems in the bioregion are relatively
narrow and deeply incised into the bedrocktheir headwaters, with a typical thickness of
approximately 10 to 18n, and although the thickness distribution within each alluvial system
is highly variable, all systems have a maximum thickness of approximately 3@nto 35

The subsurface geometry dfe bedrock stratigraphic units of the Clareridereton Basin
within the ClarenceMoreton bioregion is generally very complex. The Clarévioeston

Basin consists of several shhsins, and within each stiiasin, multiple depositional centres
exist where sdiment thicknesses of more than 2560have been intersected or are inferred.
In addition, as demonstrated by seismic data, tectonic activity has resulted in significant
vertical displacements of bedrock units along faults.

The definition of the boundaridsetween the deeper volcanic and sedimentary bedrock units
in the bioregion is based on the following principal sources: groundwater bore data; deep
stratigraphic wells; CSG, petroleum and coal exploration wells; and seismic interpretation
provided by Met@sco Limited and the NSW Department of Trade and Investment.

Overall, the spatial coverage with deep stratigraphic and exploration wells in the Clarence
Moreton bioregion is comparatively poor in relation to the structural complexity and
compared to othesedimentary basins such as the neighbouring Surat Basin. However, the
spatial coverage has considerably improved during the last 10 yedss due to the drilling

of new exploration wells. Nevertheless, in some parts of the bioregion, such as where the
ChrenceMoreton Basin underlies the Bremer river basin in seed#ist Queensland, there is

still a substantial lack of knowledge on the depth of the sedimentary basin as most wells do
not intersect the deeper stratigraphic units below the Walloon Coal Messs(the primary
target for CSG) here.

In addition, the spatial resolution of reliable well log and seismic data is not sufficient
everywhere to model how faults vertically displace bedrock units.

The threedimensional geological models developed usingda& sources and workflows
described in this product form the basis for the development of a conceptual hydrogeological
model that describes how geology, hydrogeology and hydrology are linked (described in
companion product 2.3 for the Clarendéoreton biaregion (Raiber et al., 2016)). It also

forms the basis for the development of a groundwater model (described in companion
product 2.6.2 for the Clarendgoreton bioregion (Cui et al., 2016)).
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2.1.2.1 Methods

The primary aim of the compilation of the geologicalad®ts described in this product is to

inform the development of threelimensional geological models of the Clareiereton

bioregion. In many traditional sedimentary basin geological and hydrogeological investigations,
the primary aim of developing thregimensional models is to characterise the aquifer geometry
of deep sedimentary bedrock layers to facilitate the development of petroleum resources or
characterise deep groundwater resources. Shallower aquifer systems such as alluvial systems org_
volcanic guifers are often inadequately represented in these models or lumped together as 8
Wit f dzBA dzyQ 2 NJ W2 S ND dzNR Sy Q & -dependéntassetslaytie ¥ 2 NJ i K
ClarenceMoreton bioregion are associated with shallow aquifers or surface watesget

dimensional geological models developed during this bioregional assessment aim to accurately
describe the geometry of both shallow and deep aquifers in the ClafBtureton bioregion. In
particular, the geological datasets and the thh@ienensional gelogical models aim to

characterise the geological contacts between the alluvium, the Main Range and Lamington
volcanics and sedimentary bedrock. Understanding the geometry of these interfaces is critical to
help with the conceptualisation of groundwateymamics and surface watergroundwater
interaction. It will also underpin the development of causal pathways that link coal resource
developments to watedependent assets described in companion product 2.3 for the
ClarenceMoreton bioregion (Raiber et al2016). Furthermore, it also provides the layer structure
for a numerical groundwater flow model, which is developed to assess the potential impacts of
CSG development on water resources in the Clardareton bioregion (Cui et al., 2016).

N :Z Jusuodwo)
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The threedimensional geological models developed as part of the Clar®btareton Bioregional
Assessment (the Assessment) are developed in GOCAD/SKUA (Paradigm Geophysical Pty Ltd®,
described in detail in companion product 2.3 for the Clarelicgeton bioregion (Riber et al.,
2016). They depict the main stratigraphic units of the Clarévloeeton bioregion Figure6), but
do not represent variations in litholagal composition (lithofacies or rock types). Furthermore,
although the current threelimensional geological models represent important structural
features, fault displacements are not modelled in the current set of tli@eensional geological
models (se&ection2.1.2.1.5and Sectior2.1.2.4).
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2.1.2.1.1 Lithological and stratigraphic data

Bore logs or well logs (also commonly known as drill logs) are the main source of data used to
construct the threedimensional geological model, and to reliably assign screéanervals

(corresponding to the interval where the casing is slotted to allow intake from the aquifer) to

discrete stratigraphic units (e.g. Quaternary alluvium or Walloon Coal Measures in the

Clarencea 2 NB G2y 0A2NBIA2Yy 0P L{Y2HRAAALINKERBRBZOGKS NB 2 N.
YIRS (2 3INRdzyRgl 1SNJ 02NBaz gKSNBlIaA WgSttQ Aa
stratigraphic wells. Groundwater bore logs and associated groundwater level measurements are

also essential for constructing patometric surface maps that show groundwater flow direction

and for characterising spatial and/or temporal water chemistry patterns within aquifers.
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The major bore/well log data sources used in Assessmerndre:

1 groundwater bores, sourced from the @ensland Department of Natural Resources and
Mines (DNRM) groundwater database (Queensland Department of Natural Resources and
Mines,Datasetl) and the National Groundwater Information System (NGIS) groundwater
database (Bureau of Meteorologpataset?)

1 deep stratigraphic wells, sourced frdnddzo t A OF A2y a2 Ay Of dzZRAYy3 hQ.

1 exploration wells, including CSG exploration wells, coal exploration wells, mineral
exploration and petroleum exploration wells, sourced from company well completion
reports accessed through the QueenslddNRM Interactive Resource and Tenure Maps
(IRTM) system and the NSW Digital Imaging Geological System®)(DIGS

Geotechnical wells exist in the eastern part of the basin, but have not been used to date as they
are mostly shallow and only record litholodicather than stratigraphic information.

A typical bore/well log includes the following information:

1 aregistration number that uniquely identifies the well

1 alocation (easting and northing, or longitude and latitude)

i the total depth

9 bore/well type (e.g. phundwater, exploration, appraisal or production)

1 an elevation of the natural ground surface or the top of the casing

1 lithological and stratigraphic descriptions with their associated depth intervals.

Typically, this information is collected by drillersr(§roundwater bores) and/or geologists (for
exploration wells) when the bore/well is first installed, and then passed on to state agencies for
archiving in an electronic database.

While the different bore and well log data are very useful, there are stma#lenges associated

with the use of data from multiple bore/well types in regiosaale syntheses such as the

Bioregional Assessment Programme. For example, there is often limited consistency in the ways in
which bores/wells are completed, there is nergrally adopted standard template, and different
companies have different style sheets and purposes. In addition, the groundwater bores and
exploration wells were drilled over a very long time period (more thanyH20s), and terminology

and standards h& changed substantially over time. Thigienensional geological models,
potentiometric surface maps and many other geological, hydrochemical or hydrogeological
applications are dependent on the accuracy and consistency of the input data from which ¢hey ar
developed. The quality of the bore log data in the groundwater databases in Queensland (tables
W{GNI 0f2334Q YR W{GNIXGAINILIKEQ AY vdsSSSyaftl yR
(Datasetto 0 YR b{2 oGl ofSa W5NTf éaSoikletebralagp Q | YR WD
(Dataset?)) is highly variable and often very poor, particularly for bores which were drilled several
decades ago when drillers had little or no experience in geological logging.

Some common problems with lithological and stratigrapg@scriptions in these databases are:

1 no lithological and/or stratigraphic information available for many bores or wells
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omission of important information such as the colour of sandstones
use of incorrect geological terms

= A A

no depth information
1 misspellings.

Consequently, all well log data were subjected to extensive data quality checks prior to use in
construction of the threedimensional geological model or for hydrogeological or hydrochemical
applications.

Data preparation

The main steps and procedures ugedheck, simplify and unify lithological bore log data
descriptions were:

9 Consistent use of terminology and spellinghe first stage of checking the bore log data
involved editing the lithological and stratigraphic descriptions to ensure consistertfuse
terminology and spelling. This was done for each individual bore log and also across the
entire dataset. For example, superseded stratigraphic unit names (e.g. Helidon Sandstone
instead of Woogaroo Subgroup) are common in the Queensland groundwatdyadata
(Queensland Department of Natural Resources and Mines, Datagairthermore, in the
NSW groundwater database (Bureau of Meteorology, DataseI RS a ONRA LJG A 2 Yy & &
YSGEEQ 2NJ WYShaltQ INB dzaSR (2 RGbadaRsdsS 6 193 |
6ARStE 1y26y Ay 382f2383 IyR (KSe Oly (iKSNE
GSNBE |faz2z O2NNBOGSRI So3dd NBLI | OSYSyd 27F SWwC

1 Identification of geological inconsistencies or geologicalas. In the second stage of data
checking, the bore log data were examined for geological inconsistencies that may have
represented errors in the lithological descriptio®ble3 shows a hypothetical example
GKSNBE WINIYyAISQO A& NBLERNISR (2 200dz2NJ 6St 29
WINFYAGSQS A& @GSNEBR O2YY2y Ay GKS RFGlrolasS:s
extent of theClarenceMoreton bioregion (although present outside the Clareiereton
bioregion at the basin margins) (Rassam et al., 2014). This description is therefore
geologically unlikely, and thus it was assumed with a high level of confidence that the
originaldescription refers to another bedrock type such as shale. The description was
O2NNBOGSR Ay GKS RFEGFolFIasS 2 WASRAYSYyGl NB 0
to poor geological knowledge of the logger or difficulties in distinguishing diffecekt
types from cuttings. Other typical geological errors for basalt in the lithological descriptions
in the NSW and Queensland groundwater databases include:

- BasaltisincorrectiRSAONAOGSR a4 WwWalyRauz2ySQs WKINRQZ
Yw2f OFyAO akKlIf{SQ 2NJ aAyYLifée RSaAONAOSR | a WN.
- Basalt is commonly included in bore log descriptions in areas where basalts are likely to
be absent according to geological maps or the lack of magnetic anomalies in geophysical
data.

- SandstoneisofteRSAONA O SR | a4 WaKlIfSQY waz¥fid aKkl fSq

ouaJte|»Y) 10 SisAfeueerepapol) :z Juauodwo)
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1 Verification of bore elevation dataThe source and accuracy of elevation information in a
bore log database are generally unknown. For example, this can be because many of the
bores contained in the dabase were drilled a long time ago and methods to determine the
elevation have evolved significantly since then. Hence, a digital elevation model (DEM) was
used to provide independent verification of the ground elevation reported for each
individual bordlog. As the source of ground elevation reported in bore logs is often
unknown, the elevation estimate from the DEM was generally favoured to ensure
consistency across the whole dataset. The DEM used in the Assessment has an approximate
resolution of larcsecond or 30n, which is derived from the Shuttle Radar Topography
Mission (SRTM) dataset (Geoscience Australia and CSIRO Land and Water, 2010). Data for
the ground surface elevation of each bore were extracted from the DEM in Global
Mapper™.

1 Simplification of lithological logs Due to the size of thdataset(>30,000 Excel rows), with
hundreds of different lithological descriptions, tdatasetwas simplified into a smaller
subset of lithological descriptions. These lithological descriptions formed this foa the
LINSEAYAY I NE |adaSaaySyid Ayid2 aAaAYLIS dzyaida ad
Wol altadQo

1 Conversion of lithological logs into stratigraphic lagso stratigraphic information exists for
the boresin the NSW groundwater database, and only riieesout of several thousand
boreswithin the ClarencéMoreton bioregion in NSW have aguiferassigned in the
National Groundwater Information Systefureau of MeteorologyDataset?). The three
dimensioral geological model depicts stratigraphic units, rather than lithological data, as it is
not possible to model lithological variation at the scale of the ertticgegion Furthermore,
many of the stratigraphic units in the ClarerAd®reton bioregionare mmposed of variable
sequences of sandstone, mudstone, siltstone or other rock types. As a result, rock types are
not necessarily characteristic markers of differéimations and the modelling of the
three-dimensionadistribution of the different unitsn the subsurface is based on
stratigraphyrather than rock types. Without stratigraphic information, it would not be
possible to determine thstratigraphyat the screened intervals groundwaterbores This
severely limits the usefulness gfoundwaterlevel measurements or hydrochemical data for
further use in the BA. To overcome this limitation, an attempt to asstigrtigraphybased
on lithology was done based on geological knowledge and the expert scientific judgment of
the Assessmenteam. An examie of the procedure is shown ifable3. In this example, the
Koukandowie Formation is the shallowest bedrock unit andoibre is located in an area
where the alluvium is present. Consequently, the shallow sandstone at this location is
O2yaARSNBR (2 0S GKS Y2dzl I YR286AS C2NXI GA2Yyd
common lithological descriptions of alluvial sediments, and the sediments whasheothe
sandstone are therefore likely to be alluvium. Therefore, the lithological description of
granite from 12 to 15nBGL (metres below ground level) is likely to be incorrect. For deeper
boresthat are likely to intersect multiple bedrock stratigraphunits, it is often impossible to
differentiate with sufficient confidence between the stratigraphic units in the vertical
column based on the lithological records as descriptions are often ambiguous. For example,
sandstone or shale can occur in diffeen dzy A 1a® Ly &adzOK OF asSazx K¢
assigned to the respective depth interval.
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Table3 Example of a hypothetical bore log showing the cleaning and simplification procedure used to convert
lithological logs to stratigaphic logs

Lithological | Corrected Shallowest Surface New
(mBGL)| (mBGL)|log and bedrock geological stratigraphic
simplified geological unit | unit® [ofe}
lithological
description
99999 48.7 0 1.2 Black clay Alluvium Within Within Alluvium
Koukandowie  alluvium
99999 48.7 1.2 4 Sandy clay Alluvium Within Within Alluvium
Koukandowie  alluvium
99999 48.7 4 12 Rock Sandstone  Within Within Koukandowie
Koukandowie  alluvium
99999 48.7 12 15 Granite Sedimentary Within Within Koukandowie
bedrock Koukandowie  alluvium
99999 48.7 15 48.7 Sandstone Sandstone  Within Within Koukandowie

Koukandowie alluvium

*mBGL corresponds to metres below ground level
bPWhen a bore is located within the extent of the alluvium, the bedrock umiterlying the alluvium is also considered. In this
example, the bore is located within the alluvium, and the bedrock unit underlying the alluvium is the Koukandowie Formation.

9 Data validation using geological judgment and reasoniAdthough the data cheking
procedure starts prior to the development of the threl@mensional geological model,
considerable ambiguity may still remain. However, it often becomes evident that certain
bore log observations or stratigraphic assignments contradict those of nelginy bores
when the lithological logs are viewed in three dimensions using a package such as GoCAD
(Paradigm®). For example, a frequent observation in NSW was that rocks are commonly <.
RSAONAOGSR Fa WolalfidQ Ay f A oipeesest dngéologicalf 2 Fa
maps and not shown as magnetic anomalies on airborne geophysical images. This becomes
very evident when all bores are displayed together in three dimensions, and in such cases,
the original data in the database were revisited andsequently corrected. This process
will be ongoing throughout the thredimensional geological model development.

I UOJBIOAROUSIR|PY) 10} SISAjeureregapolN :Z Jusuodwo)
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2.1.2.1.2 Airborne geophysical data

Airborne geophysical data, including radiometric, magnetic and gravity data, can be very useful to
identify geologtal structures such as faults, folds and dykes in sedimentary basins. Airborne
geophysical data were sourced from Queensland and NSW Government agencies. For NSW, much
of the available airborne geophysical data has been assessed and compiled by FROGTECH on
OSKFEF 2F GKS b{2 5SLINIYSY(d 2F t NAY I-MbktorL y R dza
SEEBASEl y R DL{ LINR2SOUGQ LINRRdzOG 6{2YYIFIOIFf Si& I f
Industries Dataset3). No reprocessing of airborne geophysicaledatis conducted in the

Assessment.

2.1.2.1.3 Remotely sensed data

Various remote sensing applications (e.g. ASTER, Landsat and MODIS systems) can be very useful
for different geoscientific applications. One such use is identifying surface expression of faults by
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as®ssing differences in variations in key mineralogical groups or vegetation. Due to time
constraints, it was not possible to use remote sensing data in this BA, but their usefulness to
identify surface expression of faults will be further explored as piaat GSIRO strategic project
ONExt generation methods and capability for midtiale cumulative impact assessment and
YI y I 3SY SiyKiXVracetdmsed improvement of groundwater model conceptualisation
and predictabilitgp

2.1.2.1.4 Seismic data

Seismic data are valuable data source for threimensional geological modelling, particularly in
assessing how faults may juxtapose different geological units. Seismic reflection data (processed
seismic sections or grids which incorporate seismic data) were souraaedHeDivision of

Resources and Energy of the NSW Office of Trade and Investment and from Metgasco Limited
(Metgasco). The depth information in seismic sections is generally reported in travel time rather
than metres below ground surface. For the data ®used in threedimensional geological

modelling, the seismic data need to be converted from travel time to depth. This is beyond the
scope of the BA, however, seismic picks from processed seismic data and seismic interpretations
which incorporate seismidata were provided by Metgasco (Metgasco Limited, Datdsand the

NSW Department of Trade and Investment (Dat&§et

2.1.2.1.5 Geological structures

The spatial surface distribution of geological structures (e.g. faults) was collated from different

data sourcesincluding geological maps, geoscientific datasets from the Queensland and NSW
3S2t23A0f adzNINoietornr SERBATYK § RWDL K NBINPE8SOUQ LINE R
al., 2008) NSW Department of Primary Industri€&ataset3). In addition, seismic images were

used to qualitatively assess the presence and influence of faults in the subsurface. In seismic

images, the upper part of the section GINR EA YI 6 St & mnn YO Aa 2Fi6GSy
well understood from this data source if faults extend to the surface.

2.1.2.1.6 Extent of major stratigraphic units at the surface and in the subsurface

The extent of the major stratigraphic units withime ClarenceMoreton bioregion Figure6) was
constructed in ArcGIS and GoCAD using all available geological information. Geological maps only
displaythe extent of geological units at the surface, but for the development of tuliesensional
geological models, shapefiles represent the extent at both surface and in the subsurface and are
helpful to guide model development. The recent revision of thatgjraphy of the youngest
stratigraphic units within the Clarenddoreton Basin in NSW proposed by Doig and Stanmore
(2012), and adopted by the Geological Survey of NSW, means that the boundaries of some of the
younger units have changed. A preliminary neap (not yet officially published) has been

provided by the Geological Survey of NSW (Geological Survey of NSW, Batasdthas been

used in the Assessment. Additional data sources were used where bedrock stratigraphic units of
the ClarenceMoreton Bain (e.g. Walloon Coal Measures) are buried underneath Neogene
volcanic rocks (e.g. Lamington Volcanics). Lithological and stratigraphic data from groundwater
bores, deep stratigraphic wells, existing tdmnensional crossections (e.g. Ingram and

Robinsm, 1996) and exploration wells were integrated with geological interpretations (e.qg.
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through the construction of many additional cressctions) in threedimensional space in GoCAD
to determine the likely extent of the stratigraphic units both at the soefand subsurface.
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2.1.2.2 Observed data
2.1.2.2.1Lithological and stratigraphic data
Groundwater bores

Groundwaterboresfrom the Queensland and NSW groundwater databases are an important
source of information on lithological data and have underpinned the development of the-three
dimensional geological atel. More than 12,000 registeregtoundwaterboreshave lithological
information in the Clarenc®loreton bioregion(Table4). The Lockyer Valley inwgh-east
Queensland has the highest densitygpbundwaterboreswith lithological information from more
than 5000bores(Figure7 and Table4). The Richmond river basin in NSW has more than 3000
boreswith lithological data. The spatial coverage in other river basins such as the Bremer river
basinand Warrill creek basin, the Logatbert river basin and in particular the Clarence river
basin is much poorer, which is attributed to different land uses and/or a stronger reliance on
surface water

Table4 Groundwater bores withithological information in the Clarencéloreton bioregion

River basin Number of groundwater | Number of groundwater Median depth of
bores with lithological bores with stratigraphic | groundwater bores with

information information in database stratigraphy

(m)

Lockyer Valley (part of 5362 2914 27.4
Brisbane river basin)

Bremer river basin (part of 862 225 18
Brisbane river basin)

LoganrAlbert river basin 1550 220 19.8
Mid- and Lower Brisbane 964 161 na
river basin

Richmond river basin 3309 6 na
Clarenceiver basin 474 0 na

na = data not applicable
Data: Bioregional Assessment Programme (Datasbatase)

Information from thegroundwaterboresis critical to characterise the contact between the
alluvium and the underlying volcanic and sedimentary bedrock. However, its usefulness for
developing thdormationtops of deepeiaquifersis mostly limited. This is indicated by the shallow
depths of mat groundwaterbores For examplegroundwaterboreswith lithological data in the
Lockyer Valley have a median depth of only 2i.4h comparison to the depth of the Clarence
Moreton Basin which exceeds 2000in many parts of Queensland and NSW.

In addiion to this depth limitation, there is also a substantial lack of stratigraphic information
associated with thgroundwaterbores For example, less than half of ladireswith lithological
data also have stratigraphic data (where depth horizons are assigmstratigraphic layers) in the
DNRM groundwater databas@&dble4 andFigure7), and only sikoreshave stratigraphic
information in the NSW part of thieioregion(Table4). Boresthat lack sratigraphic data are of
limited use for the purpose of building the thremensional geological model. As this poses a
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severe limitation, considerable effort has been made by the Assessment team to improve the
lithological data, and where possible, sigaaphic data were assigned to theres This was
possible for mosboresin NSW, and the interface between alluvium and underlying bedrock can
therefore be well defined in most areas. However, in many cases, ambiguity remains with regard
to the assignmaet of the stratigraphic units for deepgroundwaterbores Following that process,

all boreswere imported into GoCAD for further data quality assessments, thus paving the way to
commence the development of the interface between the alluagifersand the underlying
bedrockaquifers During the development of the thredgimensional geological model, this
classification was further improved iteratively.

dwo)

U0

uoi6aJ0Ig UO}3I0ABIUSIR|ZPY] 10} SISA[eueeiepapolA (2 U

Observations analysis, statistical analysis and interpolation for the ClaMoon bioregion| 27



Component 2: Modetlata analysis for th€larenceMoreton bioregion

2.1.2Geology

~
J

Gold Coast

Tweed Heads

Byron Bay

Clarence-Moreton
bioregion *+ =~

I
154°

28° —

30° —

D Bioregion — Major rivers

*  Bores with lithological data

CLM-210-003

25 50
1 1

Figure7 Groundwater bores with lithological data in the Clarend¢oreton bioregion

Data: Bioregional Assessment Programme (Dat@set
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Stratigraphic wells

dwo)

In addition to thegroundwaterbores there are also 22 stratigraphieellsin the bioregion
(Bioregional Assessment Programrbataset9). These were drilled as part opeogramme to
improve the understanding on the character and depth of the sedimentary sequences in the
Clarencea 2 NBG 2y . lFaAy Ia RSAZONAOGSR AY hQ. NASy |
than 1000m and a mean depth of more than 460(Table5), thesewellsare substantially deeper
than mostgroundwaterbores In addition, the quality of the stratigraphic information from these
wellsis much béer than the quality ofgroundwaterbore log descriptions, and several of these
deep stratigraphiaevellspenetrate the entire sedimentary sequence of the ClareNt®eton

Basin and intersect the underlying basement. These data therefore provide an impsotarce of
information on the subsurface distribution and thickness of the stratigraphic units of the Clarence
Moreton Basin.
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Figure8 Groundwater bores with stratigraphic data and deep stratigraphic wells in the ClareMogeton bioregion
Data: Bioregional Assessment Programme (Dat2s@}
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Exploration wells

In addition to the stratigraphiwellsmentioned above, exploratiowellsare another important
data source for the construction of tHfermationtops that have underpinned the development of
the three-dimensional geological model.

The different explorationvell types in thebioregionare:

9 CSG exploration, trial or piletells

1 petroleum or conventional gas exploratiarells
9 coal exploratiorwells

1 mineral exploratiorwells

Coal seam gas exploration wells

Boy sisAjeueerepspoly :z usuodwo)

Stratigraphic data were collated from wells that originated from various sources. There are 39 C
wells in the Queensland part of the Clarerdereton bioregion and 74 in the NSW part
(BioregionaAssessment Programme, Datadéj, with most wells drilled in the last 10 to ¥Bars
predominantly by Metgasco and Arrow Energy Pty Ltd (Arrow Energy). Well completion reports
were downloaded from the DNRM QDEX database and the NSW Department of Tdade an
Investment DIGS®database. In addition, unpublished well completion reports were provided by
Metgasco. With mean depths of %1 and 782m, and maximum depths of 1052 and 1522n in
Queensland and NSW, respectively, these wells significantly enhanoaedkestanding of the
subsurface geometry. Resulting from the new data from CSG exploration wells, there has also
been a revision of the stratigraphy of the youngest bedrock units of the Claidooeton Basin in
NSW (Doig and Stanmore, 2012). Most of théS& exploration wells have targeted CSG
resources within the Walloon Coal Measures, but some wells were also drilled to explore the CS
potential of the older Ipswich Coal Measur&sgure9). In addition to the data from the CSG well
completion reports, a spreadsheet with formation topsingerpreted to account for the revised
stratigraphy was provided by Metgasco, forming one of the key data sources for the deegiopm
of the threedimensional geological model (Metgasco Limitedfasetll).

Ud162101g UOlBI0NBIUBIR|PU)

Petroleum and conventional gas exploration wells

Petroleum and convdional gas exploration in the bioregion commenced decades ago. There are
currently 26 petroleum/conventional gas exploration wells in Queensland (most of which were
drilled prior to 1990) and 24 in NSW (Bioregional Assessment Programme, D&jagaspie

being fewer than the CSG exploration wells, they are considered an important source of
information for understanding subsurface aquifer geometry. Due to the considerable depth of
some of those wellsT@bleb) that extend as deep as 248Din NSW at Kyogle and together

with seismic data, they are considered the most important data source for constructing formation
tops of the deeper stratigraphianits in the Clarenc®loreton Basin (e.g. Gatton Sandstone and
Woogaroo Subgroup).
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Table5 Exploration and stratigraphic wells in the Clarentéoreton bioregion in Queensland

Minimum depth Mean depth | Maximum degh

(MBGL) (MBGL) (MBGL)

CSG (exploration, trial or pilot) 39 84 551 1052.5

Petroleum exploration (conventional 26 34 464 2490
gas or oil)

Coal exploration 576 na na na
Mineral resources exploration na na na na

Stratigraphic wells 22 36 450 1238

na = data noapplicable
Data: Bioregional Assessment Programme (DatasbatasetlO, Datasetl2). In addition, information from publications (e.g.
hQ. NASY FyR 2Sftfta omppnd FyR LYANIY YR w20Ayazy ompdco0

Table6 Exploraion and stratigraphic wells in the Clarenddoreton bioregion in NSW

Minimum depth Mean depth | Maximum depth

(mBGL) (mBGL) (mBGL)

CSG (exploration, trial or pilot) 74 204 782 1522

Petroleum exploration (conventional 24 393 1493 2490
gas or oil)

Coal exploration 94 na na na
Mineral resources exploration na na na na

Stratigraphic bores na na na na

na = data not applicable
Data: Bioregional Assessment Programme (DatasbatasetlO, Datasetl3) . In addition, information from publications (e.g.
hQ. NASY yR 2Sftta omdpdnd FyYyR LYANFY YR w20Ayazy ompdc 00

Coal exploration wells

There are 670 coal exploratievellsin the bioregion of which 576 are in Queensland (Bioregional
Assessment ProgrammBatasetl2) and 94 in NSW (Bioregional Assessment Programme,
Datasetl3) (Table5 andTable6). In comparison to the CSG, petroleum and conventional gas
explorationwells, these are considered less useful for depelg the threedimensional geological
model because:

1 They are typically shallower and most of them only target the uppermost 50 tonl60the
Walloon Coal Measures or Ipswich Coal Measures at the shallow margins of the Clarence
Moreton Basin.

1 For most othem, there are only lithological data with no stratigraphic descriptions
available.

1 They often only target onormation and do not intersect the underlyinfigrmation, hence,
the only useful information that can be derived is the minimum depth of thgetar
formation.

1 The quality of the well completion reports is poorer compared to those for CSG and
petroleumwells with no digital records of logs.
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Nevertheless, the well completion reports for the coal exploratiaiiswere obtained from the
DNRM QDEX drthe NSW Department of Trade and Investment DIGS® databases and, with a
focus on the deeper coal exploration wells, any useful information was extracted.
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Figure9 Spatial distribution and depth of coal seam gas and petroleum exploration wells

Wells drilled outside the boundary of the Walloon Coal Measures target the deeper and older coal of the Ipswich Coal Measures

Data: Bioregional Assessment Programme (Dati3et
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Mineral exploration wells

In contrast to CSG, petroleum and cbales there are no geographic information system (GIS)
datasetsavailable from the Queensland IRTM system or NSW Geoscience Information Services
that show the location and depth of the mineral exploratimoresin the bioregion Instead, there

is a shape file that shows all mineral exploration projects within a speafea. It was therefore
necessary to assess each project report individually to search for useful data. Most of the minera:
exploration data in théioregionappeared to be of limited use due to the shallow depth of the
boresand/or the lack of stratigiphic descriptions. However, a final report on Exploration Licence
4430 by BHP Minerals (Darby, 1993; Torr, 1994) contained very useful lithological logs of
approximately 113 shalloworesin the Bungawalbin Creek in the southern Richmond river basin,
an aea that has little data in the NSW groundwater database. These data were then manually
entered into the database (Bioregional Assessment Prograrbaesetl4) and combined with

the groundwaterbore datasetto improve the definition of the interface betvea the alluvial
aquiferand the underlying bedrock.

Z Juauodwo)

b

2.1.2.2.2 Geological maps

There are many geological maps for thieregionthat range in scale from 1:100,000 to
1:1,000,000.

Geological maps used in the Assessment are:

1 SouthEast Queensland geology (Bioregionsd@ssment ProgrammBatasetl5): this
datasetcontains 1:100,000 digital map sheets for the entireregionin Queensland. This
map is used to define the surface geology extent for the thdimeensional geological
modelling in Queensland

1 WarwickTweed Hads 1:250,00@ataset(Brunker et al., 1972): covers the northern part of
the bioregionin NSW

9 Surface geology map of Australia: 1:1,000,000 geological maps (compiled at a 1:250,000
scale) that cover the entirBioregion(Bioregional Assessment ProgramrbDatasetl6)

uolbalolg uolaloARIUBIR|DPU] 10} SISA[eureIepapO

1 NSW Coastal Quaternary Geology (1:25,000 and 1:100,000 scales): detailed geological maps
of the Quaternary geology in the coastal region of th@egionin NSW.

1 An unreleased Gldatasetof the revised bedrock geology in NSW (Geological $wfve
NSW, 2014). One of the challenges in this project is that a change in the stratigraphic
classification of the Clarenddoreton Basin sedimentary sequences has been proposed by
Doig and Stanmore (2012) based on the newly available data from CSG &xphells
This proposed revision has been adopted by the Geological Survey of NSW. A new
(preliminary) Gl8atasetof the boundaries of the bedrock stratigraphic units in the
bioregionin NSW has been developed by the Geological Survey of NSW (Geological Survey of
NSW, 2014) and provided for the purpose of the Assessment (Geological Survey of NSW,
Dataset6).

Apart from the largesscale (1:1,000,000 or 1:2,000,000) geological maps vgankrally do not
show enough differentiation betweeformations(e.g. between the Gatton Sandstone and the
Koukandowie Formation in many areas), there is no single geological map that covers the entire
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bioregion As a result, and also to account for tleision of thestratigraphyof the Clarence
Moreton Basin in NSW, a new composite geological map which combines diffiatasetswvas
developed for the Assessmeriigurel0). To serve the purpose of the thremensional
geological modelling, this composite geological map needed to be further simplified as only
limited complexity can be captured by the thrdemensional geological model due to
computdional limitations.

To achieve this simplification, stratigraphic units were combined where possible (e.g. different
intrusive rocks were combined into a single class) and the allagaderboundaries were
changed to exclude small alluvial tributary teyss with widths of less than 204.
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Figurel0 New geological map derived from different prexisting maps and showing the revised stratigraphy in
New South Wales

This map adopts the revised stratigraphic classification propbgdooig and Stanmore (2012).
Data: (i)Surface geology map of Australia 1:1,000,000 (Bioregional Assessment Progiaatasefl6), (i) Geological Survey of
NSW (Datased), (iii) Geological survey of Queensland (Bioregional Assessment Programmet D@jtas

Observations analysis, statistical analysis and interpolation for the ClaMoon bioregion| 37

uoi63a10Ig UO}3I0ABIUBIR|ZPY] 10} SISAfeueeiepspol) ;2 Jusauodwo)



Component 2: Modetlata analysis for th€larenceMoreton bioregion

2.1.2Geology

2.1.2.2.3 Geophysical data

The national geophysicatasetfully covers the Clareneloreton bioregionwith magnetic,
radiometric and gravitglatasets However, the usefulness of these geophysiedhsetsfor this
project is limited to the identification of regionatale geological structures due to the coarse
resolution. Apart from these national geophysical surgatasets the Clarencévioreton
bioregionhas some of the poorest coverage of ssfgecificairborne geophysical data in
Queensland with only one available survey. In NSW, the Graft@mterfield Airborne

Geophysical Survey was released in 2012. In addition to the gridded geopbgsasats
downloaded from the Geophysical Archive Data Dejigystem (GADDS), more geophysical data
compilations are available for tH@oregionin NSW. Data packages containing geophysical data
that were obtained from the Geological Survey of NSW (NSW Office of Trade and Investment) and
are used in the Assessmemte:

1 Onshore Clarenc®oreton Basirng Petroleum Data Package
i ClarenceMoreton Basirg Geophysical Data Compilation

1 ClarenceMoreton SEEBASfand Structural GIS Project (NSW DepartmerRrahary
Industries Dataset3)

9 ClarenceMoreton Basin Seismic Survey 2008
1 Graftong Tenterfield Airborne Geophysical Survey.

Geophysics (magnetic, radiometric amplavity)

Figurellshows the airborne geophysical data in the Clareicgeton bioregion. The

geophysical data available for the bioregion include numerousdetsagnetic, gravity and
radiometric data. Overall, the usefulness of some of these datasets for building the three
dimensional geological model or the identification of new additional structural features seems to
be limited due to their coarse resolutiorlowever, the recent Grafton Tenterfield airborne
geophysical survey which covers the northern part of the bioregion in NSW has a considerably
finer resolution. It has collected magnetic, gamnag and digital terrain data within parts of the
minerakprospective New England Orogen and the Clardvioeeton Basin. This survey allows, for
example, the differentiation of the Lamington Volcanics that are visible as a magnetic anomaly.
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Volcanics and structural features

Data: Bioregional Assessment Programme (Dathget
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Geophysics (seismieflection)

Apart from the stratigraphic data from exploration bores and stratigrepores, seismic data are
the most important source of information underpinning the geometry of aquifers in the
subsurface. In addition, seismic data allow the determination of vertical displacements of
stratigraphic units along faults. Seismic data akso provide information on the internal
architecture and disposition of sedimentary rock formations in the subsurface. Seismic data are
available in the Clarenedoreton bioregion as follows:

1 There are 70&m of seismic lines acquired as part of ninevidiial seismic surveys in the
bioregion in Queenslandrigurel?) (Bioregional Assessment Programiidatasetl8). Most
of these were collected during the 1960s to 1980s and would require substantial
reprocessing prior to any use in this project. However, seismic data for the most recent
surveyo W. 22y | KQX | OljdZANBR o6& ! NNBg 9YySNHE Ay
Geological Survey of Queensland.

1 There are 249 seismic lines with a total line length of 2¢Wlin NSWHKigurel?2)
(Bioregional Assessment Programme, Datd$®tAs in Queensland, many of these seismic
surveys were conducted in the 1960s to 1980s. However, there are also more recent surveys
conducted by Metgasco in additida reprocessing the results of older datasets.

In combination with the stratigraphic records from exploration and stratigraphic wells, grids which
incorporate seismic interpretations provided by Metgasco (Metgasco Limited, Dajpaet the

NSW Departmendf Trade and Investment (Datasgtfor the NSW part of the Clarenddoreton
bioregion were used as data inputs to build the thaienensional geological model in NSW
(Figure8). In particular, this helped to understand aquifer geometry and understand the extent
and type of structural disruption, which may cause direct stratigraphic contact between aquifers
and aquitards.

These two datasets included grids of the foliogvlayers (covering all or parts of the Clarence
Moreton bioregion in NSW):

1 Metgasco Limited formation top grids (Datagit top of the Kangaroo Creek Sandstone, top
of the Richmond coal seams (i.e. the top of the coal seams in the Walloon Coal Measures)
top of Koukandowie Formation (only partially covering the NSW part of the Clarence
Moreton bioregion) and Gatton Sandstone (only partially covering the NSW part of the
ClarenceMoreton bioregion).

1 NSW Department of Trade and Investment formation topg(iataseb): top Walloon Coal
Measures (i.e. top of the Richmond coal seam), top Gatton Sandstone, top Ripley Road
Sandstone (part of the Woogaroo Subgroup), top Ipswich Coal Measures, top Nymboida Coal
Measures and top of Basement.

No preexistingformation top grids or seismic interpretations or picks existed for any of the
shallower layers in NSW (i.e. any stratigraphic units younger than the Kangaroo Creek Sandstone)
or for any stratigraphic units in Queensland. More detail on how these exisiyegs were used to
inform the threedimensioral geological model is shownkigure8 and Sectior?.1.2.3.3.
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2.1.2.2.4Remotely sensed data and digital elevation models

The ground surface elevation has been extracted from tsedond Shuttle Radar Topography
Mission (SRTM) DEM data (Geoscience Australia, 2008), which has a resolutiomok 28.8m.
From the original SRTM data, CSIRO and Geoscience Australia ldueedrthe smoothed
1-second DEM datasetith buildings and vegetation remove@¢oscience Australia and CSIRO
Land and Water, 20)@Geoscience Australia, Datag€). This SRTM DEM wassampled at a
lower resolution (200n) to allow use inhe threedimensional geological models (Bioregional
Assessment Programme, Data24). This is the primary source of elevation data used in the
Assessment. However, particularly in kyng areas such as the Richmond river basin or Clarence =+
river basin, he use of lidar data would be beneficial, as there is only very limited topographic relieg
where small errors in the DEM potentially have a large influence on the conceptual and numerical.
models. Lidar data exist for most of the Clareiereton bioregionin Queensland and for part of
the bioregion in NSW, and are owned by Queensland and NSW state agencies. However, these
data have not been obtained due to their very considerable cost.
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2.1.2.2.5 Geological structure

CTLLIO:)

There is a range afatasets(GIS data and publications) available on the geological structure of th
ClarenceMoreton Basinjncluding:

1 ClarenceMoreton SEEBAS{and Structural GIS Project (Geological Survey of NSW) (NSW
Department of Primary IndustrieBataset3). The SEEBASE data provide an indication of the * -
entire depth to basement across the entire Clareidereton bioregon, but the reliability of
the depth estimate is highly variable

i seismic data (previously mentioned)

1 Queensland geology and structural framework (Geological Survey of Queensland)
(Geological Survey of Queenslabdtaset23)

1 Petroleum prospectivitpf the ClarenceMoreton Basin in NSW (Ingram and Robinson, 1996)

1 Geology and petroleum potential of the ClarerAdereton Basin, NSW and Queensland
OhQ. NASY FyR 2Stfaz mdpdpno

1 Metgasco fault mapping (derived from reprocessed seismic data, provided in coramerc

confidence by Metgasco) showing faults that are present in different stratigraphic
formations

2.1.2.3 Statistical analysis and interpolation

This section focuses on the development of the thde®ensional geological model, which is

based on the data sourcéstroduced in the previous section. Multiple thremensional

geological models were developed from the data sources described above, including four region
models of the following river basins:

uo1Ba.J81q uolaIoNRIUSIR|PY] IO} SISAjeueeIefepolA ;2 JUSUO

1 Brisbane river basin (i.e. Lockyer Valley, Bremer riveVdadill creek basins)
1 LoganAlbert river basin
1 Richmond river basin
1 Clarence river basin.
In addition, one bioregiomwide model has been developed based on the four regional models. The
reason for developing regional finscale models first was that cadsrable trial and error is
involved in the development of thredimensional geological models, and the computing time
required to develop the bioregiewide model is very long. Furthermore, the regiosable

models all have a finer resolution, which alobetter assessment of the link between geology
and hydrological processes in specific regions.

Thedatasetsutilized for the different regional thredimensionalgeological models are shown in
Table8.

2.1.2.3.1 Threedimensional geological model workflow

This section briefly describes the workflow used to develop the taligeensional geological
models of the subsurface stratigraphic architecture of the Claréfioeeton bioregion. The
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models were developed using SKUA® thdieeensional geological modelling software (Paradigm
Geophysical Pty Ltd, version 14.1).

2.1.2.3.2 Definition of the stratigraphic column

A threedimensional geological model is generally composed of a seriestef(layers) that are
assembled with respect to their chronology and structural relationships. These units are defined
by a set of boundary horizons, which represent the geological contacts between the different
formations; a critical step in the modellingprkflow is to determine the number of boundary
horizons needed and identify their location in thrdemensional space (Raiber et al., 2012). During
this step, the horizons that represent each geological layer are added to the model in
chronological orderand the types of contacts between the different layers are defined. The
decision on which layers are included in the thkmensional geological model is underpinned by
geological knowledgélable7 shows the layers that were included in the regional and/or
bioregionwide models. For example, the Grafton Formation and the Orara Formation
(Bungawalbin Member and Kangaroo Creek Sandstone) are abgsbetBmisbane river basin,
therefore there was no need to include layers representing these units in the Brisbane river basin
three-dimensional geological model. Another example is the inclusion of the MacLean Sandstone
(the upper part of the Walloon Coalédsures) as a separate layer in the Richmond river basin
three-dimensional geological model. In this area, there are sufficient data to differentiate it from
the coal seams of the Walloon Coal Measures, whereas there are insufficient data elsewhere
within the ClarenceéMoreton bioregion. In addition, the relationships between the different
horizons are defined during this step. In simple thdemensional geological models of
ASRAYSYGIFINE o0ladaAya ©O2IESY2RET & MNE RwediBe NS Wil A 2
different sedimentary bedrock units of a sedimentary basin are usually modelled as conformable
or unconformable contacts (where the base of each geological layer is represented by the top
surface of the underlying layer) or as baselaps (whereréaterminate along the lower boundary

of a depositional sequence). However, the inclusion of the alluvium and the volcanic aquifers in
the three-dimensional geological models of the ClareiMereton bioregion adds significantly

more complexity, as the caacts between the alluvium and the underlying Lamington or Main
Range volcanics or sedimentary bedrock, as well as the contact between the Lamington or Main
Range volcanics and the underlying sedimentary bedrock, are eroded. Furthermore, unlike in
AAYIlHeBOIW S Y2RSEAQ> (GKS FffddAdzy yR @2f OFyAO
bedrock units, and consequently, rather than representing them as formation tops, they are
represented inthethreR A YSY dA 2yt 3S2t23A0FIfQYRRBf Wolkha8KSE
ol arfiQs NBaLISOUAQSted
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Table7 Stratigraphic units included in the regional and bioregievide three-dimensional geological models
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The majordatasetsused for the development of different regional and for the bioregwade
three-dimensional models are listed fable8® A OWQ RSy 2(Sa GKI {hel RI 01 ¢
development of a specific thregimensional geological model, whereas a cross indicates that it

was not used for this model.

The selection oflatasetsis primarily based on geographic area. However, it is important to note
that datasetsthat represert an area outside a specific regional thréenensional modeling

domain but borders this area were in many instances still used for the development of a model to
avoid model artefacts at the boundary of the model domain. For exardplasetsfrom the

Richmond river basin threglimensional geological model were used to inform the model of the
LoganAlbert river basin (and vice versa).

The selection is also related to the decision which hydrostratigraphic units are present in a
particular area, and which usishould be included in a specific model (Section 2.1.2.3.2). For
example, a decision was made by the Assessment team not to include layers below the Walloon
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Coal Measures into thgroundwatermodel of the Richmond river basin. The reason for this
decision was that the Gatton Sandstone and the Koukandowie Formation argitdding

aquitards or partial aquifers which contain highly brackish to saline groundwater, and no or very

few groundwater bores are screened in these units (Figure 27 in S&lidhand companion
product2.6.2 for the Clarenc&loreton bioregion (Cui et al., 2016)). Therefore, these deeper
layers below the Walloon Coal Measures were not represented in the -thraensional
geological model of the Richmond river basin, as the primargqae of this model was to provide
the layer structure for the numerical model. However, all major layers are represented in the

bioregionwide threedimensional geological model.

Finally, another important criterion for theatasetselection was the timig whendatasets
became available for use in tfessessmentSomedatasets even though they are considered
useful for the development of a specific regional thidimmensional model, were not available at
the time when the model was developed. Howevergdallasetdisted inTable8 were integrated
to inform the bioregioAwide threedimensional geological model.

Table8 Key datasets and referenseused in the development of regional and bioregiavide three-dimensional

geological models
I W, O AYRAOIGSE GKI G

Dataset name/description

RFGI &S

Dataset
number

02NJ I

ClarenceMoreton SEEBASE & Structural
GIS Project

Metgasco Limited formation top grids

NSW Tade and Investmefiarmation top
grids

NSW Geological Survegeological units
DRAFT line work

Metgasco Limited formation top re
interpretations

CLM- Coal Bore Holes in QLD

CLM- Coal Bore Holes in NSW

BHP mineral exploration wells stratigrapt
CLM- QLD Surface Geology Mapsheets

CLM- Geology NSW and QLD combined
CLM- Lamington Volcanics extent

Digital Elevation Model (reampled at a
200 mresolution)

CLM- Walloon Coal Measures extent

CLM- Kangaroo Creek Sandswmextent

11

12

13

14

15

16
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21
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24
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2.1.2Geology

Dataset name/description Dataset | Richmond | Bioregion| South-East Clarence
number | river basin Queensland | Albert river

basin

Queensland well completion reports 25 N Y Y Y N
CLM- Woogaroo Subgroup extent 26 N Y Y Y Y
NSW coal seam gas well completion 27 Y Y N Y Y
reports
Fault surfaces 28 Y Y Y Y Y
Interpolated base of alluvial systems 29 Y Y Y Y Y
CLM- Lockyer Valley groundwater bore 30 N Y Y Y Y
stratigraphy
CLM- LoganrAlbertriver basin 31 Y N N N N
groundwater bore stratigraphy
CLM- Bremerriver basin groundwater bor 32 N Y Y Y N
stratigraphy
Richmondriver basin groundwater bore 33 Y Y N Y Y
stratigraphy
NSW CSG wells stratigraphy 34 Y Y N Y Y
Queensland CSG wells stratigraphy 35 N Y Y Y N
CLM- Gatton Sandstone extent 36 N Y Y Y Y
CLM- Alluvia extent 37, 38, Y Y Y Y Y

39, 40,

41

CLM- Main Range Volcanics extent 42 Y Y Y Y Y
CLM- Koukandowie Formation extent 43 Y Y Y Y Y
CLM- Piora Member extent 44 Y Y N Y Y
CLM- Bungawalbin Member extent 45 Y Y N Y Y
O'Brienand Wells 1994 na Y Y Y Y Y
Ingram and Robinson, 1996 na Y Y Y Y Y

athe model domain covers the Lockyer Valley, Bremer river basin and the Warrill Creek catchment
na =not applicable, and these rowsfer to reports which provided critical input in the development of the thddmensional
geological models

2.1.2.3.4 Representation of structural elements in the thrdemensional
geological model

Geological structures such as faults can have a significareme#uongroundwaterflow. They
can, for example, lead to compartmentalizationaofuifer aquitardsystems or form preferential
pathways for interaquiferconnectivity(discussed in companion product 2.3 for the Clarence
Moreton bioregion(Raiber et al., 2016)).
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In the threedimensional geological models of the ClareiMereton bioregion knowledge related

to the presence of major structural elements has been used to inform the geometry of
depositional centers such as the Casino Traaggth Grafton Trough. For this purpose, major faults
were imported into the threedimensional model framework as surfaces and this was particularly
useful to guide the placement of additional control points to avoid model artefacts in areas of
poor data dengy.

However, modelling vertical displacements (i.e. juxtaposition) of stratigraphic units along faults is
associated with many challenges; even in dath sedimentary basins such as the linked Surat
Basin (and despite more than 10 years ofgming resarch by many stakeholders), no adequate
publicly available basiwide faulted threedimensional geological model currently exists.

Key challenges that are associated with the inclusion of faults indaagdethreedimensional
geological models are:

1 Limited or inadequate fault mapping

9 Lack of data and understanding tire three-dimensional structure, dip, depth, throw and
displacement of faults to inform the model

1 Conceptual uncertainties on the role of faults: evaluation of existing data reveals
considerdle remaining ambiguity, suggesting that there is considerable conceptual
uncertainty. Thisuncertaintyis unlikely to be resolved by a single structural model, and this
highlights the need to develop multiple structural models (as suggested, for exampte,
et al. (2010)).

1 Computational time: the integration of alluvial, volcanic bedrock and sedimentary bedrock
hydrostratigraphic units in the Clarend&oreton three-dimensional geological models
results in very long computational times; the inclusioriaafits adds considerably to
computational run times.

With the exception of the central Richmond river basin, the density of deep wells with good
stratigraphic records and the coverage by seismic surveys is relatively poor in most parts of the
ClarenceMoreton bioregion Figure9 and Figurel2) compaed to other sedimentary basins such
as the linked Surat Basin. Furthermore, fault mapping particularly in the Queensland part of the
ClarenceMoreton bioregion is extremely limited. This means that for most areas within the
ClarenceMoreton bioregion, thee are insufficient data to model fault displacements. The only
area where there may be sufficient data to develop a faulted tkd@eensional geological model

Is the Richmond river basin. As a result of these challenges and within available time and
resources, no faulted threelimensional geological model could been developed.

To further enhance the understanding of the hydraulic role of faults, the impact of faults on
predictions in the context of regional groundwater modelling will be modelled stocladigtes

LIFNG 2F F /{Lwh ad4N}GS3aAO LINR2SO0 T2N ikKS OSy
and capability formulta Ol £ S OdzydzZf + GABS AYLI Ol IEem&aayYSyd |
W ¢ Ndbadei Mdprovement of groundwater model conceptualisatioff R LINBE RA Ol 6 A f A
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2.1.2.3.5 Characterisation of binding horizons of shallow aquifers (alluvium and 8
basalt) 3

S

The data sources used for the thrdanensional geological model have been described in S
. . . . . . D
previous sections. A certain surface may be well constrainedme garts of the model domain =)
but poorly constrained or even absent in others due to a lack of data. To overcome this limitationpo

the depth maps created using krigirfgdurel3to Figurel?7) were used in dat@oor areas such as
the Clarence river basin and in the headwaters of alluvial systems \liedata coverage is
ISYSNIffe aLl NES (2 NBLINBASy( -dimgnSions! gdolagieal 2 F
models. In dataich areas such as the Lockyer Valley or the central Richmond River floodplain,
additional control points were digitisegli D2/ ! 5% o6t I N} RA3IY DS2LIKeaRO0!
using regular sets of crosections (constructed using the GoCAD-8dd Y 2 Rdzf S Wa A yg_yz
from Mira Geosciences) to avoid model artefacts and to guide the shape of the horizon.

EIegepPoIN

Richmond Rivealluvium

As shown inrable4, there are 3309 groundwater bores with lithological data in the Richmond
river basin. After cleaning these data and canivg the lithological data into stratigraphic logs
where possible, these data were used to create a surface that represents the depth to the base
the alluvium, and thus, the interface with the underlying bedrock. This can then be converted to
surfacerepresenting the elevations that underpin the thre@nensional geological model by
relating it to the topography (derived from the SRTM dafajurel3 shows that the depth of the
Richmond River alluvial system is mostly less tham &®the centre of the alluvium of the
Richmond River drainage line, with local thicknesses of up to approximatety 45

Baloig uoraioNSd B re| Yl 10} SIS

The headwater alluvial systems within the Lan@mgVolcanics as well as smaller tributary
systems in the southern part of the Richmond river basin are typically thinner and mostly less thag'
15 to 20m. The shape of these smaller systems (usuatlyape) also differs from the wider

central drainage lia of the Richmond River-ghaped).
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Figurel3Depth to the base of the Richmond River alluvial system and standard deviation associated with the

prediction

Data: Bioregional Assessment ProgramiDatéset29)
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Clarence River alvium

As outlined in SectioB.1.2.2.1 there are 474 groundwater bores with lithological data and no
groundwater bores with stratigraphic data aladile in the Clarence river basin. Consequently, the
uncertainty associated with the spatial interpolation is very high in the Clarence river basin
(Figureld), as indicated by a standard deviation of nearly 50% of the thickness of the alluvium.
Based on this limited knowledge, the Clarence River alluvium appears to be considerably thinner
than the Richmond River alluvium.

Z Juauodwo)

N

CLM-214-005
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Figurel4 Depth to the base of the Clarence River alluvial system and standard deviation associated with the
prediction

Data: Bioregional Assessment Programme (Dat29et
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Lockyer Valley alluvium

With lithological logs available for motiean 5000 groundwater bores, the Lockyer Valley alluvial

system is the best constrained alluvial system in the bioregion. Accordingly, the standard deviation

associated with the spatial interpolation is considerably smaller relative to the thickness of the
system compared to other alluvial systems such as the Clarence River allBigunel5).

The thickness of the Lockyer Valley alluvial system gdpenalies between 20 to 3%

throughout much of the central drainage line of Lockyer Creek. Towards the edges, the alluvium is

thinner. In major tributary systems such as Laidley Creek and the lower reaches of other creeks
such as Tenthill Creek, the thiess of the alluvial systems is similar (20 tar80In the

headwaters, most tributary systems of Lockyer Creek have considerably thinner and narrower
alluvial systems, generally ranging from approximately 5 tm15

Figurel5 Depth to the base of the Lockyer Valley alluvial system and standard deviation associated with the
prediction

Data: Bioregional Assessment Programme (Dat28et
LogantAlbert alluvium

The depth to the base of the Log&tbert alluvial system is based on 05§ roundwater bores
(Tabled). The thickness of the Log#tbert alluvial systemRigurel6) is more variable than the
Lockyer Valley or the Richmond River alluvial systems. Where the floodplain is widest in the
central part of the river basin, the alluvial sediments reach a thickness of approxr3aiel.
However, throughout much of the Loga#bert river basin, the thickness of the alluvial sediments
typically ranges between 5 to 20. Due to the large size of the catchment and the relatively small

52| Observations analysis, statistical analysis and interpolation for the ClakMoon bioregion




















http://data.bioregionalassessments.gov.au/product/CLM/CLM/2.6.2
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http://data.bioregionalassessments.gov.au/dataset/7ab9820e-1e43-4600-8875-a0834345fb6d
http://data.bioregionalassessments.gov.au/dataset/7ab9820e-1e43-4600-8875-a0834345fb6d
http://data.bioregionalassessments.gov.au/dataset/b1690f8b-4025-45d2-96a0-6feb03ff3e52
http://data.bioregionalassessments.gov.au/dataset/b1690f8b-4025-45d2-96a0-6feb03ff3e52
http://data.bioregionalassessments.gov.au/dataset/41cc99e6-0309-4a74-a1ba-cb0f9a12ff4e
http://data.bioregionalassessments.gov.au/dataset/41cc99e6-0309-4a74-a1ba-cb0f9a12ff4e
http://data.bioregionalassessments.gov.au/dataset/0843bdb7-d8e8-40ac-ae9c-0ac59b37cdf7
http://data.bioregionalassessments.gov.au/dataset/0843bdb7-d8e8-40ac-ae9c-0ac59b37cdf7
http://data.bioregionalassessments.gov.au/dataset/8fd05241-5f8c-4a02-9c16-9da9bc6b33c8
http://data.bioregionalassessments.gov.au/dataset/8fd05241-5f8c-4a02-9c16-9da9bc6b33c8
http://data.bioregionalassessments.gov.au/dataset/c2cdfa61-6e1a-42ad-b27e-2dfb8402b4ff
http://data.bioregionalassessments.gov.au/dataset/c2cdfa61-6e1a-42ad-b27e-2dfb8402b4ff
http://data.bioregionalassessments.gov.au/dataset/f9bc250d-a811-4ad6-b24c-3b857d87d49b
http://data.bioregionalassessments.gov.au/dataset/f9bc250d-a811-4ad6-b24c-3b857d87d49b



http://data.bioregionalassessments.gov.au/dataset/0de9e452-240b-439d-82b9-25dc85eb5b15
http://data.bioregionalassessments.gov.au/dataset/0de9e452-240b-439d-82b9-25dc85eb5b15
http://data.bioregionalassessments.gov.au/dataset/2df7b68b-b4ee-44c7-b35b-0c6d934b8102
http://data.bioregionalassessments.gov.au/dataset/2df7b68b-b4ee-44c7-b35b-0c6d934b8102
http://data.bioregionalassessments.gov.au/dataset/414c8231-9471-4620-b2ea-f57e2114d1bb
http://data.bioregionalassessments.gov.au/dataset/414c8231-9471-4620-b2ea-f57e2114d1bb
http://data.bioregionalassessments.gov.au/dataset/3d2b63fc-b5ee-4ade-bdb9-694fa0fd41b1
http://data.bioregionalassessments.gov.au/dataset/3d2b63fc-b5ee-4ade-bdb9-694fa0fd41b1
http://data.bioregionalassessments.gov.au/dataset/5ad1478f-7295-4b63-9d46-ce4e186357ce
http://data.bioregionalassessments.gov.au/dataset/5ad1478f-7295-4b63-9d46-ce4e186357ce
https://data.bioregionalassessments.gov.au/dataset/a844e7bc-11a3-4a6d-a5af-e85c25460451
https://data.bioregionalassessments.gov.au/dataset/a844e7bc-11a3-4a6d-a5af-e85c25460451
http://data.bioregionalassessments.gov.au/dataset/a040de87-21b1-4097-a273-41471405ab28
http://data.bioregionalassessments.gov.au/dataset/a040de87-21b1-4097-a273-41471405ab28
http://data.bioregionalassessments.gov.au/dataset/982bd271-5ce8-48cf-b3cf-c50550509baa
http://data.bioregionalassessments.gov.au/dataset/982bd271-5ce8-48cf-b3cf-c50550509baa
http://data.bioregionalassessments.gov.au/dataset/00358558-b7fc-4165-a4e3-fd1ec26ed51a
http://data.bioregionalassessments.gov.au/dataset/00358558-b7fc-4165-a4e3-fd1ec26ed51a



http://data.bioregionalassessments.gov.au/dataset/cc66151a-33bb-4961-a278-bb1ec5c6555b
http://data.bioregionalassessments.gov.au/dataset/cc66151a-33bb-4961-a278-bb1ec5c6555b
http://data.bioregionalassessments.gov.au/dataset/e1209dea-6374-4174-918f-cb6391bffd03
http://data.bioregionalassessments.gov.au/dataset/e1209dea-6374-4174-918f-cb6391bffd03
http://data.bioregionalassessments.gov.au/dataset/9a9284b6-eb45-4a13-97d0-91bf25f1187b
http://data.bioregionalassessments.gov.au/dataset/9a9284b6-eb45-4a13-97d0-91bf25f1187b
http://data.bioregionalassessments.gov.au/dataset/cb66145b-ee39-45ee-bb46-a89da99be5fe
http://data.bioregionalassessments.gov.au/dataset/cb66145b-ee39-45ee-bb46-a89da99be5fe
http://data.bioregionalassessments.gov.au/dataset/a6f029c1-b57a-496a-b6ad-2f017cc89702
http://data.bioregionalassessments.gov.au/dataset/a6f029c1-b57a-496a-b6ad-2f017cc89702
http://data.bioregionalassessments.gov.au/dataset/69da6301-04c1-4993-93c1-4673f3e22762
http://data.bioregionalassessments.gov.au/dataset/69da6301-04c1-4993-93c1-4673f3e22762
http://data.bioregionalassessments.gov.au/dataset/9daa153e-dbcf-4a7d-9fe6-790ebd7bca94
http://data.bioregionalassessments.gov.au/dataset/9daa153e-dbcf-4a7d-9fe6-790ebd7bca94
http://data.bioregionalassessments.gov.au/dataset/e66a0708-2d10-4f21-bbe1-c986f5e0d4e7
http://data.bioregionalassessments.gov.au/dataset/e66a0708-2d10-4f21-bbe1-c986f5e0d4e7
http://data.bioregionalassessments.gov.au/dataset/7da67176-77fb-47fd-9bfa-1fae92261cf4
http://data.bioregionalassessments.gov.au/dataset/7da67176-77fb-47fd-9bfa-1fae92261cf4



http://data.bioregionalassessments.gov.au/dataset/85d50f57-37bb-4af5-ab67-4e8849d0cd98
http://data.bioregionalassessments.gov.au/dataset/85d50f57-37bb-4af5-ab67-4e8849d0cd98
http://data.bioregionalassessments.gov.au/dataset/29e4b885-d84f-405e-bcc5-983ccab461f6
http://data.bioregionalassessments.gov.au/dataset/29e4b885-d84f-405e-bcc5-983ccab461f6
http://data.bioregionalassessments.gov.au/dataset/7867c5af-e2a0-43f7-ae09-30fb4d9a656a
http://data.bioregionalassessments.gov.au/dataset/7867c5af-e2a0-43f7-ae09-30fb4d9a656a
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