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Executive Summary

1 00T x %l AOCU j O! 00T x6q OARAAAEOAA APDPOI OAl &£ O OEA
December 2013 Under the terms of the Approval, Arrow needs to prepare and gain approval for a
S3OACA p #3' 7AO0AO -TTEOIOETC AT A -ATACAT AT O o1 Al
OOAO00 POI AGAET ¢ AT Al OAAI CAO j0O0#3'6Qq AO PAOO 1T &
Section13(b) of the Approval requires Arrow to prepareO At for purpose numerical simulatiorto
assesspotential impacts on waterresources arising from the actioin the project area subsequent

surface watergroundwater interactionsin the Condamine Alluviunand impacts to(sic.) dependent

ecosystems 8

This report provides a briefintroduction to the CSG projec; OE A O owbithBsAPReCabtiqnd
under consideration, and a summary of water resources, surface watergroundwater interaction
and dependent eosystems in the area known as the Condamine Alluvium

y T b O A bfifar purpgse Auméical simulation this report relies on models developed and/or
managed by the Office of Groundwater Impact Assessment (OGl#&je Department of Natural
Resourcesand Mines (DNRM)and the Department of Science, Information Technology and
Innovation (DSITI) in QueenslandThese models are based on the most comprehensive collations of
data available at the time they were developeRather than developing a new model or suite of
models, CDM Smith has used the Sur@umulative Management Area@GMA Groundwater Model

i T £FOAT OAEAOOAA O, thd Centr@ECAndatiing Allbviunk iodidh (CEAM) and
Integrated Quantity and QualityModelling (IQQM) software, knowing that all three have been used
in various combinationsin environmental impact assessment of largecale resources projects.

Potential impacts have been evaluated rigorouslyn the past, by the developers of existing mods,
and again during this study, using existing models This report explains the connections and
relationships between modek in more detail than in earlierreports. TheOGIA modebpredicts the
amount of water that will be produced (ceproduced) during production of CSG over a period of 65
years. The zone of depressurisation caused by CSG production will draw groundwater towards that
zone to replace the produced water, butompleterecovery will take in the order of 3,000 years. The
maximum reduction in flux from underlying hydrostratigraphic units to the Condamine Alluvium
AAOOAA A water gr@liictiod,ds predicted tooccur around 45 years from now, and to be
slightly less than 3ML/d within the area of the Condamine Alluvium, an areaf about8,000 km2.

The maximum reduction of flux to the Condamine Alluviumof 3 ML/d is equivalent to 1 GL/y and
can be compared withcurrent licensed groundwater abstraction of 87 GL/y in the four sub-
management areaf the Central Condamine Alluvium(DNRM 2014. The predicted reduction in
flux across the base of the Condamine Alluviucaused by Arrowwill increasefrom zero to 1 GLJy
over aperiod of approximately 45years, with the time of maximum in around year 2050, and then
fall again to zeroover almost 3000 years with 30 to 50% recovery in flux rateapproximately 65 to
135 yearsafter the maximum change in flux

The predicted maximum changén flux across the base of the Condamine Alluvium caused by Arrow
is 2.97ML/d, which when distributed over 5,321 kmz of alluvium is equivalent to an average change
in flux of 0.21 mml/y in the year when the maximum occursAt the water table, he predicted rate of
changein elevation is of the order of1 to 2 mm/y and is imperceptible compared to background
rates of changewhich can be greaterthan 1 m/y (three orders of magnitude larger) and with
fluctuations up to tens of metres duringirrigation seasons (MDBA, 2012). The very low rate of
changein water table elevaion caused byArrow water production, compared to other influences
indicates negligible impacts to stygofauna from CSG development.

Dhith
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The Condamine River is disconnected from the underlying water table and losing water along much
of its length (CSIRO 2008). This is confirmed by independent analysis of water table elevations
relative to bed levels of rivers and streams.

Slight lowering of piezometric head in groundwater in the Condamine Alluvium willend to increase
the leakageof surface waterfrom rivers and streams to groundwater in the alluvium.The maximum
increase in fluxof surface water fromthe Condamine RiveldT COT 01 AxAOAOh AO A
water production, is predicted to beless than 013ML/d (0.05 GL/y) with the time of maximum
occurringin around year 2160, approximately 145 years from now,

CSIRO (2008) reported that average surface water availability in the CondamiBalonne was
1,363 GLly, of which 53% was diverted foruse.4 EA BT OAT OEA1 EiI PAAO 1 &
has been sinulated using the IQQM software. The IQQM software suggests that any additional
diversion will have almost no influence orperformance indicators with respect toEnvironmental
Flow Obijectives (EFOs) anW/ater Allocation Security Objectives (WASOsThe IQQM software does

not explicitly include CSG, but the impact of additional demands (such as leakagai be assessed

by modifying the setup of the IQQM software The predicted maximum change in flux from the

OA

I O0I

Condamine River to groundwaterof 0.05GLly AAOOAA AU ! 00T x8 0 xAOAO
0.004% of the surface water availabilityin the CondamineBalonnereported by CSIRO (2008).

Patential impacts on dependent ecosystems (DEs) depend on the amount of change in water table
elevation and the rae of change.Assuming constant climate and absence of major flood eventhet
maximum drawdown in the Condamine Alluvium as a result of CSG producti@predicted to be of
the order of 1m, and it will take hundreds of years to reach that maximurdrawdown, before along
slow recovery. The maximum drawdown is small enough and the rate of change in water table
elevation is slow enough fordependent ecosystems to adapt and survive

Peak (2025)

[ Arrow Water Production
Condamine Alluvium
Condamine River

Main Range
Volcanics

Condamine

Condamine River

Gubberamunda Ss Alluvium

- Evergreen Fm

Predicted goundwater fluxes induced by Arrow for thbigh-case model relisation
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Section 1 Introduction

1.1 Preamble

I 00T x %l AOCU j O! 00T x6q OARAAAEOAA APDPOI OAl &1 O OEA
December 2013. Under the terms of the Approval, Arrow needs to prepare and gain approval for a
Stage 1CSG WateMonitoring and Management Plan®Q# 3' 7 - -O#&7 -1-06QqQ AAA OA E

OO0AOO0 POI AGAET ¢ AT Al OAAI CAO jO#3 i ®DGEAAOODAGAAIDAQ

The Approval

Section 13(b)of the Approval requires Arrow to prepareO At for purposenumerical simulation
to assesspotential impacts on waterresources arising from the actionn the project area
subsequent surface wategroundwater interactionsin the Condamine Alluviunand impacts to
(sic.)dependent ecosysterass

CDM Smith was engagkby Arrow in June 2014 tascope a number of activitiesaimed at meeting
the requirements of Section 13(b).Those activities commenced late in 2014 and are reported here.

Thework reported here has been undertaken in the knowledge that Arrow prepared ansubmitted
a formal Environmental Impact Statement (EIS)offey Environments2012), and later prepared
and submitted a Supplementary Report to the Environmental Impact Statement (SREISoffey
Environments 2013). The EIS and SREI&ports covered all asgcts required by State and Federal
Governments, and led to the Approval referred to above.

Approval for the PFoject relies on models developedor the Queensland Water Commission (QWC),
now known asthe Office of Groundwater Impact Assessment (OGIlAgnd others. Because of the
lead-time required to address Section 13(b)Arrow commissioned CDM Smithin 2014 to prepare
this response to Section 13(bbased onmodels known by that time as theOGIAmodel(s). These
models had beendevelopedfor QWCto support the preparation of an Underground Water Impact
Report (UWIR) for the Surat Cumulative Management Area (CMA) (QWC 2012a).

A Q@onsultation draftdof a revisedUWIRwas released in March 201§0GIA 2016). M information
has yet been published about n& OGIA models

1.2 Objective

The objective of this report is topresent the results of studies undertaken taneet the requirements
of Section 13(b) asquoted in italics above This report has beenprepared by CDM Smithas a
standalone document with the expection that the report will be provided to reviewers and
regulators in its entirety, while at the same time being summarised in the CWMMP.

1.3 Approach

The approach taken by CDM Smithas beento analyse the wording of Section 13(h)in the context
of other parts of the Approval, AT A O1T D OT b1 O At foA purbos®rmierical Gikulafion O
as required.

Interpretation of Section 13(b) relies on the fact that Section 13 has 17 other clauses.
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Furthermore, the work has been undertaken in the context oSection 14 of the Approval, which
OANOE OA OCSG RVMKIP rAukt Ae per reviewed by a suitable qualified water resources expert/s
approved by the Minister inwriting h  x E @&r re@dwAubiitted to the Minister together with the
Stage 1 CSG WMMP aadtatement from the suitably qualified water resource/s expert/s stating that
they carried out the peer review and endorse the findings of the Stage 1 CSG WIMP

1.3.1 Reliance on theMlost Recent OGIAModel andOther RecentModels

Section 13@) of the Approvalrequires Arrow to B O 1 O &h/Arfalys of the results of the most recent

[yr i T AAT f AGET O T 0O AT AT OOAA AU /' )daslh OAI AOA

Section 13pq O A N&xEniitDe irBpact assessment based on the outputs of the OGIAImbiteh
integrates groundwater model outputs with known and potential groundwater dependent ecosystems
and presents the outputs in map forn8

Regulators have accepted the OGIA model as the best possible representation of groundwater flow
processeshased onthe most comprehensive collation of data available at the time of its preparation
(in 2012). CDM Smith and Arrow haveherefore chosenduring preparation of this response to
Section 13 p) to rely on:

A the most recentavailable (regional scale)OGIAmodel (QWC 2012a, 2012b, 2012c¢; GHD 201;2)

A the most recentavailable (local scale)Central CondamineAlluvium Model (CCAM)run by OGIA
in parallel with and effectively as part of the OGIA modéQWC 2012a, KCB 2011bgand

A the most recentavailable Integrated Quantity and Quality Modelling (QQM models developed
by the Department ofNatural Resources and Mines (DNRMor management of surface water
resources in the Condamine River and its tributarieSimons et al. 1996; Paul Harding
pers.comm).

In other words, given the significant investment by Government agencies in the development of
models of groundwater and surface water processes, CDM Smith and Arrow have chosenttiise
modelsthat havebeen reviewed and used by others, rather than to buildew models thatmight be
similar but slightly different, basedon smaller amounts of data,and requiring additional review.

I fitGor purpose numerical simulatiod A1 Amdeandév@lopment and execution of a single
numerical model. Given the range of spatiadnd temporal scales that need to be taken into account,

a number of models of different types can be ruin combination and iteratively to gain a more
complete anduseful understanding of processes tha would be possible with a single modelThe
focusof OEEO OAPI OO0 EO 11 OiTAATTEI Ccoh OAOEAO OEAI

1.3.2 PeerReviewand Ste Visit

Knowing from the outset that the whole of the CWMMP would be peer reviewed by a water
resources expert approved by the Minister in writing, and knowing that this projet addressing
Section 13(b)has beenconsidered to be a long leadime component of the CWMMP, an important
part of this project was engagement with the peer reviewerstarting in advance of work on other
parts of the CWMMP

In July 2015, Arrow confirmed hat the Minister had approved the appointment of Dr Glenn
Harrington (Innovative Groundwater Solutions)as a suitably qualified water expertlt was decided
that it would be beneficialfor the project teamto meet the peer reviewer well before completion &
the project, in order to discuss progress to date, and the methodologyoposed and adoptedo meet
the requirements of Section 13(b).

CDM
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I T ARAOGET ¢ O1 1 E bliABidbanAdd thé roothing di TuestlafE MEAAghist 2015, to
discuss progress, methdology and a site visit over the coming days. The meeting was attended by:
A Simon Gossmann (ArrowEnergy);

A St.John Herbert (ArrowEnergy);

A Dr Glenn Harrington (Innovative Groundwater Solutions)
A Dr Lloyd Townley (CDM Smith)

A Dr Tony Smith (CDM Smith)and

A Dr Dougal Currie (CDM Smith)

On the afternoon of Tuesday 11 Augustnather meeting was held at the offices ofhe National
Centre for Engineering in Agriculture (NCEA) at the Universitpf Southern Queensland (USQ) in
Toowoomba.The purpose of the meetilg was to discuss the project with hydrologistdased in the
region andwith expertise in the area known as the Condamine AlluviunThe meeting was attended

by:

A five representatives of Arrow (all of thoselisted above except SimonGossmani);

A Dr Mark Silbum (QueenslandDepartment of Natural Resourcesind Mines, DNRN);

A Dr Andrew Biggs (Queenslandepartment of Natural Resourcesnd Mines, DNRM) and
A Dr Elad Dafny (University of Southern Queensland)

While at USQthe five representatives of Arrowalso met with Ken Klaasen, senior hydrographer for
DNRM.

During the next 48 hours, the fivaepresentatives of Arrowexplored:
the full length of the Condamine Alluvium from west of Chinchilla to Yarramalong Weir
the catchments ofWambo Creek, Charleys Creek, Courga Creek and Jimbour Creek

the area known as Long Swamp

> > > >

the area surrounding Lake Broadwate(to the south of the Condamine Alluvium)and
A the region upstream of Cecil Plains where the Condamine River hasiorthern anabranch.

The team visited nearly all weirs along the length of the Condamine River whereliigss above the
Condamine Alluvium, and most publicly accessible stream gauging stations and groundwater
observation bores. The overarching purpose of the site visit was tdlew open discussion and to
develop a shared understanding of the nature of water resources, surface watergroundwater
interaction and dependent ecosystems in the area of the Condamine Alluvium.

Additional meetings took place in Melbourne in June 2016otreview a draft of this report.

CDM
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1.4 Magnitude of Potential Impacts

At the start of this assessment of potential impacts, it is useful to consider the nature and magnitude
of the impacts being assessed. Conceptualising the processes that are expected to pdkee may
help stakeholders to imagine the nature of the impacts that will ultimately be predicted.
Conceptualisation is the essential first stepaken by professionalsin the process of developing and
running simulation models to predict potential impacsk.

In many respects, Section 13(b) seeks an assessment of potential impacts that is similaithe
assessmentthat was undertaken during preparation of the EIS (Coffey Environments 2012) and
SREIS (Coffey Environments 2013)Potential impacts were @&sesse& almost concurrently by QWC
during preparation of a UWIRfor the Surat CMAto assess the impacts of CSG production by @8G
producers (QWC 2012a).

17#80 £ AOO xAO 11 DPOAAEAOGEI ¢ OEA EIi PAAOO 1T £ POl
Section 6.3.20f QWC 2012a) explainsthatOOEA | AGEI OI DOAAEAOAASG AOAxAIT »
111 OOEOI OEO AAT 0O p8¢ I 11 OEA xAOOAOT AACA 1T &£
i 1T006 1T £ ORI AOARNKAG 80T 17# jcmnpcAqh AG@ AMAIN A TEA ICA &G OAR
7ATTTT1T #1T Al - AAOOGOAO AOA TEEAI U O OOAOO AEEAAOQE
I AAEACAS j A OAAOAOETT 1 &£ AEOAEAOCA EOT T 000O0] O ¢
continue long after the cessationof CSGwWat0O A@OOAAOET 1 68 O4EA AOAOACA A
Condamine Alluvium to the Walloon Coal Measures is gacted to be about 1,100 ML/Y1.1 GL/y)

I OAO OEA 1T AQOAPENOUAEDDAAOO ET AT U ANOEZEAO xEIIT 1
gd COAPEEA 11 AAOQOETT 068 O- AgEI O6i EIi PAAOO E1T OEA 8
AAOxAAT ¢memnm AT A ¢mxuvos

I 00T x80 32%)3 j#1 £FAU %l OEOITT1 AT OO0 c¢mpoq ET Al OAA.
undertaken using the model prepared by QWC and udeo support the UWIR (QWC 2012a). In

I OAAO OI DPOAAEAO OEA bl OAT OEAlI EiI HAADO #IABAGQAIT %4 ¢
were calculated (see Section 8.3.2 in Coffey Environments 2013)s the difference between

predicted levels and fows fo OEA O# O 61 AOGEOA #AOAd | ET AQAANET ¢ # 3"

1o,." AT A 1001 x80 DPOI pi OAA 30BPAOO" ACA%@BARARGET ET A
production by GLNG, QCLNG and APLNGhe results for the Arrow-only Case (see Section 8.4.3

and Table 8.7 in Coffey Environments 2013) include predictions odiverage drawdown of 0.18 m in

the CondamineAlluvium; maximum drawdown of 0.5 m near Dalby in 2100, 105 years after the

start of mode runs in 1995; and 65 GL of impact on fluxes between deeper units and the Condamine

Alluvium over 100 years, being an average of 650 ML/D.65 GL/y).

These predictions aresummarisedhere to provide context, prior to much more detailed analysis in
this report. Several characteristics opredictions are important to keep in mind:

A all potential impacts vary in space and time;

A there are important distinctions to be made between the volumes of water pumped (produced)
from deep coal seams in order for CSG tme released and produced, the changes in fluxes
between hydrostratigraphic units (HSUs) beneath and beyond the Condamine Alluvium and the
Condamine Alluvium itself, and possible changes in surface watergroundwater interaction
between the Condamine Rive and its tributaries and the water table in the Condamine
Alluvium;

1 GLNG: Gladstone Liquefied Natural Gas; QCLNG: Queensland Curtis Liquefied Natural Gas; APLNG: Australia
Pacific Liquefied Natural Gas.

CDM
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A there are important distinctions between the depressurisatiorthat must occur at depth in coal
seams in order for CSG to be released and produced, the depressurisation that may occur in
hydrostratigraphic units (HSUs) beneath and beyond the Condamine Alluvium as the
hydrogeological system recovers after the end of CSG production, and drawdown at the water
table in the Condamine Alluvium;

A the focus of predictions in the UWIR ison the next 100 years, even though some potential
impacts will peak much later; and

A there is an important distinction to be madeAAOx AAT OEA b1 OAT OEAI
production and thepotential AOI O1 AOEOA E | spiddu@ieh intlu@ing the Odtentil
impacts ofproduction by other CSG producers.

All of these matterswill be discussed in detail in this report.

1.5 Structure of this Report

The structure of this report reflects the requirements of Section 13(b).

The structure has similarities with the structure of a complete EIS, in the sense that orsection
describes the proposedProject, three sections describe parts of the environment andhatural
processes prior to theProject, one section describes the methodology used for assessing potential
impacts of theProject on the environment, anda final section summarises potential impactsof the
Project on the environment The naming of sectiongs based directly on Section 13(b).

A Section 2 describes conceptualisation, because this is fundamental to understanding and
simulation. A brief introduction is provided to the physical setting (including topography

geology and hydrogeologflh OE A #HazGddhntine Allmiud j AAAAODOA OEEO EO

referred to in Section 13(b)), and aquifer connectivity.

A Section3AAOAOEAAO OEA 300A0 ' Aéactowibthelpject ared 0 OEEBAAON

potential impacts Arrow is required to assess.

A Section4 describes surface water and groundwater resources, in order to explore what is
ET 1T x1  AvAtér@ebour€@® ET AT AProjedh &¢a, epEcfally those that might be
considered to be affected by théroject. Most water resources are accessed withirhe area of
the Condamine Alluvium. This Section includes reference to sources of information, as well as
legislation and policies that influence the management of water resources.

Ei

A SectionSAAOAOEAAO GhrfAce vadie@y@ovhdwhteEintéractiond ET  OEA AOAA

Condamine Alluvium The Section starts with a discussion of streamaquifer interaction, with
gaining, losing and flowthrough reaches, and then explores the distinction betweeltosing
connected andlosing disconnected streams. The geostry of the Condamine River and its
tributaries is explored, considering the relationship between streambed elevation and
measurements of water table elevation nearby. The Condamine River is neither permanently
wet nor permanently flowing, so temporal varability of flows and depths of surface water is
likely to have a significant effect on surface water groundwater interaction. Methods for
simulating surface waterz groundwater (stream z aquifer) interaction in the Condamine River
and its tributaries are discussed.

A Section6 A A O A OdegeAdént €dosysterdas | $iR6lGddd ecosystems that may depend on
surface water, groundwater or both. The initial focus is on the Condamine River and its
tributaries, but dependencies on flood plains are alsonentioned. The primary focus is on
Aguatic Flora and Fauna Type Es and Terrestrial EcosystenType DEs.

CDM
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A Section7 describesthe modelling that has been undertaken, and explains how the modelling
satisfies the requirement forA fit@or purpose numerical simulatiod This Section has many
parts. At leastfour main types of modelling have been undertaken, including regional scale
groundwater modelling, near field simulation of surface waterz groundwater interaction,
simulation of groundwater in the Condamine Alluviumand surfacewater allocation modelling
using IQQM.

A Section8 A A A OA po@idl imPactd 1 £ OEA 300A0 ' A0 w@bATl OEI

considered under three headings: water resources, surface watgrgroundwater interaction

and dependent ecosystms. TEA DOEI AOU &£ AOO EO 11 OEA EIi PA

than on cumulative impacts.

A Section9 provides a summary of the report andts key conclusions.

CDM
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Section 2 Conceptualisation

2.1 Preamble

The purpose of this section is t@repare the reader for the detailed discussions that follow, focused
on the requirements of Section 13(b).The section includes descriptions of the physical settinghe
extent of the@ondamine Alluviunda N E UA OT Calylifer codrgctivity; @&ndgroundwater flow
processes

Conceptualisation

The Condamine Alluviumis a surficial hydrostratigraphic unit (HSU) inan area near the eastern
margin of the Surat Basin, west of the Great Dividing Range. The Walloon Coal Measures sub
much of the area éthe Condamine Alluvium, and dip gently to the west.

The topography in the area of the Condamine Alluvium has little relief, especially compared
the hills to the east.

Under natural conditions, prior to pumping for agricultural and other demands angbrior to CSG
production, groundwater flowed towards the Condamine Alluvium from east and west, ultimately
discharging to the Condamine River. Significant withdrawals have led to lowering of the wats
table in the Condamine Alluvium, and less discharge tb¢ Condamine River and its tributaries.

Production of CSG by Arrow will require pumping of water from the Walloon Coal Measurg
Depressurisation will lead to a tendency for lower discharge from the Walloon Coal Measures
the Condamine Alluvium. In timethis will lead to a slight reduction in water table elevation in the
Condamine Alluvium, but this may not cause greater leakage from the Qamine River to
groundwater, becauseOEA OEOAO AT A OEA xAOAO OQWwith ledagd
already at occurring at the maximum possible rate along most of the length of surface draina
lines.

2.2 Physical Setting

Topography is fundamental to consideration of surface flows, flooding and surface wateg
groundwater interaction (seeFigure 2-1).

A LiDAR (Light Detection and Ranging) data were obtained OAO ! O0OT x6 O 3 O00AO0
between 16 June and 29 July 2012. The LIiDAR dataset hdm&dzontal resolution of 1 m,with
accuracy of 0.29 m horizontally and 0.12 m vertically (Fugro Spatial Solutions Pty Ltdjigure 2-
1 shows the LIDAR survey footprint. Only part of the Condamine Alluvium and part of the length
of the Condamine Riverare covered by LIDAR dataSince LiDAR data are the most accurate
measurements available, theyhave beenused in this study to infer depth to groundwater
wherever possible

A Geoscience AustraligGA) offers a suie of SRTMderived products (Shuttle Radar Topography
Mission) for the whole of Australia. Thehorizontal resolution of ' | &i@ital elevation map
(DEM is 1 second (approximately 30 m) The vertical accuracy of the dataset varies but &id
to be 7.592 m at the 95h percentile on flat terrain. This accuracy is only true irthot densely
vegetatedd or nigh reliefd areas (Gallant et al. 2011)The data are important to this study
becausethey provide estimatesof depth to water tablein areas where LIiDAR data are not
available.
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A Each of the groundwater flow models used in this study (the most recent available OGédional
scale model, and the most recent available local scale Condamine Alluvium model run by OGIA
in parallel with and effectively as part of the OGIA model) includes a representation of surface
topography, at the resolution of finite difference cells. All modelling relies on these levels
embedded in the models.

2.3 Condamine Alluvium

BAAQEIT poj AQqQ 1T £ OEA | bb QlrfarA wateyduhdater f@rackidnsinA OOA OO
the Condamine Alluwviudm 8 4EEO OOCCAOOO OEAO dévelopEaGshated BT OOAT
understanding of whatisméd 1T & AU OEA O#1 1T AAT ETA 111 OOGEOIi 6h ET B

Section 13(b) refers to the Condamine Alluvium because the Condamine River is a major river in the
area, especially when it flows and floods, andecause it is an important part of the hydrological
system. The Condamine Alluvium is important as a groundwater resource, and the soil is fertile and
used for farming. Surface water groundwater interactions are most likely to occur along the length
of the Condamine River and its major tributaries, all of which flow episodically, in response to
significant rainfall events.

Environmental impact assessments by proponents of CSG projects near the Condamine Alluvium
include representations of the alluvium, a well as regional hydrogeological systems that cover a
much larger area. The regional groundwater flow model developed BWGC now known as the
OGIA model, covers an area of 360,000 Rr(650 km x 660 km), of which the active area is about
280,000 kne. The footprint of the Condamine Alluvium in the Surat CMA groundwater model covers
an area of 5,904&mz2. The Condamine Alluviuntoversabout 2% of the area of the OGIA model.

There is no universally accepted definition of the extent to the Condamine Alluviu Figure 2-2
shows four different boundaries of the Condamine Alluviumchosen by different authors for
different purposes:

A Dafny and Silburn(2013) collated availéble data from different water disciplinesto assess the
hydrogeology of the Condamine River Alluvial Aquifer (CRAA). They concluded that the lack of
EEOOT OEAAT |1 AAOOOAI AT OO AT i AETAA xEOE OEA 1 AAE 1
conceptualisdion of the aquifer, especially its water balance and hydrogeological processes.
During that study, they developed a boundary for the CRAA.

A A boundary of the Condamine Alluvium groundwater management areawas developed by
DNRM in 2013 and later reviseDNRM 2015a). This boundary is smaller and seems to include
only the Central Condamine Alluvium (CCA).

A The Bureau of Meteorology (BOM) Geofabric Groundwater Cartography is a set of groundwater
boundaries obtained from the best available digital groundwate data sourced from
Commonwealth, State and Territory jurisdictions as part of the Australian Water Information
Dictionary Interim Groundwater Data (IGWD) project.

A The domain of the Central Condamine Alluvium Mitel (CCAM) (KCR011b) follows a boundary
chosen to includethe Central Condamine Alluvium (CCA) and the Lower Condamine Alluvium
(LCA).

3AAQGET T p o pulfage viatkrZghoOr@watei integactions in the Condamine Alluviunh x EE A E
suggests thatthe alignment of the Condamine River and major ioutaries, where they overlie the
alluvium, is more important than the boundary ofalluvium itself. Thelength of rivers and river beds
overlying the alluvium is important hydrologically.
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The CRAAboundary (shown in red inFigure 2-2) has been adopted for many purposes in thistudy
(see alsoFigure 2-1). The dedion to choose this boundary was based on discussions with Elad
Dafny, Mark Silburn and Andrew Biggs in Toowoomba on 11 August 2015, largely because their
work is based on extensive field work in the Condamine Alluvium (local knowledge) and they are
confident that the boundary proposed by Dafny and Silburn (2013) is the best possible boundary at
this time. The authorsbelieve that the BOM boundary (shown in black irFigure 2-2) includes soils
that should not be classified a€ondamine Alluvium.

The CCAMboundary (shown in green inFigure 2-2) is also used in thisstudy, for practical reasons,
i.e. since the report relieextensivelyon the CCAM, it is possible to extract fluxes for cells inside the
boundary of the CCAM but not agide that area.

The real question is whether the choice of boundary makes a significant difference, in practice or to
the findings of thisstudy. The bed of the Condamine River and its tributaries lies above the regional
water table along nearly all of tke length of these drainage lines where they overlie the Condamine
Alluvium. Leakage of surface water to the water table is already occurring, and is not expected to
increase significantly if the water tableelevation declines For this reason, the choicef boundary

is not of critical importance.

2.4 Hydrogeology and Aquifer Connectivity

The focus of Section 13(b) is on potential impacts in the area of the Condamine Alluvium, partly
because this is an area where impacts may occur, and also because stakehsldee particularly
interested in potential impacts in this area. It is important at the outset to have a shared
understanding of why this is the case. The answer depends on conceptualisation of hydrogeological
and hydrological processes that has evolvedver a number of years, prior to and during the
preparation of a number of environmental impact assessments by proponents of CSG projects in the
Surat Basin.

Table 2-1 lists a number of studies that have been undertakeim recent yearswith reports totalling
nearly 4,000 pages in length. The purpose of this list is to emphasise the fact that conclusions
reached in this study rely on a significant body of earlier work.

Table2-1 Key studies of groundwater in the Surat Basin and the Condamine Alluvium
Purpose Reference No. of pages

Studies of groundwater Central CFondamirle Alluvium Data Availabitigview (KC?B 2010a) 98
in the Condamine Condamine Alluylum Stage:lConceptual Hydrogeologlcal Summary (KCB 201( 192
Alluvium Central Condamine Alluvium Stage; IDetailed Water Balance (KCB 2011a) 78
Central Condamine Alluvium Stage;IMumerical Modelling (KCB 2011b) 139
Surat CMA Underground Water Impact Report (QWC 2012a) 224
UWIR for the Surat Hydrogeology of the Surat Cumulative Management Area (QWC 2012b) 144
Cumulative Surat Cumulative Management Area (CMA) groundwater model (GHD 2012) 290
Management Area Predictive Uncertaintpf the RegionaBcale Groundwater Flow Model for the Sun
Cumulative Management Area (QVXQ1X) 311
| NNE6 Q& 9L{ Surat Gas Project Environmental Impact Statement (EIS) (Coffey Environmentg 823
(Appendix G Groundwater Impact Assessmentyioet) 361
Surat Gas Project Supplementary Report to the Environmental Impact State| 434
I NNRB g Qa { w9| (SREIS) (Coffey Environments 2013)
(Appendix 04; Supplementary Groundwater Assessment Arrow Energy Gas Pr 811
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Hydrogeological conceptualisation starts with geology and is modified to take into account
hydraulic conductivity and storage properties, which are together known as hydrogeological
properties. Figure 2-3, from QWC's (2012) UWIR, shows a thredimensional representation of the
Surat Basin, with altenating aquifers and aquitards; he Condamine Alvium can be seen in the top
right; it is partly underlain by the Walloon Coal Measures, which behave as an aquitard relative to
overlying and underlying sandstone aquifers, the Springbok Sandstone and Hutton Sandstone,
respectively.Figure 2-4, from OGIA's (201®) draft UWIR, is described as a geological model, rather
than a hydrogeologcal model; it is based on actual geometry and is less idealise&igure 2-5 is
focused more on structurenear the Condamine Alluvium; his Figure ADBDAAOO ET /') 1|80
draft UWIR, based on an earlier but slightly different versionappearing & both Figure 23 and

Figure 81 in a draft report on the Condamine Interconnectivity Research Project (CIRP) (OGIA

2016a).

These three similar but different representations are shown here to illustrate the evolution of ideas,
and varying degrees of realis. All of the Figures are useful, as they set the scene forflit-purpose
numerical modelling that represents geometry as accurately as possible, especially at interfaces
between units with different hydrogeological properties. Schematic diagrams tend tbe vertically
exaggerated, making the dip of HSUs appear steeper than they really are. Arrows showing flow
directions are indicative, but numerical models calculate rates and directions that satisfy principles
of conservation of mass.

Figure 2-5 is significant in that it allows internal structure within the Condamine Alluvium to be
seen, with sheetwash in the east overlying true alluvium, and a clayey transition zone at the base of
the Condamine Alluvium. These variations in materials and propges are important to flow
processes at some scales.

The Figures show that the Walloon Coal Measures subcrop the Condamine Alluvium. They meet the
base of the alluvium at a low angle of dip. The Coal Measures themselves are anisotropic, with very
low vertical hydraulic conductivity. The anisotropy is caused by the large numbers of very thin
layers within the measures. Each layer is internally anisotropic, but the existence of many layers
enhances the effective anisotropy of the HSU.

The hydrogeologicalproperties of the Walloon Coal Measures play an important role in influencing

OEA bpi OA1 OEAI EI PAAOO T &£ #3' bDHOIT AOGAOGEIT ET ! OOI x&
studies being undertaken to inform predictions.Vertical hydraulic conductivities in the Walloon

Coal Measures and in the transition zone are inferred to be in the range-46 104 m/d, perhaps

with an overall effective average of 18 m/d, lower than had been expected.

Figure 2-6 (Figure 4-1 from OGIA 2016a& shows that the Walloon Coal Measures subcrop beneath
half of the area of the Condamine Alluvium. The extent of the Condamine Alluvium shown in this
Figure is the BOM boundary (se€igure 2-2) believed by Dafny et al. to be too large.

Figure 2-6 in OGIA (2016a), not shown here, shows trends in piezometric heads in the Condamine
Alluvium since about 1965 Heads near Dalby have dropped about 10 m in the past 50 years, and
heads near Tipton have dropped as much as 20 m. Letegm lowering of heads in the Condamine
Alluvium is a result of abstraction of groundwater for irrigated agriculture, and potentialinpacts of
CSG production should be considered in the context of these earlier impacts.
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Figure2-3 Hydrostratigraphy (Figure-@ from QWC 2012a)

Geological Model Layer I oralio Formation B Evergreen Formation

| Condamine Alluvium I Gubberamunda Sandstone M Precipice Sandstone

- Volcanics - Westbourne Formation - Moolayember Formation
Cenozoic and Upper C Sedi - Springbok - Clematis Group

I Wallumbilla Formation I Valloon Coal Measures [l Rewan Group

[ Bungil Formation I Ourabilla Formation Il Bandanna Formation

[ Mooga Sandstone " Hutton Sandstone [ Lower Bowen

Figure2-4 Regional geology (Figure@from OGIA 2016)
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Transition Zone
(undifferentiated clays)

Figure2-5 Hydrogeological setting near the Condamine Alluvium (Figusg #fom OGIA 2016)
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2.5 GroundwaterFlow Processes

In some respects, thenost important part of conceptualisation isthe consideration of processes
that control groundwater flow, in the past, present and dture. This step is essential before
development ofnumerical modeds because it guides the choice of processes that need to be included
in a model, the resolution of a model in space and time, and the choice of software and modelling
methods.

The hydrostratigraphy near the Condamine Alluvium is represented in various ways iRigure 2-3,
Figure 2-4, Figure 2-5 and Figure 2-6. The following processes are expected to occur:

A Coal seam gas will be produced from the Walloon Coal Measures, to the west of and beneath the
Condamine Alluvium. The process of producing gasquires the removal of water by pumping,
during the period of production, in order to lower pressures in the coal seams to levels low
enough to cause gas to be released (desorbed)ithin the coal seams themselves, or more
specifically within the cleats {oints) within the plies (thin layers) within the seams with 10 m
or so of production wells, gas will flow together with water towards production wells, as twe
phase flow. The amount of water that needs to be pumped in order to produce gas is estimated
by OAOGAOOI EO AT CET AAOOR AT A EO ET T xRArrok vateOEA ET A
production is predicted to reach a maximum rateabout 10 years from now with no more
production of water for CSG production withinapproximately 40 years.

A Lower pressuresin the Walloon Coal Measures will affect regional scale groundwater flows.
Historically, groundwater flowed from the coal measures towards the Condamine Alluvium.
The Condamine River wasBE A OAOAET 6 &I O O Erdgioralfaquieisiflo(wedOAAEAOC
towards the alluvium and the river. Tle Condamine Rrer no longer receives groundwater over
most of its length because of the impact of groundwater abstractiofor irrigated agriculture .
Lowering pressures in the Walloon Coal Measures will either reducéé rate of groundwater
flow towards the alluvium, or in some places reverse the direction of flow so that groundwater
flows from the alluvium to the coal measuresThe rate at which these changes occur will be
slow. The maximum change in flux between theWalloon Coal Measures and the Condamine
Alluvium will be a few ML/d, over the area of the whole of the Condamine Alluvium, peaking in
about 80 years, with a long slow decline in impact thereafter.

A QWC (2012a) predicted the extent of Longerm Affected Areas (LAAs), defind as areas in plan
within which HSUsmay experience drawdown (lowering of piezometric heads) of 5 m or more
in consolidated aquifers (such as sandstoneFigure 2-7 (being Figure 65 from QWC 2012a)
shows the LAAs in hard rock aquifers. The black contour shows that drawdown in the Walloon
Coal Measures will have the greatest areal extent. Red and blue contours show that the extent
of LAAs in the overlyng Springbok Sandstone and underlying Hutton Marburg Sandstone,
respectively, will be less. LAAs in the overlying Gubberamunda Sandstone (dark green) and
underlying Precipice Sandstone (orange) and Clematis Showgrounds Sandstone (light green)
will be even smaller. Section 6.3.2 of QWC (2012a) explains that the maximum predicted impact
in the Condamine Alluvium is about 1.2 m along the western edge; this is less than the 2 m
threshold for an LAA in unconsolidated aquifers, so this is not shown in the Figar

A Since less groundwater will be supplied to the Condamine Alluvin, groundwater in the
alluvium will move towards a new equilibrium. There are many users of groundwater in the
Condamine Alluvium, and under current conditions, the water table in th€ondamine Alluvium
is generally below the bed of the Condamine River. This means that the river loses water to the
water table along most of its length i.e. surface water provides recharge to the aquifer along the
river and its tributaries. There will be aslight tendency for the water table to be lowered
further, but because the water table islready below the bed of the river, leakage from the river
01 ¢cOi 01T AxAOAO xEIl ETAOAAOGA OAOU 1 EOOI As 4 E
AEOAT 1 1 theAn®d Avthére ti® water table is so low that there is an unsaturated zone
between the river and the water table below. Themaximum increase in losses from the
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Condamine River to groundwateiis expected to bedss than 1 ML/d, peaking in more than 200
years, with a long slow decline in impact lastingip to thousands of yearsThis is an expected
result, based on conceptualisation of processes; a purpose of this report is to confirm this
expectation.
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Figure2-7 Predicted extent of Longerm Affected Areas (Figure-6 from OGIA 2012a)
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Section 3 The Action

3.1 Preamble

The purpose ofthis section is to define (by reference to the EIS and SREIS) fi®posed Gctiond 8

The action
4 E Actiddd E Qurab&ad Expansion Project.

3.2 Surat Gas Expansion Project

Section 3 of the SREISpffeyEnvironments 2013) indicates that! O O T Pxofe€d DevelopmentArea
(PDA) covers an area of approximately 6,100 ké(Figure 3-1). The PDA will ultimately be smaller.

At the time of preparation of the EISthe PDAcomprised Petroleum Leases (PLs194, 198, 230, 238,
252, 258,260; Petroleum Lease Applications (PL(A)sL85, 253, 304, 3@, 306, 307, 308; Authorities
to Prospect (ATPs) 676, 683, 689, 810; part of ATP 747; and parts of Authprto Prospect
Application (ATP(A)) 746. Some areas were relinquished prior to submission of the SREIS.

ThePDAIs divided into 11 @Irainage area®(DAs)that correspond with known gasresources These
are numbered DA1, DA2 and DA4 to DA12 (Figure 3.1 in the SRET8) DAs are not shown in this
report, but it is important for stakeholders to understand that development is planned istages, not
simultaneously in all areas.

The Approval, under theEnvironment Protection and Biodiversity Conservation Act 198%PBC Act),
ADPDOT O hroposadaktiodiio expand coal seam gas operations in the Surat Basin, Queensland,
as described in th referral received under the EPBC Act on 2 February 2010; and as described in the
Surat Gas Project Environmental Impact Statement (March 2012) and Supplementary Report to the
Environmental Impact Statement (June 2013)

In essence, th® O1 D | 20tiridis 43 describedn Section 5 of the EIS (Coffey Environments 2012)
and Section 3 of the SREIS (Coffey Environments 2013).

The Approval approves the proposed action for each of the following controlling provisions under
the EPBC Act:

A listed threatened specés and communities (sectiond8 and 18A)
A listed migratory species (sections 20 and 20A)and

A awater resource, in relation to coal seam gagevelopment and large coal mining development
(sections 240 and 24E)

There is a clear link between therequirements of Section 13(b) of the Approval and these
controlling provisions in the Act The wording of Section 13(b), with its focus on potential impacts
on water resources and dependent ecosystems, echoes the wording of the EPBC Act.
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Section 4 Water Resources

4.1 Preamble

The purpose ofSection 4is to provide an introduction to the Qvater resource§of the area, in order
to facilitate later discussion of the potential impacs | £ @dfioh in@he project are@ Qwvhter
resources.

Water resources

O7AOAO OAOI OOAAOSG A OAwathriand Qieuhdwardr fesolrdes, AsAnar@ge
by the Queensland Government.

Surface water resources are drawn mainly from the Condamine River and its tributaries. In th
study, the focus of attention is on the possibility that water drawn from the WalloorCoal
Measures for CSG production could ultimately affect groundwater in the Condamine Alluvium a
hence water levels and flows in the Condamine River and its tributaries, where they overlie th
Condamine Alluvium. Surface water is drawn from the CondamenRiver both upstream and
downstream of the Condamine Alluvium; there is no suggestion that CSG production could aff
these surface water resources, directly or indirectly.Surface water resources in the area of th
Condamine Alluvium, an area straddlig two IQQM models, is of the order of hundreds of GL p
year.

Groundwater is drawn mainly from the Condamine Alluvium, so consideration of groundwate|
resources in this study is focused on the alluvium. Groundwater is also drawn from aquife
beyond the aea of the Condamine Alluvium; ptential impacts on bores in these areas has beg
assessed by QWC and Arrow in previous studie§hroughout the Central Condamine Alluvium
Groundwater Management Area, there are 320 active groundwater abstraction licencesthva
total entitlement of 87 GL/y.

Section 13(b) does not explicitly referto the! OOOOAT EAT ' 1T OAOT I AT 68O "ET O
Programme(Bioregional Assessment Programme2016) which is currently being trialled in a

number of regions. However, there are links between the questions being addressed in that
Programmeand the phrasing of Section 13(b).

Bioregional Assessments (BAs) ar@esignedto help the Independent Expert Scientific Committee

on Coal Seam Gas and Large Coal Mining DevelopmdBiSQ to provide advice to the Federal
Minister for the Environment on potential water-related impacts of coal seam gas (CSG) and large
coal mining developments.Q\ BA is a scientific analysis, providing a baseline level of information on
the ecology, hydrologygeology and hydrogeology of a bioregion with explicit assessment of the
potential direct, indirect and cumulative impacts of CSG and coal mining development on water
resourced

AEAR "1 TAOGETAIIT QU jAADATG AL AER GOR Oiddv@dhdiated EOOET C
assets and water resources.A water-dependent assetis Gin entity contained within a bioregion

where the characteristics can be ascribed a defined value and which can be clearly linked, either

directly or indirectly, to a dependency agroundwater or surface water quantity or qualitg 8 7A0AO
resources are not explicitly defined.

In this report, Qvater resourcesare considered tobe surface water and groundwater resourcesas
managed by the Queensland Governmenthich issueslicensesto users toallow them to draw on
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suchresources 7 AOAO OAOTI BOAAO AOA AEAEEAOAT O A£OI i OAA

separately inSection 6 This distnction may be different from that used in Bioregional Assessments,
but is based on the wording of Section 13(b).

Historically, long before significant use of water resources, the Condamine Alluvium was part of a
hydrological drainage system in which rainéll-recharge flowed via regional aquifers towards the
alluvium (from the Great Dividing Range in the east and slightly elevated land in the west), then to
tributaries of the Condamine River, to the Condamine River itself (via surface water or groundwater
flows) and ultimately westwards to the northern end of the Murray-Darling Basin (Dafny and
Silburn 2013).

According to current modelling, the Condamine Alluvium still receives groundwater from
underlying hydrostratigraphic units, over most of the base of ta alluvium. In other words, the
alluvium is still acting as part of a regional drainage system, even though surface water flows are
less than they used to béQWC 20124.

As explained in Section 2.5, production of water during the Roject will cause a reduction of
discharge from theWalloon Coal Measures to the Condamine Alluviurand possibly areversal in

flow direction in some places such thagroundwater may flow from the Condamine Alluvium
towards the Walloon Coal Measures and otheteeperaquifers. A reduction in groundwater inflow

to the Condamine Alluvium wil cause the water table to drop

Section4.2and Sectiord.3 provide an introduction to the surface water and groundwater resources
in the region, to facilitate con&eration of potential impacts.

4.2 Surface Water Resources

The Condanmne River is part of the MurrayDarling Basin and drains the northern portion of the
Darling Downs. The river becomes the Balonne River downstream of the town of Roma.

The surface water resources of primary interest in this report are those that overlie the Condamine
Alluvium. Figure4-1 shows the alignment of the Condamine River @hthe names of major
tributaries.

The Condamine Alluvium is significant, because groundwater flows towards thione with higher
hydraulic conductivity than the surrounding rocks. Groundwater modelling shows that the greatest
impacts of CSG production are on this area (QWC 2013).

This Section starts with a general description of the stream network, largely to emphasise that
surface drainage occurs via more drainage lines than th€ondamine River. The sources of
hydrological data (surface water monitoring stations) are discussed. This is followed by a brief
description of flooding. TheWater Resource (Condamine and Balonne) Plan 2q@ueensland
Government 2004) is introduced, wit additional sections on Commonweléh Environmental Water
and surface water use.

Of primary interest is the magnitude of surface water use. This is important so that possible impacts
of CSG production on surface water availability can be considered relatito existing entitlements.

4.2.1 Stream Network

The Condamine River flows in a northwesterly direction through theproject area before its
confluence withthe Balonne River.
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Different GIS datasets of watercourseand drainage lines are available within theroject area:
A Surface network from Geofabric version 2 (BOM 2011).

A Queensland 25k drainage network from DNRM. Hse data have beenderived from digital
photogrammetry or scanning of existing mapsThe dataset includes watercourss, channes,
and outlines of lakes and dans. Feature dtributes include name, perenniality(whether or not
a watercourse flows all year)and length.

A Queensland 100k ordered drainage network from DNRM. This dataset is based on the
Geoscience Australia 1:100,000 drainage network of Quesland andincludes orderedreaches.

A Queensland Watercourse lines from DNRM. This dataset displays watercowssad includes a
linear network for hydrological modelling. Feature dtribute s include name, perenniality and
hierarchy. The dataset was derived fom multiple data sources including orthophotography,
satellite imagery and topographic data.

Only the Geofabric dataset and the Queensland Watercourse lines contain information about
perenniality and stream names. The Geofabric dataset has a coarser resioh and does not always
follow the local river meanderswhen compared to Bing Maps Aerial (Microsoft Corporation 2015).
The Queensland Watercoursdines provide the best available representation othe Condamine
River andits tributaries.

The length ofa watercourse along its centreline depends on the resolution with which it is drawn:
the higher the resolution, the longer the length.

Table 4-1 shows watercourse lengths derived from the Queensland Watercourse lines dataset
within the area of the Condamine River Alluvial Aquifer (Dafny and Silburn 2013)it is significant,
from a surface waterz groundwater interaction point of view, that the length d watercourses in the
area of the Condamine Alluvium is nearly six times the length of the Condamine River itself.

Further analysis of watercourse lengths is presented ifable 4-2. In this case the length of water
courses is based on the footprint of the CCAM, the model used in this study. Lengths are provided
for the Condamine River and 12 named tributaries which together are about 80% as long as the
Condamine Riveritself.

Table4-1 Watercourse lengthsvithin area of CRAA

Watercourse(s) ‘ Length (km)

Condamine Rivgincluding North Branch) 500
Named Streams 1,512
Unnamed streams 1,372
dal 22N aiGNBl Ya 378
4 a A ysgddis 1,906
Total length 2,884
hith 43
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Table4-2 Watercourse lengthsvithin area of CCAM
Condamine River 351
Condamine River North Branch 119
Charleys Creek 45
Dead Man Gully 37
Cooranga Creek 62
Wilkie Creek 39
Jimbour Creek 39
Myall Creek 37
Oakey Creek 60
Grasstree Creek 40
Canal Creek 16
Hodgson Creek 3
Kings Creek 1
Dalrymple Creek 6
Total: Condamine River (including North Branch) 470
Total: Other tributaries 385
Total 855

4.2.2 Surface Hydrological Data

$AET U £iiTx ATA xAOAO 1 AOGAT AAOA EAOA AAAT A@OOAAOD
Bureau of Meteorology (BOM) website. Of those near the Condamine region, 27 monitoring stations

are currently active and13 of those are located within the extent of the Condamine River Alluvial

Aquifer (Dafny and Silburn 2013). Historical data from 47 closed stations are also available, with

15 sites located within the area of the Condamine River Alluvial Aquifer (Dafny drSilburn 2013).

The majority of the discontinued stations have short periods of record. Attention has therefore been

focused on those stations that are currently active.

The locations of surface water gauging stations and weirs are shown Figure 4-2. Table 4-3
summarises available surface water data around the project aredigure 4-3 shows a schematic
diagram of the hydrological system showing the Condamine River and its tributaries, the active
monitoring stations and weirs.

The percentageof time when flow (>0 ML/day) has been recorded within the period of the
streamflow record has been calculated based on daily flow data and is shownRigure 4-2. This
percentage provides an indication of the extent to which a stream is perennial, intermittent or
ephemeral. Of the 13 gauging stations inside the area of the Condamine Alluvium (as defined by
Dafny and Silburn 2013), only two flow less than half the tim, while six flow more than three
guarters of the time.
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Surat Gas Expansion Project - CSG WMMP Section 13(b) a.
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Table4-3 Current stream gauging station network

Catchment| Zero Gauge
Area (kn?) (mAHD)

422202B Dogwood Creek at| Dogwood Creek 3010 283.257 16/10/1949- NOW WaterLevel
Gilweir

Recording Period Data type

Station No Station Name ‘ Watercourse

16/10/1949- NOW Discharge

422306A Swan Creek at Swan Creek 83 535.895 01/06/1919- NOW Water Level
Swanfels

3/09/1920- NOW Discharge

422308C Condamine River al| Condamine 19190 286.007 02/10/1955- NOW Water Level
Chinchilla River

09/01/1974 NOW Discharge

422310C Condamine Riverai Condamine 1360 446.573 02/10/1960- NOW Water Level
Warwick River

02/10/1960- NOW Discharge

03/11/1993- NOW Rainfall

422313B Emu Creek at Emu Emu Creek 25.5 490.916 24/01/1973- NOW Water Level
Vale

24/01/1973- NOW Discharge

11/04/1990- NOW Rainfall

422316A Condamine River al Condamine 7795 347.507 25/10/1947- NOW Water Level
CecilPlainsWeir River

31/10/1972- NOW Discharge

422317C Glengallan Creek a]  Glengallan 474 441.504 17/06/2011- NOW | Water Level
RockyRidge Creek
17/06/2011- NOW Discharge
422319B Dalrymple Creek at| Dalrymple 246 471.253 28/03/1969- NOW | Water Level
Allora Creek

28/03/1969- NOW Discharge

05/09/2007- NOW Rainfall

422321B Spring Creek at Spring Creek 35 552.003 24/01/1973-NOW | Water Level
Killarney

24/01/1973- NOW Discharge

16/08/1991- NOW Rainfall

422323A Condamine River al Condamine 6475 380.926 30/08/1961- NOW Water Level
Tummaville River

30/09/1961- NOW Discharge

422325A Condamine Riveraif Condamine 28930 249.064 02/06/1966- NOW Water Level
Cotswold River

02/06/1966- NOW Discharge

422326A Gowrie Creek at Gowrie Creek 47 539.377 20/11/1969- NOW Water Level
Cranley

20/11/1969- NOW Discharge

422332B Gowrie Creek at Gowrie Creek 142 405.920 01/07/1992- NOW Water Level
Oakey

01/07/1992- NOW Discharge

03/02/1993- NOW | Rainfall

422333A Condamine Riverai Condamine 12380 327.804 24/03/1969- NOW Water Level
Loudouns Bridge River

24/03/1969- NOW Discharge
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: . Catchment| Zero Gauge . .
Station No Station Name Watercourse Recording Period Data type
‘ Area (kn?) | (MAHD) . il
422334A Kings Creek at Kings Creek 516 421.787 17/04/1969- NOW Water Level
Aides Bridge
17/04/1969- NOW Discharge
422336A Condamine Riverai Condamine 18000 296.995 26/10/1972- NOW | Water Level
Brigalow River
26/10/1972- NOW | Discharge
12/11/1991- NOW Rainfall
422338A Canal Creek at Canal Creek 395 412.569 26/10/1972- NOW Water Level
Leyburn
26/10/1972- NOW Discharge
06/06/1991- NOW Rainfall
422341A Condamine River a| Condamine 92 514.613 27/05/1976- NOW Water Level
Brosnans Barn River
27/05/1976- NOW Discharge
422343A Charleys Creek at| Charleys Creek 3461 292.282 27/06/2003- NOW | Water Level
Chinchilla
27/06/2003- NOW Discharge
422344A Condamine River a| Condamine 24340 276.603 13/06/2007- NOW Water Level
Bedarra River
13/06/2007- NOW Discharge
13/06/2007- NOW Rainfall
422345A North Condamine North 710 365.094 14/10/1978- NOW Water Level
River at Lone Pine| Condamine
River 14/10/1978- NOW Discharge
422347B North Condamine North 378 379 01/04/1988- NOW Water Level
River at Pampas Condamine
River 01/04/1988- NOW Discharge
422350A Oakey Creek at Oakey Creek 1970 338.728 17/10/1980- NOW | Water Level
Fairview
17/10/1980- NOW Discharge
422352A Hodgson Creek at| Hodgson Creek| 560 404.667 20/05/1987-NOW | Water Level
Balgownie
20/05/1987- NOW Discharge
27/11/2009- NOW Rainfall
422355A Condamine River a| Condamine 3105 400 27/10/1989- NOW | Water Level
Talgai Tailwater River
27/10/1989- NOW Discharge
18/08/2010- NOW Rainfall
422359A Oakey Creek at Oakey Creek 1353 371.058 18/06/2011- NOW | Water Level
Jondaryan
18/06/2011- NOW Discharge
422394A Condamine Riveat Condamine 325 468.837 23/01/1973- NOW Water Level
Elbow Valley River
23/01/1973- NOW Discharge
08/07/1993- NOW Rainfall
CDM
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4.2.3 Flooding

The surface hydrology of the area is dynamic, and flooding is a significant natural hydrological
POl AAOOS8 4EA EOANOAT AU T &£ A1 TTAETC EAO 1T AA Ol
dams as part of water managent to support farming in the area. It can be expected that flooding
contributes to the longterm average rate of recharge to aquifers in the Condamine Alluvium.

Flooding is mentioned here not because it is explicitly considered in the analysis that fols.
Flooding has not been explicitly considered in any of the regional scale groundwater flow modelling
undertaken to date, partly because it is very difficult to do so, and it is unlikely that models could be
calibrated. It is important to recognise posible processes, even if they cannot or are not explicitly
modelled. Leaving the processes out of models may mean, for example, that a reasonably calibrated
groundwater flow model represents recharge from flooding as distributed rainfalrecharge, with
essentially the right amount of recharge represented as a long term average process, rather than as
an episodic processThe impacts of flooding have not been ignored, but rather, have been included
in representation of the recharge process.

Rainfall over the area of theCondaminecatchmentin excess of 25 mm in 24 hourgan result in
minor flooding, andrainfall in excess of 50 mm in 24 hourgan cause moderate to major flooding
(Coffey Environments 2012. Major floods occur regularly,on averageonce everytwo years, and
generally during late spring, summer andautumn (Coffey Environments 2012).

A number of flood studies have beeandertakenwithin the catchment of theCondamineRiver since
2004:

A SKM (2004) developed a twedimensional model of the UppeiCondamine River for DNRM. The
study area covered the Condamine River from upstream of tierthern anabranch dowrstream
to Chinchilla. The study led to development offlood models for the 1976 flood event andor 20-
and 100-year Average Recurrence Intervia(ARI) design floods.

A SKM @007, 2011) carried out a flood study for Myall Creekat Dalby.Flood maps for all storm
events up to the Probable Maximum Flood (PMF) were produced.

A A hydraulic study was completed byOpus (2007), to investigate flood behaviourin the area
where the Condamine River and the Warrego Highway meet (between the towns of Macalister
and Warra). Flood levels and flows for 50and 100-year ARI flood events were determined.

A SKM (2011) undertook a flood study to understand and define floothg behaviour in the
floodplain area of the CondamindRiver from Killarney, through Warwick, and almost to Talgai
Weir. The study resulted in flood mapping for 5%, 2% and 1% Average Exceedance Probability
(AEP) and PMF flood events.

A BMT WBM Pty Ltd (2012)conducteda flood study to develop mitigation measureslesignedto
reduce the impacts of flooding in the Gowrie Creek catchment. Flood extent maps for280-,
100- and 500-year ARI events were producegand flood mitigation measures were proposed.

/]
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A Tipton Gas Fields, Surface Water Study (AECOM 2011). This logtaidy was undertaken to
assess the potential impacts of the proposed Tipton Gas Fields development on flood behaviour
in the area.

A Surat Gas Project Concept Select Studies, Surat Bas-lood Mapping (WorleyParson2013a)
and Surat Basin Design Flood Modelling (WorleyParsons 2013b). For this stydietailed flood
models (hydrologic and hydraulic) were developed for 56, 100-, 500- and 1,000year ARI
design flood events within the Arrow CSG tenements in the Surat Basin.
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Condamine River Flood Inundation Study Tipton GasFields (AECOM 2013a). Thisvork
involved a flood assessment of the Condamine River between Cdeikins Weir and Loudoun
Bridge to assess the risk of flooding of the Tipton Gas Field (PL198). The flood assessment
produced inundation maps for the 5, 10-, 20-, 50-, 100- and 1,000year ARI flood events.

Condamine River Flood Inundation Study Daandine Gasiélds (AECOM 2013b). Thidlood
assessmentwas conducted onthe Condamine River between Loudoun Bridge and Brigalow to
assess the risk of flooding to existing dams of the Daandine Gas Field (PL230). The objective of
the assessment was to define the flood inundation maps for,510-, 20-, 50-, 100, and 1,000
year ARI flood events.

Daandine and Kogan North Gas Fields, Localirface Water Study (AECOM 2013c). At a local
scale, a surface water study was undertaken to assess the potential impathewly constructed
damson flooding behaviour.

Table4-4 summarises the methodologies and software used to develop some of these models.

Table4-4 Summary of flood modelling studies

Year Author Client Software

Upper Condamine 2004 SKM DNRM URBS Condamine River and

River Floodplain MIKE 21 floodplains upstream of

Broad Scale Hydrauli Chinchilla weir to Leyburn

Model Development Cambooya Road.

Report

Condamine River 2013 AECOM Arrow Energy URBS Condamine River from Cecll

FloodInundation MIKE 21 Plains up to the confluence

Study Tipton Gas with Oakey Creek. Includes

Field ananabranch going into Lon
Swamp.

Condamine River 2013 AECOM Arrow Energy URBS From Loudoun weir to Warrg

Flood Inundation MIKE 11 Town weir, including Wilkie

Study Daandine Gas Creek.

Field

Surat Gas Project 2013 Worley Arrow Energy WBNM Arrow CSG tenements in the

Concept Select Parsons TUFLOW SuratBasin.

Studies Surat Basin

Design Flood

Modelling

The Department of Natural Resources and Mines maintains a website that shows the extent of
floodplains in Queensland:http://flood.dnrm.esriaustraliaonline.com.au/floodcheck / .

4.2.4 Water Resource (Condamine and Balonne) Plan 2004

The Project area falls within the area covered by thé/ater Resource (Condamine and Balonne) Plan
2004 (Queensland Government 2004). The purposes of thikAOA O 2 AOT OOA&e:01 Al

A
A
A
A

>

001 A A #mailhbity & waker in the plan area;

to provide a framework for sustainability managing water and the taking of water;
to identify priorities and mechanisms for dealing with future water requirements;
to provide a framework for establishing water allocdions;

to provide a framework for reversing, where practicable, degradation that has occurred in
natural ecosystems, for example, in stressed rivers; and
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To support the WRP, the Department ofNatural Resources and Mine§DNRM has developed
hydrological models (using the Integrated Quantity and Quiity Modelling or IQQM software) to
simulate surface hydrological processes and allocations of surfaveater resources Based on model
outputs, performance indicatorshave beerderived to measure and compare the impacts of different
management options.

Performance indicators are defined in the Water Resource Plan aEnvironmental Flow Objectives
(EFOs) and Water Allocatia Security Objectives (WASOSs).

The IQQM datasets for the Condamine region do not explicitly include aflpws related to CSG
production. They neither include an additional demand on surface flows, to represent possible
additional loss of water to groundwaer, nor additional supply of water, such as treated produced
water discharged under licence to surface water.

4.2.4.1 Environmental Flow Objectives (EFOS)

Environmental Flow Objectives are measured based on the following performance indicators:

A Low flow z the total number of days in the simulation period in which the daily flow is not more
than half the predevelopment median daily flow.

A Summer flow 7 the average number of summer flow days in the simulation periodwhere
summer is the period from 1 December in asar until the end of February in the following year

A Beneficial flooding flow z the median of the wet season 9@lay flows for the years in the
simulation period.

A 1in 2 year floodz the daily flow that has a 50% probability of being reached at least onceyaar.

A 1in 10 year floodz the daily flow that has a 10% probability of being reached at least once a
year.

Environmental Flow Objectives are evaluated at specific locations (defined as nodes in the WRP)
along the Condamine and Balonne Rivers. Two of thacations fall within the Central Condamine
Alluvium groundwater model area node K Condamine River at Cedillains Weir (Adopted Middle
Thread Distance AMTD 891.1 km) and node J Condamine River at the upstream limit of the
impounded area of Chinchilla Wei Nodes located downstream ofhe Central Condamine Alluvium
groundwater model areamay also be affected byany change in fluxesin the river caused by CSG
production. The two nextclosest nodes downstream on the Condamine River are node I, located at
the downstream border of the Chinchilla water supply scheme (AMTD 643.7km) and
node H at Cotswold (AMTD 537.5 km).

To assess impad, the EFOs are defined at each node as follows (Queensland Government 2004):

A A performance indicator cannot be less than 66%fdhe indicator for the pre-development flow
pattern. If the indicator is already less than 66% for the Resource Operation Plan (ROP)
compared to the predevelopment flow pattern, this indicator cannot be allowed to decrease.

A A performance indicator cannotbe greater than 133% of the indicator for the predevelopment
flow pattern. If the indicator is already greater than 133% for the ROP compared to the pre
development flow pattern, this indicator cannot be allowed to increase.
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4.2.4.2 Water Allocation Security Olgictives (WASOSs)

Water Allocation Security Objectives (WASOs) performance indicators are defined for a water
allocation group as follows:

A the annual volume probabilityz

- for taking unsupplementedwater, the percentage of years in the simulation period in
which the volume of water that may be taken by the group is at least the total of the
nominal volumes for the group and

- for taking supplemented allocations, the average annual volume of water that may be
taken by the group in the simulation period as a peentage of the total of the nominal
volumes for the group.

A the 45% annual volume probabilityz the percentage of years in the simulation period in which
the volume of water that may be taken by the group is at least 45% of the total of the nominal
volumesfor the group.

Gupplemented wateb means water supplied under an interim resource operations licence,
resource operations licence or other authority to operate water infrastructure. @nsupplemented
wateromeans water that is not supplemented water.

These definitions are quite technical, and are quoted here to illustrate the level of detail in the WRP.
In principle, a change to water allocation rules should not result in any reductions to the WASO
performance indicators. However, at the time of prepaation of this report, it seems that this is the
first time that the IQQM has been run taking into account possible implications of CSG production
on WASOs.

4.2.4.3 Resource Operations Plan

A Resource Operation Plan (ROP) for the Condamine and Balonne was publislre 2008 and
revised in 2015 (DNRM 201%). The RORlescribesthe rules and requirements to achieve the water
resource objectives from the Water Resource Plan.

425 Commonwealth Environmental Water

As part of a suite of national water reforms, the Australian Gernment created the Commonwealth
Environmental Water Holder through theWater Act 2007 "The functions of the Commonwealth
Environmental Water Holder are to be performed for the purpose of protecting or restoring the
environmental assets of the Murraarling Basin ... so as to give effect to relevant international
agreements.&www.environment.gov.au/water/cewo/about -commonwealth-environmental-

water>

Commonwealth water holdings are the direct result of government purchases of entittements and a
substantial investment in more efficient watr infrastructure in the Murray-Darling Basin.

The planning, prioritisation, use and monitoring and evaluation of Commonwealth environmental
water is informed by a range of stakeholders including the Department of the Emehment and
other Commonwealth and State government agencies, scientists, catchment and local natural
resource management agencies, environmental water advisory groups, water user associations,
Indigenous communities and local landholders.

The CondamineBadonne Rivers region lies with the northern unregulated rivers region. These
catchments are predominantly unregulated systems in which the majority of water use occurs by
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diversion of river and overland flows (water that breaks out of a watercourse as flatwater or runs
across the land after rainfall) during episodic flow events. Water taken from unregulated sources is

often stored in large, shallx &1 T T ABDT AET OO1 OACAO ulkdyd @ 11 ADO & OkA iCC

These can range fronmundreds of megalitres (ML) to several hundreds of giglitres (GL)in capacity.

Commonwealth environmental water is important from the point of view that it provides context,
and partly explains the interest of the Federal Government in management of water in the
Condamine ara. It is also important in that it introduces the notion that river flows are more
regulated (hydraulically controlled) further towards the south of the Murray-Darling Basin, and
unregulated, with extremely variable flows, in the north.

4.2.6 Surface Water Use

The primary purpose of this section, and indeed of Sectioh.2, is to document the magnitude of
surface water resources in the Condamine area. The motivation is pwovide context for later
consideration of the potential impacts of CSG production on surface water resources.

Potential surface water uses in the Condamine catchment include agriculturgdastoral, urban,
mining and recreational use.

According to Department of the Environment (2016), registeredentittements in the Condamine
Balonne catchmentas at 31 December 2015 are as showin Table 4-5. Data for the area bthe
Condamine Alluvium alone are not available.

Table4-5 CondamineBalonne catchment entitlements

Registered entitlements
(GL)

Long term average
annual yield GL)

Security

Nominal volume GL)

CondamineBalonne 0.2 0.2 0.2
unsupplemented

CondamlneBalonnewater 23.2 10.0 10.0
harvesting obverland flow

Unregulated water licences are issued for water management areaThere are four water
management areas within the Condamine Alluvium exteDNRM 201%):

the UpperCondamine water management area;
the Condamine ad Balonne water management area;

A
A
A the Condamine and Balonne tbutaries water management areaand
A

the Gowrie and Oakey Creek water management area.

Two water supply schemes fall within the boundary of the Condamine Alluvium: the Upper
Condaminewater supply schemeand the Chinchilla Weirwater supply scheme Supplemented
water licences are issued under the water supply schemes and range from medium to high priority.
Table 4-6 and Table 4-7 summarise supplemented water allocations(dated 15 February 2015)
within the Project area(Queensland Government 2016).
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Table4-6 Upper Condaminavater supply scheme

Minimum volume Current volume  Maximum volume | Projected volume

Location @) @) @ o)
:
ZoreucEs 08 29 33 26
ZoreuCEs 0 76 72 76
ggr;]):rucccggamine 29 115 11.9 11.5

Table4-7 Chinchilla Weir Water Supplgcheme

Minimum volume Current volume  Maximum volume | Projected volume

Location

(GL) (GL) (€ G
Condamine Balonne

Z0neCBOL 2.0 2.0 2.9 2.0

Surface water usein the IQQM models derived from historical data,for the Upper and Middle
Condamine catchmentsis also summarised inTable 4-8.

Table4-8 Modelled water use in IQQMafter CSIRO 2008)

Number of MedllLiJCrr;ns:;unty Licence Pump constraints
nodes (GLY) (GLYy) (ML/d)

Upper CondaminéQQM model
Irrigation
Medium searity 23 30.6 1,551
Unsupplemented 75 66.6' 6,335
Floodplain harvsting 5 41.9 8,389
Subtotal 103 30.6 108.5 16,275
Town water supplies 4 6.2
I A3K aSOdzNRG& W 9 0.9
Subtotal 13 7.1
Total 126 37.7 108.5 16,275
Middle CondamindQQM model
Irrigation
Medium searity 7 3.7 124
Unsupplemented 107 115.¢¢ 12,375
Floodplain harvsting 5 150.¢ 29,998
Subtotal 119 3.7 265.0 42,490
Town water supplies 15 53
I A3K aSOdNRG& W 6 2.3
Subtotal 21 7.6
Total 140 3.7 272.6 42,490

1. Based on nominal volume
2. Based on offarm storage capacity
3. Estimated when gravity diversion used

Given that the IQQM is usethy Governmentto assess the performance of the water allocation
system, and would be used to assess applications for new licences, the summary présern Table
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4-8 is the most interesting. The area of the Condamine Alluvium straddles the boundary between
the Upper Condamine IQQM model and the Middle Condamin@@®M model, so medium security
licences (in the third column) and unsupplemented and floodplain harvesting licences (in the fourth
column) cannot be disaggregated from the totals provided in the Table.

The conclusion of this brief exploration of data on sdace water resources is that surface water
resources in the project area, straddling two IQQM models, is of the order of hundreds of gigalitres
per year.

4.3 Groundwater Resources

The Condamine Alluvium is an important groundwater resource for irrigators in the area. The
hydrostratigraphy of the alluvium is summarised below, followed by a summary of available data
and of groundwater use.

The focus of Sectiod.3 is on the Condamine Alluvium, because Section 13(b) refers specifically to
the Condamine Alluvium,because mostof the licensed abstractionin the region is from the
Condamine Alluvium, and lecause the potential impacts of CSG production are predicted to occur
within the area of the Condamine Alluvium. This Section is intended to provide context. Additional
information on predicted impacts will be provided below.

Of primary interest is the magnitude of groundwater use. This is important so that possible impacts
of CSG production on groundwater availability can be considered relative to existing entitlements.

4.3.1 Hydrostratigraphy

Much has been written on the geology, hydrogeology and hydrostrgtiaphy of the Condamine
Alluvium. lust as its areal extent is uncertain (sed-igure 2-2) the internal structure of the
Condamine Alluvium is also uncertain.

There is wncertainty regarding the spatial extent of the Condamine Alluvium near its northwestern
edge, the occurrence and properties of the transition layer, and the extent of the Jurassic formations
underneath the Condamine River Alluvial Aquifer (Dafny and Silbur2013).

Dafny and Silburn 013) summarise all previous studies anddescribe two conceptualisations
proposed by different authors

A Afluvial alluvium unit and a sheetwash alluvium unit, bsed on depositional environmentsThe
fluvial alluvium unit dominates the lower and western parts and is overlain by the sheetwash
alluvium. This is the conceptualisation that wasadopted by KCB (2011b) for the Central
Condamine Alluvium Groundwater Model (CCAM).

A Three unitsdenoted A, B andC, dtributed to transport and sedimentation processes from the
eastern tributaries, and forming outwash fans. A is mostly sandand ¢ OA O AA OAsAOAI
characterised bythe appearance ofsedimentsin the lower part. Bincludes all sediments irn
between.This conceptualisation was proposed by SKM (1999).

The ndamine Interconnectivity Research Project (CIRP), as discussed in Sect@d, prefers
reference to a tansition layer, which is very clayey and has very low vertical hydraulic conductivity.
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Abbreviations: KB- Kumbarilla beds; MRV- Main Range Volcanics;
WCM- Walloon Coal Measures.

Figure4-4 Hydrostratigraphic conceptualisation§rom Dafny and Silburn 2013

4.3.2 Groundwater Data

The Groundwater Datalase Queensland (GWDBQL ipdated on 7 October 2013 has been
downloaded from$ . 2 - 8 O xAA dath Babe\gerextracted for bores locatedwithin the plan
area of the Condamine Alluviunfas defined by Dafny and Silburn 2013).

At the time of the download, there were 2,827 bore locations with measured depth to water
Groundwater bore locations with water levels areshown in Figure 4-5.

A number of bores do not have records of the elevation of the top of casing from whigduced
values of hydraulic head(in mAHD) can be derivedMany bores haveonly one measurementof
depth to water and have beenignored in further analysis. @ the 2,827 bore locations, 601 have
transient data (more than two measurements). Of these, 236 bores hawe data after 2010. Thus,
375 bores have transient data after 2010.

Groundwater monitoring locations and associated daily water level dataave also beemlownloaded

AOT I $.2-680 7AO0AO Figurel456 GHowsEHes€ boi@ lloCativAsias well. Twenty
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monitoring bores are located in the area of the Condamine Alluviurivlost of thesebores (17 0f20)
have only a few years of dat@ommencingin 2010-2011, while the remainingthree bores have
recorded data from 19941995.

Dafny (2014) provides a recent systematic analysis of changes in water table elevations in the area
of the Condamine Alluvium in recent yearsHe shows a range of types of responsemcluding
recovery of water table elevations in some areas following changes in abstraction regimes by
irrigators. Nevertheless, the water table remains below the bed elevation of the Condamine River
and its tributaries in nearly all locations where it ispossible to compare the two.

4.3.3 Groundwater Use

Information about active groundwater licences, last updated in October 2015, was downloaded
from the Queensland Government data website (Queensland Government 2015he Condamine
River Alluvium aquifer is managd as part of the Central Condamine Alluvium Groundwater
Management Area (CC&MA). The CCG&A&MAIs divided into four sub-areas (Figure 4-6) that are
themselvesseparated into transitional zones.

Throughout the CCAGMA there are 3D active groundwater abstraction licences with a total
entitlement of 87 GL/y. Nominal entitlements for each of the submanagement groups are shown in
Table4-9. Forty percent of the total nominal entitlement is assigned to Central Condamine Subarea
2 z Transitional Zone 3.Overall, about 90% of groundwater abstraction is for irrigation. KCB
(2010b) estimated abstraction to be 66 GL/y including 46 GL/yfrom metered abstraction and 20
GL/y from unmetered abstraction, for the years 1980 to 2010lin 2012, abstraction was estimated

to be67 GL/y, although sustainablegroundwater yield was estimatedat the same timeto be 40 GL/y
(Tan et al. 2013.

The locatiors of licenced abstraction boresare shown inFigure 4-7. There are concentrations of
licences with largerabstraction limits upstream and downstream of Cecil Plains.

Table4-9 Central Condamine Alluvium GMéctive groundwater abstractionlicences

Submanagement group NL_meer & _Nomlnal
licences entitlement (GL)
Central Condamine Subarea 1 55 10
Central Condamine Subarea 2 19 4
Central Condamine Subare& &roup S 1 <1
Central Condamine Subarea& Zransitional Zone 3 98 34
Central Condamine Subarea Zransitional Zone § Group S 15 5
Central Condamine Subare& ®Jrban 2 1
Central Condamine Subarea 3 45 12
Central Condamine Subare& Jransitional Zone 3 16 4
Central Condamine Subarea 4 68 14
Central Condamine Subarea& &rban 1 2
TOTAL 320 87
%:m%th 4-18
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Section 5 SurfaceNater- Groundwater Interaction

5.1 Preamble

The purpose ofSection5E O O1 A E O A OsOrface Whtdrz Ardubdvérer intdfacondo h  ET 1T OAAO
to facilitate later AE OAOOOEIT T 1 £ OEA RdtidhAnith® Brédjdct ated D kikiax® 1 £ OE

water z groundwater interaction® E T CotilEnfine Bluviurd 8

Surface water z groundwater interaction
03 00 EAZC O OT AxAOAO ET OAOAAOQEIT Tebab&©theAdndisurtade
interacts with groundwater below the land surface.

Of greatest interest in the Condamine Alluvium is the interaction between the Condamine Riv
and its tributaries and the water table in the unconfined aquifer in the Condamine Wivium.

The Condamine River and its tributaries are likely to function as losing disconnected streams o0\
most of their length, such that any lowering of the water table is unlikely to lead to increase
leakage from surface water to groundwater.

5.2 Typesof Interaction and Terminology

Several definitions of surface water groundwater interaction and connected water system$ave
beenused in recent Australian literature.

The Australian Groundwater Modelling guidelines Barnett et al. 2012) define surface waterz
groundwater interaction as any situation where water above the land surface interacts with
groundwater below the land surface.

4EAR OAOI O OATTTAAOEOEOUGSG AT dso feeduerity uselOFndse avd OA O
generally defined on the basis of the magnitude and direction of flux betwesnrface and subsurface

water bodies and, within the context of water management, the effects imposed on them by stresses
such as pumpingBrodie et al. (2007b) andSKM(2012) present stepwise procedures for classifying
connectivity. These classifications are broadly consistenin the sense lhat the physical connectivity

setting (contiguous or noncontiguous) is defined and the impact of pumping othe dynamics ofthe
exchange flx is quantified.

Some of the definitions and classifications of connected water bodies asbown in Table5-1.

At the highest level, interaction between surface watesnd groundwater is of three typege.g. Nield
et al. 1994; Townley & Trefry 2000) Surface water bodies such as rivers and streams (including
ponds, pool, nearby oxbow lakes etc.) can be

A O C A E ]elgin € §pical low-land alluvial valley, or in uplards during or after the wet season,
when groundwater supplies baseflow to the stream;

oL

A OlTOETcoh Ascs xEAOA OEA xAOAO OAAIT A TAAOAU EAO

surface water body loses; and

A OFEI-GExOT OCE6h A8C8 E lherdithelslifjhh draliBrdi five lev@lFakdisinater x
to flow through the ground inside the loops of the meander, so that surface water flows into
adjacent aquifers and returns to the river a short distance downstream.
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Figure 11-1 of the Australian Groundwaer Modelling Guidelines (Barnett et al. 2012) explains that
slightly different terminology is used in surface and groundwater hydrology. The terminology used
here, in this report, is that of surface hydrology, considering fluxes from the point of view dhe
riversandstreams4 EA #1171 AAT ET A 2EOAO EO PAOAARAEOGAA O1 AR A
losing waterto groundwaterq OAOQOEAO OEAT A Quibihk Bohierpdlowrebe®iAgd AT|AUS
recharge from the river above.

Losing streams can bef two kinds,generallyAA OAOEAAA A 10A 1 dA AQAiddm AAOAAG
will lose water to groundwater when the water table on both sides of thetream is lower than the
surface water elevationin the stream.When there is a continuous saturated zonat all elevations

beneath the streanfbedh OEA OOOAAI EO .OMhEnkhe® is anfuAsat@aied koheh A OA A 6

beneaththrestreamth EO EO OAEA O AA OAEOAI 11 AAOGAAG

The significance of a disconnected stream is that finer lowering of the water table does not
ET AOAAOA OEA 1 AAEACA 1T &£ xAOGAO #0011 OEA OPAOAEAAOG

This phenomenon is described in a number of recent papers with reference to Australian river
systems (Brunner et al. 2009a, 2009b, 2010,04.1; Brownbill et al. 2011). In many respects, these

recent studies are less informative than earlier work, e.g. by Peterson and Wilson (1988), which
explains the role of the unsaturated zone.

The transition from connected to disconnected is such that thrate at which water leaks or is lost
from the stream increases and reaches a maximum value. The maximum is controlled by either
(i) the vertical hydraulic conductivity of a low conductivity layer that maintains a saturated zone
above and allows desaturdbn below (sometimes called a clogging layer, as gure 5-1), or (ii) the
unsaturated vertical and horizontal hydraulic conductivities in an unsaturated zone betwen the
bed and the water table at depthFigure 5-2).

No field studies have been found that show conclusively that this phenomenon occurs beneath the
Condamine River @erlying the Condamine Alluvium, but because water table elevations are metres
lower than bed elevation in many locations, it is believed that the river is largely disconnected.
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Figure5-1 Streamaquifer interaction with a clogging layer (a) connected gaining stream, (b)
connected losing stream, (c) disconnected stream with a shallow water table, and (d) disconnected
stream with a deep water table (from Peterson and Wilson 1988)

CDM
Smith 53

CDMSmith_BWS150002_RPT_ArrowSuratCWMMP_Revl 20160815.docx




Surat Gas Expansion Projec€SGNVMMP Section 13(b)] Arrow Energy

LAND

SURFACE

Figure5-2 Disconnection below a stream without a clogging layer (from Peterson and Wilson 1988)

Table5-1 Definitions of surface wateiggroundwater connectivity

Source

Bureau of Rural
Sciences

‘ Reference
Brodieet al. (2007a) An

Overview of Tools for
Assessing Groundwater
Surface Water Connectivity

Definition

Assessment of surface watgroundwater interactions
Ayo2t 9S GKS atyrfeara 27
aquifersand surface water features, and the impacts of thi
AYGSNF OGAaz2y Ay GSN¥Ya 2F 41

CSIRO Murraparling
Basin Sustainable Yield
Project

Parsongt al. (2008)
Surfacegroundwater
connectivity assessment: A
report to the Australian
Government from the
CSIRO Murraparling Basin
Sustainable Yields Project

Similar to the above definition in that the connectivity
YIELLMAY I Ay@2f @SR ctioRaBdintabiditukle)
2F INBdzyRolF GSNJ FfdzE G2 2NJ

Department of Primary
Industries, Parks, Wate
and Environment

Sheldon(2011)
Groundwater and Surface
Water Connectivity in
Tasmania: Preliminary
Assessment and Risk

Analysis.

4/ 2y yit$eférdto flows between surface water and
IANBdzy R (i SNJ a2 dz2NDSaé o
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Source ‘ Reference Definition

National Water SKM(2011) National Connected water systems are water systems where:

Commission framework for integrated | A al 6 A0 NI} OGAz2y FNRY (GKS 3N
management of connected the quantity (and quality) and reliability/accessibility g
groundwater and surface abstraction from the surface water system, or
water systems A abstraction from the surface water system can affect

the quantity (and quality) and reliability/aessibility of
abstraction from the groundwater system, or

A abstraction of water from either can affect water
supply to ecosystems that rely on both surface and
groundwater; for example, low flows in rivers and
OSNIFAY ¢St yRa®dé

The terms contiguous and nacontiguous are adopted

instead of connected and disconnected to avoid

misinterpretation of the latter.

Murray-Darling Basin | SKM(2012) Synthesis of | 5 S & O NJA 6Gafindwiaket aind sdrface water are

Authority groundwater-surface intrinsically connected, being part of the one hydrologic
water connectivity 080t S¢ IyR GiKSNB rAa O2yiA
knowledge forthe Murray | ANRB dzy Rg | GSNJ I yR & dzNF I OS 2|
Darling Basin GUKAA GNIYyAaFSNI 2F ¢ (FANI WG]

Geoscience Australia | http://www.ga.gov.au/grou | & D NR dzy Rusfacé vaded connectivity refers to the
ndwater/understanding direction and magnitude of flow between water resources
groundwaterresoures/gro | f 2 OF G SR 16238 I yR 6S8t2g 3N
undwatersurfacewater

connectivity.html

5.3 Surface Water and Groundwaten the Condamine
Alluvium

CSIRO (2008) describeB A #1 1T AAT ET A 2EOAO &£O01 AGEIT AO A
where the river overlies the Condamine Alluvium, and certainly over wst of its length inside lease
areas held by Arrow. The purpose ofSection 5is to provide evidence that supports this finding.

5.3.1 Streambed Elevation

The level of the bed ofa river has animportant influence on the nature of surfae water 7z
groundwater interaction.

A The depth of surface water in a river or stream can vary from 0 m to many metres, so the
elevation of the water surface varies from the bed elevation to an elevation some possibly many
metres higher.

A The elevation of the water table on either side of a riveor stream can vary from above the water
surface elevation to below. It can be a little below the level of the bed or many tens of metres
below the level of the bed.

A The elevations of surface water and the water tablvary in space and time. One can rise faster
than the other in response to rainfall. Surface water generally falls faster than the water table
during the recession following an event.

CDM Smith acquired from Arrow the most recent LIDAR data, apdocessed and analysed thedata
to infer depth to the water table,as described inSection5.3.2 The analysisis similar to work
undertaken by Ivkovic (2006) in the Namoi catchment in NSW.
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The first step was to find all bores in the Groundwater Database Queensland (GWDQLD) located
wit hin the Condamine Alluvium, within 1 km of the Condamine Rivandits tributaries (as defined

by an ArcGIS shape file provided by the Queensland Government), and within the LIDAR footprint.
Of these, only shallow bores (screened at a depth less than 40 amd those with transient water
level data were chosen. A total of 116 bores were selected.

The closest location along the watercourse to each groundwater bore was extracted using ArcGIS

O

ACOEA 1T £ PTET OO0 xAO CAT AOA O bAthelriveAoDstrdad und by £ OE A
ArcGIS. LIDAR data were extracted for every point in a 100 m by 100 m grid, at 1 m intervals, i.e. at
the resolution of the LIDAR dataset. fAat is, the LIDAR elevations at 1000 points near each of the

ppo O1 AAOA OCextradie Fdd €xéh gridAf(oints, the lowest elevation was found. This
lowest point is considered to be the streambed elevation nearest to the bore.

This analysis resulted in estimates of the nearest minimum streambed elevation corresponding to
116 bores within 1 km of the Condamine River or its tributaries.

5.3.2 Depth to Groundwater

The water table elevation in 2010 in the Condamine Alluvium is shown ifigure 5-3. Nae the
existence of a depressioto the east ofCecil Plains Groundwater allocations arerelatively highin
this area (seeFigure 4-7).

These results are broadly consistent with those shown by DNRM (2012) in 2008. Water table
contours cannot be compared directly because the data have been obtained at different times, and
bAAAOOA $.2-8680 AT 101 6000 AOA 110 1 AAATT AA xEOE Al A«

Focusing on the 116 observation bores identified above (within 1 km of the Condamine River and
its tributaries), all measurements of water table elevation were analysed to determine the
maximum, minimum and average water table elevation at each born areas where the water table
elevation is below bed elevation in nearby drainage lines, the maximum water table elevation is of
most interest, especially if the latter remains below bed elevation. Irr@as where the water table
elevation is seasonally above and below bed elevation, the maximum and minimum values are of
interest.

Toillustrate the extent to which data support# 3) 2/ 8 O } ¢ 1 nthaGhe KdndainelRvEr| 1
and its tributaries function as losing streams, depth to groundwater was computed at all 116
locations, using the minimum bed elevation at the nearest location on a river or stream (Section
5.3.1) and the maximum (highest) water table elevation. The results are shown Figure 5-4.

Brown points in Figure 5-4 show the locations where thewater table elevationwas higher than the

riverbed elevation at some time during the period of available data. Those points are distributed

along the Condamine RiverThey can be seen near Warra Town Weir (just south of Couranga Creek),

Loudoun Weir (just south of Myall Creek), at two locations near the confluence of the Condamine

River and tributaries (Timbour Creek and another) and at one location on the northern asanch

i bl OOEAT U AEEAAOAA AU A T AAOAU OOOEAUGO 1TAOO OAOE
Red and orange points irFigure 5-4 show locations where the minimum depthto groundwater is

up to 10 m along the Condamine River.e.almost everywhere exceptear the northern anabranch
(the North Condamine River)where groundwater is used heavily(Figure 4-7).

Lemon to green points inFigure 5-4 show locations where the minimum depth to groundwater is
greater than 10m.
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Overall, the results show that the CondammRiveris likely to function asa losing stream withwater
table elevation below the bed of the river along most of its length within the area of Condamine
Alluvium. These results are consistent with thosshown by CSIRO (2008).

If more data were available for water table elevation, streambed elevation and surface water
elevation, especially on sections orthogonal to the Condamine River and its tributaries, then there
would be more support for this conclusion. The available data are sparse, andtrno perfect
locations, nevertheless the amount of data is significant and allows this conclusion to be drawn.
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Figure5-3 Averagewater table elevationin 2010in the Condamine Alluvium
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