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Executive summary 

In bioregional assessments (BAs), conceptual models are developed to describe the causal 

pathways, ǘƘŜ ƭƻƎƛŎŀƭ ŎƘŀƛƴ ƻŦ ŜǾŜƴǘǎ  ŜƛǘƘŜǊ ǇƭŀƴƴŜŘ ƻǊ ǳƴǇƭŀƴƴŜŘ  ǘƘŀǘ ƭƛƴƪ Ŏƻŀƭ ǊŜǎƻǳǊŎŜ 

development and potential impacts on water resources and water-dependent assets in the 

Maranoa-Balonne-Condamine subregion. A BA considers the difference in results between two 

potential futures: 

¶ baseline coal resource development (baseline): a future that includes all coal mines and coal 

seam gas (CSG) fields that are commercially producing as of December 2012. For the 

Maranoa-Balonne-/ƻƴŘŀƳƛƴŜ ǎǳōǊŜƎƛƻƴΣ ƘƻǿŜǾŜǊΣ ΨōŀǎŜƭƛƴŜΩ ƛƴŎƭǳŘŜǎ ŀƭƭ /{D ŘŜǾŜƭƻǇƳŜƴǘǎ 

in the subregion that are reported in the 2014 annual report for the Surat cumulative 

management area   

¶ coal resource development pathway (CRDP): a future that includes all coal mines and CSG 

fields that are in the baseline as well as those that are expected to begin commercial 

production after December 2012. 

The difference in results between CRDP and baseline is due to the additional coal resource 

development (ACRD) ς all coal mines and CSG fields, including expansions of baseline operations, 

that are expected to begin commercial production after December 2012.  

Methods 

This product details the conceptual model of causal pathways of the Maranoa-Balonne-

Condamine subregion, following the method described in in companion submethodology M05 on 

the development of conceptual models of causal pathways. It identifies: 

¶ the key system components, processes and interactions, which essentially define pathways 

over and through which water can move 

¶ the ecosystems in the subregion in terms of landscape classes and their dependence on 

water 

¶ the potential hydrological changes that may occur due to coal resource development in the 

subregion by describing and documenting the baseline and CRDP, including a summary of 

water management for coal resource developments 

¶ hazards from coal resource development using the Impact Modes and Effects Analysis 

(IMEA) hazard analysis approach 

¶ causal pathways from coal resource development through to hydrological changes, both for 

baseline and CRDP.  

The conceptual model of causal pathways for the Maranoa-Balonne-Condamine subregion 

leverages existing state-based resources and knowledge of geological, surface water, groundwater 

and ecological conceptual models. Notably, the geological and groundwater conceptual models 

are consistent with the Office of Groundwater Impact Assessment (OGIA) regional groundwater 
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model developed in 2012. The OGIA model was revised for BAs to also simulate water-related 

impacts of coal mine development in the regional groundwater systems. The Assessment team 

refined the landscape classification and high-level conceptualisation of the causal pathways 

following discussions ŀǘ ǘƘŜ Ψ/ƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭƭƛƴƎ ƻŦ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅǎΩ ǿƻǊƪǎƘƻǇ ƘŜƭŘ ƛƴ Wǳƭȅ 

2015. 

Summary of key system components, processes and interactions 

The spatial extent of the water flows and pathways is limited to the preliminary assessment extent 

(PAE) of the Maranoa-Balonne-Condamine subregion. The PAE is the geographic area associated 

with a subregion or bioregion in which the potential water-related impact of coal resource 

development on assets is assessed. The PAE includes mapped outcrop areas of the Hutton, 

Clematis and Precipice sandstone aquifers and along the Dawson, Moonie and Weir rivers that are 

outside the subregion boundary. Coal mine and CSG operations in the subregion target the 

Walloon Coal Measures of the Surat and Clarence-Moreton geological basins, which has the 

potential to directly affect the regional groundwater and surface water systems. Hydrological 

changes to the groundwater system associated with coal resource development can propagate 

through the alluvium and other aquifers to indirectly affect surface water ς groundwater 

interactions in the aquifer outcrop and subcrop areas.  

Important groundwater systems in the subregion are the surficial alluvial, basalt and Great 

Artesian Basin (GAB) sandstone aquifers. The Condamine Alluvium and Main Range Volcanic 

aquifers are important water sources for irrigation, stock and domestic and town water supplies. 

The GAB aquifers of the Surat Basin that underlie most of the subregion are part of one of the 

largest groundwater systems in the world and are a major water source for stock and domestic 

and town water supplies. River basins in the PAE are the Border, Condamine-Balonne (including 

the Maranoa River), Fitzroy and Moonie rivers. Most river systems are temporary, with the 

exception of parts of the Dawson River, which receive baseflow contributions from rejected GAB 

recharge in the aquifer outcrop areas. The temporary nature of the surface water systems means 

that the management, treatment and disposal of water associated with coal resource 

development can affect surface water quality and surface water ς groundwater interactions. 

Ecosystems 

The ecosystems in the Maranoa-Balonne-Condamine subregion are classified in terms of 

landscape classes and their dependence on water. Landscape classification is used to characterise 

the diverse range of water-dependent assets into a smaller number of classes for further analysis. 

Where appropriate, the approach has built on and integrated with existing classification systems. 

This classification identified 34 landscape classes, which are aggregated into 5 landscape groups 

based on broad-scale distinctions in their water dependency and association with GAB or non-GAB 

GDEs (groundwater-dependent ecosystems), floodplain/non-floodplain or upland/lowland 

environments and remnant/human-modified habitat types: 

¶ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜ όƛƴŎƭǳŘƛƴƎ ƴƻƴ-D!. D59ǎύΩ 

¶ ΨD!. D59ǎ όǊƛǾŜǊƛƴŜΣ ǎǇǊƛƴƎǎΣ ŦƭƻƻŘǇƭŀƛƴ ƻǊ non-ŦƭƻƻŘǇƭŀƛƴύΩ 

¶ Ψbƻƴ-floodplain or upland riverine (including non-D!. D59ǎύΩ 
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¶ Ψ5ǊȅƭŀƴŘ ǊŜƳƴŀƴǘ ǾŜƎŜǘŀǘƛƻƴΩ 

¶ ΨIǳƳŀƴ ƳƻŘƛŦƛŜŘΩΦ 

The BA team finalised the landscape classification following discussion with stakeholders at the 

Ψ/ƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭƭƛƴƎ ƻŦ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅǎΩ ǿƻǊƪǎƘƻǇ ƘŜƭŘ ƛƴ Wǳƭȅ нлмрΦ 

aƻǎǘ ƻŦ ǘƘŜ t!9 όтн҈ύ ƛǎ ŎƭŀǎǎŜŘ ǳƴŘŜǊ ǘƘŜ ΨIǳƳŀƴ-ƳƻŘƛŦƛŜŘΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ǘƘŀǘ ƛƴŎƭǳŘŜǎ 

agricultural, urban and other intensive land uses. In the remainder of the PAE most of the 

landscape falls into the Ψ5ǊȅƭŀƴŘ ǊŜƳƴŀƴǘ ǾŜƎŜǘŀǘƛƻƴΩ landscape class (20%) and the landscape 

groups ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜ (including non-GAB GDEs)Ω όр҈ύΣ Ψbƻƴ-floodplain or upland 

riverine (including non-GAB GDEs)Ω όн҈ύ ŀƴŘ ΨD!. D59ǎ (riverine, springs, floodplain or non-

floodplain)Ω όм҈ύΦ ¢ƘŜ Ψ5ǊȅƭŀƴŘ ǊŜƳƴŀƴǘ ǾŜƎŜǘŀǘƛƻƴΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǿŀǘŜǊ 

dependent. The stream network is classed as ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜ (including non-GAB 

GDEs)Ω όпу҈ύΣ Ψbƻƴ-floodplain or upland riverine (including non-GAB GDEs)Ω όоф҈ύ ŀƴŘ ΨD!. D59ǎ 

(riverine, springs, floodplain or non-floodplain)Ω όмо҈ύΦ Most springs and spring complexes in the 

PAE of the Maranoa-Balonne-Condamine subregion (86%) are associated with GAB aquifers. 

Aspects of water dependency and the vegetation communities associated with each landscape 

group are discussed. 

Baseline and coal resource development pathway 

The CRDP for the Maranoa-Balonne-Condamine subregion includes five baseline open-cut coal 

mines, five baseline CSG fields and two additional open-cut coal mines. The CRDP is based on 

information available as of July 2015 and was finalised after feedback provided at the CRDP 

workshop held in December 2014. The five baseline coal mines are: Cameby Downs Mine, 

Commodore Mine, Kogan Creek Mine, New Acland Coal Mine Stage 2 and Wilkie Creek Mine 

(which ceased operations in December 2013). The two proposed coal mines are: New Acland Coal 

Mine Stage 3 and The Range. To ensure consistency with OGIA reporting, the baseline includes all 

CSG projects in the Maranoa-Balonne-Condamine subregion that are reported in the 2014 annual 

report for the Surat cumulative management area. The five baseline CSG projects are: Australia 

Pacific LNG Project, Queensland Curtis LNG Project, Santos Gladstone LNG and Santos Gladstone 

LNG Gas Field Development projects, Surat Gas Project and Ironbark Project. 

Water affected by open-cut coal mines in the subregion is typically treated for discharge off site 

and for use in mine-related activities such as dust suppression and coal washing. Water 

management for CSG operations is consistent with the Queensland GoverƴƳŜƴǘΩǎ Coal Seam Gas 

Water Management Policy. This policy aims to strategically manage co-produced water by 

prioritising its beneficial use by new and existing users as well as water-dependent industries; it 

proposes treatment and disposal of co-produced water in a way that firstly avoids, and then 

minimises and mitigates, impacts on environmental values. Reverse osmosis is the preferred water 

treatment technology of the four major CSG operators in the subregion (Arrow Energy Pty Ltd, 

Origin Energy Limited, QGC Pty Limited and Santos Ltd). 

Hazard analysis 

A dedicated hazard analysis, IMEA, is used to systematically identify activities that may initiate 

hazards, defined as events, or chains of events that might result in an effect (change in the quality 
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or quantity of surface water or groundwater). A large number of hazards are identified; some of 

these are beyond the scope of BA and others are adequately addressed by site-based risk 

management processes and regulation. The main hazards considered for BA in the Maranoa-

Balonne-Condamine subregion associated with CSG operations are potential impacts on aquifers, 

impacts associated with storage, processing and disposal of treated water: raised groundwater 

levels, soil salt mobilisation and leaching from storage ponds. Hazards associated with open-cut 

coal mines include the potential to link, or cause leakage between, aquifers, deliberate pit wall 

dewatering, subsidence and enhanced aquifer interconnectivity caused by post-closure water 

filling the pit. 

Causal pathways  

Hazards associated with CSG operations and open-cut coal mines that are considered to be in 

scope for BA in the Maranoa-Balonne-Condamine subregion are grouped into four main causal 

pathway groups:  

¶ Ψ{ubsurface depressurisation and ŘŜǿŀǘŜǊƛƴƎΩ  

¶ Ψ{ubsurface physical flow pathǎΩ 

¶ Ψ{ǳǊŦŀŎŜ ǿŀǘŜǊ ŘǊŀƛƴŀƎŜΩ 

¶ ΨhǇŜǊŀǘƛƻƴŀƭ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΩ.  

¢ƘŜ ΨSubsurface depressurisation and dewateringΩ causal pathway group associated with the CRDP 

has the potential to directly affect the regional groundwater system, and indirectly affect surface 

water ς groundwater interactions in aquifer outcrop areas.  

¢ƘŜ ΨSubsurface physical flow pathsΩ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅ ƎǊƻǳǇ involves physical modification of the 

rock mass or geological architecture by creating new physical paths that water may potentially 

infiltrate and flow along. This hazard may occur due to hydraulic fracturing of coal seams or when 

the integrity of wells drilled for groundwater or gas extraction is compromised. The cracking that 

occurs in the rock mass above underground longwall panels may also subsequently cause 

enhanced hydraulic connection. The extent of these changes is likely to be restricted to aquifer or 

aquifer outcrop areas within tenements, but can also affect connected watercourses within and 

downstream of tenements. Incomplete knowledge of the location of subterranean faults and 

fractures of the geological layers means that uncertainty exists in the precise spatial extent of 

groundwater level decline due to subsurface depressurisation and dewatering. However, the 

uncertainty analysis reported in companion product 2.6.2 (groundwater numerical modelling) for 

the Maranoa-Balonne-Condamine subregion allows a probabilistic estimate of maximum 

groundwater level decline. 

The Ψ{urface water drainageΩ causal pathway group contains the most frequent hazards associated 

with CSG operations and open-cut coal mines. Intercepting surface water runoff, altering surface 

water system and subsidence of land surface can change, or disrupt, surface water drainage in the 

PAE. Effects on surface water direction, volume and quality can have medium-term (5 to 10 years) 

to long-term (10 to 100 years) cumulative effects on watercourses within and downstream of 

tenements. 
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¢ƘŜ ΨOperational water managementΩ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅ ƎǊƻǳǇ involves the modification of water 

management systems and may have cumulative effects on surface water catchments and stream 

networks, surface water ς groundwater interactions and groundwater conditions. Effects are likely 

to be in the medium to long term and include watercourses in aquifer outcrop areas that are 

within and downstream of tenements.  

Gaps 

The combination of limited water quality and quantity data availability and use of a groundwater 

model that is focused on the deeper regional aquifer, limits the value of developing a coupled 

surface water ς groundwater numerical model in the Maranoa-Balonne-Condamine subregion at 

this time. 

Further work 

The causal pathways described in this product guide how the modelling (product 2.6.2 

(groundwater numerical modelling)) is conducted and how product 3-4 (impact and risk analysis) is 

framed for the Maranoa-Balonne-Condamine subregion.



 

vi | Conceptual modelling for the Maranoa-Balonne-Condamine subregion 

 



 

Conceptual modelling for the Maranoa-Balonne-Condamine subregion | vii 

Contents 

Executive summary ....................................................................................................................... i 

Contributors to the Technical Programme ................................................................................. xiv 

Acknowledgements ................................................................................................................... xvi 

Introduction ................................................................................................................................. 1 

The Bioregional Assessment Programme ................................................................................... 1 

Methodologies ............................................................................................................................ 3 

Technical products ...................................................................................................................... 5 

About this technical product ...................................................................................................... 8 

References .................................................................................................................................. 8 

2.1.1 Methods ............................................................................................................................ 11 

2.1.1.1 Background and context ............................................................................................ 11 

2.1.1.2 Developing causal pathways ..................................................................................... 16 

References ................................................................................................................................ 17 

2.1.2 Summary of key system components, processes and interactions ..................................... 19 

2.1.2.1 Scope and overview ................................................................................................... 19 

2.1.2.2 Geology and hydrogeology ........................................................................................ 22 

2.1.2.2.1 Geology ............................................................................................................... 22 

2.1.2.2.2 Hydrogeology ...................................................................................................... 25 

2.1.2.2.3 Alluvial aquifers................................................................................................... 26 

2.1.2.2.4 Fractured rock aquifers ....................................................................................... 28 

2.1.2.2.5 Great Artesian Basin aquifers ............................................................................. 28 

2.1.2.3 Surface water ............................................................................................................ 33 

2.1.2.4 Water balance ........................................................................................................... 34 

2.1.2.5 Gaps ........................................................................................................................... 39 

References ................................................................................................................................ 39 

Datasets  ................................................................................................................................... 42 

2.1.3 Ecosystems ........................................................................................................................ 45 

2.1.3.1 Landscape classification ............................................................................................ 45 

2.1.3.1.1 Methodology ....................................................................................................... 45 

2.1.3.1.2 Landscape classification ...................................................................................... 52 

2.1.3.2 Gaps ........................................................................................................................... 71 

References ................................................................................................................................ 72 

Datasets  ................................................................................................................................... 74 



 

viii | Conceptual modelling for the Maranoa-Balonne-Condamine subregion 

2.1.4 Baseline and coal resource development pathway ............................................................ 77 

2.1.4.1 Developing the coal resource development pathway .............................................. 77 

2.1.4.1.1 Baseline coal resource developments ................................................................ 86 

2.1.4.1.2 Additional coal resource development .............................................................. 90 

2.1.4.2 Water management for the coal resource developments ........................................ 94 

2.1.4.2.1 Water management for coal mine developments ............................................. 95 

2.1.4.2.2 Water management for coal seam gas developments ....................................... 99 

2.1.4.3 Gaps ......................................................................................................................... 103 

References .............................................................................................................................. 103 

Datasets  ................................................................................................................................. 109 

2.1.5 Conceptual model of causal pathways ............................................................................. 111 

2.1.5.1 Methodology ........................................................................................................... 112 

2.1.5.2 Hazard analysis ........................................................................................................ 115 

2.1.5.2.1 Coal seam gas operations ................................................................................. 115 

2.1.5.2.2 Open-cut coal mines ......................................................................................... 118 

2.1.5.2.3 Hazard handling and scope ............................................................................... 120 

2.1.5.3 Causal pathways ...................................................................................................... 133 

2.1.5.3.1 Coal seam gas operations and open-cut coal mines ........................................ 133 

2.1.5.3.2 Causal pathways for the coal resource development pathway ....................... 143 

2.1.5.4 Gaps ......................................................................................................................... 150 

References .............................................................................................................................. 151 

Datasets  ................................................................................................................................. 151 

  



 

Conceptual modelling for the Maranoa-Balonne-Condamine subregion | ix 

Figures 

Figure 1 Schematic diagram of the bioregional assessment methodology .................................... 2 

Figure 2 Technical products and submethodologies associated with each component of a 

bioregional assessment ................................................................................................................... 6 

Figure 3 Generic example of drawdown at a specific location over time for the baseline coal 

resource development (baseline) and coal resource development pathway (CRDP). The 

difference in drawdown between CRDP and baseline is due to the additional coal resource 

development (ACRD) ..................................................................................................................... 13 

Figure 4 The difference in results between the coal resource development pathway (CRDP) and 

the baseline coal resource development (baseline) provides the potential impacts due to the 

additional coal resource development (ACRD) ............................................................................. 14 

Figure 5 Hazard analysis using the Impact Modes and Effects Analysis ....................................... 15 

Figure 6 Preliminary assessment extent (PAE) of the Maranoa-Balonne-Condamine subregion 20 

Figure 7 Schematic geologic cross-section of the Surat and Bowen basins ................................. 23 

Figure 8 A simplified surface geology map showing the relative locations of coal resource 

developments ............................................................................................................................... 24 

Figure 9 Hydrostratigraphic relationships in the Clarence-Moreton Basin, Surat Basin, 

Coonamble Embayment and adjoining Eromanga Basin of the Great Artesian Basin ................. 26 

Figure мл {ŎƘŜƳŀǘƛŎ ƻŦ Ψ¦ǇǇŜǊ /ŀǘŎƘƳŜƴǘΩΣ ΨaƛŘ /ŀǘŎƘƳŜƴǘΩ ŀƴŘ Ψ[ƻǿŜǊ /ŀǘŎƘƳŜƴǘΩ .............. 27 

Figure 11 Stratigraphy of the Surat, Bowen and Clarence-Moreton basins and the corresponding 

model layers in the Office of Groundwater Impact Assessment (OGIA) model ........................... 30 

Figure 12 Potentiometric surface of the main confined aquifers, showing regional groundwater 

flow directions in the Maranoa-Balonne-Condamine subregion ................................................. 32 

Figure 13 Watertable elevation and mapped GAB aquifer outcrops relative to the Dawson 

River .............................................................................................................................................. 33 

Figure 14 Surface water flows for river basins in the Maranoa-Balonne-Condamine preliminary 

assessment extent ........................................................................................................................ 35 

Figure 15 Recharge in the Great Artesian Basin intake beds of the Cadna-Owie ς Hooray 

aquifers and the Hutton Aquifer and equivalents ........................................................................ 37 

Figure 16 Hydrogeological framework and groundwater balance of the Surat Basin ................. 38 

Figure 17 Schematic of the landscape classification based on six key criteria ............................. 52 



 

x | Conceptual modelling for the Maranoa-Balonne-Condamine subregion 

Figure 18 Location of remnant vegetation and springs in the Maranoa-Balonne-Condamine 

preliminary assessment extent classified by landscape group ..................................................... 55 

Figure 19 Location of watercourses classified as upland or lowland in the Maranoa-Balonne-

Condamine subregion ................................................................................................................... 57 

Figure 20 Distribution of landscape classes in the Condamine Alluvium near Dalby .................. 59 

Figure 21 Pictorial conceptual model of a typical floodplain landscape with substantial alluvial 

development ................................................................................................................................. 61 

Figure 22 Location of floodplain landscape classes along a reach of the Balonne River ............. 62 

Figure 23 Pictorial representation of the hydrogeological characteristics of recharge and 

discharge springs associated with the Great Artesian Basin aquifers .......................................... 67 

Figure 24 Pictorial conceptual model of groundwater-dependent ecosystems associated with 

inland sand ridges ......................................................................................................................... 69 

Figure 25 Pictorial conceptual models of groundwater-dependent ecosystems associated with 

permeable rock (basalt) ................................................................................................................ 70 

Figure 26 Pictorial conceptual model of a human-modified landscape including different land 

uses such as dryland cropping and mining ................................................................................... 71 

Figure 27 Baseline and additional coal resource developments included in the coal resource 

development pathway in the Maranoa-Balonne-Condamine subregion ..................................... 79 

Figure 28 Timeline of coal resource developments in the baseline and additional coal resource 

developments in the Maranoa-Balonne-Condamine subregion constructed using publicly 

available information .................................................................................................................... 94 

Figure 29 Highest ranked hazards (and their associated activities and impact modes) for coal 

seam gas operations, ranked by midpoint of the hazard priority number ................................ 117 

Figure 30 Highest ranked hazards (and their associated activities and impact modes) for open-

cut mines, ranked by midpoint of the hazard priority number .................................................. 119 

Figure 31 Hazards (impact causes, impact modes and activities) and associated effects 

identified for the life-cycle stages of coal seam gas operations that are considered to be in 

scope in the Maranoa-Balonne-Condamine subregion .............................................................. 122 

Figure 32 Hazards (impact causes, impact modes and activities) and associated effects 

identified for the life-cycle stages of open-cut coal mines that are considered to be in scope in 

the Maranoa-Balonne-Condamine subregion ............................................................................ 130 

Figure оо Ψ{ǳōǎǳǊŦŀŎŜ ŘŜǇǊŜǎǎǳǊƛǎŀǘƛƻƴ ŀƴŘ ŘŜǿŀǘŜǊƛƴƎΩ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅ ƎǊƻǳǇ ŀǊƛǎƛƴƎ ŦǊƻƳ Ŏƻŀƭ 

seam gas operations and open-cut coal mines .......................................................................... 135 

Figure оп Ψ{ǳōǎǳǊŦŀŎŜ ǇƘȅǎƛŎŀƭ Ŧƭƻǿ ǇŀǘƘǎΩ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅ ƎǊƻǳǇ ŀǊƛǎƛƴƎ ŦǊƻƳ Ŏƻŀƭ ǎŜŀƳ Ǝŀǎ 

operations and open-cut coal mines .......................................................................................... 137 



 

Conceptual modelling for the Maranoa-Balonne-Condamine subregion | xi 

Figure 35 Aquifer outcrop areas and watercourses in the Maranoa-Balonne-Condamine 

subregion .................................................................................................................................... 138 

Figure 36 Location of watercourses potentially affected by the coal resource development 

pathway in the Maranoa-Balonne-Condamine subregion ......................................................... 139 

Figure от Ψ{ǳǊŦŀŎŜ ǿŀǘŜǊ ŘǊŀƛƴŀƎŜΩ ŀƴŘ ΨhǇŜǊŀǘƛƻƴŀƭ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΩ Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅ 

groups arising from coal seam gas operations and open-cut coal mines .................................. 141 

Figure 38 Cross-section ! ǘƻ !ΩΣ ŦŀŎƛƴƎ ŜŀǎǘΣ ǎƘƻǿǎ ¢ƘŜ wŀƴƎŜ Ŏƻŀƭ ƳƛƴŜ ǊŜƭŀǘƛǾŜ ǘƻ ǎǳǊŦŀŎŜ 

geology and underlying Office of Groundwater Impact Assessment (OGIA) groundwater model 

layers ........................................................................................................................................... 144 

Figure 39 Cross-ǎŜŎǘƛƻƴ . ǘƻ .ΩΣ ŦŀŎƛƴƎ ƴƻǊǘƘΣ ǎƘƻǿǎ ¢ƘŜ wŀƴƎŜ Ŏƻŀƭ ƳƛƴŜ ǊŜƭŀǘƛǾŜ ǘƻ ǎǳǊŦŀŎŜ 

geology and underlying Office of Groundwater Impact Assessment (OGIA) groundwater model 

layers ........................................................................................................................................... 145 

Figure 40 Location of The Range coal mine footprint boundary relative to surface geology, 

watertable contours and watercourses ...................................................................................... 146 

Figure 41 Cross-ǎŜŎǘƛƻƴ / ǘƻ /ΩΣ ŦŀŎƛƴƎ ŜŀǎǘΣ ǎƘƻǿǎ bŜǿ !ŎƭŀƴŘ /ƻŀƭ aƛƴŜΣ ǎǳǊŦŀŎŜ ƎŜƻƭƻƎȅ ŀƴŘ 

underlying Office of Groundwater Impact Assessment (OGIA) groundwater model layers ...... 147 

Figure 42 Cross-ǎŜŎǘƛƻƴ 5 ǘƻ 5ΩΣ ŦŀŎƛƴƎ ǎƻǳǘƘΣ ǎƘƻǿǎ ǘƘŜ bŜǿ !ŎƭŀƴŘ /ƻŀƭ aƛƴŜ ǊŜƭŀǘƛǾŜ ǘƻ 

surface geology and underlying Office of Groundwater Impact Assessment (OGIA) groundwater 

model layers ................................................................................................................................ 148 

Figure 43 Location of the New Acland Coal Mine Stage 3 footprint relative to surface geology, 

watertable contours and watercourses ...................................................................................... 149 

 



 

xii | Conceptual modelling for the Maranoa-Balonne-Condamine subregion 

Tables 

Table 1 Methodologies ................................................................................................................... 4 

Table 2 Technical products delivered for the Maranoa-Balonne-Condamine subregion .............. 7 

Table 3 Landscape classification rule sets used for the landscape elements (polygons) ............. 47 

Table 4 Landscape classification rule sets used for the human-modified landscape polygons ... 49 

Table 5 Landscape classification rule sets used for the stream network polylines ...................... 50 

Table 6 Landscape classification rule sets used for springs and spring complexes ...................... 51 

Table 7 Land area and percentage of total area in each landscape class in the Maranoa-Balonne-

Condamine preliminary assessment extent (PAE) ........................................................................ 53 

Table 8 Length of stream network in each landscape class in the Maranoa-Balonne-Condamine 

preliminary assessment extent (PAE) ........................................................................................... 56 

Table 9 Springs in each landscape class in the Maranoa-Balonne-Condamine preliminary 

assessment extent ........................................................................................................................ 58 

Table 10 Location, associated communities, threatened ecological communities, water 

dependency and nature of water dependency for each landscape group .................................. 63 

Table 11 Summary of baseline and additional coal resource developments (ACRD) included in 

the coal resource development pathway. The existing operations and proposed developments 

in the coal resource development pathway (CRDP) are the sum of those in the baseline and the 

ACRD .............................................................................................................................................. 80 

Table 12 Coal resource developments considered for inclusion in the coal resource 

development pathway (CRDP) ...................................................................................................... 91 

Table 13 Water management strategies for open-cut coal mines included in the coal resource 

development pathway in the Maranoa-Balonne-Condamine subregion ..................................... 96 

Table 14 Water management strategies for coal seam gas operations included in the coal 

resource development pathway in the Maranoa-Balonne-Condamine subregion .................... 100 

Table 15 Hazards identified for the life-cycle stages of coal seam gas operations that are 

considered to be in scope in the Maranoa-Balonne-Condamine subregion and their associated 

hydrological effects, spatial context, temporal context, and potentially impacted assets or 

ecosystems .................................................................................................................................. 123 

Table 16 Hazards identified for the life-cycle stages of open-cut coal mines that are considered 

to be in scope in the Maranoa-Balonne-Condamine subregion and their associated hydrological 

effects, spatial context, temporal context, and potentially impacted assets or ecosystems .... 131 



 

Conceptual modelling for the Maranoa-Balonne-Condamine subregion | xiii 

Table 17 Causal pathway groups arising from open-cut coal mines and coal seam gas operations 

for baseline coal resource development (baseline) and coal resource development pathway 

(CRDP) ......................................................................................................................................... 150 

 



 

xiv | Conceptual modelling for the Maranoa-Balonne-Condamine subregion 

Contributors to the Technical Programme 

The following individuals have contributed to the Technical Programme, the part of the 

Bioregional Assessment Programme that undertakes bioregional assessments.  

Role or team Contributor(s) 

Assistant Secretary Department of the Environment and Energy: Matthew Whitfort 

Programme Director Department of the Environment and Energy: Anthony Swirepik 

Technical Programme Director Bureau of Meteorology: Julie Burke 

Projects Director CSIRO: David Post 

Principal Science Advisor Department of the Environment and Energy: Peter Baker 

Science Directors CSIRO: Brent Henderson 

Geoscience Australia: Steven Lewis 

Integration Bureau of Meteorology: Richard Mount (Integration Leader) 

CSIRO: Becky Schmidt 

Programme management Bureau of Meteorology: Louise Minty 

CSIRO: Paul Hardisty, Warwick McDonald 

Geoscience Australia: Stuart Minchin 

Project Leaders CSIRO: Alexander Herr, Kate Holland, Tim McVicar, David Rassam  

Geoscience Australia: Tim Evans 

Bureau of Meteorology: Natasha Herron 

Assets and receptors Bureau of Meteorology: Richard Mount (Discipline Leader) 

Department of the Environment and Energy: Glenn Johnstone, Wasantha Perera, 
Jin Wang 

Bioregional Assessment 
Information Platform 

Bureau of Meteorology: Lakshmi Devanathan (Team Leader), Derek Chen, 
Trevor Christie-Taylor, Melita Dahl, Angus MacAulay, Christine Panton, 
Paul Sheahan, Kellie Stuart, Carl Sudholz 

CSIRO: Peter Fitch, Ashley Sommer 

Geoscience Australia: Neal Evans  

Communications Bureau of Meteorology: Karen de Plater 

CSIRO: Helen Beringen, Chris Gerbing 

Department of the Environment and Energy: Amanda Forman, John Higgins, Lea 
Locke, Milica Milanja Geoscience Australia: Michelle McGranahan 

Coordination Bureau of Meteorology: Julie Burke, Eliane Prideaux, Sarah van Rooyen 

CSIRO: Ruth Palmer 

Department of the Environment and Energy: Anisa Coric, James Hill, Bronwyn 
McMaster, Emily Turner 

Ecology CSIRO: Anthony O'Grady (Discipline Leader), Caroline Bruce, Tanya Doody, Brendan 
Ebner, Craig MacFarlane, Patrick Mitchell, Justine Murray, Chris Pavey, 
Jodie Pritchard, Nat Raisbeck-Brown, Ashley Sparrow  

Geology CSIRO: Deepak Adhikary, Emanuelle Frery, Mike Gresham, Jane Hodgkinson, Zhejun 
Pan, Matthias Raiber, Regina Sander, Paul Wilkes 

Geoscience Australia: Steven Lewis (Discipline Leader) 



 

Conceptual modelling for the Maranoa-Balonne-Condamine subregion | xv 

Role or team Contributor(s) 

Geographic information 
systems 

CSIRO: Jody Bruce, Debbie Crawford, Daniel Gonzalez, Mike Gresham, Steve 
Marvanek, Arthur Read 

Geoscience Australia: Adrian Dehelean, Joe Bell 

Groundwater modelling CSIRO: Russell Crosbie (Discipline Leader), Tao Cui, Warrick Dawes, Lei Gao, 
Sreekanth Janardhanan, Luk Peeters, Praveen Kumar Rachakonda, 
Wolfgang Schmid, Saeed Torkzaban, Chris Turnadge, Andy Wilkins, Binzhong Zhou 

Hydrogeology Geoscience Australia: Tim Ransley (Discipline Leader), Chris Harris-Pascal, 
Jessica Northey, Emily Slatter 

Information management Bureau of Meteorology: Belinda Allison (Team Leader) 

CSIRO: Qifeng Bai, Simon Cox, Phil Davies, Mick Hartcher, Geoff Hodgson, 
Brad Lane, Ben Leighton, David Lemon, Trevor Pickett, Shane Seaton, Ramneek 
Singh, Matt Stenson 

Geoscience Australia: Matti Peljo 

Products CSIRO: Becky Schmidt (Products Manager), Maryam Ahmad, Clare Brandon, Heinz 
Buettikofer, Sonja Chandler, Simon Gallant, Karin Hosking, Allison Johnston, 
Maryanne McKay, Linda Merrin, Joely Taylor, Sally Tetreault-Campbell, 
Catherine Ticehurst 

Geoscience Australia: Penny Kilgour, Kathryn Owen 

Risk and uncertainty CSIRO: Simon Barry (Discipline Leader), Jeffrey Dambacher, Jess Ford, Keith Hayes, 
Geoff Hosack, Adrian Ickowicz, Warren Jin, Yang Liu, Dan Pagendam  

Surface water hydrology CSIRO: Neil Viney (Discipline Leader), Santosh Aryal, Mat Gilfedder, Fazlul Karim, 
Lingtao Li, Dave McJannet, Jorge Luis Peña-Arancibia, Xiaogang Shi, Tom Van Niel, 
Jai Vaze, Bill Wang, Ang Yang, Yongqiang Zhang 

 



 

xvi | Conceptual modelling for the Maranoa-Balonne-Condamine subregion 

Acknowledgements 

This technical product was reviewed by several groups:  

¶ Senior Science Leaders: David Post (Projects Director), Steven Lewis (Science Director, 

Geoscience Australia) 

¶ Technical Assurance Reference Group: Chaired by Peter Baker (Principal Science Advisor, 

Department of the Environment), this group comprises officials from the NSW, Queensland, 

South Australian and Victorian governments 

¶ Independent reviewer: Mac Kirby (CSIRO) 

¶ Additional comments were provided by Keith Hayes (CSIRO). 



 

Conceptual modelling for the Maranoa-Balonne-Condamine subregion | 1 

Introduction 

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining 

Development (IESC) was established 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 

(IESC, 2015). 

Bioregional assessments (BAs) are one of the key mechanisms to assist the IESC in developing this 

advice so that it is based on best available science and independent expert knowledge. 

Importantly, technical products from BAs are also expected to be made available to the public, 

providing the opportunity for all other interested parties, including government regulators, 

industry, community and the general public, to draw from a single set of accessible information. A 

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 impacts of CSG 

and coal mining development on water resources. 

The IESC has been involved in the development of Methodology for bioregional assessments of the 

impacts of coal seam gas and coal mining development on water resources (the BA methodology; 

Barrett et al., 2013) and has endorsed it. The BA methodology specifies how BAs should be 

undertaken. Broadly, a BA comprises five components of activity, as illustrated in Figure 1. Each BA 

will be different, due in part to regional differences, but also in response to the availability of data, 

information and fit-for-purpose models. Where differences occur, these are recorded, judgments 

exercised on what can be achieved, and an explicit record is made of the confidence in the 

scientific advice produced from the BA. 

The Bioregional Assessment Programme 

The Bioregional Assessment Programme is a collaboration between the Department of the 

Environment and Energy, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other 

technical expertise, such as from state governments or universities, is also drawn on as required. 

For example, natural resource management groups and catchment management authorities 

identify assets that the community values by providing the list of water-dependent assets, a key 

input. 

The Technical Programme, part of the Bioregional Assessment Programme, will undertake BAs for 

the following bioregions and subregions (see 

http://www.bioregionalassessments.gov.au/assessments for a map and further information): 

¶ the Galilee, Cooper, Pedirka and Arckaringa subregions, within the Lake Eyre Basin bioregion  

¶ the Maranoa-Balonne-Condamine, Gwydir, Namoi and Central West subregions, within the 

Northern Inland Catchments bioregion  

¶ the Clarence-Moreton bioregion 

¶ the Hunter and Gloucester subregions, within the Northern Sydney Basin bioregion  

http://www.bioregionalassessments.gov.au/assessments
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¶ the Sydney Basin bioregion 

¶ the Gippsland Basin bioregion.  

Technical products (described in a later section) will progressively be delivered throughout the 

Programme. 

 

Figure 1 Schematic diagram of the bioregional assessment methodology 

The methodology comprises five components, each delivering information into the bioregional assessment and building on prior 
components, thereby contributing to the accumulation of scientific knowledge. The small grey circles indicate activities external to 
the bioregional assessment. Risk identification and risk likelihoods are conducted within a bioregional assessment (as part of 
Component 4) and may contribute activities undertaken externally, such as risk evaluation, risk assessment and risk treatment. 
Source: Figure 1 in Barrett et al. (2013), © Commonwealth of Australia 












































































































































































































































































































