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Executive Summary 

!ÒÒÏ× %ÎÅÒÇÙ ɉȰ!ÒÒÏ×ȱɊ ÒÅÃÅÉÖÅÄ ÁÐÐÒÏÖÁÌ ÆÏÒ ÔÈÅ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔ ɉÔÈÅ Ȱ!ÐÐÒÏÖÁÌȱɊ ÉÎ 

December 2013. Under the terms of the Approval, Arrow needs to prepare and gain approval for a 

3ÔÁÇÅ ρ #3' 7ÁÔÅÒ -ÏÎÉÔÏÒÉÎÇ ÁÎÄ -ÁÎÁÇÅÍÅÎÔ 0ÌÁÎ ɉȰ#3' 7--0ȱ ÏÒ Ȱ#7--0ȱɊ ÂÅÆÏÒÅ ÉÔ ÃÁÎ 

ÓÔÁÒÔ ÐÒÏÄÕÃÉÎÇ ÃÏÁÌ ÓÅÁÍ ÇÁÓ ɉȰ#3'ȱɊ ÁÓ ÐÁÒÔ ÏÆ ÔÈÅ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔȢ 

Section 13(b) of the Approval requires Arrow to prepare ȰÁ fit for purpose numerical simulation to 

assess potential impacts on water resources arising from the action in the project area, subsequent 

surface water-groundwater interactions in the Condamine Alluvium and impacts to (sic.) dependent 

ecosystemsȱȢ 

This report provides a brief introduction to  the CSG project ɉÔÈÅ Ȱ0ÒÏÊÅÃÔȱɊ which is Ȱthe actionȱ 

under consideration, and a summary of water resources, surface water ɀ groundwater interaction 

and dependent ecosystems, in the area known as the Condamine Alluvium.  

)Î ÐÒÅÐÁÒÉÎÇ Á Ȱfit for purpose numerical simulationȱȟ this report  relies on models developed and/or 

managed by the Office of Groundwater Impact Assessment (OGIA), the Department of Natural 

Resources and Mines (DNRM) and the Department of Science, Information Technology and 

Innovation (DSITI) in Queensland. These models are based on the most comprehensive collations of 

data available at the time they were developed. Rather than developing a new model or suite of 

models, CDM Smith has used the Surat Cumulative Management Area (CMA) Groundwater Model 

ɉÏÆÔÅÎ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÔÈÅ Ȱ/')! ÍÏÄÅÌȱɊ, the Central Condamine Alluvium Model (CCAM) and 

Integrated Quantity and Quality Modelling (IQQM) software, knowing that all three have been used 

in various combinations in environmental impact assessment of large-scale resources projects. 

Potential impacts have been evaluated rigorously in the past, by the developers of existing models, 

and again during this study, using existing models. This report explains the connections and 

relationships between models in more detail than in earlier reports.  The OGIA model predicts the 

amount of water that will be produced (co-produced) 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, but complete recovery will take in the order of 3,000 years. The 

maximum reduction in flux from underlying hydrostratigraphic units  to the Condamine Alluvium, 

ÃÁÕÓÅÄ ÂÙ !ÒÒÏ×ȭÓ water production, is predicted to occur around 45 years from now, and to be 

slightly less than 3 ML/d  within the area of the Condamine Alluvium, an area of about 8,000 km2. 

The maximum reduction of flux to the Condamine Alluvium of 3 ML/d  is equivalent to 1 GL/y and 

can be compared with current licensed groundwater abstraction of 87 GL/y in the four sub-

management areas of the Central Condamine Alluvium (DNRM 2014).  The predicted reduction in 

flux across the base of the Condamine Alluvium caused by Arrow will increase from zero to 1 GL/y 

over a period of approximately 45 years, with the time of maximum in around year 2050, and then 

fall again to zero over almost 3,000 years, with 30 to 50% recovery in flux rate approximately 65 to 

135 years after the maximum change in flux. 

The predicted maximum change in flux across the base of the Condamine Alluvium caused by Arrow 

is 2.97 ML/d, which when distributed over 5,321 km2 of alluvium is equivalent to an average change 

in flux of 0.21 mm/y in the year when the maximum occurs. At the water table, the predicted rate of 

change in elevation is of the order of 1 to 2 mm/y and is imperceptible compared to background 

rates of change, which can be greater than 1 m/y  (three orders of magnitude larger) and with 

fluctuations up to tens of metres during irrigation seasons (MDBA, 2012).  The very low rates of 

change in water table elevation caused by Arrow water production,  compared to other influences 

indicates negligible impacts to stygofauna from CSG development. 
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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 will tend to increase 

the leakage of surface water from rivers and streams to groundwater in the alluvium.  The maximum 

increase in flux of surface water from the Condamine River ÔÏ ÇÒÏÕÎÄ×ÁÔÅÒȟ ÁÓ Á ÒÅÓÕÌÔ ÏÆ !ÒÒÏ×ȭÓ 

water production, is predicted to be less than 0.13 ML/d  (0.05 GL/y) with t he time of maximum 

occurring in around year 2160, approximately 145 years from now. 

CSIRO (2008) reported that average surface water availability in the Condamine-Balonne was 

1,363 GL/y, of which 53% was diverted for use.  4ÈÅ ÐÏÔÅÎÔÉÁÌ ÉÍÐÁÃÔ ÏÆ !ÒÒÏ×ȭÓ #3' ÐÒÏÄÕÃÔÉÏÎ 

has been simulated using the IQQM software.  The IQQM software suggests that any additional 

diversion will have almost no influence on performance indicators with respect to Environmental 

Flow Objectives (EFOs) and Water Allocation Security Objectives (WASOs). The IQQM software does 

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

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

Condamine River to groundwater of 0.05 GL/y ÃÁÕÓÅÄ ÂÙ !ÒÒÏ×ȭÓ ×ÁÔÅÒ ÐÒÏÄÕÃÔÉÏÎ ÉÓ ÌÅÓÓ ÔÈÁÎ 

0.004% of the surface water availability in the Condamine-Balonne reported by CSIRO (2008). 

Potential impacts on dependent ecosystems (DEs) depend on the amount of change in water table 

elevation and the rate of change.  Assuming constant climate and absence of major flood events, the 

maximum drawdown in the Condamine Alluvium as a result of CSG production is predicted to be of 

the order of 1 m, and it will take hundreds of years to reach that maximum drawdown, before a long 

slow recovery.  The maximum drawdown is small enough and the rate of change in water table 

elevation is slow enough for dependent ecosystems to adapt and survive. 

 
Predicted groundwater fluxes induced by Arrow for the high-case model realisation 
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Section 1 Introduction 

1.1 Preamble 

!ÒÒÏ× %ÎÅÒÇÙ ɉȰ!ÒÒÏ×ȱɊ ÒÅÃÅÉÖÅÄ ÁÐÐÒÏÖÁÌ ÆÏÒ ÔÈÅ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔ ɉÔÈÅ Ȱ!ÐÐÒÏÖÁÌȱɊ ÉÎ 

December 2013. Under the terms of the Approval, Arrow needs to prepare and gain approval for a 

Stage 1 CSG Water Monitoring and Management Plan (Ȱ#3' 7--0ȱ ÏÒ Ȱ#7--0ȱɊ ÂÅÆÏÒÅ ÉÔ ÃÁÎ 

ÓÔÁÒÔ ÐÒÏÄÕÃÉÎÇ ÃÏÁÌ ÓÅÁÍ ÇÁÓ ɉȰ#3'ȱɊ ÁÓ ÐÁÒÔ ÏÆ ÔÈÅ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔ ɉÔÈÅ Ȱ0ÒÏÊÅÃÔȱɊ. 

The Approval  

Section 13(b) of the Approval requires Arrow to prepare ȰÁ fit for purpose numerical simulation 

to assess potential impacts on water resources arising from the action in the project area, 

subsequent surface water-groundwater interactions in the Condamine Alluvium and impacts to 

(sic.) dependent ecosystemsȱȢ 

 

CDM Smith was engaged by Arrow in June 2014 to scope a number of activities aimed at meeting 

the requirements of Section 13(b).  Those activities commenced late in 2014 and are reported here. 

The work reported here has been undertaken in the knowledge that Arrow prepared and submitted 

a formal Environmental Impact Statement (EIS) (Coffey Environments 2012), and later prepared 

and submitted a Supplementary Report to the Environmental Impact Statement (SREIS) (Coffey 

Environments 2013).  The EIS and SREIS reports covered all aspects required by State and Federal 

Governments, and led to the Approval referred to above. 

Approval for the Project relies on models developed for the Queensland Water Commission (QWC), 

now known as the Office of Groundwater Impact Assessment (OGIA), and others. Because of the 

lead-time required to address Section 13(b), Arrow commissioned CDM Smith in 2014 to prepare 

this response to Section 13(b) based on models known by that time as the OGIA model(s).  These 

models had been developed for QWC to support the preparation of an Underground Water Impact 

Report (UWIR) for the Surat Cumulative Management Area (CMA) (QWC 2012a).   

A Ȱconsultation draftȱ of a revised UWIR was released in March 2016 (OGIA 2016).  No information 

has yet been published about new OGIA models 

1.2 Objective 

The objective of this report is to present the results of studies undertaken to meet the requirements 

of Section 13(b), as quoted in italics above. This report has been prepared by CDM Smith as a 

standalone document with the expectation 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 Smith has been to analyse the wording of Section 13(b), in the context 

of other parts of the Approval, ÁÎÄ ÔÏ ÐÒÏÐÏÓÅ ÁÎÄ ÐÒÅÐÁÒÅ Á Ȱfit for purpose numerical simulationȱ 

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 of Section 14 of the Approval, which 

ÒÅÑÕÉÒÅÓ ÔÈÁÔ ÔÈÅ ȰCSG WMMP must be peer reviewed by a suitable qualified water resources expert/s 

approved by the Minister in writingȱȟ ×ÉÔÈ ÔÈÅ Ȱpeer review submitted to the Minister together with the 

Stage 1 CSG WMMP and a statement 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 WMMPȱȢ 

1.3.1 Reliance on the Most Recent OGIA Model and Other Recent Models 

Section 13(a) of the Approval requires Arrow to ÐÒÏÖÉÄÅ Ȱan analysis of the results of the most recent 

/')! ÍÏÄÅÌ ɉÂÕÉÌÔ ÏÒ ÅÎÄÏÒÓÅÄ ÂÙ /')!Ɋȟ ÒÅÌÅÖÁÎÔ ÔÏ ÁÌÌ ÏÆ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÔÅÎÅÍÅÎÔ ÁÒÅÁÓȱȢ  

Section 13(pɊ ÒÅÑÕÉÒÅÓ Ȱa cumulative impact assessment based on the outputs of the OGIA model which 

integrates groundwater model outputs with known and potential groundwater dependent ecosystems 

and presents the outputs in map formȱȢ 

Regulators have accepted the OGIA model as the best possible representation of groundwater flow 

processes based on the most comprehensive collation of data available at the time of its preparation 

(in 2012).  CDM Smith and Arrow have therefore chosen during preparation of this response to 

Section 13 (b) to rely on: 

Á the most recent available (regional scale) OGIA model (QWC 2012a, 2012b, 2012c; GHD 2012); 

Á the most recent available (local scale) Central Condamine Alluvium Model (CCAM) run by OGIA 
in parallel with and effectively as part of the OGIA model (QWC 2012a, KCB 2011b); and 

Á the most recent available Integrated Quantity and Quality Modelling (IQQM) models developed 
by the Department of Natural Resources and Mines (DNRM) for management of surface water 
resources in the Condamine River and its tributaries (Simons 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 chosen to utilise 

models that have been reviewed and used by others, rather than to build new models that might be 

similar but slightly different , based on smaller amounts of data, and requiring additional review. 

! Ȱfit for purpose numerical simulationȱ ÄÏÅÓ ÎÏÔ mean development and execution of a single 

numerical model. Given the range of spatial and temporal scales that need to be taken into account, 

a number of models of different types can be run in combination and iteratively to gain a more 

complete and useful understanding of processes than would be possible with a single model. The 

focus of ÔÈÉÓ ÒÅÐÏÒÔ ÉÓ ÏÎ ȰÍÏÄÅÌÌÉÎÇȱȟ ÒÁÔÈÅÒ ÔÈÁÎ ÏÎ Á ÓÉÎÇÌÅ ÍÏÄÅÌȢ 

1.3.2 Peer Review and Site 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 project addressing 

Section 13(b) has been considered to be a long lead-time component of the CWMMP, an important 

part of this project was engagement with the peer reviewer, starting in advance of work on other 

parts of the CWMMP. 

In July 2015, Arrow confirmed that the Minister had approved the appointment of Dr Glenn 

Harrington (Innovative Groundwater Solutions) as a suitably qualified water expert. It was decided 

that it would be beneficial for the project team to meet the peer reviewer well before completion of 

the project, in order to discuss progress to date, and the methodology proposed and adopted to meet 

the requirements of Section 13(b). 
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! ÍÅÅÔÉÎÇ ÔÏÏË ÐÌÁÃÅ ÁÔ !ÒÒÏ×ȭÓ ÏÆÆÉÃÅ in Brisbane on the morning of Tuesday 11 August 2015, to 

discuss progress, methodology and a site visit over the coming days. The meeting was attended by: 

Á Simon Gossmann (Arrow Energy); 

Á St.John Herbert (Arrow Energy); 

Á Dr Glenn Harrington (Innovative Groundwater Solutions); 

Á Dr Lloyd Townley (CDM Smith); 

Á Dr Tony Smith (CDM Smith); and 

Á Dr Dougal Currie (CDM Smith). 

On the afternoon of Tuesday 11 August, another meeting was held at the offices of the National 

Centre for Engineering in Agriculture (NCEA) at the University of Southern Queensland (USQ) in 

Toowoomba. The purpose of the meeting was to discuss the project with hydrologists based in the 

region and with expertise in the area known as the Condamine Alluvium. The meeting was attended 

by: 

Á five representatives of Arrow (all of those listed above, except Simon Gossmann); 

Á Dr Mark Silburn (Queensland Department of Natural Resources and Mines, DNRM); 

Á Dr Andrew Biggs (Queensland Department of Natural Resources and Mines, DNRM); and 

Á Dr Elad Dafny (University of Southern Queensland). 

While at USQ, the five representatives of Arrow also met with Ken Klaasen, senior hydrographer for 

DNRM. 

During the next 48 hours, the five representatives of Arrow explored: 

Á the full length of the Condamine Alluvium from west of Chinchilla to Yarramalong Weir; 

Á the catchments of Wambo Creek, Charleys Creek, Couranga Creek and Jimbour Creek; 

Á the area known as Long Swamp; 

Á the area surrounding Lake Broadwater (to the south of the Condamine Alluvium); and 

Á the region upstream of Cecil Plains where the Condamine River has a northern anabranch. 

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

Additional meetings took place in Melbourne in June 2016, to review a draft of this report. 
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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 take place may 

help stakeholders to imagine the nature of the impacts that will ultimately be predicted. 

Conceptualisation is the essential first step taken by professionals in the process of developing and 

running simulation models to predict potential impacts. 

In many respects, Section 13(b) seeks an assessment of potential impacts that is similar to the 

assessment that was undertaken during preparation of the EIS (Coffey Environments 2012) and 

SREIS (Coffey Environments 2013).  Potential impacts were assessed almost concurrently by QWC 

during preparation of a UWIR for the Surat CMA to assess the impacts of CSG production by all CSG 

producers (QWC 2012a). 

17#ȭÓ ÆÏÃÕÓ ×ÁÓ ÏÎ ÐÒÅÄÉÃÔÉÎÇ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ ÐÒÏÄÕÃÔÉÏÎ ÂÙ ÁÌÌ ÐÒÏÄÕÃÅÒÓȟ ÎÏÔ ÏÎÌÙ ÂÙ !ÒÒÏ×Ȣ 

Section 6.3.2 of QWC (2012a) explains that ȰÔÈÅ ÍÁØÉÍÕÍ ÐÒÅÄÉÃÔÅÄȱ ÄÒÁ×ÄÏ×Î ÉÎ ÔÈÅ #ÏÎÄÁÍÉÎÅ 

!ÌÌÕÖÉÕÍ ȰÉÓ ÁÂÏÕÔ ρȢς Í ÏÎ ÔÈÅ ×ÅÓÔÅÒÎ ÅÄÇÅ ÏÆ ÔÈÅ ÁÌÌÕÖÉÕÍȟ ×ÉÔÈ ÁÎ ÁÖÅÒÁÇÅ ÏÆ ÁÂÏÕÔ πȢυ Í ÆÏÒ 

ÍÏÓÔ ÏÆ ÔÈÅ ÁÒÅÁȱȢ  !ÃÃÏÒÄÉÎÇ ÔÏ 17# ɉςπρςÁɊȟ ȰÄÅÃÌÉÎÉÎÇ ×ÁÔÅÒ ÌÅÖÅÌÓȱ ɉÐÒÅÓÓÕÒÅÓ ÁÎÄ ÈÅÁÄÓɊ ȰÉÎ ÔÈÅ 

7ÁÌÌÏÏÎ #ÏÁÌ -ÅÁÓÕÒÅÓ ÁÒÅ ÌÉËÅÌÙ ÔÏ ÓÔÁÒÔ ÁÆÆÅÃÔÉÎÇ ÔÈÅ #ÏÎÄÁÍÉÎÅ !ÌÌÕÖÉÕÍ ÁÒÏÕÎÄ ςπρχȱȢ  Ȱ)ÎÄÕÃÅÄ 

ÌÅÁËÁÇÅȱ ɉÁ ÒÅÄÕÃÔÉÏÎ ÏÆ ÄÉÓÃÈÁÒÇÅ ÆÒÏÍ ÓÕÒÒÏÕÎÄÉÎÇ ÕÎÉÔÓ ÔÏ ÔÈÅ #ÏÎÄÁÍÉÎÅ !ÌÌÕÖÉÕÍɊ Ȱ×ÉÌÌ 

continue long after the cessation of CSG watÅÒ ÅØÔÒÁÃÔÉÏÎȱȢ  Ȱ4ÈÅ ÁÖÅÒÁÇÅ ÅÓÔÉÍÁÔÅÄ ÎÅÔ ÌÏÓÓ ÆÒÏÍ ÔÈÅ 

Condamine Alluvium to the Walloon Coal Measures is expected to be about 1,100 ML/y (1.1 GL/y) 

ÏÖÅÒ ÔÈÅ ÎÅØÔ ρππ ÙÅÁÒÓȢȱ  Ȱ-ÁØÉÍÕÍ ÉÍÐÁÃÔÓ ÉÎ ÁÎÙ ÁÑÕÉÆÅÒ ×ÉÌÌ ÏÃÃÕÒ ÁÔ ÄÉÆÆÅÒÅÎÔ ÔÉÍÅÓ ÁÔ ÄÉÆÆÅÒÅÎÔ 

geÏÇÒÁÐÈÉÃ ÌÏÃÁÔÉÏÎÓȱȢ  Ȱ-ÁØÉÍÕÍ ÉÍÐÁÃÔÓ ÉÎ ÔÈÅ ȣ #ÏÎÄÁÍÉÎÅ !ÌÌÕÖÉÕÍ ÁÒÅ ÅØÐÅÃÔÅÄ ÔÏ ÏÃÃÕÒ 

ÂÅÔ×ÅÅÎ ςπφπ ÁÎÄ ςπχυȱȢ 

!ÒÒÏ×ȭÓ 32%)3 ɉ#ÏÆÆÅÙ %ÎÖÉÒÏÎÍÅÎÔÓ ςπρσɊ ÉÎÃÌÕÄÅÄ ÔÈÅ ÒÅÓÕÌÔÓ ÏÆ ÒÅÖÉÓÅÄ ÎÕÍÅÒÉÃÁÌ ÍÏÄÅÌÌÉÎÇ 

undertaken using the model prepared by QWC and used to support the UWIR (QWC 2012a).  In 

ÏÒÄÅÒ ÔÏ ÐÒÅÄÉÃÔ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÉÍÐÁÃÔÓ ÏÆ !ÒÒÏ×ȭÓ #3' ÐÒÏÄÕÃÔÉÏÎ ɉÔÈÅ Ȱ!ÒÒÏ×-ÏÎÌÙ #ÁÓÅȱɊȟ ÉÍÐÁÃÔÓ 

were calculated (see Section 8.3.2 in Coffey Environments 2013) as the difference between 

predicted levels and flows for ÔÈÅ Ȱ#ÕÍÕÌÁÔÉÖÅ #ÁÓÅȱ ɉÉÎÃÌÕÄÉÎÇ #3' ÐÒÏÄÕÃÔÉÏÎ ÂÙ ',.'1, QCLNG, 

!0,.' ÁÎÄ !ÒÒÏ×ȭÓ ÐÒÏÐÏÓÅÄ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔɊ ÁÎÄ ÔÈÅ Ȱ"ÁÓÅ #ÁÓÅȱ ɉÉÎÃÌÕÄÉÎÇ #3' 

production by GLNG, QCLNG and APLNG).  The results for the Arrow-only Case (see Section 8.4.3 

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

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

start of model 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/y (0.65 GL/y). 

These predictions are summarised here to provide context, prior to much more detailed analysis in 

this report.  Several characteristics of predictions are important to keep in mind:  

Á all potential impacts vary in space and time; 

Á there are important distinctions to be made between the volumes of water pumped (produced) 
from deep coal seams in order for CSG to be 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 water ɀ groundwater interaction 
between the Condamine River 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. 
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Á there are important distinctions between the depressurisation that 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; 

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

Á there is an important distinction to be made ÂÅÔ×ÅÅÎ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÉÍÐÁÃÔÓ ÏÆ !ÒÒÏ×ȭÓ 
production and the potential ÃÕÍÕÌÁÔÉÖÅ ÉÍÐÁÃÔÓ ÏÆ !ÒÒÏ×ȭs production including the potential 
impacts of production by other CSG producers.  

 

All of these matters will 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 one section 

describes the proposed Project, three sections describe parts of the environment and natural 

processes prior to the Project, one section describes the methodology used for assessing potential 

impacts of the Project on the environment, and a final section summarises potential impacts of the 

Project on the environment.  The naming of sections is based directly on Section 13(b). 

Á 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 hydrogeologyɊȟ ÔÈÅ ÅØÔÅÎÔ ÏÆ Ȱthe Condamine Alluviumȱ ɉÂÅÃÁÕÓÅ ÔÈÉÓ ÉÓ ÅØÐÌÉÃÉÔÌÙ 
referred to in Section 13(b)), and aquifer connectivity. 

Á Section 3 ÄÅÓÃÒÉÂÅÓ ÔÈÅ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔȟ ÂÅÉÎÇ Ȱthe action in the project areaȱ ×ÈÏÓÅ 
potential impacts Arrow is required to assess.  

Á Section 4 describes surface water and groundwater resources, in order to explore what is 
ËÎÏ×Î ÁÂÏÕÔ Ȱwater resourcesȱ ÉÎ ÁÎÄ ÎÅÁÒ ÔÈÅ Project area, especially those that might be 
considered to be affected by the Project.  Most water resources are accessed within the 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. 

Á Section 5 ÄÅÓÃÒÉÂÅÓ ÔÈÅ ÎÁÔÕÒÅ ÏÆ Ȱsurface water ɀ groundwater interactionsȱ ÉÎ ÔÈÅ ÁÒÅÁ ÏÆ ÔÈÅ 
Condamine Alluvium. The Section starts with a discussion of stream-aquifer interaction, with 
gaining, losing and flow-through reaches, and then explores the distinction between losing 
connected and losing disconnected streams. The geometry 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 variability of flows and depths of surface water is 
likely to have a significant effect on surface water ɀ groundwater interaction.  Methods for 
simulating surface water ɀ groundwater (stream ɀ aquifer) interaction in the Condamine River 
and its tributaries are discussed. 

Á Section 6 ÄÅÓÃÒÉÂÅÓ Ȱdependent ecosystemsȱ ɉ$%ÓɊȟ including 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 also mentioned. The primary focus is on 
Aquatic Flora and Fauna Type DEs and Terrestrial Ecosystem Type DEs. 
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Á Section 7 describes the modelling that has been undertaken, and explains how the modelling 
satisfies the requirement for Á Ȱfit for purpose numerical simulationȱ. This Section has many 
parts. At least four main types of modelling have been undertaken, including regional scale 
groundwater modelling, near field simulation of surface water ɀ groundwater interaction, 
simulation of groundwater in the Condamine Alluvium, and surface water allocation modelling 
using IQQM. 

Á Section 8 ÁÄÄÒÅÓÓÅÓ Ȱpotential impactsȱ ÏÆ ÔÈÅ 3ÕÒÁÔ 'ÁÓ %ØÐÁÎÓÉÏÎ 0ÒÏÊÅÃÔȢ 4ÈÅ ÉÍÐÁÃÔÓ ÁÒÅ 
considered under three headings: water resources, surface water ɀ groundwater interaction 
and dependent ecosystems. TÈÅ ÐÒÉÍÁÒÙ ÆÏÃÕÓ ÉÓ ÏÎ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ !ÒÒÏ×ȭÓ ÐÒÏÄÕÃÔÉÏÎȟ ÒÁÔÈÅÒ 
than on cumulative impacts. 

Á Section 9 provides a summary of the report and its key conclusions. 
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Section 2 Conceptualisation 

2.1 Preamble 

The purpose of this section is to prepare the reader for the detailed discussions that follow, focused 

on the requirements of Section 13(b).  The section includes descriptions of the physical setting; the 

extent of the ȰCondamine AlluviumȱȠ ÈÙÄÒÏÇÅÏÌÏÇÙ ÁÎÄ aquifer connectivity; and groundwater flow 

processes. 

Conceptualisation  

The Condamine Alluvium is a surficial hydrostratigraphic unit (HSU) in an area near the eastern 

margin of the Surat Basin, west of the Great Dividing Range.  The Walloon Coal Measures subcrop 

much of the area of the Condamine Alluvium, and dip gently to the west. 

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

the hills to the east. 

Under natural conditions, prior to pumping for agricultural and other demands and prior 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 water 

table in the Condamine Alluvium, and less discharge to the Condamine River and its tributaries. 

Production of CSG by Arrow will require pumping of water from the Walloon Coal Measures. 

Depressurisation will lead to a tendency for lower discharge from the Walloon Coal Measures to 

the Condamine Alluvium. In time this will lead to a slight reduction in water table elevation in the 

Condamine Alluvium, but this may not cause greater leakage from the Condamine River to 

groundwater, because ÔÈÅ ÒÉÖÅÒ ÁÎÄ ÔÈÅ ×ÁÔÅÒ ÔÁÂÌÅ ÁÒÅ ÁÌÒÅÁÄÙ ȰÄÉÓÃÏÎÎÅÃÔÅÄȱ, with leakage 

already at occurring at the maximum possible rate along most of the length of surface drainage 

lines. 

 

2.2 Physical Setting 

Topography is fundamental to consideration of surface flows, flooding and surface water ɀ 

groundwater interaction (see Figure 2-1).  

Á LiDAR (Light Detection and Ranging) data were obtained ÏÖÅÒ !ÒÒÏ×ȭÓ 3ÕÒÁÔ ÔÅÎÅÍÅÎÔÓ 
between 16 June and 29 July 2012. The LiDAR dataset has a horizontal resolution of 1 m, with  
accuracy of 0.29 m horizontally and 0.12 m vertically (Fugro Spatial Solutions Pty Ltd).  Figure 2-
1 shows the LiDAR survey footprint. Only part of the Condamine Alluvium and part of the length 
of the Condamine River are covered by LiDAR data. Since LiDAR data are the most accurate 
measurements available, they have been used in this study to infer depth to groundwater 
wherever possible. 

Á Geoscience Australia (GA) offers a suite of SRTM-derived products (Shuttle Radar Topography 
Mission) for the whole of Australia. The horizontal resolution of '!ȭÓ digital elevation map 
(DEM) is 1 second (approximately 30 m). The vertical accuracy of the dataset varies but is said 
to be 7.592 m at the 95th percentile on flat terrain. This accuracy is only true in Ȱnot densely 
vegetatedȱ or Ȱhigh reliefȱ areas (Gallant et al. 2011). The data are important to this study 
because they provide estimates of depth to water table in areas where LiDAR data are not 
available. 
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Figure 2-1 Topography  
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Á Each of the groundwater flow models used in this study (the most recent available OGIA regional 
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 

3ÅÃÔÉÏÎ ρσɉÂɊ ÏÆ ÔÈÅ !ÐÐÒÏÖÁÌ ÒÅÑÕÉÒÅÓ ÁÎ ÁÓÓÅÓÓÍÅÎÔ ÏÆ Ȱsurface water-groundwater interactions in 

the Condamine AlluviumȱȢ 4ÈÉÓ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÉÔ ÉÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÈÁÖÅ ÏÒ develop a shared 

understanding of what is meÁÎÔ ÂÙ ÔÈÅ Ȱ#ÏÎÄÁÍÉÎÅ !ÌÌÕÖÉÕÍȱȟ ÉÎ ÐÁÒÔÉÃÕÌÁÒ ÉÔÓ ÓÐÁÔÉÁÌ ÅØÔÅÎÔȢ 

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, and because 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 ɀ 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, as well as regional hydrogeological systems that cover a 

much larger area.  The regional groundwater flow model developed by QWC, now known as the 

OGIA model, covers an area of 360,000 km2 (550 km x 660 km), of which the active area is about 

280,000 km2.  The footprint of the Condamine Alluvium in the Surat CMA groundwater model covers 

an area of 5,904 km2.  The Condamine Alluvium covers about 2% of the area of the OGIA model. 

There is no universally accepted definition of the extent to the Condamine Alluvium.  Figure 2-2 

shows four different boundaries of the Condamine Alluvium, chosen by different authors for 

different purposes: 

Á Dafny and Silburn (2013) collated available data from different water disciplines to assess the 
hydrogeology of the Condamine River Alluvial Aquifer (CRAA). They concluded that the lack of 
ÈÉÓÔÏÒÉÃÁÌ ÍÅÁÓÕÒÅÍÅÎÔÓ ÃÏÍÂÉÎÅÄ ×ÉÔÈ ÔÈÅ ÌÁÃË ÏÆ ÄÅÆÉÎÅÄ ȰÃÌÏÓÅÄȱ ÂÏÕÎÄÁÒÉÅÓ ÃÏÍÐÌÉÃÁÔÅÓ ÔÈÅ 
conceptualisation of the aquifer, especially its water balance and hydrogeological processes. 
During that study, they developed a boundary for the CRAA. 

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

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

Á The domain of the Central Condamine Alluvium Model (CCAM) (KCB 2011b) follows a boundary 
chosen to include the Central Condamine Alluvium (CCA) and the Lower Condamine Alluvium 
(LCA). 

 

3ÅÃÔÉÏÎ ρσɉÂɊ ÒÅÆÅÒÓ ÔÏ Ȱsurface water ɀ groundwater interactions in the Condamine Alluviumȱȟ ×ÈÉÃÈ 

suggests that the alignment of the Condamine River and major tributaries, where they overlie the 

alluvium, is more important than the boundary of alluvium itself.  The length of rivers and river beds 

overlying the alluvium is important hydrologically. 
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The CRAA boundary (shown in red in Figure 2-2) has been adopted for many purposes in this study 

(see also Figure 2-1).  The decision 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 authors believe that the BOM boundary (shown in black in Figure 2-2) includes soils 

that should not be classified as Condamine Alluvium. 

The CCAM boundary (shown in green in Figure 2-2) is also used in this study, for practical reasons, 

i.e. since the report relies extensively on the CCAM, it is possible to extract fluxes for cells inside the 

boundary of the CCAM but not outside that area. 

The real question is whether the choice of boundary makes a significant difference, in practice or to 

the findings of this study. The bed of the Condamine River and its tributaries lies above the regional 

water table along nearly all of the 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 table elevation declines.  For this reason, the choice of 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 stakeholders are 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 evolved over 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 undertaken in recent years, with 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. 

Table 2-1 Key studies of groundwater in the Surat Basin and the Condamine Alluvium 

Purpose Reference No. of pages 

Studies of groundwater 

in the Condamine 

Alluvium 

Central Condamine Alluvium Data Availability Review (KCB 2010a) 

Condamine Alluvium Stage II ς Conceptual Hydrogeological Summary (KCB 2010b) 

Central Condamine Alluvium Stage III ς Detailed Water Balance (KCB 2011a) 

Central Condamine Alluvium Stage IV ς Numerical Modelling (KCB 2011b) 

98 

192 

78 

139 

UWIR for the Surat 

Cumulative 

Management Area 

Surat CMA Underground Water Impact Report (QWC 2012a) 

Hydrogeology of the Surat Cumulative Management Area (QWC 2012b) 

Surat Cumulative Management Area (CMA) groundwater model (GHD 2012) 

Predictive Uncertainty of the Regional-Scale Groundwater Flow Model for the Surat 

Cumulative Management Area (QWC 2012c) 

224 

144 

290 

 

311 

!ǊǊƻǿΩǎ 9L{ 
Surat Gas Project Environmental Impact Statement (EIS) (Coffey Environments 2012) 

(Appendix G ς Groundwater Impact Assessment Report) 

823 

361 

!ǊǊƻǿΩǎ {w9L{ 

Surat Gas Project Supplementary Report to the Environmental Impact Statement 

(SREIS) (Coffey Environments 2013) 

(Appendix 04 ς Supplementary Groundwater Assessment Arrow Energy Gas Project) 

434 

 

811 
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Figure 2-2 Extents of the Condamine Alluvium 
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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 three-dimensional representation of the 

Surat Basin, with alternating aquifers and aquitards; the Condamine Alluvium 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 (2016b) draft UWIR, is described as a geological model, rather 

than a hydrogeological model; it is based on actual geometry and is less idealised.  Figure 2-5 is 

focused more on structure near the Condamine Alluvium; this Figure ÁÐÐÅÁÒÓ ÉÎ /')!ȭÓ ɉςπρφÂɊ 

draft UWIR, based on an earlier but slightly different version, appearing as both Figure 2-3 and 

Figure 8-1 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 realism. All of the Figures are useful, as they set the scene for fit-for-purpose 

numerical modelling that represents geometry as accurately as possible, especially at interfaces 

between units with different hydrogeological properties. Schematic diagrams tend to be 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 properties 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 hydrogeological properties of the Walloon Coal Measures play an important role in influencing 

ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÉÍÐÁÃÔÓ ÏÆ #3' ÐÒÏÄÕÃÔÉÏÎ ÉÎ !ÒÒÏ×ȭÓ ÔÅÎÅÍÅÎÔÓȢ 4ÈÅ #)20 ɉ/'! ςπρφÁɊ ÉÓ ÏÎÅ ÏÆ ÍÁÎÙ 

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 10-9 to 10-4 m/d, perhaps 

with an overall effective average of 10-6 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 (see Figure 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. Long-term lowering of heads in the Condamine 

Alluvium is a result of abstraction of groundwater for irrigated agriculture, and potential impacts of 

CSG production should be considered in the context of these earlier impacts. 
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Figure 2-3 Hydrostratigraphy (Figure 6-3 from QWC 2012a) 

 

 

Figure 2-4 Regional geology (Figure 3-6 from OGIA 2016b) 
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Figure 2-5 Hydrogeological setting near the Condamine Alluvium (Figure 4-5 from OGIA 2016b) 
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Figure 2-6 Subcrop geology near the Condamine Alluvium (Figure 4-1 from OGIA 2016a) 
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2.5 Groundwater Flow Processes 

In some respects, the most important part of conceptualisation is the consideration of processes 

that control groundwater flow, in the past, present and future.  This step is essential before 

development of numerical models 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 in Figure 2-3, 

Figure 2-4, Figure 2-5 and Figure 2-6. The following processes are expected to occur: 

Á Coal seam gas will be produced from the Walloon Coal Measures, to the west of and beneath the 
Condamine Alluvium. The process of producing gas requires 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). Within the coal seams themselves, or more 
specifically within the cleats (joints) 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 two-
phase flow. The amount of water that needs to be pumped in order to produce gas is estimated 
by ÒÅÓÅÒÖÏÉÒ ÅÎÇÉÎÅÅÒÓȟ ÁÎÄ ÉÓ ËÎÏ×Î ÉÎ ÔÈÅ ÉÎÄÕÓÔÒÙ ÁÓ ÔÈÅ Ȱ×ÁÔÅÒ ÃÕÒÖÅȱȢ Arrow water 
production is predicted to reach a maximum rate about 10 years from now with no more 
production of water for CSG production within approximately 40 years.   

Á Lower pressures in the Walloon Coal Measures will affect regional scale groundwater flows.  
Historically, groundwater flowed from the coal measures towards the Condamine Alluvium.  
The Condamine River was tÈÅ ȰÄÒÁÉÎȱ ÆÏÒ ÔÈÅ ÒÅÇÉÏÎȠ ÒÅÃÈÁÒÇÅ ÔÏ regional aquifers flowed 
towards the alluvium and the river.  The Condamine River no longer receives groundwater over 
most of its length because of the impact of groundwater abstraction for irrigated agriculture .  
Lowering pressures in the Walloon Coal Measures will either reduce the 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 measures. The rate at which these changes occur will be 
slow.  The maximum change in flux between the Walloon 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.  

Á QWC (2012a) predicted the extent of Long-term Affected Areas (LAAs), defined as areas in plan 
within which HSUs may experience drawdown (lowering of piezometric heads) of 5 m or more 
in consolidated aquifers (such as sandstone). Figure 2-7 (being Figure 6-5 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 overlying 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 Figure. 

Á Since less groundwater will be supplied to the Condamine Alluvium, 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 the Condamine 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 a slight tendency for the water table to be lowered 
further, but because the water table is already below the bed of the river, leakage from the river 
ÔÏ ÇÒÏÕÎÄ×ÁÔÅÒ ×ÉÌÌ ÉÎÃÒÅÁÓÅ ÖÅÒÙ ÌÉÔÔÌÅȢ  4ÈÉÓ ÉÓ Á ÐÈÅÎÏÍÅÎÏÎ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ȰÌÏÓÉÎÇ 
ÄÉÓÃÏÎÎÅÃÔÅÄȱ Ótreams, where the water table is so low that there is an unsaturated zone 
between the river and the water table below. The maximum increase in losses from the 
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Condamine River to groundwater is expected to be less than 1 ML/d, peaking in more than 200 
years, with a long slow decline in impact lasting up to thousands of years. This is an expected 
result, based on conceptualisation of processes; a purpose of this report is to confirm this 
expectation. 

 

 

Figure 2-7 Predicted extent of Long-term Affected Areas (Figure 6-5 from OGIA 2012a) 
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Section 3 The Action 

3.1 Preamble 

The purpose of this section is to define (by reference to the EIS and SREIS) the proposed ȰactionȱȢ  

The action  

4ÈÅ Ȱactionȱ ÉÓ ÔÈÅ Surat Gas Expansion Project. 

3.2 Surat Gas Expansion Project 

Section 3 of the SREIS (Coffey Environments 2013) indicates that !ÒÒÏ×ȭÓ Project Development Area 

(PDA) covers an area of approximately 6,100 km2 (Figure 3-1).  The PDA will ultimately be smaller.  

At the time of preparation of the EIS, the PDA comprised Petroleum Leases (PLs) 194, 198, 230, 238, 

252, 258, 260; Petroleum Lease Applications (PL(A)s) 185, 253, 304, 305, 306, 307, 308; Authorities 

to Prospect (ATPs) 676, 683, 689, 810; part of ATP 747; and parts of Authority to Prospect 

Application (ATP(A)) 746. Some areas were relinquished prior to submission of the SREIS. 

The PDA is divided into 11 Ȱdrainage areasȱ (DAs) that correspond with known gas resources. These 

are numbered DA1, DA2 and DA4 to DA12 (Figure 3.1 in the SREIS). The DAs are not shown in this 

report, but it is important for stakeholders to understand that development is planned in stages, not 

simultaneously in all areas. 

The Approval, under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), 

ÁÐÐÒÏÖÅÓ ÔÈÅ Ȱproposed actionȱ ȱto expand coal seam gas operations in the Surat Basin, Queensland, 

as described in the 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)ȱ. 

In essence, the ÐÒÏÐÏÓÅÄ Ȱactionȱ is as described in 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: 

Á listed threatened species and communities (sections 18 and 18A); 

Á listed migratory species (sections 20 and 20A); and 

Á a water resource, in relation to coal seam gas development and large coal mining development 
(sections 240 and 24E). 

There is a clear link between the requirements 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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Figure 3-1 Petroleum Leases in the Project area 
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Section 4 Water Resources 

4.1 Preamble 

The purpose of Section 4 is to provide an introduction to the Ȱwater resourcesȱ of the area, in order 

to facilitate later discussion of the potential impacts ÏÆ ÔÈÅ Ȱaction in the project areaȱ ÏÎ Ȱwater 

resourcesȱ. 

Water resources  

Ȱ7ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȱ ÁÒÅ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ ÓÕÒÆÁÃÅ water and groundwater resources, as managed 

by the Queensland Government. 

Surface water resources are drawn mainly from the Condamine River and its tributaries.  In this 

study, the focus of attention is on the possibility that water drawn from the Walloon Coal 

Measures for CSG production could ultimately affect groundwater in the Condamine Alluvium and 

hence water levels and flows in the Condamine River and its tributaries, where they overlie the 

Condamine Alluvium.  Surface water is drawn from the Condamine River both upstream and 

downstream of the Condamine Alluvium; there is no suggestion that CSG production could affect 

these surface water resources, directly or indirectly.  Surface water resources in the area of the 

Condamine Alluvium, an area straddling two IQQM models, is of the order of hundreds of GL per 

year. 

Groundwater is drawn mainly from the Condamine Alluvium, so consideration of groundwater 

resources in this study is focused on the alluvium. Groundwater is also drawn from aquifers 

beyond the area of the Condamine Alluvium; potential impacts on bores in these areas has been 

assessed by QWC and Arrow in previous studies.  Throughout the Central Condamine Alluvium 

Groundwater Management Area, there are 320 active groundwater abstraction licences with a 

total entitlement of 87 GL/y. 

 

Section 13(b) does not explicitly refer to the !ÕÓÔÒÁÌÉÁÎ 'ÏÖÅÒÎÍÅÎÔȭÓ "ÉÏÒÅÇÉÏÎÁÌ !ÓÓÅÓÓÍÅÎÔ 

Programme (Bioregional Assessment Programme 2016) which is currently being trialled in a 

number of regions.  However, there are links between the questions being addressed in that 

Programme and the phrasing of Section 13(b). 

Bioregional Assessments (BAs) are designed to help the Independent Expert Scientific Committee 

on Coal Seam Gas and Large Coal Mining Development (IESC) 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.  ȰA BA is a scientific analysis, providing a baseline level of information on 

the ecology, hydrology, geology and hydrogeology of a bioregion with explicit assessment of the 

potential direct, indirect and cumulative impacts of CSG and coal mining development on water 

resources.ȱ 

4ÈÅ "! ÍÅÔÈÏÄÏÌÏÇÙ ɉ"2!-Ɋ ÄÅÆÉÎÅÓ Ȱ×ÁÔÅÒ-ÄÅÐÅÎÄÅÎÔ ÁÓÓÅÔÓȱ ÁÎÄ ÄÉÓÔÉÎÇÕÉÓÈÅÓ Âetween water 

assets and water resources.  A water-dependent asset is Ȱan 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 on groundwater or surface water quantity or qualityȱȢ  7ÁÔÅÒ 

resources are not explicitly defined. 

In this report, Ȱwater resourcesȱ are considered to be surface water and groundwater resources, as 

managed by the Queensland Government, which issues licenses to users to allow them to draw on 



 

 Surat Gas Expansion Project ς CSG WMMP Section 13(b)  ¶  Arrow Energy 

 

 
 4-2 

 
CDMSmith_BWS150002_RPT_ArrowSuratCWMMP_Rev1_20160815.docx 

such resources.  7ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÄÉÆÆÅÒÅÎÔ ÆÒÏÍ ȰÄÅÐÅÎÄÅÎÔ ÅÃÏÓÙÓÔÅÍÓȱȟ ×ÈÉÃÈ ÁÒÅ ÄÉÓÃÕÓÓÅÄ 

separately in Section 6.  This distinction 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 rainfall-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 the 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 be (QWC 2012a). 

As explained in Section 2.5, production of water during the Project will cause a reduction of 

discharge from the Walloon Coal Measures to the Condamine Alluvium, and possibly a reversal in 

flow direction in some places such that groundwater may flow from the Condamine Alluvium 

towards the Walloon Coal Measures and other deeper aquifers.  A reduction in groundwater inflow 

to the Condamine Alluvium will cause the water table to drop. 

Section 4.2 and Section 4.3 provide an introduction to the surface water and groundwater resources 

in the region, to facilitate consideration of potential impacts. 

4.2 Surface Water Resources 

The Condamine River is part of the Murray-Darling 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.  Figure 4-1 shows the alignment of the Condamine River and the names of major 

tributaries. 

The Condamine Alluvium is significant, because groundwater flows towards this zone 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 the Condamine River.  The sources of 

hydrological data (surface water monitoring stations) are discussed. This is followed by a brief 

description of flooding.  The Water Resource (Condamine and Balonne) Plan 2004 (Queensland 

Government 2004) is introduced, with additional sections on Commonwealth  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 relative to existing entitlements. 

4.2.1 Stream Network 

The Condamine River flows in a northwesterly direction through the project area before its 

confluence with the Balonne River. 
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Different GIS datasets of watercourses and drainage lines are available within the project area: 

Á Surface network from Geofabric version 2 (BOM 2011). 

Á Queensland 25k drainage network from DNRM. These data have been derived from digital 
photogrammetry or scanning of existing maps. The dataset includes watercourses, channels, 
and outlines of lakes and dams.  Feature attributes  include name, perenniality (whether or not 
a watercourse flows all year) and length. 

Á Queensland 100k ordered drainage network from DNRM. This dataset is based on the 
Geoscience Australia 1:100,000 drainage network of Queensland and includes ordered reaches. 

Á Queensland Watercourse lines from DNRM. This dataset displays watercourses and includes a 
linear network for hydrological modelling. Feature attribute s include name, perenniality and 
hierarchy. The dataset was derived from 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 resolution and does not always 

follow the local river meanders when compared to Bing Maps Aerial (Microsoft Corporation 2015). 

The Queensland Watercourse lines provide the best available representation of the Condamine 

River and its tributaries.  

The length of a 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 water ɀ groundwater interaction point of view, that the length of 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 in Table 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 River itself.  

Table 4-1 Watercourse lengths within area of CRAA 

Watercourse(s) Length (km) 

Condamine River (including North Branch) 500 

Named Streams 1,512 

Unnamed streams 1,372 

άaŀƧƻǊέ ǎǘǊŜŀƳǎ 378 

άaƛƴƻǊέ streams 1,906 

Total length 2,884 

 



 

 Surat Gas Expansion Project ς CSG WMMP Section 13(b)  ¶  Arrow Energy 

 

 
 4-4 

 
CDMSmith_BWS150002_RPT_ArrowSuratCWMMP_Rev1_20160815.docx 

Table 4-2 Watercourse lengths within area of CCAM 

Watercourse(s) Length (km) 

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 

$ÁÉÌÙ ÆÌÏ× ÁÎÄ ×ÁÔÅÒ ÌÅÖÅÌ ÄÁÔÁ ÈÁÖÅ ÂÅÅÎ ÅØÔÒÁÃÔÅÄ ÆÒÏÍ $.2-ȭÓ 7ÁÔÅÒ -ÏÎÉÔÏÒÉÎÇ 0ÏÒÔÁÌ ÁÎÄ ÔÈÅ 

Bureau of Meteorology (BOM) website.  Of those near the Condamine region, 27 monitoring stations 

are currently active and 13 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 and Silburn 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 in Figure 4-2. Table 4-3 

summarises available surface water data around the project area.  Figure 4-3 shows a schematic 

diagram of the hydrological system showing the Condamine River and its tributaries, the active 

monitoring stations and weirs. 

The percentage of 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 shown in Figure 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 time, while six flow more than three-

quarters of the time. 
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Figure 4-1 Stream network 
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Figure 4-2 Surface water monitoring locations 
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Table 4-3 Current stream gauging station network 

Station No Station Name Watercourse 
Catchment 
Area (km2) 

Zero Gauge 
(mAHD) 

Recording Period Data type 

422202B Dogwood Creek at 
Gilweir 

Dogwood Creek 3010 283.257 16/10/1949 - NOW Water Level 

16/10/1949 - NOW Discharge 

422306A Swan Creek at 
Swanfels 

Swan Creek 83 535.895 01/06/1919 - NOW Water Level 

3/09/1920 - NOW Discharge 

422308C Condamine River at 
Chinchilla 

Condamine 
River 

19190 286.007 02/10/1955 - NOW Water Level 

09/01/1974- NOW Discharge 

422310C Condamine River at 
Warwick 

Condamine 
River 

1360 446.573 02/10/1960 - NOW Water Level 

02/10/1960 - NOW Discharge 

03/11/1993 - NOW Rainfall 

422313B Emu Creek at Emu 
Vale 

Emu Creek 25.5 490.916 24/01/1973 - NOW Water Level 

24/01/1973 - NOW Discharge 

11/04/1990 - NOW Rainfall 

422316A Condamine River at 
Cecil Plains Weir 

Condamine 
River 

7795 347.507 25/10/1947 - NOW Water Level 

31/10/1972 - NOW Discharge 

422317C Glengallan Creek at 
Rocky Ridge 

Glengallan 
Creek 

474 441.504 17/06/2011 - NOW Water Level 

17/06/2011 - NOW Discharge 

422319B Dalrymple Creek at 
Allora 

Dalrymple 
Creek 

246 471.253 28/03/1969 - NOW Water Level 

28/03/1969 - NOW Discharge 

05/09/2007 - NOW Rainfall 

422321B Spring Creek at 
Killarney 

Spring Creek 35 552.003 24/01/1973 - NOW Water Level 

24/01/1973 - NOW Discharge 

16/08/1991 - NOW Rainfall 

422323A Condamine River at 
Tummaville 

Condamine 
River 

6475 380.926 30/08/1961 - NOW Water Level 

30/09/1961 - NOW Discharge 

422325A Condamine River at 
Cotswold 

Condamine 
River 

28930 249.064 02/06/1966 - NOW Water Level 

02/06/1966 - NOW Discharge 

422326A Gowrie Creek at 
Cranley 

Gowrie Creek 47 539.377 20/11/1969 - NOW Water Level 

20/11/1969 - NOW Discharge 

422332B Gowrie Creek at 
Oakey 

Gowrie Creek 142 405.920 01/07/1992 - NOW Water Level 

01/07/1992 - NOW Discharge 

03/02/1993 -  NOW Rainfall 

422333A Condamine River at 
Loudouns Bridge 

Condamine 
River 

12380 327.804 24/03/1969 - NOW Water Level 

24/03/1969 - NOW Discharge 
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Station No Station Name Watercourse 
Catchment 
Area (km2) 

Zero Gauge 
(mAHD) 

Recording Period Data type 

422334A Kings Creek at 
Aides Bridge 

Kings Creek 516 421.787 17/04/1969 - NOW Water Level 

17/04/1969 - NOW Discharge 

422336A Condamine River at 
Brigalow 

Condamine 
River 

18000 296.995 26/10/1972 -  NOW Water Level 

26/10/1972 -  NOW Discharge 

12/11/1991 - NOW Rainfall 

422338A Canal Creek at 
Leyburn 

Canal Creek 395 412.569 26/10/1972 - NOW Water Level 

26/10/1972 - NOW Discharge 

06/06/1991 - NOW Rainfall 

422341A Condamine River at 
Brosnans Barn 

Condamine 
River 

92 514.613 27/05/1976 - NOW Water Level 

27/05/1976 - NOW Discharge 

422343A Charleys Creek at 
Chinchilla 

Charleys Creek 3461 292.282 27/06/2003 - NOW Water Level 

27/06/2003 - NOW Discharge 

422344A Condamine River at 
Bedarra 

Condamine 
River 

24340 276.603 13/06/2007 - NOW Water Level 

13/06/2007 - NOW Discharge 

13/06/2007 - NOW Rainfall 

422345A North Condamine 
River at Lone Pine 

North 
Condamine 

River 

710 365.094 14/10/1978 - NOW Water Level 

14/10/1978 - NOW Discharge 

422347B North Condamine 
River at Pampas 

North 
Condamine 

River 

378 379 01/04/1988 - NOW Water Level 

01/04/1988 - NOW Discharge 

422350A Oakey Creek at 
Fairview 

Oakey Creek 1970 338.728 17/10/1980 - NOW Water Level 

17/10/1980 - NOW Discharge 

422352A Hodgson Creek at 
Balgownie 

Hodgson Creek 560 404.667 20/05/1987 - NOW Water Level 

20/05/1987 - NOW Discharge 

27/11/2009 - NOW Rainfall 

422355A Condamine River at 
Talgai Tailwater 

Condamine 
River 

3105 400 27/10/1989 - NOW Water Level 

27/10/1989 - NOW Discharge 

18/08/2010 - NOW Rainfall 

422359A Oakey Creek at 
Jondaryan 

Oakey Creek 1353 371.058 18/06/2011 - NOW Water Level 

18/06/2011 - NOW Discharge 

422394A Condamine River at 
Elbow Valley 

Condamine 
River 

325 468.837 23/01/1973 - NOW Water Level 

23/01/1973 - NOW Discharge 

08/07/1993 - NOW Rainfall 
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Figure 4-3 Schematic diagram of the Condamine River near the Condamine Alluvium 
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4.2.3 Flooding 

The surface hydrology of the area is dynamic, and flooding is a significant natural hydrological 

ÐÒÏÃÅÓÓȢ  4ÈÅ ÆÒÅÑÕÅÎÃÙ ÏÆ ÆÌÏÏÄÉÎÇ ÈÁÓ ÌÅÄ ÔÏ ÆÌÏÏÄ ÈÁÒÖÅÓÔÉÎÇ ÁÎÄ ÓÔÏÒÁÇÅ ÏÆ ×ÁÔÅÒ ÉÎ ÔÕÒËÅÙȭÓ ÎÅÓÔ 

dams as part of water management to support farming in the area.  It can be expected that flooding 

contributes to the long-term average rate of recharge to aquifers in the Condamine Alluvium. 

Flooding is mentioned here not because it is explicitly considered in the analysis that follows.  

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 possible 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 rainfall-recharge, with 

essentially the right amount of recharge represented as a long term average process, rather than as 

an episodic process. The impacts of flooding have not been ignored, but rather, have been included 

in representation of the recharge process. 

Rainfall over the area of the Condamine catchment in excess of 25 mm in 24 hours can result in 

minor flooding, and rainfall in excess of 50 mm in 24 hours can cause moderate to major flooding 

(Coffey Environments 2012). Major floods occur regularly, on average once every two years, and 

generally during late spring, summer and autumn (Coffey Environments 2012). 

A number of flood studies have been undertaken within the catchment of the Condamine River since 

2004:  

Á SKM (2004) developed a two-dimensional model of the Upper Condamine River for DNRM. The 
study area covered the Condamine River from upstream of the northern anabranch downstream 
to Chinchilla. The study led to development of flood models for the 1976 flood event and for 20- 
and 100-year Average Recurrence Interval (ARI) design floods. 

Á SKM (2007, 2011) carried out a flood study for Myall Creek at Dalby. Flood maps for all storm 
events up to the Probable Maximum Flood (PMF) were produced. 

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

Á SKM (2011) undertook a flood study to understand and define flooding behaviour in the 
floodplain area of the Condamine River 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. 

Á BMT WBM Pty Ltd (2012) conducted a flood study to develop mitigation measures designed to 
reduce the impacts of flooding in the Gowrie Creek catchment. Flood extent maps for 20-, 50-, 
100- and 500-year ARI events were produced, and flood mitigation measures were proposed. 

As parÔ ÏÆ !ÒÒÏ×ȭÓ 3ÕÒÁÔ 'ÁÓ 0ÒÏÊÅÃÔȟ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÆÌÏÏÄ ÍÏÄÅÌÓ ×ÅÒÅ ÄÅÖÅÌÏÐÅÄȡ 

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

Á Surat Gas Project ɀ Concept Select Studies, Surat Basin Flood Mapping (WorleyParsons 2013a) 
and Surat Basin Design Flood Modelling (WorleyParsons 2013b). For this study, detailed flood 
models (hydrologic and hydraulic) were developed for 50-, 100-, 500- and 1,000-year ARI 
design flood events within the Arrow CSG tenements in the Surat Basin. 
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Á Condamine River Flood Inundation Study ɀ Tipton Gas Fields (AECOM 2013a). This work 
involved a flood assessment of the Condamine River between Cecil Plains 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 1,000-year ARI flood events. 

Á Condamine River Flood Inundation Study ɀ Daandine Gas fields (AECOM 2013b). This flood 
assessment was conducted on the 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 5-, 10-, 20-, 50-, 100-, and 1,000-
year ARI flood events. 

Á Daandine and Kogan North Gas Fields, Local Surface Water Study (AECOM 2013c). At a local 
scale, a surface water study was undertaken to assess the potential impact of newly constructed 
dams on flooding behaviour. 

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

 
Table 4-4 Summary of flood modelling studies 

Study Year Author Client Software Area 

Upper Condamine 
River Floodplain 
Broad Scale Hydraulic 
Model Development 
Report 

2004 SKM DNRM URBS 
MIKE 21 

Condamine River and 
floodplains upstream of 
Chinchilla weir to Leyburn-
Cambooya Road.  

Condamine River 
Flood Inundation 
Study Tipton Gas 
Field 

2013 AECOM Arrow Energy URBS 
MIKE 21 

Condamine River from Cecil 
Plains up to the confluence 
with Oakey Creek. Includes 
an anabranch going into Long 
Swamp. 

Condamine River 
Flood Inundation 
Study Daandine Gas 
Field 

2013 AECOM Arrow Energy URBS 
MIKE 11 

From Loudoun weir to Warra 
Town weir, including Wilkie 
Creek. 

Surat Gas Project ς 
Concept Select 
Studies Surat Basin 
Design Flood 
Modelling 

2013 Worley 
Parsons 

Arrow Energy WBNM 
TUFLOW 

Arrow CSG tenements in the 
Surat Basin. 

 
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 the Water Resource (Condamine and Balonne) Plan 

2004 (Queensland Government 2004). The purposes of this 7ÁÔÅÒ 2ÅÓÏÕÒÃÅ 0ÌÁÎ ɉȰ720ȱɊ are: 

Á ȰÔÏ ÄÅÆÉÎÅ ÔÈÅ availability of water in the plan area; 

Á to provide a framework for sustainability managing water and the taking of water; 

Á to identify priorities and mechanisms for dealing with future water requirements; 

Á to provide a framework for establishing water allocations; 

Á to provide a framework for reversing, where practicable, degradation that has occurred in 
natural ecosystems, for example, in stressed rivers; and 

http://flood.dnrm.esriaustraliaonline.com.au/floodcheck/
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Á ÔÏ ÒÅÇÕÌÁÔÅ ÔÈÅ ÔÁËÉÎÇ ÏÆ ×ÁÔÅÒ ÆÒÏÍ ÏÖÅÒÌÁÎÄ ÆÌÏ× ×ÁÔÅÒȢȱ 

To support the WRP, the Department of Natural Resources and Mines (DNRM) has developed 

hydrological models (using the Integrated Quantity and Quality Modelling or IQQM software) to 

simulate surface hydrological processes and allocations of surface water resources. Based on model 

outputs, performance indicators have been derived to measure and compare the impacts of different 

management options. 

Performance indicators are defined in the Water Resource Plan as Environmental Flow Objectives 

(EFOs) and Water Allocation Security Objectives (WASOs). 

The IQQM datasets for the Condamine region do not explicitly include any flows related to CSG 

production.  They neither include an additional demand on surface flows, to represent possible 

additional loss of water to groundwater, 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: 

Á Low flow ɀ the total number of days in the simulation period in which the daily flow is not more 
than half the pre-development median daily flow. 

Á Summer flow ɀ the average number of summer flow days in the simulation period, where 
summer is the period from 1 December in a year until the end of February in the following year. 

Á Beneficial flooding flow ɀ the median of the wet season 90-day flows for the years in the 
simulation period. 

Á 1 in 2 year flood ɀ the daily flow that has a 50% probability of being reached at least once a year. 

Á 1 in 10 year flood ɀ 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 the locations fall within the Central Condamine 
Alluvium groundwater model area: node K Condamine River at Cecil Plains Weir (Adopted Middle 
Thread Distance AMTD 891.1 km) and node J Condamine River at the upstream limit of the 
impounded area of Chinchilla Weir.  Nodes located downstream of the Central Condamine Alluvium 
groundwater model area may also be affected by any change in fluxes in the river caused by CSG 
production. The two next-closest 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 impacts, the EFOs are defined at each node as follows (Queensland Government 2004): 

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

Á A performance indicator cannot be greater than 133% of the indicator for the pre-development 
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 Objectives (WASOs) 

Water Allocation Security Objectives (WASOs) performance indicators are defined for a water 

allocation group as follows: 

Á the annual volume probability ɀ 

­  for taking unsupplemented water, 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 percentage of the total of the nominal 

volumes for the group. 

Á the 45% annual volume probability ɀ 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 
volumes for the group. 

ȰSupplemented waterȱ means water supplied under an interim resource operations licence, 
resource operations licence or other authority to operate water infrastructure.  ȰUnsupplemented 
waterȱ means 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 preparation 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 published in 2008 and 

revised in 2015 (DNRM 2015b). The ROP describes the rules and requirements to achieve the water 

resource objectives from the Water Resource Plan. 

4.2.5 Commonwealth Environmental Water 

As part of a suite of national water reforms, the Australian Government created the Commonwealth 

Environmental Water Holder through the Water 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 Murray-Darling 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 entitlements and a 

substantial investment in more efficient water 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 Environment 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 Condamine-Balonne 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 floodwater or runs 

across the land after rainfall) during episodic flow events. Water taken from unregulated sources is 

often stored in large, shallo× ÆÌÏÏÄÐÌÁÉÎ ÓÔÏÒÁÇÅÓ ËÎÏ×Î ÁÓ ȰÒÉÎÇ ÔÁÎËÓȱ ÏÒ ȰÔurkeyȭÓ ÎÅÓÔȱ ÄÁÍÓȢ 

These can range from hundreds of megalitres (ML) to several hundreds of gigalitres (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 area.  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 Section 4.2, is to document the magnitude of 

surface water resources in the Condamine area.  The motivation is to provide context for later 

consideration of the potential impacts of CSG production on surface water resources. 

Potential surface water uses in the Condamine catchment include agricultural, pastoral, urban, 

mining and recreational use.   

According to Department of the Environment (2016), registered entitlements in the Condamine-

Balonne catchment as at 31 December 2015 are as shown in Table 4-5.  Data for the area of the 

Condamine Alluvium alone are not available. 

Table 4-5 Condamine-Balonne catchment entitlements 

Security 
Registered entitlements 

(GL) 
Nominal volume (GL) 

Long term average 
annual yield (GL) 

Condamine-Balonne 
unsupplemented 

0.2 0.2 0.2 

Condamine-Balonne water 
harvesting of overland flow 

23.2 10.0 10.0 

 

Unregulated water licences are issued for water management areas. There are four water 

management areas within the Condamine Alluvium extent (DNRM 2015b): 

Á the Upper Condamine water management area; 

Á the Condamine and Balonne water management area; 

Á the Condamine and Balonne tributaries water management area; and 

Á the Gowrie and Oakey Creek water management area. 

Two water supply schemes fall withi n the boundary of the Condamine Alluvium: the Upper 

Condamine water supply scheme and the Chinchilla Weir water 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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Table 4-6 Upper Condamine water supply scheme 

Location 
Minimum volume 

(GL) 
Current volume 

(GL) 
Maximum volume 

(GL) 
Projected volume 

(GL) 

Upper Condamine 
Zone UCS-01 

0 0.3 0.8 0.3 

Upper Condamine  
Zone UCS-02 

0.8 2.9 3.3 2.9 

Upper Condamine 
Zone UCS-03 

0 7.6 7.2 7.6 

Upper Condamine 
Zone UCS-04 

2.9 11.5 11.9 11.5 

 

Table 4-7 Chinchilla Weir Water Supply Scheme 

Location 
Minimum volume 

(GL) 
Current volume 

(GL) 
Maximum volume 

(GL) 
Projected volume 

(GL) 

Condamine Balonne 
Zone CBS-01 

2.0 2.0 2.9 2.0 

 

Surface water use in the IQQM models, derived from historical data, for the Upper and Middle 

Condamine catchments, is also summarised in Table 4-8. 

Table 4-8 Modelled water use in IQQM (after CSIRO 2008) 

 
Number of 

nodes 

Medium security 
licence 
(GL/y) 

Licence 
(GL/y) 

Pump constraints 
(ML/d) 

Upper Condamine IQQM model 

Irrigation     

    Medium security 23 30.6  1,551 

    Unsupplemented 75  66.61 6,335 

    Floodplain harvesting 5  41.92 8,3893 

Sub-total 103 30.6 108.5 16,275 

Town water supplies 4 6.2   

IƛƎƘ ǎŜŎǳǊƛǘȅ ΨƻǘƘŜǊ ŘŜƳŀƴŘΩ 9 0.9   

Sub-total 13 7.1   

Total 126 37.7 108.5 16,275 

Middle Condamine IQQM model 

Irrigation     

    Medium security 7 3.7  124 

    Unsupplemented 107  115.01 12,375 

    Floodplain harvesting 5  150.02 29,9913 

Sub-total 119 3.7 265.0 42,490 

Town water supplies 15  5.3  

IƛƎƘ ǎŜŎǳǊƛǘȅ ΨƻǘƘŜǊ ŘŜƳŀƴŘΩ 6  2.3  

Sub-total 21  7.6  

Total 140 3.7 272.6 42,490 

1. Based on nominal volume 

2. Based on on-farm storage capacity  

3. Estimated when gravity diversion used 

Given that the IQQM is used by Government to assess the performance of the water allocation 

system, and would be used to assess applications for new licences, the summary presented in 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 Condamine IQQM 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 surface 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 Section 4.3 is on the Condamine Alluvium, because Section 13(b) refers specifically to 

the Condamine Alluvium, because most of the licensed abstraction in the region is from the 

Condamine Alluvium, and because 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 hydrostratigraphy of the Condamine 

Alluvium. Just as its areal extent is uncertain (see Figure 2-2) the internal structure of the 

Condamine Alluvium is also uncertain. 

There is uncertainty 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 Silburn 2013). 

Dafny and Silburn (2013) summarise all previous studies and describe two conceptualisations 

proposed by different authors: 

Á A fluvial alluvium unit and a sheetwash alluvium unit, based on depositional environments. The 
fluvial alluvium unit dominat es the lower and western parts and is overlain by the sheetwash 
alluvium. This is the conceptualisation that was adopted by KCB (2011b) for the Central 
Condamine Alluvium Groundwater Model (CCAM). 

Á Three units denoted A, B and C, attributed to transport and  sedimentation processes from the 
eastern tributaries, and forming outwash fans.  A is mostly sand and C ɉÔÅÒÍÅÄ ȬÂÁÓÁÌ ÌÁÙÅÒȭɊ is 
characterised by the appearance of sediments in the lower part. B includes all sediments in-
between. This conceptualisation was proposed by SKM (1999). 

 

The Condamine Interconnectivity Research Project (CIRP), as discussed in Section 2.4, prefers 

reference to a transition layer, which is very clayey and has very low vertical hydraulic conductivity. 
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Figure 4-4 Hydrostratigraphic conceptualisations (from Dafny and Silburn 2013) 
 

4.3.2 Groundwater Data 

The Groundwater Database Queensland (GWDBQLD, updated on 7 October 2014) has been 

downloaded from $.2-ȭÓ ×ÅÂÓÉÔÅȢ All data have been extracted for bores located within the plan 

area of the Condamine Alluvium (as 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 are shown in Figure 4-5. 

A number of bores do not have records of the elevation of the top of casing from which reduced 

values of hydraulic head (in mAHD) can be derived. Many bores have only one measurement of 

depth to water and have been ignored in further analysis. Of the 2,827 bore locations, 601 have 

transient data (more than two measurements). Of these, 236 bores have no data after 2010. Thus, 

375 bores have transient data after 2010. 

Groundwater monitoring locations and associated daily water level data have also been downloaded 

ÆÒÏÍ $.2-ȭÓ 7ÁÔÅÒ -ÏÎÉÔÏÒÉÎÇ 0ÏÒÔÁÌȢ Figure 4-5 shows these bore locations as well. Twenty 
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monitoring bores are located in the area of the Condamine Alluvium. Most of these bores (17 of 20) 

have only a few years of data commencing in 2010-2011, while the remaining three bores have 

recorded data from 1994-1995. 

Dafny (2014) provides a recent systematic analysis of changes in water table elevations in the area 

of the Condamine Alluvium in recent years. He shows a range of types of responses, including 

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 is possible 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 2015). The Condamine 

River Alluvium aquifer is managed as part of the Central Condamine Alluvium Groundwater 

Management Area (CCA-GMA). The CCA-GMA is divided into four sub-areas (Figure 4-6) that are 

themselves separated into transitional zones. 

Throughout the CCA-GMA, there are 320 active groundwater abstraction licences with a total 

entitlement of 87 GL/y. Nominal entitlements for each of the sub-management groups are shown in 

Table 4-9. Forty percent of the total nominal entitlement is assigned to Central Condamine Subarea 

2 ɀ Transitional Zone 3. Overall, about 90% of groundwater abstraction is for irrigation. KCB 

(2010b) estimated abstraction to be 66 GL/y, including 46 GL/y from metered abstraction and 20 

GL/y from unmetered abstraction, for the years 1980 to 2010. In 2012, abstraction was estimated 

to be 67 GL/y, although sustainable groundwater yield was estimated at the same time to be 40 GL/y 

(Tan et al. 2012). 

The locations of licenced abstraction bores are shown in Figure 4-7. There are concentrations of 

licences with larger abstraction limits upstream and downstream of Cecil Plains. 

Table 4-9 Central Condamine Alluvium GMA active groundwater abstraction licences 

Sub-management group 
Number of 

licences 
Nominal 

entitlement (GL) 

Central Condamine Subarea 1 55 10 

Central Condamine Subarea 2 19 4 

Central Condamine Subarea 2 ς Group S 1 <1 

Central Condamine Subarea 2 ς Transitional Zone 3 98 34 

Central Condamine Subarea 2 ς Transitional Zone 3 ς Group S 15 5 

Central Condamine Subarea 2 ς Urban  2 1 

Central Condamine Subarea 3 45 12 

Central Condamine Subarea 3 ς Transitional Zone 3 16 4 

Central Condamine Subarea 4 68 14 

Central Condamine Subarea 4 ς Urban  1 2 

TOTAL 320 87 
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Figure 4-5 Groundwater data 
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Figure 4-6 Central Condamine Alluvium Groundwater Management Area (DNRM 2015a) 
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Figure 4-7 Groundwater use within the Condamine Alluvium 
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Section 5 Surface Water - Groundwater Interaction 

5.1 Preamble 

The purpose of Section 5 ÉÓ ÔÏ ÄÉÓÃÕÓÓ ÃÏÎÃÅÐÔÓ ÏÆ Ȱsurface water ɀ groundwater interactionȱȟ ÉÎ ÏÒÄÅÒ 

to facilitate later ÄÉÓÃÕÓÓÉÏÎ ÏÆ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÉÍÐÁÃÔÓ ÏÆ ÔÈÅ Ȱaction in the project areaȱ ÏÎ Ȱsurface 

water ɀ groundwater interactionsȱ ÉÎ ÔÈÅ ȰCondamine AlluviumȱȢ 

Surface water ɀ groundwater interaction  

Ȱ3ÕÒÆÁÃÅ ×Áter ɀ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎÔÅÒÁÃÔÉÏÎȱ ÉÓ ÁÎÙ ÓÉÔÕÁÔÉÏÎ ×ÈÅÒÅ ×ÁÔer above the land surface 

interacts with groundwater below the land surface. 

Of greatest interest in the Condamine Alluvium is the interaction between the Condamine River 

and its tributaries and the water table in the unconfined aquifer in the Condamine Alluvium. 

The Condamine River and its tributaries are likely to function as losing disconnected streams over 

most of their length, such that any lowering of the water table is unlikely to lead to increased 

leakage from surface water to groundwater. 

 

5.2 Types of Interaction and Terminology 

Several definitions of surface water ɀ groundwater interaction and connected water systems have 

been used in recent Australian literature. 

The Australian Groundwater Modelling guidelines (Barnett et al. 2012) define surface water ɀ 

groundwater interaction as any situation where water above the land surface interacts with 

groundwater below the land surface. 

4ÈÅ ÔÅÒÍÓ ȰÃÏÎÎÅÃÔÉÖÉÔÙȱ ÁÎÄ ȰÃÏÎÎÅÃÔÅÄ ×ÁÔÅÒ ÓÙÓÔÅÍÓȱ ÁÒÅ also frequently used.  These are 

generally defined on the basis of the magnitude and direction of flux between surface and subsurface 

water bodies and, within the context of water management, the effects imposed on them by stresses 

such as pumping. Brodie et al. (2007b) and SKM (2012) present stepwise procedures for classifying 

connectivity. These classifications are broadly consistent, in the sense that the physical connectivity 

setting (contiguous or non-contiguous) is defined and the impact of pumping on the dynamics of the 

exchange flux is quantified. 

Some of the definitions and classifications of connected water bodies are shown in Table 5-1. 

At the highest level, interaction between surface water and groundwater is of three types (e.g. Nield 

et al. 1994; Townley & Trefry 2000).  Surface water bodies such as rivers and streams (including 

ponds, pool, nearby ox-bow lakes etc.) can be: 

Á ȰÇÁÉÎÉÎÇȱ, e.g. in a typical low-land alluvial valley, or in uplands during or after the wet season, 
when groundwater supplies baseflow to the stream; 

Á ȰÌÏÓÉÎÇȱȟ ÅȢÇȢ ×ÈÅÒÅ ÔÈÅ ×ÁÔÅÒ ÔÁÂÌÅ ÎÅÁÒÂÙ ÈÁÓ ÄÒÏÐÐÅÄ ÂÅÌÏ× ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÌÅÖÅÌÓȟ ÓÏ ÔÈÁÔ ÔÈÅ 
surface water body loses; and 

Á ȰÆÌÏ×-ÔÈÒÏÕÇÈȱȟ ÅȢÇȢ ÉÎ Á ÍÅÁÎÄÅÒÉÎÇ ÒÉÖÅÒȟ ×here the slight gradient in river level allows water 
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 Groundwater 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 of the 

rivers and streams. 4ÈÅ #ÏÎÄÁÍÉÎÅ 2ÉÖÅÒ ÉÓ ÐÅÒÃÅÉÖÅÄ ÔÏ ÂÅ Á ȰÌÏÓÉÎÇ ÓÔÒÅÁÍȱ ɉÁ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÂÏÄÙ 

losing water to groundwaterɊ ÒÁÔÈÅÒ ÔÈÁÎ Á ȰÒÅÃÈÁÒÇÅ ×ÁÔÅÒ ÂÏÄÙȱ ɉwith the aquifer below receiving 

recharge from the river above). 

Losing streams can be of two kinds, generally ÄÅÓÃÒÉÂÅÄ ÁÓ ȰÃÏÎÎÅÃÔÅÄȱ ÏÒ ȰÄÉÓÃÏÎÎÅÃÔÅÄȱȢ  ! stream 

will lose water to groundwater when the water table on both sides of the stream is lower than the 

surface water elevation in the stream. When there is a continuous saturated zone at all elevations 

beneath the streambedȟ ÔÈÅ ÓÔÒÅÁÍ ÉÓ ÓÁÉÄ ÔÏ ÂÅ ȰÃÏÎÎÅÃÔÅÄȱ.  When there is an unsaturated zone 

beneath the streamȟ ÉÔ ÉÓ ÓÁÉÄ ÔÏ ÂÅ ȰÄÉÓÃÏÎÎÅÃÔÅÄȱ. 

The significance of a disconnected stream is that further lowering of the water table does not 

ÉÎÃÒÅÁÓÅ ÔÈÅ ÌÅÁËÁÇÅ ÏÆ ×ÁÔÅÒ ÆÒÏÍ ÔÈÅ ȰÐÅÒÃÈÅÄȱ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÂÏÄÙ ÁÂÏÖÅȢ 

This phenomenon is described in a number of recent papers with reference to Australian river 

systems (Brunner et al. 2009a, 2009b, 2010, 2011; 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 the rate 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 desaturation below (sometimes called a clogging layer, as in Figure 5-1), or (ii)  the 

unsaturated vertical and horizontal hydraulic conductivities in an unsaturated zone between the 

bed and the water table at depth (Figure 5-2). 

No field studies have been found that show conclusively that this phenomenon occurs beneath the 

Condamine River overlying 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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Figure 5-1 Stream-aquifer 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) 
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Figure 5-2 Disconnection below a stream without a clogging layer (from Peterson and Wilson 1988) 
 

Table 5-1 Definitions of surface waterςgroundwater connectivity 

Source Reference Definition 

Bureau of Rural 
Sciences 

Brodie et al. (2007a) An 
Overview of Tools for 
Assessing Groundwater-
Surface Water Connectivity 

Assessment of surface water-groundwater interactions 
ƛƴǾƻƭǾŜ ǘƘŜ άŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ǿŀǘŜǊ Ŧƭƻǿ ōŜǘǿŜŜƴ 
aquifers and surface water features, and the impacts of this 
ƛƴǘŜǊŀŎǘƛƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ǿŀǘŜǊ ǉǳŀƴǘƛǘȅΣ ǉǳŀƭƛǘȅ ŀƴŘ ŜŎƻƭƻƎȅέ 

CSIRO Murray-Darling 
Basin Sustainable Yields 
Project 

Parsons et al. (2008) 
Surfaceςgroundwater 
connectivity assessment: A 
report to the Australian 
Government from the 
CSIRO Murray-Darling Basin 
Sustainable Yields Project 

Similar to the above definition in that the connectivity 
ƳŀǇǇƛƴƎ ƛƴǾƻƭǾŜŘ άŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ŘƛǊŜction and magnitude 
ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ ŦƭǳȄ ǘƻ ƻǊ ŦǊƻƳ ǘƘŜ ƳŀƧƻǊ ǊƛǾŜǊǎΦέ 

Department of Primary 
Industries, Parks, Water 
and Environment 

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

ά/ƻƴƴŜŎǘƛvity refers to flows between surface water and 
ƎǊƻǳƴŘǿŀǘŜǊ ǎƻǳǊŎŜǎέΦ 
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Source Reference Definition 

National Water 
Commission 

SKM (2011) National 
framework for integrated 
management of connected 
groundwater and surface 
water systems 

Connected water systems are water systems where: 
Á άŀōǎǘǊŀŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ǎȅǎǘŜƳ Ŏŀƴ ŀŦŦŜŎǘ 

the quantity (and quality) and reliability/accessibility of 
abstraction from the surface water system, or 

Á abstraction from the surface water system can affect 
the quantity (and quality) and reliability/accessibility of 
abstraction from the groundwater system, or 

Á 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 
ŎŜǊǘŀƛƴ ǿŜǘƭŀƴŘǎΦέ 

The terms contiguous and non-contiguous are adopted 
instead of connected and disconnected to avoid 
misinterpretation of the latter. 

Murray-Darling Basin 
Authority 

SKM (2012) Synthesis of 
groundwater -surface 
water connectivity 
knowledge for the Murray-
Darling Basin 

5ŜǎŎǊƛōŜǎ ǘƘŀǘ άGroundwater and surface water are 
intrinsically connected, being part of the one hydrologic 
ŎȅŎƭŜέ ŀƴŘ άǘƘŜǊŜ ƛǎ Ŏƻƴǘƛƴǳŀƭ ƳƻǾŜƳŜƴǘ ƻŦ ǿŀǘŜǊ ōŜǘǿŜŜƴ 
ƎǊƻǳƴŘǿŀǘŜǊ ŀƴŘ ǎǳǊŦŀŎŜ ²ŀǘŜǊέΦ /ƻƴƴŜŎǘƛǾƛǘȅ ǊŜŦŜǊǎ ǘƻ 
άǘƘƛǎ ǘǊŀƴǎŦŜǊ ƻŦ ǿŀǘŜǊ ŀǘ ŀ ƎƛǾŜƴ ƭƻŎŀǘƛƻƴ ŀƴŘ ǘƛƳŜŦǊŀƳŜέΦ 

Geoscience Australia http://www.ga.gov.au/grou
ndwater/understanding-
groundwaterresources/gro
undwater-surfacewater-
connectivity.html 

άDǊƻǳƴŘǿŀǘŜǊ-surface water connectivity refers to the 
direction and magnitude of flow between water resources 
ƭƻŎŀǘŜŘ ŀōƻǾŜ ŀƴŘ ōŜƭƻǿ ƎǊƻǳƴŘΦέ 

 

5.3 Surface Water and Groundwater in the Condamine 
Alluvium 

CSIRO (2008) describe tÈÅ #ÏÎÄÁÍÉÎÅ 2ÉÖÅÒ ÆÕÎÃÔÉÏÎ ÁÓ Á ȰÌÏÓÉÎÇ ÓÔÒÅÁÍȱ ÏÖÅÒ ÍÏÓÔ ÏÆ ÉÔÓ ÌÅÎÇÔÈ 

where the river overlies the Condamine Alluvium, and certainly over most of its length inside lease 

areas held by Arrow.  The purpose of Section 5 is to provide evidence that supports this finding. 

5.3.1 Streambed Elevation 

The level of the bed of a river has an important  influence on the nature of surface water ɀ 

groundwater interaction.   

Á 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. 

Á The elevation of the water table on either side of a river or 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. 

Á The elevations of surface water and the water table vary 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, and processed and analysed the data 

to infer depth to the water table, as described in Section 5.3.2.  The analysis is 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 River and its 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 m) and 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. 

A ÇÒÉÄ ÏÆ ÐÏÉÎÔÓ ×ÁÓ ÇÅÎÅÒÁÔÅÄ ÎÅÁÒ ÅÁÃÈ ÏÆ ÔÈÅ ȰÎÅÁÒÅÓÔ ÐÏÉÎÔÓȱ on the river or stream found by 

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. That is, the LiDAR elevations at 10,000 points near each of the 

ρρφ ȰÎÅÁÒÅÓÔ ÐÏÉÎÔÓȱ ×ÅÒe extracted. For each grid of points, 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 in Figure 5-3. Note the 

existence of a depression to the east of Cecil Plains.  Groundwater allocations are relatively high in 

this area (see Figure 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 

bÅÃÁÕÓÅ $.2-ȭÓ ÃÏÎÔÏÕÒÓ ÁÒÅ ÎÏÔ ÌÁÂÅÌÌÅÄ ×ÉÔÈ ÅÌÅÖÁÔÉÏÎÓȢ 

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 bore. In 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.  In areas where the water table 

elevation is seasonally above and below bed elevation, the maximum and minimum values are of 

interest. 

To illustrate the extent to which data support #3)2/ȭÓ ɉςππψɊ ÃÏÎÃÌÕÓÉÏÎ that the Condamine River 

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 in Figure 5-4. 

Brown points in Figure 5-4 show the locations where the water table elevation was higher than the 

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

along the Condamine River.  They 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 anabranch 

ɉÐÏÓÓÉÂÌÙ ÁÆÆÅÃÔÅÄ ÂÙ Á ÎÅÁÒÂÙ ÔÕÒËÅÙȭÓ ÎÅÓÔ ÒÁÔÈÅÒ ÔÈÁÎ ÂÙ ÔÈÅ ÒÉÖÅÒɊȢ 

Red and orange points in Figure 5-4 show locations where the minimum depth to groundwater is 

up to 10 m along the Condamine River, i.e. almost everywhere except near the northern anabranch 

(the North Condamine River) where groundwater is used heavily (Figure 4-7). 

Lemon to green points in Figure 5-4 show locations where the minimum depth to groundwater is 

greater than 10 m. 
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Overall, the results show that the Condamine River is likely to function as a losing stream with water 

table elevation below the bed of the river along most of its length within the area of Condamine 

Alluvium.  These results are consistent with those shown 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, and not in perfect 

locations, nevertheless the amount of data is significant and allows this conclusion to be drawn. 
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Figure 5-3 Average water table elevation in 2010 in the Condamine Alluvium 




















































































































































































































































