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1.0 Introduction 
The following report describes the hydrogeological environment, and numerical groundwater 
modelling undertaken to assess potential impacts on groundwater receptors resulting from 
groundwater extraction during coal seam gas (CSG) production and limited scale 
underground development proposed for Centurion North Extension Project. 

1.1 Project Background 
The Centurion North Extension Project (the Project), is located within Mining Lease 
(ML) 1790 (Figure 1-1), approximately 40 km north of Moranbah. The Project is located 
immediately adjacent to, and north of, the Centurion Coal Mine (CCM), which is located in 
ML 6949.  
The Project involves the development of supporting infrastructure to enable (CSG) extraction 
and safe underground coal mining operations within the Project Area. All works associated 
with the Project will be undertaken within ML 1790. Project activities include the following: 

• Construction of new access tracks; 

• Installation of a laydown area; 

• Construction of drill pads for Surface-to-Inseam (SIS) wells, Vertical Production Wells 
(VPW), gas risers, service boreholes, sampling boreholes and a bleeder shaft; 

• Drilling and operation of vertical and lateral SIS wells to drain gas from coal seams; 

• Construction of gas risers to manage gas transfer to surface facilities; 

• Construction of service boreholes to transfer materials from the surface to 
underground; 

• Drilling of sampling boreholes for gas, coal propensity, geotechnical and exploration 
sampling purposes; 

• Development of a bleeder shaft for mine ventilation and safe gas management; and 

• Disturbance for future goaf drainage lines. 
The key disturbance activities relevant to this groundwater assessment are detailed in the 
below section. 
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Figure 1-1  Project Location 
  



Centurion Coal Mining Pty Ltd 
Centurion North Extension Project 

31 October 2025 
SLR Project No.: 620.042334.00001 

SLR Ref No.: 620.042334.00001-R01-v1.0-
Centurion North Extension GW 

Assessment.docx 

 

 3  
 

1.2 Proposed Development Activities Relevant to Potential 
Groundwater Impacts 

1.2.1 Coal Seam Gas Extraction 
Groundwater extraction will occur at the CSG production wells that may have impact on 
groundwater levels in the area. The extraction of groundwater from the production wells is 
the primary activity to be assessed for potential hydrogeological impacts.  
Proposed activities will include drilling of 66 vertical and lateral production wells to target the 
Lower Goonyella seam between 260-350 mbGL. The summary presented below focuses on 
the relevant information for prediction of potential groundwater impacts.  
Groundwater in the coal seam will be pumped from the wells, reducing the hydrostatic 
pressure in the production seam by a planned 40 kilopascals (kPa) per day, or 4 metres 
water head (mH2O). Based on information provided by Peabody, it is anticipated that 
depressurisation of the coal seam will take up to 90 days. 
Currently, Peabody estimates a total water production of 20 kilolitres (kL) over the 
operational life of one CSG well. A report on Surface to Inseam (SIS) well performance at 
North Goonyella (Weisstech, 2023) demonstrates that gas production effectively ceased at 
four production locations before the 800th day online, indicating that CSG production per 
bore will likely be less than 800 days. As a conservative assumption, the following prediction 
of impact is based on well life of 21 months. 
The CSG extraction wells are represented in the following groundwater assessment as linear 
features, running north to south, from well head to gas riser.  

1.2.2 Underground Gate Roads 
The Project will involve the construction of four (4) underground gate roads to enable safe 
and efficient transport of personnel, equipment and extracted materials. The gate roads are 
designed to advance the development of future underground mine activities by establishing 
the first longwall mining panels. 
The gate road development scheduled for installation is illustrated in Figure 1-2 and will 
support the extraction of three (3) longwall panels in the future. Gate roads will be 
constructed using single pass continuous miners to a width of 5.4 m and a ceiling height of 
3.6 m. The gate road network will be developed in three years, staged as per Figure 1-2 
below. 
Roof and rib (sidewall) support (e.g. bolts, mesh and/or shotcrete) will be installed 
progressively to ensure adequate strata reinforcement. Services such as ventilation 
systems, conveyor systems, power cables, water pipes, compressed air lines and 
communication systems will then be installed to ensure the safety of personnel, control of 
contaminants, conveyance of coal and movement of equipment. Underground roadways are 
constructed such that they remain stable for the life of the mine and will become 
unserviceable following extraction of an adjacent longwall panel or if abandoned for a 
significant time. 
This hydrogeological assessment treats the gate roads as areas where groundwater will be 
drained to maintain dry operations. 
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Figure 1-2  Indicative timing of gate road excavation 

1.2.3 Other Proposed Activities 
In addition to the CSG extraction and underground gate road excavation outlined above, 
there are a number of proposed disturbances included in this EA Amendment application 
that are not considered in this hydrogeological study. This list, and the corresponding 
justification for the exclusion from the groundwater assessment, is detailed in Table 1-1. 
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Table 1-1 List of proposed disturbance works included within this EA Amendment 
application 

Proposed Infrastructure/Activity Comment 

Drill pads Surface disturbance, no significant hydrogeological impact. 

Gas conformance boreholes Cased and fitted with monitoring equipment, no significant 
water extraction and minimal down-hole disturbance. 

Goaf drainage lines Gas management for underground development draining 
formation. Aligned with proposed gate roads and 
hydraulically insignificant compared with size of tunnels. 

Geotechnical boreholes Investigation points, not long-term water production 

Gas risers Part of gas management from gate road network. While this 
will likely drain water from parts of the aquifer, it will not be 
hydraulically significant compared with size of gate road 
tunnels. 

Shallow geothermal energy 
(SGE) boreholes 

Cased and fitted with monitoring equipment, no significant 
water extraction 

Service boreholes Lined boreholes. No long-term water production or aquifer 
drainage 

Exploration boreholes Investigation points, not long-term water production 

Spontaneous combustion testing 
boreholes 

Investigation points, not long-term water production 

Bleeder shaft Lined borehole. No long-term water production or aquifer 
drainage 

Water bores Water monitoring only, no significant water extraction 
anticipated 

Access Road Surface disturbance. No hydrogeological impact. 
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2.0 Existing Environmental Values 
2.1 Climate 
SILO is a database of Australian climate data from 1889 to the present. It provides daily 
meteorological datasets for a range of climate variables in ready-to-use formats suitable for 
biophysical modelling, research and climate applications. SILO is hosted by the Queensland 
Department of Tourism Environment, Science and Innovation (DETSI). From the database, 
historical data for the closest location to Centurion Coal Mine (Lat -21.60 / Long 147.95) was 
downloaded for the time between October 2024 to October 2025. The Project Area is 
characterised by a subtropical climate with hot, humid summers and mild to cold winters. 
Figure 2-1 shows average monthly rainfall and pan evaporation for the Centurion Coal Mine 
(SILO, 2025). The highest rainfall months are February and March and the highest potential 
evaporations rates occur during the wet season from October to march. 
At the start of the wet season (October), evaporation is high (>200 mm) but gradually 
declines as rainfall increases, with rainfall exceeding evaporation in February and March. 
After the wet season, average monthly rainfall reduces remaining low from May to 
September while evaporation increases from July through to November. 

 

Figure 2-1 Mean monthly rainfall and mean pan evaporation (SILO, 2025) 

2.2 Geology and Hydrostratigraphy 

2.2.1 Hydrostratigraphy 
The hydrostratigraphy relevant to the Project comprises the Quaternary alluvium, Tertiary 
strata (basalt and sediments) and Permian strata. The conceptual cross section of the 
hydrogeological setting is provided in Figure 2-2 and the surface geology of the project area 
is shown in Figure 2-3. The cross section illustrates how the steeply dipping Permian coal 
measures subcrop into a thick tertiary sequence (up to 150 metres thick). This Tertiary 
sequence is primarily comprised of basalt, with lenses of sedimentary material throughout, 
termed interlens sand and silt. A basal tertiary sand unit has been mapped in the 
paleochannel of the Permian/Tertiary contact. This section outlines the known geological 
relationships and input to numerical model in more detail.  
The representation of the solid geology (excluding Tertiary and Quaternary cover 
sequences) across the Project area within the numerical model has been based on the 
geological model for the Project area provided by Peabody.  
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Figure 2-2  Conceptual hydrogeological cross section 
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Figure 2-3  Surface geology mapping and monitoring network 
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2.2.1.1 Quaternary Alluvium 
The distribution of Quaternary alluvium is associated with creeks and drainage lines. Where 
present, the thickness of the alluvium is likely to be highly irregular, with estimates of 
maximum thicknesses in the range of 15 to 25m (Golder, 2020). Groundwater flow within the 
alluvium (if/where saturated) will follow topographic gradients but it is considered unlikely 
that, where present, the alluvium forms a continuous saturated aquifer. Relative to the 
proposed production wells, the nearest Quaternary Alluvium is located along Kennedy 
Creek, approximately 7.5 kilometres (km) northwest of the proposed production well field.  
Recharge to the Quaternary alluvium will occur via direct infiltration of rainfall and occasional 
creek flow/flooding during the wet season (Golder, 2020, BMC, 2021). Discharge 
mechanisms from the alluvium include evapotranspiration, leakage to underlying/adjacent 
aquifers and groundwater extraction (BMC, 2021). Previous conceptualisations have noted 
all creeks in the area are ephemeral, however no quantitative assessment of potential for 
baseflow have been carried out. No water level data for this unit is available in the 
monitoring network. 

2.2.1.2 Tertiary 
The Tertiary strata includes thick basalt flows interbedded with sediments. The flows and 
sediments occupy Tertiary paleochannels in the Permian coal measures basement. These 
strata represent the most significant groundwater resource in the region.  
Groundwater within the basalt is stored and transmitted through fractures, joints, and 
discontinuities within the rock mass. The aquifer is layered due to the presence of sediments 
and weathering horizons which develop between individual flows. Typically, low permeability 
is associated with massive basalt in the centre of the flows, separating higher permeability 
vesicular basalts, which develop at the top and bottom individual flows (Golder, 2017).  
As outlined in Krasny & Sharp (2007), properties of volcanic rocks vary with their position 
relative to the emission point or line. Distal formations tend to be dominated by successions 
of lava flows with top and bottom breccias and intercalated sediments, fine ashes, and soils 
that may control groundwater flow. These structures and vertical heterogeneities are likely 
present within the Project and are represented in the numerical model. 
In most areas the basalt is underlain by sediments of variable thickness, however, in some 
areas the basalt is directly in contact with the underlying Permian strata. The sediments 
between the basalt and underlying Permian strata include lenses of sand (“basal sands”) 
that may be hydrogeologically significant due to high primary porosity and hydraulic 
conductivity.  
Data on the thickness and key features within the Tertiary basalt is presented in Golder 
(2017). As displayed in (Figure 2-4), this investigation used exploration drilling data to 
establish mapping for the base of the Tertiary, basalt thickness, the inferred thickness of 
Tertiary sediments underlying the basalt across ML1790, and the immediate surroundings. 
The basalts are thickest along the western, north-western and northern edge of ML1790 
reaching thicknesses of up to 150m, including one data point at the south-western corner of 
ML 1790, proximal to the proposed well field. Building on this information, Umwelt (2025), 
mapped inferred interflow basalt zones, and their relationship to the basal sediments 
mapped to be present in channel areas of the basalt flows (Figure 2-5).  
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Figure 2-4 Tertiary Basalt Thickness Across ML 1790 (Golder, 2017) 
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Figure 2-5  Inferred interflow sands and basal sands extent within basalt 
(Umwelt, 2025) 
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2.2.1.3 Permian 
The Permian strata comprise siltstone, sandstone, calcareous and carbonaceous shale and 
coal seams. The coal seams and jointed sandstone units are generally the most 
transmissive units within in the coal measures with water moving through the coal seams via 
joints and fractures. The lower permeability interburden/overburden units (siltstones and 
mudstones / shales) may have some fracture permeability but typically confine groundwater 
within the coal seams.  
Recharge to the Permian will occur via downwards seepage from overlying aquifers, though 
faults or discontinuities and where these units outcrop / subcrop through direct rainfall 
infiltration or overland flow (Golder, 2020, BMC, 2021). Discharge from the Permian is 
expected to occur through downgradient flow, downwards seepage through structural 
discontinuities and groundwater extraction (including dewatering) (Golder, 2020, BMC, 
2021). 

2.2.2 Hydraulic Properties 
Site specific hydraulic conductivity estimates from field testing are presented in Table 2-1. 
Hydraulic conductivity estimates for the Quaternary alluvium indicate a range from 2 to 20 
metres per day (m/day). However, this is based on testing of the regional studies and no site 
specific testing has been conducted.  
Hydraulic conductivity estimates from one bore in the shallow Tertiary sediments (sandy 
sediments of the Suttor Formation), shows a range from 0.3 to 0.8 m/day. The silt and clay 
layers of this formation would be expected to have permeabilities several orders of 
magnitude lower.  The Tertiary sediments distribution model (Silwa, 2011) indicates a varied 
composition and distribution of sand, clay and mixed material for these sediments. 
Two long term pumping tests in the basalt (AGE, 2012a) were conducted at the northern end 
of ML 1790 some 8-10 km north of the proposed production well area. These tests provided 
hydraulic conductivity estimates for the basalt ranging from 0.01 m/d to 2.4 m/d. Hydraulic 
conductivity, transmissivity and storage of the Tertiary basalt is likely to vary significantly 
across the area. 
Hydraulic conductivity estimates for the Permian interburden/overburden range from 2 x 10-6 
to 0.33 m/day. Hydraulic conductivity estimates for the Permian coal seams ranged from 
2 x 10-6 to 0.47 m/day, with estimates for the Goonyella seams in the range 0.003 to 
0.47 m/day. 
  



Centurion Coal Mining Pty Ltd 
Centurion North Extension Project 

31 October 2025 
SLR Project No.: 620.042334.00001 

SLR Ref No.: 620.042334.00001-R01-v1.0-
Centurion North Extension GW 

Assessment.docx 
 

 13  
 

Table 2-1 Hydraulic conductivity estimates from field testing 

Aquifer K (m/day) Test bore/area Type Source 

Alluvium 2 to 20 Regional study 
 

Arrow 20121 

3 Suttor Creek - Golder, 20051 

Tertiary sediments 0.3 to 0.8 PB03 CRT AGE, 2012a 

Tertiary Basalt 0.5 to 2.4 PB01 CRT AGE, 2012a 

0.01 to 0.4 PB02 CRT AGE, 2012a 

Permian GM2 Seam 0.003 to 0.034 GBMC - URS, 20131 

0.01 GBMC - Golder, 20161 

Permian GL3 Seam 0.06 to 0.47 GBMC - URS, 20131 

0.01 to 0.1 GBMC - URS, 20131 

0.01 GBMC - Golder, 20161 

Permian GU4 Seam 0.01 GBMC - Golder, 20161 

Permian coal seams 
(undifferentiated) 

1 x 10-6 to 0.001 Wards Well ML packer AGE, 2012a 

Permian Interburden 2 x 10-5 to 0.33 GBMC - URS, 20131 

2 x 10-6 to 3 x 10-5 Red Hill - URS, 20131 

Permian 
Overburden/Interburden 

8 x 10-4 GBMC - Golder, 2016 

1 as reported by Golder (2020) 
- test type not reported  
CRT = Constant Rate Test 
GBMC = Goonyella Broad Meadow Complex 
2GM = Goonyella Middle 
3GL = Goonyella Lower 
4GU = Goonyella Upper 
 

Storage values were derived from pumping tests (reported in AGE, 2012a) and are tabulated 
in Table 2-2. The specific storage value for the Tertiary basalt derived from the pumping test 
analysis varies between 1 x 10-5 and 5 x 10-2, with a median value of 1 x 10-4. 

Table 2-2  Storage coefficient estimates from field testing 

Aquifer Storage Coefficient Test bore/area Type Source 

Tertiary sediments 0.00007 to 0.007 PB03 CRT AGE, 2012a 

Tertiary Basalt 0.0001 to 0.05  PB01 CRT AGE, 2012a 

0.00002 to 
0.00006 

PB02 CRT AGE, 2012a 

2.3  Groundwater Conditions 
This section outlines the baseline understanding of hydrogeological conditions that informs 
model design and impact assessment. SLR understands that work is currently underway to 
establish additional monitoring locations and increase the information available for the 
Project. 
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2.3.1 Water Level 
Located in the central northern area of the Project, MB08 is screened in the basalt aquifer 
and gives the best indication of groundwater conditions in this aquifer within the proposed 
disturbance area. Figure 2-6 shows a hydrograph for MB08 with Cumulative Rainfall 
Departure included to assess the impact of longer term rainfall variations. 
Groundwater levels at MB08 show a very mild recovery trend that is counter to the general 
climatic trend from 2013-2015. Based on groundwater levels at MB08, Tertiary basalt 
groundwater levels are expected to be relatively insulated from meteoric influence.  

 

Figure 2-6  Groundwater level monitoring bore MB08 hydrograph 
The nearest groundwater level monitoring in the Permian coal seams is VWP03, 
approximately 2.7 km northwest of the proposed production bore field. Hydrograph of this 
data is provided in Figure 2-7. 
Sensor lithology corresponds to  

• Sensor 4: Interburden 

• Sensor 3: Goonyella Middle 0 

• Sensor 2: Goonyella Lower 3 

• Sensor 1: Goonyella Lower 8 
Groundwater level and flow direction in the Permian was additionally investigated by 
developing groundwater level contours from exploration drilling bores that were cased to 
below 150 metres below ground level (mbGL) i.e. reflecting groundwater conditions in the 
Permian (Figure 2-7). These are considered to be low reliability water level estimates as 
they are likely to present as averaged piezometric level Permian strata that are exposed in 
the borehole (including coal and overburden). Based on these localised contours for data 
collected in 2011, the interpreted groundwater flow direction is to the south and west. 
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Figure 2-7  VWP03 hydrograph 
 
Groundwater levels in the Project area from 310 mAHD (Basalt - MB12) to approximately 
270 mAHD (Permian – VWP1), with a downwards vertical hydraulic gradient. Though there 
are rheological differences at lithology contacts identified in the geological data (AGE, 
2012a) that may increase the likelihood of compartmentalisation within groundwater systems 
and flow anisotropy. There is no data on the nature of interaction between Quaternary 
Alluvium and the underlying sediments and it is assumed that there is a degree of 
connection between these units as a conservative assumption for the groundwater risk 
assessment. 
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Figure 2-8 Permian Coal Measures Groundwater Contours (2011) 
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2.3.2 Water Chemistry 
Groundwater quality data collected for the Project Area indicates the following: 

• Alluvium: Variable salinity, but generally brackish to saline (up to 6,600 µS/cm, with 
an average of ~3,700 µS/cm), slightly alkaline pH (7.32 to 7.61) and sodium chloride 
dominated; 

• Basalt: Moderate salinity, ranging from slightly brackish to saline (893 µS/cm to 4,670 
µS/cm), very slightly alkaline to moderately alkaline pH (7.16 to 8.97), and sodium 
chloride dominated; and 

• Permian Coal Measures: Limited data exists for monitoring bores screened within the 
coal measures outside of two rounds of grab samples in late 2011. Chemistry results 
from these sampling rounds indicated that groundwater in the coal measures is of 
significantly higher in salinity, and more alkaline compared to samples from the 
basalt and alluvium.  

Major ion data for the Project monitoring locations shows relatively clustered chemistry, with 
sodium-chloride chemistry dominating. Areas of relatively higher Bicarbonate content in the 
fresh and weathered basalt may indicate water chemistry mixing in locations closer to areas 
where meteoric recharge is occurring.  

 

Figure 2-9  Piper plot of water chemistry data at the Project (Golder, 2020) 
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2.3.3 Recharge and Discharge 

2.3.3.1 Diffuse Recharge 
Diffuse recharge occurs as direct rainfall infiltration to aquifers in the study area. Climatic 
conditions such as rainfall patterns and seasonality, evaporation and potential 
evapotranspiration observed in a region will drive the estimation of diffuse recharge. Diffuse 
recharge from rainfall was estimated using the Chloride Mass Balance (CMB) method, one 
of Australia's most widely used methods (Moeck et al., 2020; Crosbie and Rachakonda, 
2021). The latest chloride deposition rate map from Wilkins et al. (2022) and chloride records 
across 21 bores in the Centurion sites were used to estimate groundwater recharge. CMB 
recharge estimates were calculated as follows: 
 

𝑅 =  
𝐷

𝐶𝑙𝐺𝑊
∗ 100 

Where: 

𝑅 is recharge rate (mm/yr), 

𝐷 is the chloride deposition rate (kg/ha/yr), and 

𝐶𝑙𝐺𝑊 is the chloride concentration in groundwater (mg/L). 
The area's median recharge rate was calculated as 1.731 mm/y and ranges between 0.80 
and 5.47 mm/yr. Figure 2 10 shows the annual recharge rates for bores located in the 
different aquifers across Centurion. Nearly 90% of the bores with chloride measurements are 
observed in Basalt and Basalt (weathered) aquifer, with lower confidence in estimates for the 
other hydrostratigraphic units. No groundwater sample data was available for the Permian 
coal, overburden or interburden formation.  

 

Figure 2-10  Chloride Mass Balance calculated recharge 
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2.3.3.2 Discharge 
Discharge from the Basalt and Permian hydrostratigraphic units is understood to be primarily 
through inflow to mining operations, with the Centurion Underground Mine, and the 
Goonyella Riverside Mine voids located immediately to the south of the Project. Discharge 
from Alluvium and Tertiary sedimentary aquifers is primarily through evapotranspiration and 
leakage to underlying aquifers. No specific study has been carried out to date to establish 
the vertical gradient local to surface water features at the Project (i.e. Kennedy Creek), 
however it is understood that these features are likely to be ephemeral, with only very small-
scale, brief connection with groundwater through bank storage. 

2.4 Environmental Values 

2.4.1 Groundwater Management Areas 
The south-eastern corner of ML 1790 and the southern half of the adjoining ML 70495 lie 
within the Isaac-Conners Rivers catchment of the Fitzroy Basin and the Isaac Connors GMA. 
The rest of the Centurion project area to the north-west lies within the Suttor River 
catchment of the Burdekin Basin. The south-western area of ML 1790 which lies within the 
Suttor River catchment also lies within the Highlands Underground Water Area ( 
Groundwaters in the portion of the Project intersecting the Isaac Connors GMA are 
scheduled under the Queensland Environmental Protection Policy (Water and Wetland 
Biodiversity) 2019 (under the Environmental Protection Act 1994) as Isaac Groundwaters of 
the Isaac River Sub-basin of the Fitzroy Basin water plan (WQ1310). The legislated 
Environmental Values (EVs) for these groundwaters are: 

• Biological integrity of aquatic ecosystems – these occur where groundwater baseflow 
supports streams and water holes to some extent (e.g. seasonally or permanently).  

• Human use EVs: 
o Suitability of water supply for irrigation – where groundwater is used to grow 

crops and pastures for commercial purposes. 
o Farm water supply/use – where groundwater is used to provide domestic supply 

and support growing domestic produce. 
o Stock watering – where groundwater is used to provide stock water. 
o Drinking water supply – where groundwater is used for potable water supply. 
o Primary recreation – where groundwater supports recreational use that involves 

direct contact ad a high probability of being swallowed, e.g. diving, swimming, 
water skiing. 

o Cultural and spiritual values – where groundwater supports both indigenous and 
non-indigenous values, e.g. recreational fishing, heritage, ecology. 

The majority of ML1790 is located within the Suttor River Catchment which is not a defined 
water management zone within the Burdekin Basin and no legislated EVs for groundwaters 
are currently defined. However, within this catchment the south western portion of ML 1790 
lies within the Highlands Underground Water Area. The Water Act states that declared 
underground water areas may be subject to the following regulations: 

• The taking of, or interfering with, underground water; and  

• The types of works for taking or interfering with underground water that are 
assessable development or accepted development of the Planning Act. 
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The Water Regulation 2016, which describes the relevant legislation surrounding declared 
underground water areas, states that the Highlands Underground Water Area does not 
require water entitlement, water permit or seasonal water assignment notice for stock or 
domestic purposes or a prescribed activity. Prescribed activities in the context of mining 
operations include: 

• Washing down equipment plant or vehicles; 

• Supplying water for temporary camps or living quarters for staff, for example, for 
operating toilets, showers, kitchens, or laundries; 

• Construction works, infrastructure or plant that are temporary and reasonably 
necessary for, or incidental to, carrying on mining under a mining lease granted 
under the Mineral Resources Act; 

• Constructing, but not maintaining, roads with the area of a mineral development 
licence, or mining lease, granted under the Mineral Resources Act; 

• Rehabilitation of riparian land; 

• The following activities in relation to pumps, wells, or bores: 
o Constructing or drilling; 
o Proving supply; 
o Testing water quality; and 
o Flushing out. 

Any dewatering requirements occurring within the bounds of the Highlands Underground 
Water Area will be subject to obtainment of a water entitlement, water permit or seasonal 
water assignment notice. 

2.4.2 Water Supply Bores 
A search of the Queensland Government’s Registered Groundwater Bore Database 
(GWDB) (DRDMW, 2024) was undertaken to identify registered bores within the 10 km of 
the Project Area. The search returned 45 bores with the following uses: 

• Mine monitoring (28 bores); 

• Petroleum exploration (1 bores); 

• Water supply (7 bores); 

• Sub-artesian monitoring (5 bores); 

• Unknown use (10 bores); and  

• Decommissioned (1 bores). 
Monitoring bores, exploration, and decommissioned or abandoned bores were excluded, 
which left no existing registered water supply bores within the search area. A landholder 
bore census was conducted for the Wards Well EIS by AGE (2012b). The census included a 
total of 21 bores and identified five unregistered bores. The results of the survey indicated 
that these bores are used for stock watering. The locations of the five unregistered bores 
identified are included on Figure 2-11. Also included on Figure 2-11 is Tex’s Bore, a 
probably water supply location from the registered bore database. This bore is 118 m deep, 
likely drawing from groundwater in the basalt aquifer. 
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Table 2-3  Identified water supply bores in the area (AGE 2012b, DNRMMRRD 2025) 

Easting 
(GDA2020z55) 

Northing 
(GDA2020z55) 

GIS name Total Drilled Depth 
(m) 

Water Depth 
Below Ref. (m) 

Date of 
Measurement 

Pumping Rate pH Electrical 
Conductivity 

(uS/cm) 

596752 7614792 Jail Paddock - nm nm variable / 24 /7 nm nm 

603901 7612857 3 Tanks Windmill - nm nm variable / 24 /7 7.23 1410 

600539 7618772 Road Paddock Bore 30 nm nm variable / 24 /7 nm nm 

599069 7617620 Charlies Bore 24.6 nm nm variable / 24 /7 7.15 1819 

601167 7616836 Greendale 30 nm nm variable / 24 /7 7.56 2679 

596795 7610020 Texas Bore 118.9 34.13 2013 4.5 L/sec nm nm 

nm = not measured 
- = no data 
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Figure 2-11 Groundwater Dependent Ecosystem mapping and groundwater users 
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2.4.3 Groundwater Dependent Ecosystems 
Groundwater dependant ecosystems (GDEs) are terrestrial or aquatic ecosystems likely to 
require “access to groundwater to meet all or some of their water requirements on a 
permanent or intermittent basis, so as to maintain their communities of plants and animals, 
ecosystem processes and ecosystem services” (Richardson, et al., 2011).  
A full investigation into the potential groundwater dependent ecosystems and subterranean 
fauna within the project area is outlined in Hydrobiology (2025). This investigation is 
understood to include assessment of potential GDEs that are mapped in BoM’s National 
Atlas of Groundwater Dependent Ecosystems (GDE Atlas) (BoM, 2017) (Figure 2-11). The 
GDE Atlas classifies ecosystems based on the potential for dependence on groundwater 
through multiple lines of scientific evidence. This regional mapping indicates that areas with 
possible high, moderate, and low potential for groundwater interaction occur in the vicinity of 
the Project. The mapping also identifies “high potential” for aquatic GDEs along Kennedy 
Creek (Figure 2-12), approximately 8 km from the proposed disturbance area. 
The BoM GDE Atlas does not show any known springs within 10 km of the Project Area, and 
there were no subterranean fauna detected during sampling (Hydrobiology, 2025). 

 
Figure 2-12  Stygofauna sample sites and potential groundwater receptor areas as 

per Hydrobiology (2025) 
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3.0 Numerical Model Construction 
Numerical groundwater modelling was undertaken in support of the hydrogeological 
assessment for the proposed CSG extraction and underground gate road excavation to 
evaluate the potential impacts of these proposed disturbances on the groundwater regime. 
This section provides a summary of the design and development of the numerical 
groundwater model. 
The objectives of the groundwater modelling were to: 

• Assess the groundwater levels in all relevant hydrogeologic units, identify the time 
period of maximum hydraulic influence, and evaluate associated impacts on current 
and potential future receptors (drawdown, water quality and groundwater flow 
direction); 

• Assess impacts to alluvial and Tertiary hosted groundwater and any identified 
potential receptors; and 

• Assess the influence on potential groundwater receptors associated with surface 
drainage lines. 

3.1 Model Code 
A numerical groundwater model has been developed using MODFLOW-USG (Panday et al. 
2013, 2017), a version of the widely recognized MODFLOW code developed by the United 
States Geological Survey (USGS). MODFLOW-USG builds on the original version of 
MODFLOW (McDonald and Harbaugh, 1988). This code is considered an industry standard 
for groundwater modelling. For this project, a graphical user interface for the MODFLOW 
code named Groundwater Vistas was employed to construct the model, and to simulate the 
proposed disturbance. 

3.2 Model Extent and Mesh Design 
The model domain is shown in Figure 3-1. The model extent was designed to be large 
enough to incorporate the entire project site with boundaries at a distance sufficient to 
prevent boundary conditions from unduly influencing the model results. The model domain 
was selected based on the following considerations: 

• The eastern and western boundary of the model was located 5.2 km and 4.6 km 
away from, and orientated parallel to, the easternmost and westernmost SIS wells, 
respectively. 

• The northern and southern boundaries were extended based on being the maximum 
orientation of geological continuity in the Permian and hence informed the shape of 
the disturbance features. The objective of this elongation was to include the adjacent 
Centurion Underground Mine and Goonyella Riverside Mine voids in the assessment 
of cumulative impacts. In the north, the model boundary was extended to include 
Kennedy Creek and monitoring bores present in that area. 

An unstructured grid with variable quadrilateral cell sizes was developed in Groundwater 
Vistas. Quadrilateral cell dimensions were selected to preserve numerical stability and 
simplicity of cell interactions. The grid was progressively refined from 400 m to 200 m around 
the Goonyella Riverside Mine (GRM), 100 m near the existing Centurion underground 
mining site, and 50 m at the proposed Centurion North Extension Project site. 
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Figure 3-1  Model mesh and domain extent 
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3.3 Layers and Features 
The model domain was vertically discretised into 25 layers, shown in Table 3-1. Each layer 
comprising a cell count, up to 11,700. The total number of active cells in the model is 
237,962.  
The top of layer 1 (representing topography) has been developed based on LiDAR elevation 
data for the Project site provided by the client. Outside of these areas the Digital Elevation 
Model (DEM) from Geoscience Australia (2021) was used. 
Figure 2-2 provides the hydrostratigraphic layering that has been implemented in the 
numerical model. In order to investigate the possible influences on groundwater flow 
behaviour by lenses of basal sands / sediment zones, the basalt unit has been vertically 
discretised into layers of alternating 5 m and 20 m thicknesses, with the 5 m thick layers 
allowing for zones of higher conductivity. The overburden was divided into three layers of 
equal thickness and pinch-out occurs where the target coal seams or interburden units come 
into direct contact with higher units (alluvium, regolith / weathered material, basal sands).  
A summary of the model layers is presented in Table 3-1.  
These layers were further divided into zones within all layers above the target seam 
(Goonyella Middle seam, layer 22) to allow for representation of subsidence and other 
hydrogeologic features via changes in hydraulic properties. This approach allows the model 
to reflect the high degree of heterogeneity that is likely to be present in the stratified 
fractured basalt unit, where weathering horizons, interflow sands, fracturing and 
impermeable barriers are likely to complicate flow connections. These were based on 
mapping presented in Golder (2017) and Umwelt (2025) and discussed in Section 2.2.1. 
Zones in all consolidated units allowed the model to represent mining subsidence present 
south of the proposed disturbance area, increasing vertical conductivity in the units above 
the Permian coal seams. 
In the zonation process and model construction, particular attention was paid to Layer 22 
areas where the Goonyella Middle seam was interpreted to contact the overlying basalt. This 
zone represents the primary potential connection point between mine disturbance and the 
regional surface aquifer. Horizontal and vertical conductivity were made isotropic in this zone 
to avoid issues with cell orientations preventing flow calculations that might otherwise exist 
based on hydraulic heads.  

Table 3-1  Model Layers 

Zone numbers Layer Zone Typical 
Thickness (m) 

1 

1 

Alluvium 

 2 Colluvium & weathered sedimentary 

3 Weathered basalt 

4 
2 

Weathered zone 
 

5 Weathered zone (subsidence zone, higher Kz) 

6 

3 

Regolith 

 7 Basalt 

8 Basalt (subsidence zone, higher Kz) 

6 4 Regolith 5 
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Zone numbers Layer Zone Typical 
Thickness (m) 

7 Basalt  

9 to 14 Interbed basalt sands 

6 

5 

Regolith 

20 7 Basalt 

8 Basalt (subsidence zone, higher Kz) 

6 

6 

Regolith 

5 7 Basalt  

15 to 20 Interbed basalt sands 

6 

7 

Regolith 

20 7 Basalt 

8 Basalt (subsidence zone, higher Kz) 

6 

8 

Regolith 

5 7 Basalt 

21 to 26 Interbed basalt sands 

6 

9 

Regolith 

20 7 Basalt 

8 Basalt (subsidence zone, higher Kz) 

6 

10 

Regolith 

5 7 Basalt 

27 to 32 Interbed basalt sands 

6 

11 

Regolith 

20 7 Basalt 

8 Basalt (subsidence zone, higher Kz) 

6 

12 

Regolith 

5 7 Basalt 

33 to 38 Interbed basalt sands 

6 

13 

Regolith 

20 7 Basalt 

8 Basalt (subsidence zone, higher Kz) 

6 
14 

Regolith 
5 

7 Basalt 
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Zone numbers Layer Zone Typical 
Thickness (m) 

39 Basal sands 

40 
15 

Permian overburden 1 
100 

41 Permian overburden (subsidence zone, higher Kz) 

40 
16 

Permian overburden 2 
100 

41 Permian overburden (subsidence zone, higher Kz) 

40 
17 

Permian overburden 3 
100 

41 Permian overburden (subsidence zone, higher Kz) 

42 18 RQ seam 2 

43 
19 

MCM1 interburden upper 
50 

44 MCM interburden (subsidence zone, higher Kz) 

45 20 GU4 seam 4 

46 
21 

MCM interburden mid 
100 

47 MCM interburden mid (subsidence zone, higher Kz) 

48 

22 

GM2 seam 

5 49 GM2 seam pinch Kv connection 

50 GM2 seam UG mine area (subsidence zone, higher Kz) 

51 23 MCM interburden lower 57 

52 24 GL3 seam 5 

53 25 Basement (blenheim/back creek) 80 
1Moranbah Coal Measures 
2GM = Goonyella Middle 
3GL = Goonyella Lower 
4GU = Goonyella Upper 
 

Further to the zonation described above, the areas where interflow Tertiary sediments were 
inferred to be present were divided into a series of zones, reflecting lenses of connectivity 
within the flow areas (Figure 3-2). Hydraulic parameterisation is discussed below. 
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Figure 3-2  Zonation for the interbed and basal sediments within the basalt 
feature 

3.4 Timing 
A combined steady-state and transient model was developed as follows: 

• A steady-state stress period to represent the groundwater conditions before the 
commencement of the proposed extension; and 

• 96 monthly stress periods to simulate the proposed extension project from January 
2026 to December 2033. 

To assist numerical convergence, MODFLOW-USG Adaptive Time-Stepping (ATS) option 
was used. The ATS option of MODFLOW automatically decreases time-step size when the 
simulation becomes numerically difficult and increases it when the difficulty passes. The 
minimum time step size used in the simulations was 0.1 day. 
To solve the flow equations, the MODFLOW-USG Sparse Matrix Solver (SMS) package was 
used. The SMS package uses a combination of strategies including preconditioning, 
acceleration, linear and non-linear methods, ordering, and term dropping to solve the 
simultaneous equations produced by the model. The Head Change Criterion for 
Convergence (HICLOSE) criteria was set to 0.001 m. 
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3.5 Boundary Conditions 

3.5.1 General Head Boundaries 
The model boundary conditions are presented in Figure 3-1. The general head boundary 
(GHB) condition was used primarily to represent the regional flow into and out of the model 
area. GHB cells have been assigned in all model layers along the general head boundaries 
indicated in Figure 3-1. Groundwater enters the model where the water level set in the GHB 
is higher than the modelled water level in the adjacent cell and leaves the model when the 
GHB water level is lower than the adjacent model cell. The GHB water levels were assigned 
based on the topographic gradients beyond the model boundaries, most recently recorded 
water levels at monitoring bores and aligned with conceptualised regional flow behaviour 
(Section 2.3.1). 

3.5.2 Constant Head Boundaries 
Constant head boundary (CHB) conditions were applied at the southern boundary in the 
vicinity of GRM to represent the lowered groundwater levels (140m AHD) due to the 
dewatered pit at GRM. No-flow conditions were imposed to represent the zone of 
groundwater drawdown centred on GRM dewatering activities. Through applying this head 
gradient in the form of a boundary condition, the mine disturbance located south of the 
Project was applied to the pre-disturbance (or base case) and the prediction regional flow 
regime. The pre-drained aquifer area at Centurion Underground Mine was not represented 
explicitly. 

3.5.3 Drains 
Drain cells for both underground mining and CSG well traces were implemented in layer 22, 
corresponding to the target GM seam within the proposed site, shown in Figure 3-3. The 
SIS wells have been represented as lines of drain cells in the target seam layer, with 
hydraulic characteristics designed to lower groundwater levels by approximately 4 m per day 
for 90 days. Based on the production profile provided, active dewatering at these locations 
will occur for a total of 21 months. As the stress periods are monthly during the predictive 
simulation, the drain elevation is decreased by 120 m each stress period, for 3 consecutive 
stress periods, with the minimum drain elevation limited to the base of the target seam. The 
drain cells remain active for the 21-month period at each SIS well. The drain lines of SIS 
wells were set to activate between February 2026 (SP 3) and the December 2028 (SP 37) 
sequentially. Drain cells representing the gate road excavations were set to activate 
progressively from 2029 to 2031, as per schedule provided by Centurion Coal Pty Ltd 
(Figure 1-2). Drain elevations were set to base of the target GM seam (layer 22). The 
conductance of all drain cells was set to 1,000 m2/day to simulate efficient water removal by 
the SIS wells and UG mining and avoid any artificial bottlenecks. 

3.5.4 Recharge and Evapotranspiration 
Based on the surface geology mapping indicating continuous units of weathered tertiary 
basalt, tertiary sediments and limited areas of alluvium, no distinct recharge zones were 
defined. A recharge rate of 0.95 mm/year (2.6 ×10-6m/day) which is equivalent to 
approximately 0.23% of annual rainfall, was applied across the entire model domain.  



Centurion Coal Mining Pty Ltd 
Centurion North Extension Project 

31 October 2025 
SLR Project No.: 620.042334.00001 

SLR Ref No.: 620.042334.00001-R01-v1.0-
Centurion North Extension GW 

Assessment.docx 

 

 31  
 

Similarly, vegetation coverage throughout the Project is relatively uniform, with low density 
bushland and cleared paddocks throughout the model domain. Based on the lack of 
distinguished heavily vegetated areas, a consistent evapotranspiration rate of 3.19 × 10⁻³ 
m/day (1,166 mm/year) was applied. The exception to this was in the southern area of the 
model domain where mine waste features and water handling features are present. At these 
locations, no EVT was applied. This was done to represent the effect of emplaced features 
protecting the in-situ surface from EVT and potentially contributing small amounts of water to 
the shallow subsurface.  
 

 

Figure 3-3  Layer 22 extent, subcrop area, and drain cells with progression 
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3.6 Initial Conditions 
Initial heads were assigned based on the converged steady-state condition prior to the 
commencement of the proposed dewatering and underground mining activities. Boundary 
conditions, including GHB, CHD, recharge and evapotranspiration introduced in Section 3.5 
were applied. 

3.7 Hydraulic Parameterisation 
To optimise the match between the measurements and the model simulated levels, the 
hydraulic properties (i.e., horizontal and vertical conductivity) for each hydraulic parameter 
zone were adjusted during an initial calibration phase. With multiple zones within each layer, 
the model comprises a total of 53 different zones, with hydraulic parameters adjusted for 
each to reflect: 

• Lithology; 

• Degree of weathering; 

• Subsidence effects; and 

• Location within the basalt flow complex (for layers 4, 6, 8, 10 and 12). 
The full table of base case hydraulic parameters are provided in Appendix A. Key features 
of this parameterisation included: 

• Where possible, the range of values from site-based testing was used to constrain 
the selected hydraulic conductivity. Relatively high K was selected in most instances 
as a conservative approach to assessing potential influence on groundwater flow 
regimes.  

• Interbed tertiary sediment zones were assigned either the higher conductivity tertiary 
sediment parameter set (Kh = 1.5 m/day, Kh/Kz = 1, Storage = 0.001) or the 
parameter set for the undifferentiated basalt aquifer (Kh = 0.9 m/day, Kh/Kz = 0.1, 
Storage = 0.001). 

• Vertical conductivity one order of magnitude lower than horizontal conductivity was 
selected for most units. Notable exceptions to this included:  
o Areas impacted by subsidence, located above the Centurion Underground Mine, 

where vertical conductivity was set to 80% of horizontal conductivity 
o Layer 22 – GM seam subcrop zone where vertical conductivity needed to be set 

at 100% of horizontal conductivity to allow for free movement of water between 
units and avoid problems with cell adjacency.  

o Within tertiary sediments including interbed and basal sediment layers where 
vertical conductivity was set at 100% of horizontal conductivity. 

• Storage coefficients were based on the range of values from pump testing discussed 
in Section 2.2.2. While specific yield was not relevant for most parts of the model, 
Groundwater Vistas requires all values to be provided, so this was set to one order of 
magnitude lower than specific storage. 

The objective of this design was to reflect geological heterogeneity and structure in the flow 
regime without using discrete features such as no-flow boundaries. The paucity of data 
prevents a stricter approach to parameterisation and model design. This approach is 
considered appropriate for this high level early-works program, with subsequent, more 
detailed technical studies to be carried out. 
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Sensitivity analysis was carried out on the hydraulic conductivity, storage and recharge 
values used for this model construction. This sensitivity analysis is discussed in Section 4.4.  

3.8 Model Performance and Limitations 
The Australian Government’s Independent Expert Scientific Committee on Coal Seam Gas 
and Large Coal Mining Development (IESC) Information Guidelines Explanatory Note: 
Uncertainty analysis for groundwater modelling (Peeters and Middlemis, 2023) identifies four 
key sources of scientific uncertainty affecting groundwater model simulations: 

• Structural/conceptual; 

• Parameterisation; 

• Measurement error; and 

• Scenario uncertainties. 
Peeters and Middlemis (2023) state that simulation models are developed as simplified 
representations of ‘real world’ systems that are usually history-matched to measured data, 
albeit affected to some degree by the various sources of uncertainty outlined above. Peeters 
and Middlemis (2023) further describe that models are continuously refined with new data, 
conceptualisations and processes, to investigate the effects of management options on 
future eventualities. 
The four sources of scientific uncertainty identified by Peeters and Middlemis (2023) have 
been qualitatively assessed with regards to key aspects of the numerical model adopted for 
this groundwater assessment, as presented in Table 3-2. 
Overall, the model reproduces regional groundwater flow directions in the base case steady 
state run, providing confidence in the model structure and parameterisation. The model is 
numerically stable with little mass balance error. The model shows a reasonable fit between 
observed and modelled groundwater levels. Conservatively high hydraulic conductivity 
values are selected based on site-specific, long-term testing data. Overall, the model is 
considered fit for purpose based on the data provided and the project timeframe.  
The modelling approach documented here is scaled to the relatively limited nature of 
proposed underground disturbance. It is considered appropriate that subsequent 
groundwater assessments further refine aspects of the quantitative assessment of potential 
groundwater impacts, however for the purposes of this limited early-works disturbance 
activities, the current model is deemed fit for purpose for this assessment. 
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Table 3-2  Groundwater model and data limitations 

Type Part Status Comment 

Structural/ 
Conceptual 

Grid and Model 
Extent 

Fit for purpose The model has an unstructured grid that includes detailed cell refinement around the Project site, 
subsidence, monitoring and along drainage features. 

Layers Fit for purpose Representation of geological units based on provided geology model and extensive previous 
investigation into surficial aquifers. Base of weathering from site specific data checked CSIRO 
depth to regolith surface (Wilford et, al., 2016). 

Conceptualisation 
– Geological 
Structure 

Fit for purpose, 
improvements 
possible 

The local structure of the geology is based on detailed data at the Project where available, 
including a site geology model. 
Specific structural features such as subcrop contacts are represented in the model explicitly. 
There was no data available for faulting within the project area, however the model represents 
known structural heterogeneity in material interbeds. 

Conceptualisation 
– Surface Water 
Groundwater 
Interactions 

Fit for purpose, 
improvements 
possible 

Mine voids to the south of the Project are represented as constant head boundary conditions and 
act as the likely flow terminus in regional groundwater across the Project area currently. 
There are no data on specific groundwater-surface water interactions along drainage channels, 
however model construction includes the conservative assumption that the surface alluvium is 
hydraulically connected with regional basalt aquifer and some interaction may occur. 

Conceptualisation 
– Saturated Extent 
of Alluvium and 
Regolith 

Fit for purpose, 
improvements 
possible 

For the extent and thickness of alluvium and regolith within the model domain, a combination of 
site geological model, regional geological mapping and the CSIRO depth to regolith surface 
(Wilford et, al., 2016) was used. It is likely that specific investigations into the thickness, extent 
and saturation within the alluvium will yield additional certainty in assumptions made regarding 
this aspect of the model structure. Any additional data or study on alluvium extent and thickness 
in the area should be reviewed and captured (where relevant) in future updates or iterations of 
the Project groundwater models.  
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Type Part Status Comment 

Parameterisation Hydraulic 
Conductivity – 
Depth Dependence 

Fit for purpose, 
future improvements 
possible 

Extensive field testing of hydraulic conductivity has been conducted in the Project area and the 
nearby analogous areas. Hydraulic conductivity test results from the wider Bowen Basin are also 
considered.  
Further hydraulic conductivity tests on the individual units, focusing on the subcrop areas and 
constraining of storage properties can improve model calibration and refine model predictions 
but are not deemed required for the current impact assessment.  

Subsidence Fit for purpose, 
future improvements 
possible 

No site-specific data on subsidence impacts to vertical conductivity. Parameter selection was 
estimated based on previous studies at other sites. 

Rivers Fit for purpose, 
future improvements 
possible 

All watercourses within the model domain are minor ephemeral creeks. A refinement along the 
riverbeds was performed to capture the variation in the evapotranspiration surface along the 
watercourses. There are no data on specific groundwater-surface water interactions along 
drainage channels, however the model makes conservative assumptions that there are no 
inhibitors between the shallow aquifer and regional systems. 

Recharge Fit for purpose, 
future improvements 
possible 

Chloride Mass Balance was carried out to constrain recharge ranges, and a conservatively low 
distributed recharge was selected. Sensitivity analysis of this parameter was carried out. No 
specific recharge zones were selected, based on the minimal surface geology variation and lack 
of data on drainage channel interaction with shallow groundwater. 

Measurement 
Error 

Observation Data 
Quality 

Fit for purpose Bore logs and construction details available for most site bores, and long-term site water level 
data available for various units.  
Installation of additional monitoring is currently planned for the Project and this data should be 
incorporated into subsequent groundwater conceptualisation and modelling assessments. 

Temporal Spread Fit for purpose, 
future improvements 
possible 

Data is available from 2011 through to 2024. Most data located within Basalt aquifer, little data 
available for Permian and no data available for Alluvium. No transient calibration was carried out 
for this model, with approach taken to select conservative parameter ranges and assess risk with 
a conceptual representation of potential groundwater interactions. 

Scenario 
Uncertainties 

Calibration Fit for purpose, 
improvements 
possible 

A steady state calibration to initial heads was performed. Lack of data at model bounds 
complicates assignment of boundary condition constant heads and, based on the declining 
groundwater level and change in storage observed in the model through out runs, the system is 
not in equilibrium with heads that match piezometric contouring of available data. This is likely to 
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Type Part Status Comment 
Future stresses/ 
conditions 

be due to groundwater abstraction in the southern area of site and additional data may address 
this limitation. 

Predictive Fit for purpose Model prediction period covers all proposed disturbance activities. 

Sensitivity Analysis Fit for purpose Based on the sensitivity analysis, the model is relatively insensitive to hydraulic conductivity, and 
recharge, and is highly sensitive to the selected storage coefficient. A moderate value was used 
for all hydraulic units, based on pumping test data for the immediate area. 
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4.0 Predictive Modelling 
4.1 Timing and Mining 
A transient predictive model was used to simulate the drainage by proposed SIS wells and 
UG mining at Centurion North as discussed in Section 3.5.3. The proposed activities were 
simulated by MODFLOW Drain package with high conductance to avoid any artificial 
bottlenecks of the transfer of water. 

4.2 Water Balance 
Table 4-1 provides average flow rates for water transfer into and out of the predictive base 
case (pre-disturbance) model. A mass balance error <0.01 % indicates that the model was 
stable and achieved an accurate numerical solution (Barnett et al., 2012). 

Table 4-1  Simulated Water Balance – Base Case 

Flow Component Water Balance Summary (%) 

Storage IN (%) 94 

Constant Head IN (%) 2 

Recharge IN (%) 4 

General Head IN (%) 0 

Storage OUT (%) 0 

Constant Head OUT (%) 5 

Evapotranspiration OUT (%) 75 

General Head OUT (%) 20 

 

4.3 Predicted Drawdown 
The key Quantity of Interest for the groundwater assessment is drawdown induced by mining 
activities. In the plots below, groundwater level difference between the base case scenario 
(no disturbance activities) and the prediction run with proposed mine disturbance is 
presented as predicted drawdown at conclusion of the underground gate road construction 
(2032), within Layer 1 (alluvium), Layer 14 (basalt) and Layer 22 (target seam).  

• Layer 1 – Alluvium (Figure 4-1): The extent of this layer is limited to areas where 
surface geology mapping shows Quaternary Alluvium, with the key area being 
around Kennedy Creek where predicted drawdown ranges up to 0.5 m. East of the 
proposed development area, predicted drawdown is up to 1.5 m. Predicted 
drawdown south of the Project area is up to 2 metres which is an effect of the 
adjacent subsidence zone providing a conduit for propagation of drawdown through 
the basalt to the surface. The thickness and nature of saturation in this unit are yet to 
be investigated in detail, and it is understood there is ongoing scopes of work to 
validate the saturation and connection represented in this model.  
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• Layer 14 – Basalt (Figure 4-2): Up to 5.5 metres of drawdown is observed in the 
basalt aquifer, located primarily to the west where Layer 22 subcrops into the basal 
sand and basalt aquifer. Higher drawdowns are located in the south where 
subsidence-induced enhanced vertical conductivity increases drawdown propagation 
vertically. 

• Layer 22 – GM Seam (Figure 4-3): Significant drawdown is simulated in Layer 22, as 
is consistent with the scale of groundwater extraction from this unit. Superposition of 
the coal seam extraction, followed by underground excavations which require voids 
to be maintained dry with mine water handling system, results in hydraulic levels up 
to 500 metres lower than the base-case scenario. Drawdown in this aquifer does 
extend to the boundary to the east.  
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Figure 4-1  Predicted Drawdown in Alluvium and Surficial aquifer Jan 2032 
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Figure 4-2  Predicted Drawdown in basalt aquifer in Jan 2032 
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Figure 4-3  Predicted Drawdown in Coal Seam in Jan 2032 
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4.3.1 Groundwater Level Impacts to Potential Receptors 
Predictive hydrographs have been derived from the groundwater model to understand the 
nature of likely groundwater level change in the interpreted source aquifer for identified 
potential natural and anthropogenic groundwater receptors in the vicinity of the SSM Area. 
The aim of the hydrographs is to assess the potential for additional impacts to these 
potential receptors in the period post-mining, i.e. identify additional potential impacts beyond 
those that have occurred during already approved mining operations that may be attributable 
to the PRC Plan’s proposed final landform. Figure 2-11 provides the locations of identified 
potential receptors, Table 4-2 lists the locations and predicted drawdown from base case, 
and hydrographs are shown in Appendix B. 
The hydrographs indicate that there is residual groundwater decline occurring throughout the 
area, in response to groundwater discharge in mining areas to the south of the Project.  

Table 4-2  Predicted water level drawdown at potential receptor locations 

Easting 
(GDA2020z55) 

Northing 
(GDA2020z55) 

Potential 
Receptor 

Name 

Layer Distance From 
Proposed 

Disturbance 

Maximum 
Drawdown 

(m) 

596752 7614792 Jail Paddock Layer 7 3.2 km 0.29 

603901 7612857 3 Tanks 
Windmill 

Layer 13 4.0 km 1.37 

600539 7618772 Road Paddock 
Bore 

Layer 3 6.0 km 0.11 

599069 7617620 Charlies Bore Layer 3 4.5 km 0.1 

601167 7616836 Greendale Layer 4 4.5 km 0.19 

596795 7610020 Texas Bore Layer 13 1.6 km 2.33 

595814 7614305 Kennedy 
Creek GDE 

Layer 1 7.8 km 0.22 

4.4 Sensitivity Analysis 
The primary effect of groundwater extraction in this assessment is the upward propagation of 
depressurisation from the target coal seam into the overlying strata, particularly the basalt 
aquifer. Consequently, the sensitivity analysis focuses three main aspects of the 
groundwater model and how they may influence predictions of drawdown:  

• The hydraulic conductivity of aquifer material. The storage coefficient for the aquifer 
material. 

• Recharge assumptions. 
Full sensitivity analysis hydrographs for monitoring network and potential receptor locations 
are presented in Appendix B. The below sections present MB09 hydrographs as reference 
point for the sensitivity analysis. Further sensitivity analysis was precluded by the timeline of 
the assessment. 
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4.4.1 Hydraulic Conductivity 
Base case hydraulic conductivity value selection was based on a conservative approach to 
representing potential risk of drawdown propagation, as conductivity values in the upper 
quartile of observed values were used. Sensitivity analysis of this value involved decreasing 
horizontal (and thereby vertical conductivity) by between 50% and 1 order of magnitude. The 
primary objective of this was to validate that a conservative approach was not mis-
representative and skewing the modelling to over-prediction. As demonstrated in the 
hydrograph below (Figure 4-4), the model is relatively insensitive to hydraulic conductivity 
change (green line).   

 

Figure 4-4  MB09 hydrograph showing hydraulic conductivity variability in 
sensitivity run 

4.4.2 Storage 
As discussed in Section 2.2, pumping tests carried out by AGE (2012a) included data on 
storage coefficient for the Tertiary sediments and Tertiary basalts. These ranged between 
1 x 10-5 and 5 x 10-2. Sensitivity analysis for this parameter involved increasing and reducing 
the selected median coefficient by one order of magnitude. As illustrated in Figure 4-5, the 
model is highly sensitive to storage change, with lower storage values resulting in a rapid 
depletion of hydraulic head as water is removed from the system quickly following drain cell 
activation. Additional pumping test assessments for the Permian aquifers and other 
hydrogeological features on site would be recommended to narrow the range of likely 
storage coefficients, however it is considered likely that the median value selected is a 
reasonable approach for this exercise. 
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Figure 4-5 MB09 hydrograph showing hydraulic conductivity variability in sensitivity 
run 

4.4.3 Recharge 
Following a brief manual calibration period where base-case heads were modified to attempt 
to match observed heads, distributed recharge was defined as 0.23% of annual rainfall, 
producing the best fit amongst reasonable values. This is a low proportion when compared 
with other groundwater models in the area, and sensitivity analysis sought to establish if this 
was a conservative figure by doubling the distributed recharge. As illustrated in Figure 4-6, 
there is little sensitivity to recharge, with additional recharge there should be less head 
reduction, however a reduction on coal seam hydraulic conductivity by 1 order of magnitude 
countered that influence, resulting in lower hydraulic heads. The lower recharge value was 
retained in line with the approach to present conservative potential impact predications. 
Further sensitivity analysis was precluded by the timeline of the assessment.    
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Figure 4-6  MB09 hydrograph showing recharge variability in sensitivity run 
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5.0 Risk Assessment 
A risk assessment has been used to summarise the potential impacts on groundwater 
receptors arising from the proposed early works CSG extraction based on a consideration of 
likelihood and consequence of potential risks being realised. The following were considered 
as part of the risk assessment:  

• Brief description of the potential issue in terms of source > pathway > receptor;  

• Description of the potential impact; 

• Potential likelihood of the risk being realised; 

• Potential consequence of the impact; and 

• Risk rating derived from likelihood vs consequence. 
Descriptions of the categories that were used to rank the likelihood and consequence of 
potential risks being realised are provided in Table 5-1 and Table 5-2 respectively. 

Table 5-1  Likelihood Categories 

Likelihood Basis of Rating 

Highly Likely Expected to occur 

Likely More likely to occur than not to occur 

Possible As likely to occur as not to occur 

Unlikely More likely to not occur than to occur 

Highly Unlikely Very unlikely to occur even in the long term 

 

Table 5-2  Consequence Categories 

Rating Environmental Reputational / Legal & Compliance 

5 Severe Widespread environmental 
damage or effect (permanent; 
>10 years) 

Formal expression of significant dissatisfaction by 
government  
Sustained campaign by one or more international 
NGOs resulting in physical impact on the assets or loss 
of ability to operate 
Major litigation / prosecution at Glencore corporate 
level 

4 High Long term impact (2 to 10 
years) 

Broad societal concern and criticism 
Negative media coverage at international level 
resulting in a corporate statement within 24 hours 
Investigation from government and/ or international (or 
high-profile) NGOs 
Negative impact on share price  
Major litigation / prosecution at Department level 

3 Moderate Medium term impact (<2 years 
impact) 

Negative media coverage at national level over more 
than one day 
Local Stakeholder action resulting in national societal 
scrutiny  
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Rating Environmental Reputational / Legal & Compliance 
Major litigation / prosecution at Operation level 

2 Low Short term impact (<1 year) Negative local/ regional media coverage 
Complaint received from an internal or external 
stakeholder  
Regulation breaches resulting in fine or litigation 

1 Negligible No lasting environmental 
damage or effect 

Negligible media interest  
Regulation breaches without fine or litigation 

The risk rating for each potential impact was determined by combining the likelihood and 
consequence of a risk being realised. The modelling predictions allow quantification of the 
likelihood of drawdown impacts occurring. The likelihood vs consequence risk assessment 
matrix is presented in Table 5-3. 

Table 5-3  Risk Ranking Matrix 

 Likelihood 

Highly Unlikely Unlikely Possible Likely Highly Likely 

C
on

se
qu

en
ce

 

5 Moderate Moderate High High High 

4 Low Moderate Moderate High High 

3 Low Low Moderate Moderate High 

2 Insignificant Low Low Moderate Moderate 

1 Insignificant Insignificant Low Low Low 

 
The risk assessment summary is presented in Table 5-4. 
The risk of significant impacts to groundwater receptors from the proposed limited CSG and 
underground mining development are considered to be low. Note that the conclusions 
discussed here are subject to the assumptions and exclusions outlined in Section 3.8. 
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Table 5-4  Risk assessment summary 

Source Pathway Receptor Potential Impact Consequence Likelihood Risk 

Depressurisati
on of the target 
coal seam at 
depth below 
the basalt 
aquifer for the 
purpose of 
CSG 
production and 
gate road 
excavation.  

Upward 
propagation of 
drawdown from 
the 
depressurised 
coal seam 
through the 
overburden into 
the basalt 
aquifer with 
potential 
expression in 
surficial aquifers 

Landholder 
bores 

Drawdown 
impacts at 
landholder bores 
– loss of yield 

Low: loss of water source for 
landholder, reputational risk 
for operator. 

Possible: modelling 
predicts up to 1.4 meters of 
drawdown at 3 Tanks 
Windmill and up to 2.3 
metres drawdown at Texs 
Bore known water supply 
bores 

Low 

Terrestrial 
GDEs 

Drawdown 
reaches potential 
terrestrial GDEs 
which are 
dependent on the 
saturated water 
table rather than 
shallow perched 
water tables.  
Decline in health 
or loss GDE   

Low Potential Terrestrial 
GDEs are mapped along 
Kennedy Creek and other 
creek lines. The 
consequence of impacting 
GDE health could be 
considered high depending 
on the nature and sensitivity 
of the GDE.   

Unlikely: Predicted 
potential drawdown in the 
basalt aquifer from the 
limited development is 
modelled to be moderate 
(<5m). Predicted drawdown 
at surficial aquifer along 
creek lines where potential 
Terrestrial GDEs have 
been mapped up to 0.5 m.  

Low 

Watercourses Drawdown 
impacts reach 
creek locations 
and reduce 
baseflow. 

Negligible: The creeks are 
ephemeral and not supported 
by baseflow and so a 
reduction in basalt 
groundwater levels could not 
affect creek flows. 

Highly unlikely: Based on 
available information, the 
local watercourses are 
ephemeral, flowing only in 
response to heavy rainfall 
and runoff events. There is 
no baseflow to the creeks 
and so a reduction in 
groundwater levels beneath 
isolated creek reaches can 
have no effect on creek 
flow.  

Insignificant 



Centurion Coal Mining Pty Ltd 
Centurion North Extension Project 

31 October 2025 
SLR Project No.: 620.042334.00001 

SLR Ref No.: 620.042334.00001-R01-v1.0-
Centurion North Extension GW 

Assessment.docx 
 

 49  
 

Source Pathway Receptor Potential Impact Consequence Likelihood Risk 

Contaminant 
release 
through drilling 
or water 
storage 
activities 

Hydraulic 
gradient away 
from disturbance 
activities, either 
in deep aquifer 
through 
production 
bores, or 
shallow aquifers 
through surficial 
infiltration 

Landholder 
bores 

Unable to use 
water for 
domestic or stock 
purposes 

Low: loss of water source for 
landholder, reputational risk 
for operator. 

Highly unlikely: No 
fracking to be conducted, 
therefore hydraulic gradient 
will be towards production 
well. Appropriate post-
production rehabilitation 
and decommissioning to be 
taken to mitigate long-term 
risk. Additionally, surface 
water controls are to 
mitigate contaminant 
release potential at surface. 

Low 

Terrestrial 
GDEs 

Harm to water 
reliant 
ecosystems 

Moderate Potential 
Terrestrial GDEs are mapped 
along Kennedy Creek and 
other creek lines. The 
consequence of impacting 
GDE health could be 
considered high depending 
on the nature and sensitivity 
of the GDE.   

Highly unlikely: No 
fracking to be conducted, 
therefore hydraulic gradient 
will be towards production 
well. Appropriate post-
production rehabilitation 
and decommissioning to be 
taken to mitigate long-term 
risk. Additionally, surface 
water controls are to 
mitigate contaminant 
release potential at surface. 

Low 
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Source Pathway Receptor Potential Impact Consequence Likelihood Risk 

Watercourses Harm to water 
reliant 
ecosystems 

Negligible: The creeks are 
ephemeral and not supported 
by baseflow and so a 
reduction in basalt 
groundwater levels could not 
affect creek flows 

Highly unlikely: The local 
watercourses are 
ephemeral, flowing only in 
response to heavy rainfall 
and runoff events. There is 
no baseflow to the creeks 
and so a reduction in 
groundwater levels beneath 
isolated creek reaches can 
have no effect on creek 
flow. In addition, surface 
water controls are to 
mitigate contaminant 
release potential 

Negligible 
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6.0 Recommendations 
While the assessment herein is appropriate to support the EA Amendment Application, the 
following recommendations are a result of the groundwater technical studies, detailing areas 
of risk for management of the Project. These recommendations will facilitate further 
development of technical understanding, to provide clarity for management and compliance 
activities: 

• Continued groundwater level monitoring and chemistry sampling is recommended at 
all groundwater bore locations, with a focus on the most recently installed positions to 
cover off on gaps. New groundwater monitoring points established in key features 
such as the alluvium, contact between the Permian coal seams and the Tertiary 
basalt, and in areas where they may provide regional head gradients for boundary 
condition definition.  

• The modelling exercise carried out herein was a conceptual approach to simulating 
the interaction between hydraulic features with limitations on the data and timeframe 
available for the assessment., it is recommended that a more detailed numerical 
groundwater modelling exercise be carried out to include transient calibration of 
hydraulic parameters and uncertainty analysis of groundwater model results. These 
improvements will strengthen the technical foundation for future groundwater 
management decisions on site. 

• Hydrogeological investigation into thickness, extent and nature of saturation within 
surficial aquifers should be carried out in collaboration with aquatic ecology 
assessments of potential groundwater dependent ecosystem communities. 
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Table A-1: Hydraulic parameterisation table 
 

Zone Model Layer Description Lithology Modifiers Source Information Kh Kv/Kh (ratio) Ss Sy 

1 1 Alluvium Quaternary Alluvium Nil Suttor Creek Alluvium Testing. Regional 
Studies indicate kh = 2-20 m/day 
(Arrow, 2012). No data on Storage 

3 0.5 0.001 0.001 

2 1 Colluvium & weathered sedimentary Tertiary Sediment Nil Streamline Hydro Testing PB03 kh=0.3-
0.8 

0.5 0.1 0.0001 0.0001 

3 1 Weathered basalt Tertiary Basalt Lower K than fresh basalt Streamline hydro testing of slightly 
weathered basalts at PB02 indicated 
lower K than fresh sequences tested in 
PB03. 0.01 to 0.4 m/day 

0.3 0.1 0.0001 0.0001 

4 2 Layer 2 - weathered zone Weathered Permian Lower K than Fresh Permian Overburden 
 

0.6 0.1 0.0001 0.0001 

5 2 Layer 2 - weathered zone (subsidence zone) Tertiary Sediment Subsidence increasing vertical conductivity Streamline Hydro Testing PB03 kh=0.3-
0.8. Upper end of range considering 
increased fracturing due to subsidence 

1 0.8 
 

0.0005 

6 3 to 14 Regolith Tertiary Sediment Nil Clay rich weathered sediments 
consistent with regional approach 

0.8 0.1 0.0001 0.0001 

7 4 to 14 Basalt Tertiary Basalt Nil Fresh basalt tested at PB01 Kh=0.5-2.4. 
Storage between 0.0001 and 0.05 in 
PB01 

0.9 0.1 0.0006 0.006 

8 5 to 14 Basalt (subsidence zone) Tertiary Basalt Subsidence increasing vertical conductivity 
 

0.6 0.8 0.0006 0.006 

39 14 Basal Sands Tertiary Sediment (sands/silts) Nil Upper range of tested Basalt  1.5 1 0.001 0.01 

53 25 Basement (blenheim/back creek) Permian Sediments Nil Permian overburden rocks in the range 
of 1 x 10-3 m/day and 1 x 10-4 m/day 
(Golder, 2017). 

0.001 0.1 0.000001 0.00001 

52 24 GL seam Permian Coal Seam Nil packer testing conducted by SKM, 
reported in AGE, 2012. 0.001-0.000001. 
Low for Bowen Basin Coal. GL 
measurements from URS 2013 and 
Goulder 2016 at Goonyella used as 
conservative assumption 

0.1 0.1 0.000001 0.00001 

48 22 GM seam Permian Coal Seam Nil packer testing conducted by SKM, 
reported in AGE, 2012. 0.001-0.000001. 
Low for Bowen Basin Coal. GL 
measurements from URS 2013 and 
Goulder 2016 at Goonyella used as 
conservative assumption 

0.1 0.1 0.000001 0.00001 

49 22 GM seam pinch Kv connection Permian Coal Seam Nil 
 

0.1 1 0.000001 0.00001 

50 22 GM seam UG mine area (subsidence zone) Permian Sediments Collapsed zone hence higher Kh and Kv 
 

0.5 1 0.0001 0.001 
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Zone Model Layer Description Lithology Modifiers Source Information Kh Kv/Kh (ratio) Ss Sy 

45 20 GU seam Permian Coal Seam Nil packer testing conducted by SKM, 
reported in AGE, 2012. 0.001-0.000001. 
Low for Bowen Basin Coal. GL 
measurements from URS 2013 and 
Goulder 2016 at Goonyella used as 
conservative assumption 

0.1 0.1 0.000001 0.00001 

9 4 Interbed sands - central Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

15 6 Interbed sands - central Tertiary Sediment (sands/silts) On    1.5 1 0.001 0.01 

21 8 Interbed sands - central Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

27 10 Interbed sands - central Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

33 12 Interbed sands - central Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

10 4 Interbed sands - east Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

16 6 Interbed sands - east Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

22 8 Interbed sands - east Tertiary Sediment (sands/silts) On    1.5 1 0.001 0.01 

28 10 Interbed sands - east Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

34 12 Interbed sands - east Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

11 4 Interbed sands - north Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

17 6 Interbed sands - north Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

23 8 Interbed sands - north Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

29 10 Interbed sands - north Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

35 12 Interbed sands - north Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

12 4 Interbed sands - south Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

18 6 Interbed sands - south Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

24 8 Interbed sands - south Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

30 10 Interbed sands - south Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

36 12 Interbed sands - south Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

13 4 Interbed sands - southeast Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

19 6 Interbed sands - southeast Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

25 8 Interbed sands - southeast Tertiary Sediment (sands/silts) On    1.5 1 0.001 0.01 

31 10 Interbed sands - southeast Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

37 12 Interbed sands - southeast Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

14 4 Interbed sands - west Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

20 6 Interbed sands - west Tertiary Sediment (sands/silts)     0.9 0.1 0.0006 0.006 

26 8 Interbed sands - west Tertiary Sediment (sands/silts) On   1.5 1 0.001 0.01 

32 10 Interbed sands - west Tertiary Sediment (sands/silts) On    1.5 1 0.001 0.01 

38 12 Interbed sands - west Tertiary Sediment (sands/silts) On    1.5 1 0.001 0.01 
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Zone Model Layer Description Lithology Modifiers Source Information Kh Kv/Kh (ratio) Ss Sy 

44 19 MCM interburden (subsidence zone) Permian Sediments Subsidence increasing vertical conductivity URS, 2013 interburden packer tests 
0.33 to 2E-5 

0.01 0.8 0.0001 0.001 

51 23 MCM interburden lower Permian Sediments Nil URS, 2013 interburden packer tests 
0.33 to 2E-5 

0.01 0.01 0.000001 0.00001 

46 21 MCM interburden mid Permian Sediments Nil URS, 2013 interburden packer tests 
0.33 to 2E-5 

0.01 0.01 0.000001 0.00001 

47 21 MCM interburden mid (subsidence zone) Permian Sediments Subsidence increasing vertical conductivity URS, 2013 interburden packer tests 
0.33 to 2E-5 

0.01 0.8 0.0001 0.001 

43 19 MCM interburden upper Permian Sediments Nil URS, 2013 interburden packer tests 
0.33 to 2E-5 

0.01 0.01 0.000001 0.00001 

40 15 to 17 Permian overburden Permian Sediments Nil Golder, 2016 overburden at GBMC 8E-
4 

0.01 0.01 0.000001 0.00001 

41 15 to 17 Permian overburden (subsidence zone) Permian Sediments Subsidence increasing vertical conductivity Golder, 2016 overburden at GBMC 8E-
4 

0.01 0.8 0.0001 0.001 

42 18 RQ seam Permian Coal Seam Nil packer testing conducted by SKM, 
reported in AGE, 2012. 0.001-0.000001. 
Low for Bowen Basin Coal. GL 
measurements from URS 2013 and 
Goulder 2016 at Goonyella used as 
conservative assumption 

0.1 0.1 0.000001 0.00001 
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