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3.0 Developing robust water 
management tools

Responsive, effective management requires robust tools to monitor and interpret available data. 

QGC has developed the single-phase GEN2 model for predicting groundwater flows and drawdowns using 

probabilistic analysis which was adopted by QWC for the regional groundwater model.

With industry collaboration, knowledge of regional water resources is growing and a network of monitoring wells 

is being established.

QGC continues to improve hydrogeological understanding, based on:

•	 Extensive subsurface geological and hydrogeological studies

•	 Detailed research into local and regional water balances and baseline water quality and quantity information

•	 Installation of a high quality monitoring bore network

•	 QWC's development of a regional groundwater model supported by industry collaboration and data sharing

•	 QGC's own commitment to creating an updated dual-phase GEN3 groundwater model with focus on 

upscaling

•	 Upscaling work with CSIRO.

QGC's commitment to developing robust water management tools is based on continuing to acquire knowledge, 

scientific interpretation of data and practical application of this knowledge in the field as the QCLNG Project is 

constructed and comes into operation.

Several ongoing programs are generating a substantial body of data and allowing significant enhancements to 

geological and hydrogeological understanding.

QGC's confidence in the QCLNG Project is based on detailed geological and petroleum reservoir modelling that 

is built on drilling and diagnostic data collection and interpretation, geophysical data collection and analysis, 

seismic data, and coring and related geological exploration technologies. This substantial knowledge base is used 

to improve understanding of Surat Basin hydrogeology. 

The WCM are heterogeneous formations with coal seams dispersed in strata with locally low to very low primary 

permeability. The coal seams are typically less than 30 cm thick and may extend laterally for a few hundred 

metres.

QGC has little evidence of faults or fractures that might be expected to increase bulk local scale permeability. 

However, on a sub-regional and regional basis some interconnectivity between the WCM and adjacent 

formations could exist.

This has been recognised in QGC's GEN2 model and resulted in the generation of inter-formation leakage 

volumes during and after water and gas production, as a result of groundwater pressure reduction in adjacent 

modelled formations. However groundwater pressure changes to water and gas extraction were modelled 

assuming single phase flow and QGC believes this approach over-estimates impacts on surrounding aquifers.
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3.1 CSG WATER PRODuCTION AND mANAGEmENT OVERVIEW

Subsurface modelling yields gas and water production forecasts and forecast water production as shown in  

Figure 2. Total estimated CSG water production for the QCLNG Project is 543 GL over the period 2014 to 2043. 

Estimates of annual water production are provided in Appendix A. QGC's ongoing gas production experience 

and water monitoring activities will allow for refinement of these forecasts. Currently, QGC's anticipated water 

production is:

•	 117 ML/d for the first four years of QCLNG production

•	 94.4 ML/d on average from 2014 to 2023

•	 49.6 ML/d on average from 2014 to 2043.

Figure 2 – QCLNG Project water production
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Forecast water production has informed the development of QGC's water infrastructure investment. QGC has 

elected to apply a centralised water management approach around two hubs at its Kenya and Woleebee Creek 

processing centres. The benefits of this approach are:

•	 Localised water management into discrete catchment areas

•	 Cost-effective facilities by leveraging scale and redundancy

•	 Enable beneficial re-use

•	 Integrated local management of gas processing and water treatment facilities.

QGC's water management system is summarised as follows:

Central and Southern Gas Fields

Produced CSG water to enable gas production is transferred via an integrated network of gathering lines and 

transfer storages to Water Treatment Plants (WTPs) at Windibri (6 ML/d in operation) and Kenya (12 ML/d 

relocatable WTP in commissioning and 80 ML/d WTP under construction). 

Water produced from the Kenya WTPs will be released into the Chinchilla Weir for downstream irrigation use 

from the Condamine River and town water supply. Treated water from Windibri WTP is used by the Condamine 

Power Station and will be used by Cameby Downs coal mine and other local industrial users.

Northern Gas Fields

Produced CSG water to enable gas production will be transferred via an integrated network of gathering lines and 

transfer storages to a proposed Water Treatment Plant at Woleebee Creek. Treated water will be transported via a 

SunWater pipeline to Glebe Weir on the Dawson River. 

Under these strategies, Reverse Osmosis (RO) Reject and concentrated brine could be transferred from the 

Woleebee Creek WTP and Windibri WTPs to Kenya WTP and for brine disposal at Kenya (Figure 3).

3.1.1 WATER TREATmENT BALANCE

Key assumptions for the water treatment balance components are:

•	 Water treatment plants recover about 90% of produced CSG water for beneficial use

•	 70% of the RO Reject stream (10% of produced water) is recovered by brine concentrators

•	 Total water recovery for beneficial use is in excess of 97%.

3.2 ThE GROuNDWATER EXTRACTION PROCESS

The extraction of gas from the WCM also requires the extraction of groundwater from the WCM to lower the 

groundwater pressure. The physical and chemical processes which allow the gas to be produced are described as 

follows. 

Methane is adsorbed onto the surface of micropores that pervade the coal matrix. Adsorption is the process by 

which gas molecules adhere to the surface of a solid. The amount of gas that is adsorbed per unit volume of coal 

matrix is a function of the pressure of the gas. The adsorbed amount increases as the pressure increases, up to 

the maximum when the entire surface is occupied. The relationship between the pressure and the amount of 

adsorbed gas is a highly non-linear relationship.
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The coal matrix is generally of low permeability. As groundwater is pumped from a well the gas and water 

pressure is lowered in the fractures and cleats in the coal. As gas desorbs from the coal matrix in response to 

falling pressure it makes its way to pathways of higher permeability in the coal (the fractures and cleats) by the 

process of molecular diffusion (as defined by Fick's law). The gas then moves through these paths in response to 

pressure gradients (in accordance with Darcy's law), to the lower pressure 'sink' of the extraction well. At this time 

the total fluid compressibility becomes dominated by the compressibility of the gas rather than that of the water. 

Hence, the pressure drop resulting from the removal of a specific volume of gas or water is reduced by orders of 

magnitude. 

In the CSG extraction process, wells are emplaced specifically to:

•	 Lower the hydrostatic pressure through extraction of water from the coal seam

•	 Provide collection points for gas that is desorbed because of the lowered pressure.

As pumping occurs, once the gas fraction rises and the water fraction drops, gas flow dominates as relative 

water permeabilities are reduced. Therefore the production history of most CSG extraction wells indicates that 

a volume of water must be extracted prior to the onset of significant gas production. Once gas desorption and 

diffusion is initiated and gas starts to fill cleats and fractures, gas flow increases and water flow decreases. As 

water permeabilities are then further reduced in response to lower water saturation in the cleats and fractures, 

gas extraction comes to dominate water extraction. 

CSG extraction thus begins with the removal of water. The areal spread of extraction-induced drawdown 

around a CSG extraction well depends on the permeability of the coal (which is dominated by cleat and fracture 

permeability) and the amount of water stored within the coal (which is dominated by cleat and fracture porosity). 

Cleat depressurisation induced through withdrawal of water suggests coal matrix depressurisation, which in turn 

induces desorption of gas from micropores within the coal matrix in accordance with the prevailing adsorption 

isotherm. This gas then diffuses through the matrix to cleats and fractures where gas concentrations are low. 

Having diffused to cleats and fractures, gas then flows towards areas of low pressure as a separate phase as its 

solubility in water is low. 

3.3 ESTABLIShING A BASELINE WATER BALANCE FOR ThE SuRAT BASIN

Water balances have been developed for the Northern, Central and Southern Gas Fields (refer Appendix C.1). 

Overall, the current water balance derived from the GEN2 model indicates that up to a maximum of 5% of 

extracted water could be generated from formations other than the targeted WCM. This will be further refined 

with GEN3 modelling.

Subsurface components of the water balance are based on findings of QGC's GEN2 single-phase groundwater 

model (MODFLOW). QGC considers the model's estimates of extracted water sourced from other formations  

(i.e. non-Walloon) may prove to be too high because the GEN2 model potentially over-predicts pressure head 

declines in the WCM while not accounting for gas desorption to replace water. 

These balances will be revised continuously in QGC's GEN3 model and updated when new data becomes 

available.
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Figure 3 – QCLNG Project water flows

3.4 GEN2 mODEL OuTLINE

A single-phase GEN2 model using MODFLOW software was developed (Golder Associates, 2010) to allow a 

detailed assessment of the impacts of groundwater extraction associated with gas production on the regional 

groundwater system (this model is detailed in Appendix C of the Stage 1 WMMP). The groundwater model, used 

to estimate the spatial extent of potential drawdowns due to groundwater extraction associated with CSG 

production, employed a probabilistic or so-called uncertainty analysis framework (using calibration-constrained 

Monte Carlo analysis) to make estimates of the spatial distribution of drawdown impacts. A total of 200 

realisations were analysed, each of which used model parameters within ranges of values considered realistic 

for each parameter (e.g. hydraulic conductivity and recharge), and each of which would provide a satisfactory 

calibration to the existing pre-production water level data.
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The GEN2 groundwater model was independently reviewed by Australasian Groundwater and Environmental 

Consultants Pty Ltd (refer report Appendix C.1 of the Stage 1 WMMP, October 2011). GEN2 model findings are 

described in detail in the Stage 1 WMMP.

Key general features of the GEN2 model are:

•	 It is a regional model and was developed using MODFLOW

•	 It covers 95,000 km (Groundwater Recharge in the Great Artesian Basin Intake Beds, 2003) and extends to the 

limits of the Surat sub-basin to the north-east of the gas fields, to about 175 km west and 85 km east from the 

QGC tenements area. The location and boundaries of the model are illustrated in Figure 4.

•	 It includes land within the Condamine-Balonne and Dawson River catchments that drain the recharge areas 

of the Eastern Surat Basin.

•	 Hydro-stratigraphic units in the model were based on a regional geological model that was developed for 

QGC at the time of initiating the modelling effort. It was based on a comprehensive review of drilling and 

testing by QGC, using the Queensland Department of Natural Resources and Mines (DNRM) database and 

the Queensland Petroleum Exploration Database (QPED) across the region.

•	 It represents the major hydro-stratigraphic units of the GAB aquifers and intervening confining units present 

in this region of the Surat Basin in 17 model layers. The cell sizes are nominally 800 m by 800 m.

•	 It is a regional scale model and so accommodates major structural features by representing them merely by 

the way they affect the vertical position of the geological profile. They are not considered as either hydraulic 

barriers or conduits. The layers are continuous with no dislocation affecting potential groundwater flow.

•	 Representation of the numerous individual coal seams comprising the WCM in the model is a much 

simplified version of the actual geology of these sediments. The numerous coal seams within the Taroom and 

Juandah Coal Measures (which comprise the WCM) are represented as two 10 m thick and continuous higher 

permeability layers encased within lower permeability aquitard layers.

•	 These two laterally continuous coal seams extend across the entire model domain. In reality, coal in the WCM 

is not present as laterally continuous seams or layers, rather it is distributed as numerous thin, disconnected 

coal plies in a matrix of generally much lower permeability sediments. Further, the model has not allowed 

for any reduction in coal permeability as a result of increasing overburden stress in the Mimosa Syncline. 

Consequently the model will tend to over-estimate the lateral extent of the impacts of CSG production.

•	 For reasons of mathematical complexity, the model has not included the shallow alluvial sediments. These 

layers have been removed in favour of constant head boundaries which have been set for the areas covered by 

these sediments.

•	 Recharge to the GAB aquifer units is applied where these units outcrop or sub-crop. Recharge zones for the 

various aquifers have been based on published information (including the joint study carried out by the 

Bureau of Rural Sciences and the Queensland Department of Natural Resources and Mines). 

•	 The regional groundwater levels used in the modelling study were extracted from data available in the DEHP 

groundwater database, QGC data and the CSG Portal.

•	 The northern boundary extents match the outcropping of the Hutton and Precipice Formations. The 

southern, eastern and western boundaries do not follow specific regional hydrogeological boundaries to 

the groundwater flow system. A General Head Boundary (GHB) (with conductance parameters estimated 

during the calibration process) was used to simulate connectivity of the model domain to the wider GAB 

groundwater system rather than using a constant head boundary. The GHBs are therefore used in MODFLOW 

to reflect the existing regional groundwater levels in those areas (however only limited groundwater levels 

are available in existing databases). The GHB boundary condition was applied to model cells in layers 4, 6, 8, 15 

and 17 with all of these layers representing aquifers.

•	 The groundwater levels indicated by DEHP data indicate that the Hutton and Precipice aquifers discharge 

locally to the Dawson River in the north-eastern part of the model, where this river crosses the outcrop areas 

for these aquifers. Discharge from the model in this area is allowed for by drain cells in MODFLOW. 
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•	 Representation of hydraulic conductivity and storage in the model allows for spatial heterogeneity and 

anisotropy (in the case of hydraulic conductivity)

•	 Groundwater flows predominantly in a horizontal direction (in roughly half of the model layers (including 

coal seam layers), as a result of high relative transmissivity compared to underlying and overlying layers. Such 

layers are referred to as 'aquifer layers'. The remaining layers act as aquitards which will limit the vertical 

flow of water between aquifers, particularly when stronger vertical hydraulic gradients are imposed by the 

extraction of water for CSG production. For the aquifer layers, in which horizontal hydraulic conductivity is 

of dominant importance, parameterisation emphasised the assignment of values to horizontal hydraulic 

conductivity (Kh). For the aquitard layers it emphasised the assignment of values to vertical conductivity (Kv). 

In both cases, the non-dominant conductivity was calculated from the dominant hydraulic conductivity using 

a layer-wide anisotropy ratio.

•	 The pre-calibration layer-wide hydraulic conductivities and anisotropy ranges used in the GEN2 Model are 

provided in Table 2. 

Layer modelled geologic unit Dominant K

Lower 

bound

(m/day)

upper 

bound

(m/day)

uniform 

initial value

(m/day)

Kv/Kh

Lower 

bound

Kv/Kh

upper 

bound

1 Rolling Downs Group Kv 1.0 x 10-4 7.2 x 10-3 8.4 x 10-4 5 167

2 Bungil/Mooga Sandstones Kh 3.6 x 10-3 5.0 x 10-1 4.2 x 10-2 5 500

3 Orallo Formation Kv 7.2 x 10-6 7.2 x 10-3 7.2 x 10-4 5 1667

4 Gubberamunda Sandstone Kh 3.6 x 10-2 5.0 x 10-1 1.3 x 10-1 30 50

5 Westbourne Formation Kv 2.0 x 10-6 2.0 x 10-5 6.3 x 10-6 50 250

6 Springbok Formation Kh 3.0 x 10-1 1.3 6.1 x 10-1 30 50

7
Juandah Coal Measures 

confining layer
Kv 5.0 x 10-7 5.0 x 10-6 1.6 x 10-6 50 2500

8 * Juandah Coal Measures Kh 4.1 x 10-3 4.1 x 10-2 4.1 x 10-1 3 2500

9 Confining layer Kv 1.0 x 10-6 1.0 x 10-5 3.2 x 10-6 500 2500

10 Tangalooma Sandstone Kh 5.0 x 10-4 5.0 x 10-3 1.6 x 10-3 500 2500

11 Confining layer Kv 1.0 x 10-6 1.0 x 10-5 3.2 x 10-6 500 2500

12 * Taroom Coal Measures Kh 2.3 x 10-3 2.3 x 10-2 2.3 x 10-1 3 2500

13 Confining layer Kv 5.0 x 10-7 5.0 x 10-6 1.6 x 10-6 1000 2500

14 Eurombah Formation Kv 5.0 x 10-7 5.0 x 10-6 1.6 x 10-6 500 2500

15 Hutton Sandstone Kh 1.0 x 10-2 5.0 x 10-1 7.1 x 10-2 7 50

16 Evergreen Formation Kv 1.0 x 10-6 2.0 x 10-4 1.4 x 10-5 50 2500

17 Precipice/Helidon Sandstone Kh 1.0 x 10-1 4 6.3 x 10-1 38 400
 

* Including beyond tenement areas 

 

Table 2 – Pre-calibration layer-wide hydraulic conductivities and anisotropy ranges used in the GEN2 model

Vertical hydraulic conductivity values for key modelled confining layers are summarised in Table 3. Immediately 

above and below the WCM, Kv ranged between 5 x 10-7 to 5 x 10-6 m/day, while coal and interburden modelled 

layers ranged between about 10-5 and 10-3 m/day. Kv in the modelled Springbok Sandstone ranged between  

1.0 x 10-2 and 2.6 x 10-2 m/day.

Layer Formation Lower bound (m/day) upper bound (m/day)

5 Westbourne 2.0 x 10-6 2.0 x 10-5

6 Springbok 1.0 x 10-2 2.6 x 10-2

7, 13 WCM confining layers 5.0 x 10-7 5.0 x 10-6

9, 10, 11 Interburden strata 1.0 x 10-6 1.0 x 10-5

14 Eurombah 5.0 x 10-7 5.0 x 10-6

Table 3 – GEN2 vertical hydraulic conductivity ranges in permeability modelled layers
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Figure 4 – GEN2 regional groundwater model boundaries

Golder Associates 2011
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3.5 GEN2 mODEL FINDINGS

QGC's single phase GEN2 model covers 95,000 km2 which includes lands within the Condamine-Balonne and 

Dawson River catchments that drain the recharge areas of the Eastern Surat Basin.

Existing groundwater levels measured in the area covered by the model indicate a significant component of 

groundwater flow to the north rather than all flow being southwards to the Murray-Darling Basin.

Under steady state conditions it is estimated that total recharge to the model domain is around  

147,000 ML/year. Based on the results of the modelling, it is estimated that about 60,000 ML/year of this 

recharge flows to northern drainage catchments (in particular, the Dawson River catchment), and about  

87,000 ML/yr flows to the GAB and Murray-Darling Basin catchments.

3.5.1 ImPACT ON WATER BALANCE OF QCLNG CSG WATER EXTRACTION

Stored groundwater will be removed from the coal seam formations to reduce pressure for gas desorption. 

Total average estimated extraction from the WCM is estimated to be 11,900 ML/yr for production from 2005 to 

2060, (based on the results of QGC's ECLIPSE modelling of the gas production process), which corresponds to just 

less than 8% of estimated recharge over the model domain for the 55-year period.

Summary water balances are presented separately for the Northern, Central and Southern Gas Fields for years 

ending in:

•	 December 2014

•	 December 2024

•	 December 2034.

The water balances are shown in Appendix C.1. The summary mass balances are based on five groupings of model 

layers/geological formations, representing two groups above the coal formations, the WCM themselves and two 

groups below the coals. This grouping is illustrated in Figure 5.

Mass balances have been extracted for all 200 model realisations. The mass balances presented are an average 

across all 200 scenarios. With parameter heterogeneity varying across and between layers for different model 

scenarios, it is not possible to present a meaningful fifth or 95th percentile mass balance. This is due to ranking 

of flow components, to say the 95th percentile, leading to distinct components being derived from different 

scenarios. Flows from difference scenarios would not necessarily balance. 

The summary mass balances are provided in units of ML/d, rounded to the nearest 0.1 ML/d. Where appropriate, 

adjustments have been made such that flows into and out of each group balance. This has been achieved by 

altering the largest mass balance component by a maximum of 0.2 ML/d. 
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The flows reported in the mass balance summaries are consistent in magnitude with flows previously reported 

in Appendix C of the Stage 1 WMMP (Golder Associates, 2011). For example, flow across the base of model Layer 6, 

representing the Springbok Formation is reported as being a minimum of 0.2 ML/d and a maximum of 0.4 ML/d, 

between 2005 and 2061 for the 20 detailed mass balance realisations completed in 2011. The total of average 

flows for the three gas fields across the base of the Springbok Formation group in 2034 is 0.3 ML/d.

QGC's gas fields cover around 4,500 km2. This is around 5% of the total model area of approximately  

95,000 km2. When considering zones on the scale of the individual gas fields, 1,000 km2 to 1,500 km2, fluxes 

between formation groups can be less than 0.1 ML/d in any given year, resulting in rounding to 0.0 ML/d. This is 

due principally to low modelled vertical hydraulic conductivity between formations. 

While the flows are small, they accumulate over time. The total flow into the Walloons from other formations 

is presented in Appendix C of the Stage 1 WMMP (Golder Associates, 2011). Over the 56 years of production 

simulated, a total flux of 21,000 ML to 45,000 ML was estimate as flowing into the Walloons over the whole 

model area, with an average of 33,000 ML. This value corresponds to an average daily flux of 1.6 ML/d. This is in 

agreement with the average fluxes presented in the mass balances. The sum of fluxes into the WCM for the three 

gas fields are 0.7 ML/d, 1.8 ML/d and 2.1 ML/d for 2014, 2024 and 2034 respectively.

Hence the overall picture arising from the GEN2 groundwater model is that of a significant decrease in 

groundwater storage from the WCM resulting in relatively very low leakage rates (in the order of 5% of the 

volume of groundwater pumped) which very slowly recharges over thousands of years once extraction ceases. 

Total leakage into the WCM from other formations is estimated to average about 33,000 ML (1.6 ML/d) or less 

than 5% of total water extraction though the life of production.

Recovery of groundwater pressure heads to pre-CSG levels (excluding the influence of non-CSG usage and 

other CSG extraction) is estimated to be in excess of 2,000 years. This estimate will be revised following model 

calibration using a two-phase groundwater model. QGC water extraction is estimated to be around 0.2% of 

recharge over the 2,000+ year period.

Based on the ranges of vertical hydraulic conductivity values used in the GEN2 model (and summarised at  

Table 3) measurable drawdowns (>0.2 m) were predicted in the modelled Springbok, Hutton and Precipice 

Formations. No measurable drawdowns were observed in the modelled Gubberamunda Sandstone. Modelled 

drawdowns in cells where EPBC listed springs (Scott's Creek, Dawson River 8 and Cockatoo Creek) would be 

present were all less than the 0.1 m limit of model resolution.

The impact of coal seam water extraction from overlying and underlying GAB aquifers will be strongly influenced 

by the vertical hydraulic conductivity and storage coefficients for the low permeability/aquitard units which lie 

between the coal seams and principal aquifers. The model was initially calibrated to measured groundwater 

levels (where available) to provide for improved value estimates for horizontal hydraulic conductivity. However, 

estimates of vertical hydraulic conductivity will not improve significantly until the connectivity program (outlined 

in Section 6) has been completed. Similarly, the GEN2 model 'steady state' information regarding existing regional 

water levels cannot be used to estimate storage coefficient values for aquifers (because storage coefficients can 

only be estimated from changes in groundwater levels in response to an imposed stress). 

Improved information on the vertical hydraulic conductivity and storage coefficients for various units will be 

derived through the proposed monitoring of responses to future production with results used to inform further 

model development and as part of the overall adaptive management approach. Information collected during the 

connectivity studies and monitoring program, respectively, will greatly enhance the reliability of future models 

and estimates of the magnitude of groundwater drawdown arising from proposed CSG production. 
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Figure 5 – Groundwater balance for Southern Gas Fields 2034 

model layer Formation Group name

1 Rolling Downs Group (Griman, Surat, Coreena/Doncaster)

Gubberamunda Formation 

and overlying units

2 Bungil Formation (Bungil / Mooga)

3 Orallo Formation

4 Gubberamunda Sandstone

5 Westbourne Formation
Springbok Formation

6 Springbok Sandstone

7 Confining layer of Juandah

Walloon Coal measures 

Formation

8 juandah Coal

9 Confining layer of Juandah

10 Tangalooma Sandstone

11 Confining layer of Taroom

12 Taroom Coal

13 Confining layer of Taroom

14 Eurombah Formation
hutton Formation

15 Hutton / Marburg Sandstone

16 Evergreen Formation
Precipice Formation

17 Precipice Sandstone

Gubberamunda and overlying 
formations

Storage change = 0.0 mL/d

Springbok Formation
Storage change = 0.0 mL/d

2.7 ML/d

4.8 ML/d1.1 ML/d

1.0 ML/d

Walloon coal measures
Storage change = 6 mL/d

7.4 ML/d

Hutton Formation
Storage change = 0.5 mL/d

Precipice Formation
Storage change = 0.2 mL/d

9 ML/d

1.3 ML/d

3.1 ML/d2.2 ML/d

0.3 ML/d

1.5 ML/d

<0.1 ML/d

<0.1 ML/d2.0 ML/d

0.7 ML/d

<0.1 ML/d

<0.1 ML/d

0.4 ML/d0.9 ML/d

0.2 ML/d

<0.1 ML/d

<0.1 ML/d

4.2 ML/d3.8 ML/d

<0.1 ML/d

    Aquifer recharge

    upward / downward flow

    Aquifer discharge

    Aquifer throughflow

    cSG water pumping

LEGEND

note: Water balance excludes non-cSG usage

Groundwater balance for 

Southern Gas Fields 

December 2034

All flows rounded to the nearest 0.1 mL/d

Note: Additional water balance figures are located in Appendix C.1
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3.6 uNDERSTANDING GROuNDWATER BEhAVIOuR IN ThE GREAT ARTESIAN (SuRAT) BASIN

QGC recognises the importance and significance of the GAB to the people of Queensland and Australia. 

Consequently, the company is committed to ensuring that appropriate groundwater management and 

monitoring measures will be put in place as part of its CSG development activities. QGC will put in place 

mitigation measures for protection of springs and groundwater quality and 'make good' arrangements for 

groundwater users in accordance with Australian and Queensland Government requirements.

Central to effective Surat Basin stewardship is the development of a detailed understanding of groundwater 

behaviour and characteristics. The basin is a complex geological structure underlying part of the Murray-Darling 

and Fitzroy-Dawson River Basin catchments. Its consolidated sediments include porous and non-porous strata 

that control water movement and chemistry that recharges and percolates through the basin. Groundwater 

movement is complex and usually controlled by topography that significantly influences regional groundwater 

flow directions.

In considering the requirements of the Stage 2 WMMP, QGC aims to improve its understanding of groundwater/

gas migration behaviour which is fundamentally important to establishing the appropriate groundwater 

management measures and compliance with EPBC Act approval conditions.

QGC's groundwater-related work programs for the Stage 2 WMMP, while having compliance with specific 

approval conditions in mind, are aimed at developing a high level of understanding of groundwater/gas 

migration behaviour. QGC is using an integrated approach to address requirements for aquifer connectivity 

and springs studies, groundwater flow and hydrochemical modelling, monitoring program development, 

groundwater repressurisation, subsidence and land deformation and the development of effective response 

plans.

QGC's objective is to develop a 'one earth' model for gas and groundwater resource extraction and management. 

QGC's resource development expertise and access to petroleum/gas industry technology is leveraged to support 

the groundwater team on this journey. QGC's strategy is depicted in Figure 6.

QGC has 
developed an 
integrated 
groundwater 
management 
approach to 
protect matters 
of national 
environmental 
significance.
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Figure 6 – QGC's aquifer characterisation strategy

3.7 AQuIFER CONNECTIVITY

While there is no formal definition of aquifer connectivity, QGC uses the term to describe groundwater flow 

between adjacent water-bearing formations in an aquifer system which, in turn, has been defined (USGS, 1989) 

as:

"…A body of permeable and poorly permeable material that functions regionally as a water-yielding unit; it 

comprises two or more permeable beds separated at least locally by confining beds that impede groundwater 

movement but do not greatly affect the regional hydraulic continuity of the system…"
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GEN3 Model

Demonstration of expanded 
knowledge for future modelling

GROuNDWATER ImPACT 
ASSESSmENT

AQuIFER INjECTION 
FEASIBILITY

Potentiometric surface 
mapping

Groundwater level data

Aquifer connectivity Hydrochemical modelling

Groundwater chemistry

QWC regional model

Springs management

'Make good' provisions
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A key outcome of the development of conceptual and numerical Surat 

Basin models is the extent to which connectivity exists between formations 

and quantification of leakage volumes and rates under pre-CSG industry 

conditions due to CSG water extraction. Because of the physical extent of 

proposed CSG developments, aquifer connectivity must be considered on a 

regional scale.

Factors influencing inter-formation groundwater flow (aquifer connectivity) 

include:

•	 Groundwater pressure (potentiometric surface level) differences 

between adjacent water-bearing formations

•	 Presence and areal extent of strata of lower permeability (aquitard) 

that separate water-bearing formations or aquifers. 'Aquifer' is used to 

describe a formation from which water can be extracted by physical 

means (e.g. pumping) irrespective of pumping rates. Aquifers range from 

poor or low-yielding to good or high-yielding.

•	 Quantifiable aquitard permeability

•	 Aquitard thickness

•	 Influence (on a regional scale) of secondary permeability effects such as 

faults, fractures and borehole inter-aquifer connection

•	 Presence of chemical concentration gradients (e.g. the adjacent aquifers 

have different salt levels).

QGC's Stage 1 and Stage 2 WMMP programs have been designed to collect 

relevant data at specific locations and provide information to address these 

factors. These activities have included:

•	 Construction of closely-spaced nested bores providing relative 

groundwater level and groundwater chemistry information in a vertical 

plane in aquifers and aquitards

•	 Construction of VWP nests for groundwater pressure gradient 

information in single boreholes

•	 Development of detailed geological information on lithological 

variations using best available technology to accurately define aquitard 

thicknesses, facies variations and lateral extent – allowing detailed 

computerised geological modelling

•	 Core collection for detailed rock chemistry and permeability information

•	 Seismic data for information on regional structural features

•	 Collection and analysis of time-series groundwater level data using 

automatic water level and pressure measurement from boreholes and 

VWPs proximal to current production areas and planned trial (pilot) 

production areas

•	 Incorporation of collated and interpreted data in a numerical 

groundwater model (e.g. GEN3 model).

Details of connectivity studies are presented in Section 6.0.

Aquifer connectivity is 

groundwater flow between 

adjacent water-bearing 

formations.

An aquifer is a geologic 

formation, group of 

formations, or portion of 

a formation capable of 

yielding usable quantities of 

groundwater to wells, bores 

or springs.
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3.8 STAGE 1 WmmP GROuNDWATER AChIEVEmENTS

QGC committed to a number of groundwater-related tasks during the course 

of the Stage 1 WMMP, such as:

•	 Provision of estimates of groundwater drawdown resulting from CSG 

water extraction

•	 Development of a cumulative assessment regional groundwater model. 

With agreement from SEWPAC, this work is being undertaken by QWC.

•	 Stage 1 Groundwater Monitoring Bore Construction including 13 bores 

constructed for connectivity program purposes establishment of 

automatic groundwater level recorders and initial data collection

•	 VWP construction and data collection

•	 Development of a GEN3 dual-phase groundwater flow model

•	 As part of connectivity studies, short-term test pumping and 

international geological review of aquitard vertical hydraulic conductivity 

values to use for modelling.

Progress and findings from these tasks which form the basis of the 

development of the Stage 2 WMMP are described in subsequent sections.

In addition, QGC has completed 62% of baseline bore surveys as required by 

amendments to the Queensland Water Act 2000. QGC has inspected more 

than 300 bores and collected water level measurements and groundwater 

samples where possible. Laboratory groundwater analysis and the provision 

of results to landholders are ongoing. Progress with the bore baseline 

surveys is discussed in Section 4.2. QGC is currently collating and assessing 

data for groundwater flow and chemistry modelling suitability.

3.9 DRAWDOWN CONTOuR PLOTS

The Stage 1 WMMP included development of drawdown contour plots 

for various modelled Surat Basin aquifers and the modelled WCM. 

The information was prepared as a basis for establishing groundwater 

drawdown limits for targeted aquifers as required by Condition 49a.

Drawdown contours were derived from a regional groundwater model 

(GEN2) based on the MODFLOW single-phase groundwater flow code. 

These have been provided in the Stage 1 WMMP. Selected plots for various 

modelled formations for years 2014, 2024, 2034 and 2160 (post-CSG water 

extraction) have been included at Appendix C.2. They show the modelled 

drawdowns for the modelled layers representing the Gubberamunda and 

Springbok Formations, WCM, and Hutton and Precipice Formations (refer 

Figure 7).

They indicate any material drawdowns are unlikely between now and 2015. 

To confirm this view, revised drawdown contours due to QGC CSG water 

extraction will be produced by the end of Q1 2013 as part of the GEN3 

model's output.

A total of 13 Gubberamunda 

and Springbok Formation 

bores completed during 

Stage 1 WmmP. 

Qld Water Act:

Baseline bore survey 62% 

complete.

Condition 49a: Drawdown 

plots for selected years in 

Appendix C.2
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Figure 7 – Maximum modelled drawdown contours in Hutton Sandstone at 2025

QGC has defined groundwater drawdown limits for the Surat Basin aquifers based on its GEN2 modelling and its 

understanding of the geology, as follows:

Precipice and hutton aquifers

QGC proposes a 0.2 m drawdown limit in a threshold monitoring bore (nominally 20 km from the tenement 

boundary closest to a spring complex of interest) as a weighted mean value over a representative period 

(minimum of 12-months) due to CSG production (i.e. excluding all other natural and anthropogenic fluctuations). 

This approach would eliminate noise and allows for incorporation of existing trends. The weighting method to 

be used to measure the mean drawdown of the Hutton and Precipice Sandstones will be defined in the April 

2013 trend analysis report (Commitment 5 in Table ES3). This report will also propose a groundwater quality trend 

analysis method.

It is important to note that QWC's Draft UWIR has identified the primary source aquifers for the three spring 

complexes assigned to QGC to survey. These are Cockatoo Creek (Precipice Sandstone), Dawson River 8 (Hutton 

Sandstone) and Scotts Creek (Hutton Sandstone). Possible secondary source aquifers (Evergreen Formation and 

Birkhead Formation) have also been postulated. In the case of possible sandstones (e.g. Boxvale Sandstone) in 

the Evergreen Formation it is considered that monitoring of the Hutton Sandstone will provide adequate early 

warning of any possible effect on the Evergreen Formation. 
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QGC commits to developing the method of determining the weighted mean value as part of the first report on 

groundwater level trend analysis which is planned to be submitted to SEWPAC in April 2013 (Commitment 5  

Table ES3).

Walloon Coal measures (WCm)

QGC has Petroleum Licenses in place and pending for all tenements within the approved QCLNG project area. 

These licenses and associated state approvals allow QGC to extract gas and groundwater for domestic gas 

production whilst additional state and federal approvals also allow the production and exporting of liquefied 

natural gas derived from coal seam methane from the Walloon Coal Measures.

The Walloon Coal Measures has not been identified as a primary limit or source aquifer for EPBC listed springs 

which lie outside the approved QCLNG project area (draft Surat Underground Water Impact Report, Table 

H-2). Accordingly QGC does not propose to have a default drawdown limit or threshold for the Walloon Coal 

Measures aimed at the protection of EPBC listed springs. QGC however will comply with the requirement of the 

Queensland Water Act for a groundwater level drawdown threshold for consolidated aquifers of 5 m. Predicted 

exceedances of this threshold value in consolidated aquifers by the Queensland Water Commission’s (QWC) 

Regional Groundwater Model triggers make good legislation between CSG proponents and potentially affected 

landholders.

However, if in the future the Walloon Coal Measures or its equivalents are identified as potential connected 

source aquifers to EPBC listed springs that QGC are required by the QWC’s Underground Water Impact Report 

to either monitor or evaluate options to mitigate impacts for specified spring complexes, QGC will commit to 

undertaking the required monitoring and/or mitigation programs and put in place the necessary response plans.

It is important to note that the regional scale horizontal hydraulic conductivity of the WCM is low, because 

the coals seams are lenticular and not laterally extensive. Hence broad scale lateral transmission of pressure 

reduction via the WCM is not a credible mechanism. The monitoring network in the overlying and underlying 

aquifers is designed to identify any regional pressure declines. Hence setting a drawdown limit or threshold for 

the WCM is not sensible, nor necessary.

In line with Geoscience Australia's recommendation, QGC will define Early Warning Trigger Values for dedicated 

VWP in the Walloon Coal Measures for model validation (see Figure 23) in the Northern Gas Fields. These VWP 

monitoring bores combined with the on tenement nested monitoring bores will provide accurate data to monitor 

the actual drawdown propagation and calibrate (regional) modelling.

Springbok, Gubberamunda and mooga aquifers

QGC proposes to apply the Queensland Water Act water drawdown thresholds for consolidated aquifers (5 m). 

The rationale for this is that these shallow aquifers all outcrop well before the EPBC listed springs  

(refer Figure ES2).
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3.10 STAGE 2 WmmP GROuNDWATER mODELLING

QGC is committed to continuous improvement in understanding the potential groundwater impacts of its CSG 

operations via use of three-dimensional numerical groundwater flow models. This commitment has seen a 

progression through an initial GEN1 model to a more sophisticated GEN2 single-phase model with homogeneous 

layer assumptions.

The GEN2 model pioneered the use of probability and uncertainty analysis in understanding the spatial and 

temporal drawdown likelihood. Results of the model suggest minimal drawdown in overlying and underlying 

aquifers during the next three years and, consequently, a very low risk of any potential impact on springs and 

MNES.

GEN2 model findings are described in detail in the Stage 1 WMMP.

QGC has commenced development of a GEN3 groundwater model. The aim is to develop a multi-phase (gas and 

water) model for cumulative impact assessment purposes with a focus on upscaling from fine scaled cells to 

regional models. 

New data flows from QGC's growing network of monitoring bores and integration of geology, petrophysics, 

petroleum engineering and hydrogeological information will enhance the GEN3 model. Using multi-phase flow 

information in modelling to more adequately describe pressure behaviour, gas desorption and water release 

processes means the GEN3 approach will represent dual-phase flows. This work is being done with support from 

Commonwealth Scientific and Industrial Research Organisation (CSIRO).

The ongoing modelling improvements will allow the development of a realistic 'lens concept' for the WCM coal 

deposits as opposed to a limited homogeneous strata approach used to date. 

Progress with the GEN3 model build is described in the following sections.

3.11 QGC'S OBLIGATIONS uNDER ThE QuEENSLAND WATER ACT 2000

Notwithstanding QGC's commitment to development of a GEN3 model, legislative amendments to Queensland's 

Water Act 2000 require all CSG operators in the Surat Basin to abide by the findings of an UWIR for the Surat 

Cumulative Management Area being prepared by the QWC. The QWC has developed a Regional Cumulative 

Impact Groundwater Model which has been used as the main management tool for:

•	 Identifying springs (from the inventory established under EPBC Act Approval Condition 68) which will 

potentially be impacted by groundwater level drawdown. It is important to note that the Draft UWIR has 

identified the primary source aquifers for the three spring complexes assigned to QGC. These are Cockatoo 

Creek (Precipice Sandstone), Dawson River 8 (Hutton Sandstone) and Scotts Creek (Hutton Sandstone). 

This is in Appendix H-2. The accompanying reports postulate possible secondary source aquifers (Evergreen 

Formation and Birkhead Formation). These appear to have been dismissed in the main UWIR report. Hence 

the approach adopted by QGC is consistent with the QWC’s UWIR.

•	 Establishing groundwater drawdown trigger thresholds in formations and identifying which bores occur 

within an immediately affected area and long-term affected areas. This process will allow negotiation of 

'make good' agreements.
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In addition to the above requirements, CSG operators must establish baseline groundwater conditions for bores 

on proponents' tenements. This program commenced during the course of the Stage 1 WMMP and will provide 

valuable data on standing groundwater levels and groundwater chemistry.

3.12 QWC REGIONAL GROuNDWATER mODEL

Conditions 61, 62, 63 and 64 require development of a regional groundwater model to assess the cumulative 

effects of multiple CSG developments in the Cumulative Management Area. In accordance with Condition 64, 

QGC will use the QWC's regional groundwater model and associated UWIR to address the requirements of 

Conditions 61 and 62 and provide input into springs assessment, mitigation and monitoring (which are assessed 

under Conditions 68 and 69). SEWPAC conditionally approved QGC's use of the QWC model as required by 

Condition 64.

The draft QWC Regional Groundwater Model and UWIR show that:

•	 528 out of 21,000 bores would be impacted as similar drawdown and underlying aquifers caused by CSG 

production 

•	 QGC will collaborate with QWC in subsequent UWIR's and model refinement.

Note: The UWIR requirements for monitoring bores and spring monitoring will be considered in the Monitoring 

Network Implementation Plan required to be submitted to QWC by February 2013.

3.13 QGC'S GEN3 mODEL

QGC has commenced development of a GEN3 model to more closely represent two-phase gas and water pressure 

changes, in response to CSG water extraction from the coal seams and the associated impact on overlying and 

underlying aquifers, water users and MNES. It aims:

•	 To better reflect water/gas interaction and movement within the WCM

•	 To provide an improved distribution of coal extent and hydraulic properties within the WCM

•	 To utilise the most recent regional geological and groundwater information

•	 To utilise uncertainty analysis to capture the range of scenarios.

Development of the GEN3 model is a significant improvement in groundwater modelling capability. The GEN1 

and GEN2 groundwater models simulated groundwater extraction and pressure change on modelled geological 

layers as a single-phase non-compressible fluid with homogeneous layer assumptions using MODFLOW software. 

However, they could only approximate water extraction and pressure response from a two-phase water and gas 

system like the WCM.

Importantly the uncertainty approach used successfully in the GEN2 model will be retained for use in indicating 

potential exceedance ranges for groundwater head drawdown.
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Preliminary comparative work using modelling packages revealed that the single-phase MODFLOW modelling 

software (e.g. GEN2) over-estimates drawdown and under-estimates water extraction when compared with 

petroleum industry standard two-phase modelling software ECLIPSE. Specific differences between the modelling 

packages and implications for the extent of groundwater drawdown impacts will be reported in April 2013.

Work completed in progress to support the GEN3 model build includes:

•	 Development of a new Surat Basin regional geological model. This is described in Section 3.13.2.

•	 Springbok Sandstone Characterisation Study as summarised in Section 3.13.3

•	 Stage 1 Groundwater Monitoring Bore Construction, groundwater sampling and analysis and hydraulic 

testing in the Gubberamunda and Springbok Formations and groundwater sampling and analysis. This work 

is summarised in Sections 3.14 to 3.17.

•	 VWP construction and data analysis which is ongoing

•	 WCM Drill Stem Test (DST) data analysis which has commenced

•	 Installation of automatic groundwater level recorders in Stage 1 bores and initial data analysis. An initial data 

assessment is described in Section 3.2.

•	 Assessment of aquitard vertical hydraulic conductivity values for use in modelling. This is summarised at 

Section 6.6.1.

•	 Analysis and assessment of data collected from the farm bore baseline program. This work has commenced.

QGC will use all available data to derive representative estimates of horizontal and vertical hydraulic conductivity 

values. The GEN3 model will be produced in April 2013. However as the connectivity results become available they 

will be incorporated into ongoing revisions and updating of the GEN3 model.

QGC is committed to complete and report on the GEN3 model build in April 2013. 

QGC is currently undertaking a comprehensive baseflow analysis using the two stream gauges on the Dawson 

River (at Taroom and at Utopia Downs). This analysis will quantify the magnitude and variation in baseflow and 

then link this volume to groundwater levels in the catchment and then possibly to spring discharge. The results 

of this analysis will be used as input to the GEN3 model to help constrain groundwater recharge and discharge 

volumes.

3.13.1 CSIRO COLLABORATION

QGC is collaborating with the CSIRO on ongoing modelling enhancements. This involves upscaling fine grid, 

multiple-layer geological models for use in GEN3 groundwater model development. These results will be shared 

with QWC to inform regional modelling approaches.

QGC is committed to reporting the up-scaling work as part of the GEN3 model build in April 2013.
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3.13.2 SuRAT BASIN GEOLOGICAL mODEL

As part of preparatory work for development of a new dual-phase GEN3 regional groundwater model, 

a stratigraphic framework model was created using PETREL software and all QGC and publicly available 

petrophysical data. This geological model (Appendix D) allows three-dimensional spatial characteristics of the 

main sedimentary formations to be more accurately quantified for modelling purposes (i.e. the designation of x, 

y and z coordinates of modelled formation layers). PETREL also allows for generation of cross sections across the 

model domain. A typical direction section is shown at Figure 8, while a number of selected cross sections for the 

Northern Gas Fields are presented are presented in Appendix E. These cross-sections have been produced first 

as they have assisted in the Spring Assessment. Cross sections for the Central and Southern Gas Fields are under 

development.

During the course of the Stage 2 Plan, all geological data obtained from the Stage 1 and Stage 2 groundwater 

monitoring bore programs will be added to the PETREL database to produce more accurate sections. 

Figure 8 – Surat Basin NW-SE geological cross section

Mooga Formation

Cretaceous to Surface

Gubberamunda Sandstone

Springbok Sandstone

Orallo Formation

Westbourne Formation

Glenaubyn 1Cam 1

Cameron 1

Daniel 27
Cameron 1

Paddy Creek 1

Chinchilla 4

Cross section 1

1600

800

0

-800

-1600

-2400

Metres

0 20,000 40,000 60,000 80,000

m
 A

H
D

SENW

Scott’s Spring Complex

Eurombah Formation

Evergreen Formation

Walloon Subgroup

Hutton Sandstone

Precipice Sandstone

Bowen Basin

32



3.13.3 SPRINGBOK SANDSTONE ChARACTERISATION STuDY

QGC has completed a Springbok Sandstone Characterisation Study as one of the input tasks to GEN3 model 

development. The study, presented in full in Appendix F, aims to identify hydrogeologic units within the 

Springbok. Covering the QCLNG Project area and adjacent ATPs the study involved:

•	 A review of literature and previous studies

•	 A field study of Springbok Sandstone outcrops

•	 Core sedimentalogical logging and description

•	 Wireline well log interpretation of wells distributed across QGC's tenements

•	 Generation of depth structure and isopach maps

•	 Generation of facies logs

•	 Generation of a porosity/permeability model

•	 Generation of an inferred aquifer/aquitard model.

Wireline log interpretation of wells distributed across QGC's leases produced seven regionally correlatable 

surfaces within the Springbok Sandstone. Two major regional fining upwards sequences were identified within 

the Springbok Sandstone Formation (denoted as Upper Springbok and Lower Springbok), with channel sands at 

the base of each sequence which fine up into mudstone and, in some instances, are capped by a coal layer. The 

Lower Springbok was interpreted to have been deposited by a relatively high energy braided river environment, 

while the Upper Springbok is suggested to have been deposited in a lower energy meandering fluvial 

environment. Below the Lower Springbok unit, a third major unit, the Basal Springbok, is identified as a potential 

low permeability unit. This Basal unit is not laterally extensive. It reaches a maximum thickness of 47 m in the 

Southern Gas Fields and thins to zero thickness (i.e. is absent) in the Central and Northern Gas Fields.

Depth structure maps and isopach maps are generated based on QGC's wireline log database, and highlight a 

thickening of the Springbok Sandstone to the south. Facies logs are generated, upscaled and used to model the 

facies distribution across all three gas fields. This facies model is used to generate a stochastic porosity model. 

Channels are identified at the base of units giving the highest porosity values, while the overbank facies at the 

top of the units are assigned the lowest porosity values. A porosity to permeability relationship is then defined 

using dynamic permeability data (drill stem tests, dynamic formation tests, and Springbok Sandstone bore 

pumping tests) and the petrophysically averaged effective porosity over the test intervals. The relationship was 

used to derive the permeability logs and permeability model.

The range of hydraulic conductivity observed from this modelling for the Springbok Sandstone Formation is  

≤ 8 x 10-4 m/day to 0.25 m/day, with the highest permeability existing in the channels at the base of each unit 

and the lowest permeabilities existing in the overbank facies at the top of each unit.

Hydrogeologic units are derived from the permeability modelling, highlighting the heterogeneity of aquifers 

and aquitards within the Springbok Formation. This is in contrast to the homogeneous sandstone aquifer as 

interpreted and modelled in previous hydrogeologic studies. The Basal Springbok unit is interpreted to be an 

aquitard and therefore a restriction to groundwater flow, where it exists on top of the Walloon Subgroup.

Figure 9 shows the facies, permeability and conceptual hydrogeological models for the Springbok Sandstone 

along a north-west/south-east section in the southern leases where the Basal Springbok unit is present.

The presence of laterally extensive mudstones capping the sandstone sequences (i.e. the overbank facies at the 

top of each unit) within the Springbok is likely to provide a restriction to vertical flow between the overlying 

Gubberamunda Sandstone in addition to the Westbourne Formation aquitard.
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Figure 9 – Heterogeneity of Springbok Formation
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3.13.3.1 ImPLICATIONS FOR GROuNDWATER mODELLING AND DRAWDOWN ASSESSmENT

The Springbok Sandstone Characterisation Study has provided valuable information into the distribution of 

water-bearing and aquitard horizons in the formation. This data will be assessed as part of the GEN3 model 

build to determine the most appropriate way to distribute the hydraulic properties (Kh, Kv and storage) of the 

Springbok Formation spatially at a regional scale. 

One bore, as shown in Figure 10 has been identified on QGC tenements as being completed in the Springbok 

Formation. This bore, on Kathleen Block, is on land owned by QGC.

3.14 STAGE 1 GROuNDWATER mONITORING BORE CONSTRuCTION

A major part of QGC's Groundwater Monitoring Program for the QCLNG Project is the Groundwater Monitoring 

Plan (GWMP) which was developed in 2009 and 2010 and submitted to the Australian Government (as an 

appendix to the Stage 1 WMMP) in April 2011. The GWMP was prepared as a working tool to provide monitoring 

programs for the QCLNG Project's upstream portion and related Queensland and Australian Government 

reporting requirements and conditions. This GWMP has been revised and is presented in Appendix G.1.

To acceptably monitor the potential impacts to groundwater levels and quality in formations caused by CSG 

activities, groundwater monitoring bores are required across the project area. In mid-2011, QGC instigated  

Stage 1 of the GWMP groundwater bore drilling program which involved drilling and construction of 13 'shallow' 

(in the range of up to about 80 m to 430 m deep) groundwater monitoring bores targeting the Gubberamunda 

Sandstone and/or Springbok Sandstone formations (i.e. the main formations located above the WCM), at six 

locations across QGC's leases (Figure 10). Eight of the bores were installed into the Springbok Sandstone, and 

five into the Gubberamunda Sandstone. The list of bores constructed is provided in Table 4. Program details are 

provided in Appendix H.

Bores were constructed to:

•	 Monitor groundwater levels for potential drawdowns in current production areas in the Central Gas Fields 

(Berwyndale South, Bellevue and Lauren)

•	 Provide baseline data in proposed production areas (from 2014 onwards) in Northern and Southern Gas Fields 

(Kenya East, Poppy and Woleebee Creek)

•	 Monitor groundwater levels during production pilots for connectivity studies (Kenya East and Woleebee 

Creek).

Bore Aquifer monitoring purpose

Berwyndale South GW1, 2 G, S Existing production area

Kenya East GW1, 2 G, S
Future production area

Connectivity studies

Lauren GW1, 2 G, S New production area 2011

Poppy GW1, 2
S upper

S lower
Future production area

Bellevue GW2 S Existing production area

Woleebee Creek GW1, 2 G, S
Future production area

Connectivity studies

Kenya East GW3, 4 G, S
Future production area

Connectivity studies

 

G = Gubberamunda, S = Springbok 

 

Table 4 – Stage 1 completed monitoring bore development plan (open standpipe bores)
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Figure 10 – Stage 1 monitoring bores and core hole conversions 2011

Key information gathered during the Stage 1 drilling program includes:

•	 Inferred water-bearing zones within Gubberamunda and Springbok Sandstones are typically up to 10 m thick 

as identified in wireline logs

•	 A well-defined Gubberamunda-Westbourne Formation contact is present in all drillholes

•	 There is no defined Westbourne-Springbok contact in any drillhole. The contact is subjective.

•	 A basal Gubberamunda coarse grained 'clean' aquifer zone is common in all drillholes

•	 There does not appear to be a common Springbok 'aquifer' zone across drillholes. However, there are 

commonly several Springbok 'aquifer' zones separated by low permeability sediments. Yet Springbok 'aquifers' 

are very 'dirty' (i.e. clay rich and lithic) and finer grained, compared with the Gubberamunda aquifer zone

•	 Coal seams in the Westbourne and Springbok are common and appear to be present consistently across 

locations. Coal is also present in the Gubberamunda but as rare, very thin seams and as formation matrix.

•	 The Orallo Sandstone formation may be present in the northern and central areas above the Gubberamunda. 

However, there is no clear contact with the top of the Gubberamunda.

•	 The Gubberamunda Sandstone aquifer appears to have better permeability than the Springbok Sandstone 

aquifer based on airlift yields, with some Springbok Sandstone bores having such low permeability that airlift 

yields were not recordable despite those bores screening the most permeable section of the target 'aquifer' as 

identified in wireline logs

•	 The Springbok aquifer potentiometric surface lies 15 m to 40 m above the Gubberamunda aquifer 

potentiometric surface, suggesting the low permeability sediments of the Springbok Sandstone and 

Westbourne Formation act as aquitards. Additionally there appears to be a downwards vertical head gradient 

within the Springbok Sandstone in the southern leases.
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3.15 STAGE 1 BORES hYDRAuLIC TESTING PROGRAm

QGC's Stage 1 groundwater monitoring bore drilling program involved the drilling of 13 groundwater monitoring 

bores in 2011 across QGC's tenements. The Stage 1 groundwater monitoring bore program targeted the shallow 

Gubberamunda Sandstone (five bores) and Springbok Sandstone (eight bores) aquifers. Following drilling, they 

were subjected to an aquifer pumping test program to collect information regarding aquifer permeabilities, 

response to pumping, and groundwater quality. Details are provided in Appendix I.

The aquifer testing highlighted that the Gubberamunda aquifer is up to an order of magnitude more permeable 

than the Springbok aquifer. Hydraulic conductivity estimates range from 0.02 m/day to 8.3 m/day in the 

Gubberamunda aquifer (geometric mean of 0.5 m/day) and 0.003 m/day to 0.1 m/day in the Springbok aquifer 

(geometric mean of 0.03 m/day). The testing program showed that the middle Springbok aquifer may be 

generally more permeable than the lower Springbok aquifer while the Gubberamunda aquifer appears to show 

significant variability in hydraulic conductivity, with K estimates for the Gubberamunda ranging over two orders 

of magnitude.

Most pumping tests were subject to boundary conditions influencing the drawdown curves (either negative 

or recharge). These boundaries may be related to faulting or facies changes. No leakage was detected in the 

Gubberamunda tests but four of the seven Springbok tests detected leakage likely to be derived from Springbok 

Formation strata immediately above or below the pumped sand unit. Where leakage wasn't detected in either 

aquifer, it is likely due to either the aquifer tests not being run for sufficient time or at insufficient rates to stress 

the aquifer enough to induce leakage.

3.16 STAGE 1 GROuNDWATER ChEmISTRY

Groundwater pH generally ranges between 8 and 9 in both the Gubberamunda Sandstone aquifer and the 

Springbok formation (i.e. slightly alkaline). Groundwater salinity is somewhat variable, ranging from 820 mg/L to 

2,700 mg/L Total Dissolved Solids (TDS) in the Gubberamunda aquifer and 1,100 mg/L to 2,800 mg/L TDS in the 

Springbok Formation. In general, it can be concluded that the Springbok Formation is 1.5 times to 2 times more 

saline than the Gubberamunda aquifer. 

A Piper diagram plot which provides a representation of groundwater quality type is shown in Figure 11.

Groundwaters are either sodium-chloride or sodium-chloride-bicarbonate or sodium-bicarbonate types, with 

cation concentration ratios that are very similar across both formations and all bores, and dominated by sodium. 

The Gubberamunda aquifer shows bicarbonate anion domination, however the Springbok Formation shows 

significant variability between bicarbonate and chloride domination. Bicarbonate concentration in the Springbok 

Sandstone increases with depth of burial, suggesting that Springbok groundwater is acquiring bicarbonate with 

increased residence time after recharge. Possible methods of bicarbonate enrichment in the Springbok include 

water/rock interactions, methanogenesis, sulphate reduction, or mixing with deeper high-bicarbonate Walloon 

groundwater. QGC is looking at collecting more data and undertaking detailed modelling to understand the 

sources of bicarbonate concentrations.

Further work is planned to develop the hydrochemical knowledge of groundwater within the Surat Basin. 

Groundwater chemistry data from deeper formations including the Walloons (production wells), Hutton and 

Precipice Formations (new monitoring bores) will be added to the dataset during the Stage 2 WMMP as well as 

the chemistry data from the bore baseline assessment. Isotopic data will be used to provide comparative age 

data (carbon-13/carbon-14 or chlorine-36) of groundwater in formations as well as specific aquifer signatures 

(deuterium/oxygen-18, strontium-86/strontium-87). For instance, if groundwaters in two formations at the same 

location have similar groundwater chemistry, comparable groundwater ages (based on inferred travel times from 

recharge sources) and similar aquifer signatures a degree of connection and mixing between formations may be 

inferred.
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Figure 11 – Piper diagram of groundwater quality

3.17 SPRINGBOK SANDSTONE – AQuIFER OR AQuITARD – A DISCuSSION

Significant stratigraphic, lithological and hydrogeological work has been undertaken to assist in understanding 

the nature of the Springbok Sandstone in relation to the WCM. Progress is summarised in Appendix F and the key 

outcomes are:

•	 The Springbok Sandstone behaves as a very poor aquifer in some locations and as a leaky aquitard in other 

locations. Hydraulic conductivities resulting from the pumping tests are consistently very low. Several 

Springbok bores (Berwyndale South GW2, Kenya East GW1 and Poppy GW1 ) did not fully recover from test 

pumping in September/October 2011.

•	 DEHP database interrogation and bore baseline surveys completed to date indicate that there are only five 

bores which tap the Springbok Sandstone within 20 km of QGC leases (Figure 12)

•	 The stratigraphic unit is, lithologically speaking, a highly heterogeneous mixture of claystones, mudstones 

and silts with relatively minor sandstones. Picking the boundary between the top of the WCM and the base of 

the Springbok Sandstone has always been difficult and methodology has varied over time.
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Figure 12 – Water monitoring bores in the Springbok Sandstone

•	 The highly variable lithology suggests cases where the WCM Formation is in direct hydraulic contact with 

overlying Springbok Sandstones. This is emphasised in the Springbok Characterisation Study which indicated 

areas in the Central and Northern Gas Fields where there is potentially no or very limited thickness of the 

basal claystones in the Springbok Sandstone.

•	 There is evidence of upward pressure gradients from WCM to Springbok Sandstone (Isabella #6, Jen # 1 VWPs)

•	 Groundwater chemistry of the WCM and Springbok Sandstone is similar although the WCM appears to have 

a higher salinity due principally to higher bicarbonate concentrations (refer Figure 13 and Appendix C.4).

It is believed depressurisation of the Springbok Sandstone will have no adverse impact on EPBC listed springs as 

the Springbok crops out well before the EPBC springs (refer Figure 8). It will have a very limited impact on private 

bores as there are only a few Springbok bores. The Westbourne Formation overlying the Springbok Sandstone 

is considered to have sufficient laterally extensive claystone to generally be an effective aquitard on QGC leases 

and should act to reduce any impacts on the Gubberamunda Sandstone. However, this aspect will be subject to 

further studies (refer Section 6.0).

The approach to modelling the Springbok Sandstone and the selection of initial heads and hydraulic parameter 

selection will be assessed as a part of the GEN3 model build.

Water monitoring bores 
Springbok Sandstone

Kilometres

Scale 1:1,30,000 (A3)

0 20 40 60 80

X

X
X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X X
X

X

X

X

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

")

")

!

!

RN61126

RN48806

RN48507

RN23386

RN107588

RN23386

RN48806

ROMA

TARA

SURAT
DALBY

MILES

TAROOM

INJUNE

YULEBA
DULACCA

WANDOAN

MITCHELL

EIDSVOLD

JANDOWAE

ST GEORGE

INGLEWOOD

MUNDUBBERA

MILLMERRAN

CHINCHILLA

WALLUMBILLA

CECIL PLAINS

RN13030809
RN13030808

Water Monitoring Bores
Springbok Sandstone

±
0 20 40 60 80

Kilometers

DATA SOURCE: Roads, Towns - GA
Registered Water Bores - DERM

Map Projection:  GDA 94 SCALE: 1:1,300,000(A3)

"Based on or contains data provided by the State of Queensland (Department of Environment and Resource 
Management) 2011. In consideration of the State permitting use of this data you acknowledge and

agree that the State gives no warranty in relation to the data (including accuracy, reliability,
completeness, currency or suitability) and accepts no liability (including without limitation,

liability in negligence) for any loss, damage or costs (including consequential damage) relating to
any use of the data. Data must not be used for direct marketing or be used in breach of the privacy laws."

Note: Every effort has been made to ensure this information is spatially accurate. The location of
this information should not be relied on as the exact field location.

20/04/2012
C

DATE:
CREATED BY:

MAP NO:
REV NO:
MAP TYPE: Other

PLAN REF:
CHECKED BY: JG

M_15113_06
TG

v4

X Town/City

! Registered Water Bores - Gubberamunda

Water Bores in Springbok Sandstone
") Completed Baseline Assessments

!( Registered Water Bores - DERM

Principal Road

QGC Field

QGC Field 20km Buffer

Town/City

Registered water bores – Gubberamunda

Water bores in Springbok Sandstone

Completed Baseline Assessments

Registered Water Bores – DEHP

Principal Road

QGC Field

QGC Field 20 km Buffer

X

X
X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X X
X

X

X

X

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

")

")

!

!

RN61126

RN48806

RN48507

RN23386

RN107588

RN23386

RN48806

ROMA

TARA

SURAT
DALBY

MILES

TAROOM

INJUNE

YULEBA
DULACCA

WANDOAN

MITCHELL

EIDSVOLD

JANDOWAE

ST GEORGE

INGLEWOOD

MUNDUBBERA

MILLMERRAN

CHINCHILLA

WALLUMBILLA

CECIL PLAINS

RN13030809
RN13030808

Water Monitoring Bores
Springbok Sandstone

±
0 20 40 60 80

Kilometers

DATA SOURCE: Roads, Towns - GA
Registered Water Bores - DERM

Map Projection:  GDA 94 SCALE: 1:1,300,000(A3)

"Based on or contains data provided by the State of Queensland (Department of Environment and Resource 
Management) 2011. In consideration of the State permitting use of this data you acknowledge and

agree that the State gives no warranty in relation to the data (including accuracy, reliability,
completeness, currency or suitability) and accepts no liability (including without limitation,

liability in negligence) for any loss, damage or costs (including consequential damage) relating to
any use of the data. Data must not be used for direct marketing or be used in breach of the privacy laws."

Note: Every effort has been made to ensure this information is spatially accurate. The location of
this information should not be relied on as the exact field location.

20/04/2012
C

DATE:
CREATED BY:

MAP NO:
REV NO:
MAP TYPE: Other

PLAN REF:
CHECKED BY: JG

M_15113_06
TG

v4

X Town/City

! Registered Water Bores - Gubberamunda

Water Bores in Springbok Sandstone
") Completed Baseline Assessments

!( Registered Water Bores - DERM

Principal Road

QGC Field

QGC Field 20km Buffer

X

X
X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X X
X

X

X

X

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

")

")

!

!

RN61126

RN48806

RN48507

RN23386

RN107588

RN23386

RN48806

ROMA

TARA

SURAT
DALBY

MILES

TAROOM

INJUNE

YULEBA
DULACCA

WANDOAN

MITCHELL

EIDSVOLD

JANDOWAE

ST GEORGE

INGLEWOOD

MUNDUBBERA

MILLMERRAN

CHINCHILLA

WALLUMBILLA

CECIL PLAINS

RN13030809
RN13030808

Water Monitoring Bores
Springbok Sandstone

±
0 20 40 60 80

Kilometers

DATA SOURCE: Roads, Towns - GA
Registered Water Bores - DERM

Map Projection:  GDA 94 SCALE: 1:1,300,000(A3)

"Based on or contains data provided by the State of Queensland (Department of Environment and Resource 
Management) 2011. In consideration of the State permitting use of this data you acknowledge and

agree that the State gives no warranty in relation to the data (including accuracy, reliability,
completeness, currency or suitability) and accepts no liability (including without limitation,

liability in negligence) for any loss, damage or costs (including consequential damage) relating to
any use of the data. Data must not be used for direct marketing or be used in breach of the privacy laws."

Note: Every effort has been made to ensure this information is spatially accurate. The location of
this information should not be relied on as the exact field location.

20/04/2012
C

DATE:
CREATED BY:

MAP NO:
REV NO:
MAP TYPE: Other

PLAN REF:
CHECKED BY: JG

M_15113_06
TG

v4

X Town/City

! Registered Water Bores - Gubberamunda

Water Bores in Springbok Sandstone
") Completed Baseline Assessments

!( Registered Water Bores - DERM

Principal Road

QGC Field

QGC Field 20km Buffer

39



Figure 13 – Central Gas Fields: Bellevue and BWS fields groundwater quality
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3.18 VWP INSTALLATION AND DATA RECOVERY

During the course of the Stage 1 WMMP, QGC completed a number of single bore, multiple gauge (VWP) 

installations in existing wells as part of its field production monitoring program. This program is aimed at 

developing a greater understanding of CSG reservoir production and depletion per layer, while also monitoring 

groundwater pressure at offset locations throughout the CSG pilot testing and field production schedule.

 

Within the various monitor conversion wells across QGC acreage, downhole pressure monitoring gauges were 

set at specific intervals across a range of coal seams and hydrogeologic strata units in the Walloon subgroup and 

Springbok Sandstone to monitor background pressure data. This process of installing gauges will provide valid 

data for monitoring connectivity in the horizontal and vertical direction, reservoir production modelling and 

reserves estimation processes.

 

The formation pressure monitoring technique involves installation of up to six pressure gauges in existing core 

holes at a range of interval depths using a coiled tubing unit. Once the string of gauges has been lowered into 

their set positions, cement is pumped and allowed to fill back to surface, effectively plugging and abandoning the 

well.

 

There is sufficient cement permeability to allow formation pressure transfer and hence fluid flow from the rock 

to deform the gauge diaphragms and register formation pressure. However, the cement restricts flow between 

formations to extremely very low values, effectively preventing pressure recharge between formations. Gauges 

are connected to QGC's remote telemetry system and data is sent to QGC offices where it can be analysed 

regularly.

 

VWPs installed during 2011 are summarised in Table 5. Up to 12 additional VWP conversions have been 

constructed or are planned for 2012 and details are provided in Section 5.0.

Bore Aquifer monitoring purpose

Kenya East #1 G, S, WCM Future production area / Aquifer connectivity

Isabella #6 S, WCM Future production area / Aquifer connectivity

jen #1 S, WCM Future production area / Aquifer connectivity

Celeste #6 S, WCM Future production area / Aquifer connectivity

Isabella #7 S, WCM Future production area / Aquifer connectivity

Woleebee Creek #8 G, S, WCM Future production area / Detailed connectivity studies

Ruby-jo #1 S, WCM Future production area / Aquifer connectivity

Ross #6 G, S, WCM Future production area / Aquifer connectivity

 

G = Gubberamunda, S = Springbok, WCM = Walloon Coal Measures 

 

Table 5 – VWP corehole conversions 2011

3.19 PILOT GAS PRODuCTION mONITORING

QGC commenced a gas production trial on Isabella Block in the Southern Gas Fields in September 2011. The 

Isabella # 6 monitoring well contains six VWPs set in five WCM coal horizons and the Springbok Sandstone to 

monitor groundwater head changes. The data indicates that groundwater pressures within the WCM VWPs  

(# 2 MacAlister, # 3 Nangram and # 4 Argyle) are higher than pressures in the overlying Springbok Sandstone 

(refer Figure 14). A similar observation can be made for WCM VWPs (# 2 MacAlister, # 3 Nangram and # 4 Argyle) 

in the Jen # 1 monitoring well (refer Figure 15). 
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Figure 15 – VWP water level over time Jen 1 data loggers 777 and 870
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Figure 14 – VWP water level over time Isabella #6
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3.20 GROuNDWATER LEVEL mONITORING 

Automatic data loggers with telemetry are being installed progressively across selected existing, newly drilled 

and proposed bores to assess more broadly the influence on groundwater levels of natural fluctuations, climatic 

factors and non-CSG usage. Groundwater level data is being measured every hour.

Plots of groundwater level data from automatic data loggers in the Central and Southern Gas Fields are presented 

in Appendix J and summarised in Figure 16.

Most bores in the Gubberamunda and Springbok Formations have shown overall short-term fluctuations of 0.1 m 

to 0.25 m between June 2011 and January 2012 with the exception of Lauren GW1 Gubberamunda bore which has 

shown an overall decline of 0.35 m. 

Kenya East GW2 Springbok appears to be relatively stable at 8.5 m to 8.65 m below ground level, while Lauren 

GW2 Springbok and Poppy GW2 Springbok have shown slight increasing trends with time.

Several bores (Berwyndale South GW2 Springbok, Kenya East GW1 Gubberamunda and Poppy GW1 Springbok) did 

not fully recover from test pumping in September and October 2011.

Berwyndale South Bore GW2, screened in the Springbok Formation at 225 m to 230 m depth at the Windibri Gas 

Field, is measuring a relatively stable potentiometric surface level at RL 285.1 m (5.85 m bgl ± 0.05 m bgl) post-test 

pumping (refer Figure 18). The adjacent Gubberamunda Sandstone bore, GW1, was relatively stable at

21.1 m ± 0.1 m bgl (refer Figure 17). The Windibri gas field has been operational since 2005.

Vertical upward gradients of 15 m to 40 m between the Springbok and Gubberamunda Formations were observed 

at Berwyndale South, Lauren and Kenya East, while a downward gradient of 8.5 m is observed between the two 

Poppy Springbok monitoring bores. 

Baseline potentiometric surface maps will be developed during 2012 to incorporate:

•	 QGC Stage 1 and Stage 2 monitoring bore data

•	 QGC VWP data

•	 Data from bores on QGC lands

•	 QGC private bore baseline data

•	 Other CSG proponent data.

Data will be used for steady and transient state calibration of the GEN3 model and reported during Q1 2013 

(Commitment 6).

QGC's potentiometric level data will be shared with other proponents to create cumulative potentiometric 

surface maps.
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Figure 17 – Berwyndale South GW1 (Gubberamunda) groundwater depths
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Figure 16 – Groundwater levels in Gubberamunda and Springbok Sandstone monitoring bores in Central and Southern Gas Fields 2011/12
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Figure 18 – Berwyndale South GW2 (Springbok) groundwater depths

3.21 DNRm GROuNDWATER DATABASE ANALYSIS

QGC is undertaking an analysis of the DNRM groundwater bore database to inform its own regional 

understanding of baseline groundwater potentiometric surface levels and groundwater level trends. This analysis 

program commenced recently and will be undertaken throughout 2012.

Preliminary analysis of the DNRM groundwater database (refer Appendix K) by QGC indicates that there are 

very sparse records of ongoing regular groundwater level monitoring across the Surat Basin. Where regular 

groundwater monitoring is undertaken, these sparse records are geographically spread widely across the basin. 

There appears to be only two DNRM groundwater monitoring bores with long-term records within QCLNG 

tenements (RN 13030808 and RN 13030809 in the Northern Gas Fields) (refer Figure 12). These two bores are 

inferred to be screened in the Westbourne and Springbok Formations. They have been monitored for up to 

10 years but have very limited and erratic readings. The condition, ownership and purpose of these bores are 

unknown, and will be further investigated to assess their monitoring capacity and appropriateness. Additionally, 

there are many (100+) bores that are located north and east of QCLNG's southern tenements and are, according 

to the DNRM database, screened at least in part within the Condamine River Alluvium. QGC's initial investigation 

indicates that many of these bores in the Condamine Alluvium area may be screened through the deeper 

Walloons or the Westbourne Formation or Springbok Sandstone which outcrop nearby. Details of these bores are 

being investigated further by QGC as to their monitoring capacity and appropriateness. Although the complete 

DEHP database is yet to be fully interrogated by QGC, the analysis undertaken to date indicates that longer term 

groundwater level trends may correlate with long-term rainfall trends.
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Water level data sourced from the DNRM database may provide calibration data for QGC's GEN3 dual phase 

numerical groundwater model development. Where possible, QGC may select private bores listed in the DNRM 

database for inclusion in its own groundwater monitoring network in addition to QGC's own purpose-drilled 

monitoring bores and the analysis program discussed here forms a crucial part of the bore selection process.

3.22 GROuNDWATER TREND ANALYSIS

Groundwater level data assessments inform early warning changes. If an observed trend cannot be reliably 

discerned from data background noise, it cannot be attributed confidently to potential causes, including QGC 

operations. The former Department of Environment and Resource Management's (DEHP's) guidelines (2011) 

recommend the use of formal statistical tests (such as linear regression and the Mann-Kendall test) to assess the 

reliability of observed groundwater level trends against background noise. 

Building on the recommended approaches, QGC has developed a method to analyse trends over the life of 

QGC operations which recognises that a broad range of processes can cause groundwater level fluctuations 

and trends. These need to be separated from any potential impact from QGC activities. Key components of this 

method are:

•	 Data examination to exclude any data errors and anomalies

•	 Selection of a suitable analysis period, including identification of break-points to separately analyse current 

and long-term trends

•	 Development of a regression model of groundwater level behaviour to isolate known quantifiable external 

influences, such as rainfall, air pressure, aquifer loading/unloading, earth tides and regional groundwater 

trends. Groundwater volumes pumped by all users (for example, water supply wells and CSG wells) will also 

be used in the analysis if available.

This method is described in Appendix L.

QGC proposes a 0.2 m drawdown limit in a threshold monitoring bore (nominally 20 km from the tenement 

boundary closest to a spring complex of interest) as a weighted mean value over a representative period 

(minimum of 12-months) due to CSG production (i.e. excluding all other natural and anthropogenic fluctuations). 

The weighting method to be used to measure the mean drawdown of the Hutton and Precipice Sandstones will 

be defined in the April 2013 trend analysis report (Commitment 5 in Table ES3). Using a similar approach to the 

groundwater level trend analysis, QGC commits to develop a detailed method to analyse trends in groundwater 

quality in the April 2013 report. The design of the quality analysis method is underway and will include two 

primary steps:

•	 Pre analysis of data. This will include development of conceptual hydrochemical models of aquifer units, 

identification and removal of outliers due to poor quality control and other factors, and the identifications 

and separation of short and longer term cyclical trends.

•	 Assessment of the applicability of similar trend analysis methods as used for the above level trend analysis.

QGC commits to provide the level and quality trend analysis method by April 2013 (Commitment 5). QGC commits 

to analyse and share the regional data on an annual basis and to make the data available on the QGC website.
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3.23 GEN3 mODEL DEVELOPmENT – FuTuRE TASKS

Future GEN3 model development tasks will include:

•	 Establishment of model grid and boundary conditions

•	 Upscaling fine-scale WCM model and groundwater model layers from field to regional scale

•	 Development of GEN3 model layering system and assigning cell elevations (tops and bottoms)

•	 Assignment of hydraulic parameters to model layers and cells

•	 Assigning recharge to cells

•	 Defining initial model head conditions

•	 Steady state model calibration

•	 Transient state calibration as appropriate and within constraints of available data

•	 Assigning gas/water extraction to cells

•	 Evaluation of the effects of leaking wells on aquifer connectivity

•	 Model simulation.

The evaluation of the effects of leaking wells on connectivity will involve using the GEN3 model to assess impacts. 

QGC commits to report the findings in April 2014. 

Committed actions and target completion dates for GEN3 model development are summarised below.

Commitments Target completion date

Completion of first groundwater level trend analysis 

assessment including mean drawdown weighting method for 

Hutton and Precipice Sandstones

April 2013

Completion and reporting on GEN3 model build April 2013

Submission of Annual Report including (from October 2013) 

reporting results of ongoing GEN3 model recalibration 
October 2013 and annually thereafter

Regional data will be analysed and shared on an annual basis 

and the data will be available on the QGC website.
Annually from October 2013

The above commitments are aimed at satisfying Conditions 49b and 52c (i) - (iv).
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QGC is working with 
rural and regional 
communities, because 
we will be neighbours 
for a long time.


