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12.0 Groundwater 
12.1 Introduction 
This chapter provides a summary of the groundwater environment within the Project Site of the Ensham Life 
of Mine Extension Project (the proposed project, hereafter referred to as ‘the Project’), and surrounds. The 
main topics addressed include the characterisation of the existing groundwater environment and 
environmental receptors, the description of a numerical groundwater model utilised for impact assessment, 
the presentation of the predictions from that model as well as mitigation measures to minimise any potential 
impacts on the existing groundwater environment as a result of the Project.  

The supporting Groundwater report in Appendix F-1 (Groundwater impact assessment) has been prepared 
based on an earlier project definition. The project definition presented in this chapter supersedes that definition, 
however, does not require any additional changes to the groundwater study. 

An Underground Water Impact Report (UWIR) has been prepared for the Project to address the requirements 
under Chapter 3 of the Water Act 2000 (Qld) (Water Act). The UWIR describes the impacts of groundwater 
extraction, and provides the measures and responsibilities for exercising underground water rights within the 
Project Site over an initial three year period. The UWIR is presented in Appendix F-2 (Underground water 
impact report). 

Environmental objectives and outcomes 

The Project seeks to protect environmental values in the vicinity of the Project Site relating to water 
established under the Environmental Protection Regulation 2019 (Qld) (EP Regulation). With respect to 
groundwater quality within and surrounding the Project Site, these specifically relate to those 
environmental values set out under the Environmental Protection (Water and Wetland Biodiversity) Policy 
2019 (EPP WWB) to protect water quality to support the condition of terrestrial, riverine and wetland 
ecosystems. With respect to groundwater quantity, these values relate to maintaining an equitable, 
sustainable and efficient supply of water resources to users in the vicinity of the Project. 

Ensham manages impacts to the water receiving environment in accordance with Environmental Authority 
(EA) EPML00732813. The Project will continue to monitor groundwater quality and quantity against the 
trigger levels (EA Condition C11) to determine any adverse mining impacts. This will be extended to 
include additional monitoring bores. As the Project is an extension of the current underground operation at 
Ensham Mine, using existing infrastructure, impacts to groundwater are not considered to be significant. 
On a precautionary basis, impacts to groundwater quality have been assessed as a critical matter in the 
environmental impact statement (EIS). 

12.1.1 Scope of assessment 

The groundwater impact assessment for the Project was undertaken in accordance with the requirements set 
out under the Water Act and the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC 
Act). In addressing these requirements, the groundwater impact assessment seeks to: 

 describe the existing hydrogeological environment of the Project Site and surrounds 

 assess the potential impacts of mining on the groundwater related environment 

 propose measures to manage or mitigate impacts on groundwater environmental values. 

The study area for the purpose of this assessment is the extent of the groundwater model domain, which 
includes the Project Site and surrounds (Figure 12-1).  
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12.2 Legislation and policy  

12.2.1 Commonwealth legislation 

12.2.1.1 Environment Protection and Biodiversity Conservation Act 1999 

The EPBC Act requires that, where a proposed large coal mining project will have, or is likely to have, a 
significant impact on a matter of national environmental significance (MNES), the proposal needs to be referred 
to the Department of Agriculture, Water and the Environment (DAWE) for assessment and approval.  

The MNES of relevance to the Project are water resources. They will be assessed for a potential significant 
impact. In the ‘Significant Impact Guidelines 1.3 - Coal seam gas and large coal mining developments – 
impacts on water resources’ (DoE, 2013b) guidelines, a significant impact is defined as follows:  

“A significant impact is an impact which is important, notable, or of consequence, having regard to its context 
or intensity. Whether or not an action is likely to have a significant impact depends upon the sensitivity, value, 
and quality of the environment, which is impacted, and upon the intensity, duration, magnitude and geographic 
extent of the impacts. You should consider all of these factors when determining whether an action is likely to 
have a significant impact on the environment.”  

The Project has been referred to the Commonwealth under the EPBC Act. The EPBC Act is administered by 
DAWE with advice from the Independent Expert Scientific Committee (IESC). The IESC is a statutory body 
established under the EPBC Act that provides scientific advice to the Commonwealth Minister for the 
Environment.  

Under the Bilateral Agreement between the Commonwealth of Australia and the State of Queensland (2004), 
only one impact assessment is required, which must meet both the State and Commonwealth requirements. 
The impact assessment is reviewed by the State on behalf of the Commonwealth. 

12.2.2 State legislation  

12.2.2.1 Water Act 2000 

The Water Act, supported by the subordinate Water Regulation 2016 (Qld) (Water Regulation), is the primary 
legislation regulating groundwater resources in Queensland. The purpose of the Water Act is to advance 
sustainable management and efficient use of water resources by establishing a system for the planning, 
allocation and use of water. The Water Act is enacted under a framework of catchment specific Water Plans 
(WPs). Water resources within the Project Site are captured under the Water Plan (Fitzroy Basin) 2011 (DEHP, 
2011a). This WP covers the surface water (zone WQ1303) associated with lower Nogoa River and 
groundwaters (zone WQ1310 – Fitzroy Basin groundwaters). Further, the study area is covered by the 
Highlands Groundwater Management Area under the Water Plan (Fitzroy Basin) 2011.  

As part of the Project, Ensham is proposing to exercise underground water rights during the period in which 
resource activities will be carried out in the Project Site. A Underground Water Impact Report (UWIR) has been 
prepared for the Project to describe the measures and responsibilities for exercising underground water rights 
within the Project Site. The UWIR is presented in Appendix F-2 (Underground Water Impact Report). 

12.2.2.2 Environmental Protection Act 1994 

In addition, minimum reporting requirements for groundwater impact assessments are outlined within the 
Environmental Protection Act 1994 (Qld) (EP Act) guideline requirements for site-specific and amendment 
applications - underground water rights. These requirements are addressed in the groundwater impact 
assessment (Appendix F-1 (Groundwater impact assessment)). 



IDEMITSU AUSTRALIA RESOURCES 
 

               

 
ENSHAM LIFE OF MINE EXTENSION PROJECT ENVIRONMENTAL IMPACT STATEMENT 12-4
 

12.2.3 Environmental Authority  

The current Environmental Authority (EA), EPML00732813, for the existing mine is effective from 3 September 
2020 for the following mining leases (ML): ML 7459, ML 7460, ML 70326, ML 70049, ML 70365, ML 70366 
and ML 70367. A new ML application is required and was lodged 25 March 2020 (MLA reference ML 700061). 

Sections relevant to groundwater are EA conditions C39 to C53 and include Tables C10 and C11. These 
sections detail monitoring and reporting requirements pertinent to groundwater level and quality. Quarterly 
groundwater monitoring is to be carried out for all bores included in Table C10 of the EA and for all parameters 
included in Table C11 of the EA. The monitoring network comprises site-based and regional observation bores, 
among which are included private landholder bores local to the mining area. The current groundwater 
monitoring bore network is presented in Figure 12-1 and discussed in detail in Appendix F-1 (Groundwater 
impact assessment) and Appendix F-2 (Underground Water Impact Report). The augmentation of the current 
groundwater monitoring bore network is included in Section 12.1.1. 

12.3 Methodology  

The groundwater study for the Project assessed the potential impacts of the extension of the existing bord and 
pillar mining, including the dewatering and depressurisation of groundwater resources during mining.  

The assessment considers the potential impacts of active mine dewatering, which is required to ensure safe 
working conditions within the underground mine. The mine dewatering removes groundwater intersected by 
underground mining within the most permeable sediments, the target coal seams. Groundwater flow from the 
overlying Rewan Group, towards the dewatered and depressurised coal seams, is limited due to the low 
permeable (aquitard) nature of the Rewan Group. The groundwater impact assessment was undertaken in two 
stages: a desktop study to describe the environmental setting of the Project, and a numerical groundwater 
model to simulate the groundwater resources and the potential alteration of the groundwater resources as a 
result of the Project. This allowed for the assessment of potential impacts on the identified environmental 
values. 

The methodology used to assess potential impacts on groundwater resources included:  

 Conceptualising the groundwater regime of the Project and surrounds by:  

– Reviewing relevant geological data including coal mining exploration drill logs and state geology 
maps 

– Reviewing various groundwater, geotechnical and environmental reports from Ensham and 
surrounding mines. This included water level and water quality data from the current routine 
monitoring events at Ensham mine. 

– Reviewing hydrogeological data from the publicly accessible Department of Resources (DoR) 
groundwater monitoring database 

– Analysing the data from the above reviews and developing a conceptual model of the Project Site 

 Groundwater model construction  

A numerical groundwater model constructed and calibrated by HydroSimulations (HydroSimulations, 
2019) for the Ensham Mine Residual Void Project (RVP), was peer reviewed by DHI Water and 
Environment Pty Ltd (DHI) during 2018. The RVP model was used as the base for the Project groundwater 
model.  

The RVP model remained the same with only the underground mining representation adapted for the 
Project. The Project groundwater model was subject to a peer review by the Centre for Water in the 
Minerals Industry at the University of Queensland. This peer review focused on evaluating how the 
existing RVP model was modified to support the objectives of the Project assessment and how results 
were interpreted. 
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A confirmation letter regarding this peer review is included within Appendix F-1 (Groundwater impact 
assessment), which contains the groundwater technical report. 

 Undertaking predictive modelling for the Project to assess the scale and extent of potential mining impacts 
on water levels, groundwater users, and the surrounding environment during mine operations and during 
post-mining recovery. Modelling was undertaken to assess: 

– Incremental impacts, which are the impacts of the Project in addition to any existing approved 
operations 

– Cumulative impacts, which are the impacts of the Project and the existing operations compared to a 
hypothetical ‘no future mining’ scenario. The cumulative impact assessment is further explained in 
Appendix F-1 (Groundwater impact assessment). 

 Assessing the groundwater impacts of the Project and developing feasible mitigation and management 
strategies in the event of potential adverse impacts being identified, most notable an amendment of the 
current groundwater monitoring program. Impacts assessed included groundwater levels, mine inflow, 
changes in base flows and groundwater quality. The detailed study informed the UWIR (Appendix F-2 
(Underground Water Impact Report)). 

It is noted that the modelling adopted a conservative, worst-case simulation approach to evaluate potential 
impacts of the Project on groundwater resources. The model included active drains, which simulated mine 
dewatering, for two years after mining was forecast to cease (i.e. the mine plan was simulated in the predictive 
groundwater model through the use of two year time steps).  

The estimation of mine inflows assumed the use of active drains after mining had continued down dip or after 
mining had ceased (represented in the last time step of the model). This is considered to provide a possible 
overestimation because mine inflows into the older workings will decline as mining continues down dip. This 
possible overestimation of inflow was considered to also result in a larger drawdown within the target Rangal 
Coal Measures coal seams. 

The conservative modelling approach also assumed that the upper model layers were completely saturated 
unconsolidated sediments. Thus, the modelling simulated saturated alluvium within the model domain, even 
though field data indicates discontinuous lenses of groundwater within the alluvium. 

The conservative overestimation of mine dewatering and the assumed saturated sediments adopted in the 
groundwater model allowed for a thorough assessment of potential impacts on groundwater resources. 

A detailed description of the modelling methodology is provided in Appendix F-1 (Groundwater impact 
assessment) with additional information attached as Appendix F-1a (Groundwater amendment report). 

An assessment of the potential presence of stygofauna in the groundwater within the Project Site was also 
undertaken. This assessment is provided in Appendix D-2 (Stygofauna assessment) and a summary of the 
findings is presented in Chapter 14 (Aquatic ecology).  
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12.4 Description of environmental values 

12.4.1 Topography and drainage 

The terrain in the study area is generally low-lying, and the few hills within the area are capped by a hard layer 
formed on the surface known as duricrusts. The main drainage of the area is via the Nogoa River, which flows 
in an easterly and south-easterly direction through the Ensham mining leases before joining the Comet River 
to form the Mackenzie River near the town of Comet. In the study area, the elevation of the Nogoa River banks 
average 150 metres (m) above Australian Height Datum (mAHD). The Nogoa River is used for irrigation, 
drinking water and stock water supply, with flow maintained by releases from Fairbairn Dam, located south of 
Emerald. Ensham Mine obtain their drinking water supply water from the Nogoa River. The low-lying area 
includes floodplains and riparian zones along the Nogoa River and an anabranch which runs to the north of 
the Nogoa River.  

12.4.2 Geology and stratigraphy 

The Project is located in the western part of the geological Bowen Basin, which is one of five major foreland 
sedimentary basins formed along the eastern side of Australia during the Permian period. The Bowen Basin 
is the largest productive coal basin in the country. The Bowen Basin stretches from Townsville to south of the 
Queensland-New South Wales border in a north to south direction.  

In the southern parts, the extent of the Bowen Basin and the hydrogeological Great Artesian Basin (GAB) 
overlap. The Rewan Group is recognised as the basal aquitard of the GAB (Habermehl, 1980). The closest 
intake area for the GAB is located 50 km south-east of the Project Area, which means the mine will have no 
impact on the recharge to the GAB units. 

An aquitard is defined as a geologic formation or stratum that lies adjacent to an aquifer and that allows only 
a small amount of water to pass through. In the study area, the Rewan Group is present at subcrop, meaning 
it was once exposed and is now buried beneath the overlying layer of unconsolidated sediments.  

The Rewan Group aquitard overlies the Rangal Coal Measures, which contain the target coal seams mined at 
Ensham Mine. The Rewan Group separates the Nogoa River and associated floodplain alluvium from the 
proposed underground working within the Rangal Coal Measures as shown in Section 12.4.4.  

The Clematis Sandstone, a major GAB aquifer which typically overlies the Rewan Group, is not present within 
the portion of the Bowen Basin encompassing Ensham Mine and the Project Site. 

Table 12-1 provides a summary of the lithostratigraphy underlying the study area. The stratigraphic sequence 
comprises unconsolidated Quaternary aged sediments unconformably overlying consolidated Tertiary and 
Permian aged sediments. The Permian and Triassic aged strata form regular layered fluvio-deltaic sedimentary 
sequences, while the Quaternary sediments are more complex and irregular. The coal deposits mined at 
Ensham Mine are found within the Rangal Coal Measures, which is the uppermost Permian unit of the portion 
of the Bowen Basin containing the Ensham Mine. 

The surface geology of the Project Site is dominated by the Nogoa River alluvium, with the Tertiary sediments 
mapped to the south and the north.  

The structural geology of the Bowen Basin includes major north-west to south-east trending faults, like the 
Jellinbah Fault and Yarrabee Fault located over 40 km east of the Project. No regional-scale faults have been 
mapped within the study area.  

Where present, local faults are generally normal, trending east to west, to south-east to north-west, with throws 
of less than 10 m, although occasional low angle thrust faulting has been noted (AGE, 2006). The local faults 
have been included in the assessment where information was available. It is noted that the subsidence study 
(Gordon Geotechniques, 2020) included consideration of areas of poorer ground condition, such as faults, 
when assessing roadway width to improve roof stability and factor of safety of the pillars. 
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Table 12-1 Summary of stratigraphy in the study area 

Age Unit Maximum 
thickness1 (m) 

Description 

Quaternary - 25 Alluvium - silt, clay, sand and gravel  

Tertiary 

 

- ND Duricrusted palaeosols at the top of deep weathering profiles, 
including ferricrete and silcrete; duricrusted old land surfaces 

Emerald 
Formation 

50 Fluviatile and lacustrine claystone and siltstone, quartzose sandstone, 
pebbly sandstone, gravel, lignite, oil shale, interbedded basalt; all 
deeply weathered in outcrop 

Basalt ND Tertiary volcanics (basalt) mapped as being present over 10 km west 
of the site 

Triassic Rewan 
Group 

200 Lithic sandstone, pebbly lithic sandstone, green to reddish brown 
mudstone and minor volcanilithic pebble conglomerate (at base); 
deposited in a fluvial-lacustrine environment. 

Permian Rangal 
Coal 
Measures 

125 Feldspathic and lithic sandstone, carbonaceous mudstone, siltstone, 
tuff and coal seams. Coal seams include the Aries, Castor, Pollux and 
Orion seams.  

The main economic seams at Ensham are the Aries 2 and Castor 
seams. 

Burngrove 
Formation 

200 Sandstones, siltstones and mudstones, and banded coal seams 
frequently interbedded with tuff and tuffaceous mudstones - coal 
seams include the Virgo and Leo seams.  

Fair Hill 
Formation 

150 Lithic and feldspathic labile sandstone, siltstone, mudstone and 
conglomerate 

Macmillan 
Formation 

100 Lithic and feldspathic sublabile mudstone, siltstone and sandstone 

1 Approximate maximum thickness based on available exploration holes and/or relevant literature 

ND: not defined, not enough data available 

 

12.4.3 Hydrogeology 

The evaluation of groundwater occurrence and the description of groundwater resources was based on 
existing groundwater monitoring (baseline) information, including: 

 Groundwater level data 

Groundwater level data sets available for the periods 2008 to 2020 and 2014 to 2020 provided long-term 
transient groundwater level data, which provided sufficient water level data across the Project and within 
different lithologies (alluvium, Rewan Group, Rangal Coal Measures) to allow for the assessment of 
natural fluctuation and provided transient groundwater model calibration targets.  

 Groundwater quality data 

A large groundwater quality dataset was assessed for the Project. The data set comprised the data from 
the 21 bores included in the Ensham Mine current environmental approvals. In addition, historical data 
since 2008 was available for 49 bores across the mine site and its surroundings (including DoR monitoring 
bore data from the late 1990s).  

Sufficient water quality results (for statistical analysis) were available to assess the hydrochemistry of the 
alluvium, the Rewan Group, and the Rangal Coal Measures.   
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The principal groundwater bearing formations in the study area are associated with the Permian coal seams. 
The Triassic aged Rewan Group siltstones and sandstones is considered a regional scale aquitard. A 
conceptual hydrogeological model is shown in Section 12.4.4.  

12.4.3.1 Quaternary alluvium 

Alluvial deposits are associated with the Nogoa River and its anabranch. The Quaternary aged alluvium 
comprises shallow sequences of clay, silty sand and sand, underlain by discontinuous basal sands and gravel.  

Alluvium groundwater resources are discontinuous, saline and are typically located some 20 metres below the 
surface. The alluvial groundwater shows a great disparity in salinity with recorded electrical conductivity (EC) 
values ranging from about 1,000 microSiemens per centimetre (µS/cm) to 30,000 µS/cm, with a median of 
13,150 µS/cm (Table 12, Appendix F-1 (Groundwater impact assessment)), compared to the median 260 
µS/cm of the Nogoa River (AGE, 2006). 

Several groundwater monitoring bores installed in the alluvium are sporadically dry, indicating that there is no 
continuous recharge from the Nogoa River, which artificially flows year round due to discharges from the 
upstream Fairburn Dam. 

Based on site-specific salinity concentrations and water level data, the alluvium is recognised to not be 
hydraulically connected with the Nogoa River. The salinity concentrations within the alluvium groundwater 
generally makes it unsuitable for groundwater uses such as potable water, stock watering, or irrigation, 
although some extraction bores are present in the region.  

Groundwater flow in the alluvium, when considered saturated1, follows topographical gradients, which is from 
north-west to south-east in the vicinity of the Project (i.e. groundwater flow within the alluvium if and where it 
is saturated mimics the downstream flow of the Nogoa River).  

12.4.3.2 Rewan Group 

The Rewan Group comprises low permeability siltstones, mudstones and lithic sandstones and, as noted in 
Section 12.4.2, is recognised to be a regional scale aquitard. The thickness of this unit is up to 200 m in the 
study area, providing a barrier to groundwater flow between the overlying alluvium and the underlying coal 
measures. Data indicates that groundwater contained within the Rewan Group is generally saline with a 
median electrical conductivity (EC) of 6,000 µS/cm and not suitable for stock water supply or irrigation. 

The Rewan Group has low vertical hydraulic conductivity (2.1 x 10-4 to 6 x 10-7 m/day) which, through Project 
modelling predictions for greater than 240 years (2018 to 2261), does not facilitate induced flow from the 
(assumed saturated) alluvium to the dewatered and depressurised target coal seams above the Project and 
existing underground workings. 

12.4.3.3 Rangal Coal Measures 

The Rangal Coal Measures comprise economic coal seams interbedded with low permeability siltstone, 
sandstone and shale. The most permeable lithological units at the Ensham Mine are the coal seams within the 
Rangal Coal Measures. The coal seams form aquifers that generally exhibit low transmissivities and are 
confined by overlying and underlying shales and mudstones. Groundwater storage and movement largely 
occurs within the coal seams, along the natural fractures known as cleats and occasionally within minor local 
faults that intercept the coal seams. The Rangal Coal Measures overburden and interburden are considered 
to form aquitards.  

Data indicate that the coal seams contain groundwater that is generally saline with a median EC of 
7,700 µS/cm and is not suitable for stock water supply or irrigation. 

 
 
1 NOTE: The alluvium and unconsolidated sediments within the groundwater study area (the model domain) were conservatively (worst 
case) assumed to be fully saturated when undertaking the impact assessment. Site-specific data indicates the alluvium is dry in places, 
such that groundwater resources within the alluvium is discontinuous and sporadic.  
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Recharge to the Rangal Coal Measures occurs from direct rainfall on the ground surface (where the coal 
seams subcrop), infiltrating into the underlying formations through the thin soil cover, weathered profile, as 
well as through the spoil at site. The coal measures also subcrop in localised zones beneath alluvium 
associated with the Nogoa River to the east of the Ensham Mine open cut pits, where the unit may be 
recharged by downward seepage where there is an absence of clay and silt layers.  

Little or no recharge  occurs via downward leakage from the Triassic age Rewan Group and Tertiary sediments 
due to the aquitard nature of these units.  

12.4.4 Conceptual groundwater model 

A conceptual cross section for the study area, including Zone 1 of the Project and the Ensham Mine, is 
presented in Figure 12-2. The Project targets the Aries and Castor seams at depths of 120 m to 210 m below 
surface. The Rewan Group aquitard separates the Nogoa River floodplain and alluvium from the proposed 
underground working. 

12.4.4.1 Groundwater conceptual model - sub-cropping Rangal Coal Measures and alluvium 

The conceptual hydrogeological model includes the alluvium mapped across the Project Site, where it is 
entirely underlain by the Rewan Group aquitard (see Zone 1 on Figure 12-2). 

No coal sub-crop occurs within the Project area. In Figure 12-3 the Project (black dashed line) is entirely 
underlain by Rewan Group (Rr). 

The Rangal Coal Measures (Pwj in Figure 12-3) coal subcrop occurs to the east and north (Ensham Mine 
outcrops on the eastern side of a syncline structure that is plunging to the south-west) of the Project. 

The conceptual groundwater model was used as a basis of the numerical groundwater model for the impact 
assessment for the Project. The numerical groundwater model domain, considered to represent the extent of 
the groundwater study area, extends 43 km from north to south and 35 km from east to west (Figure 12-1).
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Figure 12-2 Conceptual hydrogeological model cross section  

 

Zone 1 
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12.4.5 Surface water – groundwater interaction 

The review of available site-specific data, for inclusion in the conceptualisation of groundwater resources, 
allowed for the evaluation of potential surface water – groundwater interaction (between the Nogoa River and 
the surrounding (underlying) alluvium). 

The Nogoa River floodplain comprises silt and clay underlain by a discontinuous basal unit of sand and gravel. 
The alluvium floodplain is overlain by a deep clay-rich black soil, which tends to be highly absorbent during 
rainfall events. The alluvial sequence varies in thickness, with a maximum observed depth of 25 m.  

The alluvium groundwater was measured to have high salinity, which makes it unsuitable for groundwater uses 
such as stock watering and irrigation. Slow infiltration recharge and evapotranspiration are likely to be the 
dominant processes resulting in salinisation of the alluvium. 

Several groundwater monitoring bores, installed in the alluvium, are sporadically dry, indicating that there is 
no continuous recharge from Nogoa River. This conceptualisation of the Nogoa River and the discontinuous 
alluvium groundwater resource is included in Figure 12-4. 

 

Figure 12-4 Conceptual cross section through Nogoa River and quaternary sediments (Source: 
Age, 2006) 

Based on the groundwater level and salinity data it is recognised that there is little or no hydraulic connection 
between the Nogoa River and the alluvium. 
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12.4.5.1 Agricultural influence on surface water – groundwater interaction 

Artificial groundwater recharge as a result of irrigation was identified in the water level hydrographs generated 
from the groundwater monitoring data. The transient groundwater level data, included in the numerical 
groundwater model set-up and calibration, showed that irrigation had resulted in the alteration of groundwater 
levels in several groundwater monitoring bores. 

The area south-east and west of the Ensham Mine, on the floodplain and to the south of the floodplain, is 
dominated by intense agricultural activity and associated irrigation, sourced from the Nogoa River and channel 
water from Fairbairn Dam. The effect of this irrigation on groundwater is, however, limited.  

The only example of probable irrigation effects are the water level trends for the Ensham Mine groundwater 
monitoring bores, EC01 and EC03 (Figure 12-1). The water level hydrographs, presented in Figure 12-5, 
indicate a slight rising trend in groundwater levels from 2015 irrespective of climate and streamflow trends. 
This trend is not visible in bores further to the east and away from irrigation areas. 

 

Figure 12-5 Water level hydrographs for the groundwater monitoring bores (denoted EC)  

The stable trends within monitoring bores EC01 and EC03 do not indicate any increased surface water – 
groundwater interaction. 
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12.4.6 Groundwater dependent ecosystems 

Ecosystems (aquatic and terrestrial) that are dependent on groundwater or that may be affected by changes 
in groundwater quality and levels are referred to as groundwater dependant ecosystems (GDEs). GDE 
mapping is available from the Department of Environment and Science (DES), and is presented for the study 
area in Appendix F-1 (Groundwater impact assessment). The GDEs relevant to the Project are summarised 
as follows: 

 Potential GDE aquifer: unconsolidated sedimentary (alluvium) aquifer along the reaches of the Nogoa 
River and a small consolidated sedimentary aquifer on the southern end of the Project Site 

 Surface expression GDE: derived GDE with low confidence along the Nogoa River and Winton Creek 

 Terrestrial GDE areas: derived GDE with low confidence along the Nogoa River and parts of Winton 
Creek. 

There are no high confidence GDEs identified in the study area (Figure 37 in Appendix F-1).  

12.4.7 Springs 

A search with Queensland’s WetlandInfo Portal (WetlandInfo, 2019) showed that there are no registered 
springs within a 50 km radius of the Project Site.  

There is an observed surface expression, which based on an assessment of water quality is deemed to be an 
expression of artificial recharge from agricultural irrigation. 

12.4.8 Wetlands 

A search within Queensland Globe showed a wetland of high significance located 2.6 km south of the existing 
open-cut mine (Appendix F-1 (Groundwater impact assessment)). The wetland is surrounded by agricultural 
land, as indicated by farm dams and irrigation pivots in the area. The wetland is classified as a Palustrine 
wetland. Palustrine wetlands are primarily vegetated non-channel environments of less than eight 
hectares (ha).  

12.4.9 Private bores 

Overall, groundwater usage is limited in the region, given the access to better quality reliable water from the 
Fairburn Dam which provides perennial flows in the Nogoa River. However, several private bores were 
identified during the Project groundwater assessment, adjacent to the mine lease boundary. The private bores 
were identified through a bore census conducted in September 2014 (AGE, 2017) and a database search for 
registered bores on the DoR2 groundwater database.  

There were 19 identified groundwater bores, seven of them currently not in use. The bore locations are shown 
in Appendix F-1 (Groundwater impact assessment). 

The 12 active bores within the bore census area are used for stock water and irrigation purposes. The bores 
use groundwater sourced from different geological formations, including the alluvium, undifferentiated Tertiary 
sediments, the Rewan Group, the Fairhill Formation, Burngrove Formation, and MacMillan Formation.  

No private bores were identified which access groundwater from the Rangal Coal Measures, which is the only 
groundwater resource proposed to be directly dewatered during the Project mining operations. 

 
 
2 Formerly the Department of Natural Resources, Mines and Energy (DNRME) 
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12.5 Potential impacts 

Predictive groundwater modelling undertaken for the Project is detailed within in Appendix F-1 (Groundwater 
impact assessment) with further detail presented in Appendix F-1a (Groundwater amendment report). 

12.5.1 Mine inflow 

The Project will result in the generation and management of groundwater as underground mining progresses 
into the Project Zone 2, Zone 3 and Zone 1 (Section 4.4). Due to the progressive nature of mining into the 
Project area at similar production rates, groundwater inflow rates will be similar to the existing Ensham Mine 
operations i.e. between 0.2 to 3.9 ML/day, based on mine flow meter readings between December 2016 and 
September 2018, but extending over the duration of the proposed extended life of mine.   

Groundwater modelling completed for the Project (refer to Appendix F-1) adopted a conservative approach 
to evaluate potential impacts on groundwater resources and inflow rates as detailed in Section 12.3. The 
conservative modelling approach allows for consideration of a worst case scenario/overestimation to evaluate 
any potential environmental harm and to assess the capacity of the current waste water management system 
to manage groundwater inflow from the project.  Modelling assumptions include the following: 

 on-going simulated mine dewatering via “active drains”3 for two years after a mining phase was 
forecast to cease, resulting in a larger inflow than actual metered inflow currently observed at the mine;  

 a larger drawdown within the target Rangal Coal Measures coal seams allowing for an assessment of 
a larger zone of impact; and 

 continuously saturated upper model layers allowing for evaluation of induced flow from upper 
sediments (detailed in Section 12.5.2). 

Based on the above conservative assumptions, the combined modelled inflow for both the existing approved 
operations and the Project ranges from 5 to 16 ML/day following initial inflows.  

After the existing approved mining areas are completed, modelling predicts that the Project inflow alone will 
be between 3 and 12 ML/day. This is based on the above stated conservative assumptions and the proposed 
mine plan in Chapter 4 (Figure 4-3). 

The modelled Project inflows of groundwater will be managed using the existing Ensham Mine water 
management infrastructure. As discussed above, modelled inflow is predicted to be similar to the current 
groundwater inflow which is managed by the existing Ensham mine water management system.  

12.5.1.1.1 Mine Affected Water (MAW) system  

The existing mine water management system at Ensham Mine comprises a number of interlinked components, 
including open-cut pit storages and water storage dams, as detailed in Appendix E-2 (Mine water balance).  

The total mine affected water storage capacity over time was compared using different rainfall conditions as 
assessed in the mine water balance. These different scenarios allowed for the evaluation of a varying volumes 
of water generated over the life of the Project as presented in Figure 12-6, as well as assessing the need to 
potentially store water during drought conditions, as discussed in detail in Section 10.6.3, Chapter 10 (Surface 
water resources). 

 
 
3 “active drains” are a product of the groundwater model set-up, where a model cell has an inflow, a storage and an outflow, a “drain”. 
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Figure 12-6 Mine affected water storage capacity  

The assessment of mine affected water storage capacity (based on available mine voids and rehabilitation 
processes), as shown in Figure 12-6, indicates: 

 A storage capacity of 17,000 ML for the period 2020 to 2022 (or approximately 5,000 ML greater than 
required for the 95th percentile rain event scenario)  

 Storage capacity increases to over 48,000 ML at the start of 2023 and remains greater than 48,000 ML 
for the remainder of the Project (or approximately 31,000 ML greater than required for the 95th 
percentile rain event scenario)  

Stored volumes of mine affected water, considering the conservative estimates included in the water balance 
modelling, remains relatively stable at 16,000 ML (for a 95th percentile rain event scenario) after 2023. The 
available Ensham mine storage has sufficient capacity to manage conservatively predicted groundwater 
inflows without the need to rely on releases onto the Nogoa River, including during prolonged drought 
conditions. Accordingly, the conservative water balance modelling results indicate that the existing water 
management system will be more than sufficient to manage the Project’s climatic extremes (both drought and 
wet conditions). 

Accordingly, the conservatively predicted groundwater generated by the Project (conservatively in the same 
order of magnitude as current metered rates) can be managed over the life of the mine. The water balance 
(Appendix E-2 (Mine water balance)) and the groundwater modelling predictions (Appendix F-1 
(Groundwater impact assessment)) indicate that there is no need to revise the current environmental approval 
condition, Condition C9, related to contaminant release of mine affected water.  
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12.5.2 Groundwater drawdown 

The groundwater model was used to assess potential impacts on groundwater resources and users. The 
impact assessment considered the incremental impact of the Project and the existing operations. Groundwater 
level drawdown predictions were assessed based on the estimates of groundwater inflow detailed above. The 
impact assessment considered both: 

 Direct impacts on groundwater levels, where active mine dewatering directly affects the water levels 
associated with the target Rangal Coal Measures coal seams 

 Indirect impacts on groundwater levels, where the dewatering and depressurisation of the target coal 
seams induces flow from overlying hydro-stratigraphic units.  

12.5.2.1 Alluvium drawdown 

The indirect (induced flow) impacts on the alluvium were assessed in the groundwater model. As discussed in 
Section 6.4.3 of Appendix F-1 (Groundwater impact assessment), model outputs indicate that there was no 
predicted incremental groundwater level drawdown within the alluvium above the Project and existing 
underground workings footprints (Figure 12-7).  

As shown in Figure 12-7, some incremental drawdown is predicted within the wider study area including:  

 In the alluvium localised to the east of the open-cut pits (not around the current or proposed 
underground mining activities4), 

 Drawdown of up to 0.5 m in the regolith in a portion of Zone 1, and  

 Drawdown of up to 1 m to the north-west of the Project where the Rangal Coal Measures coal seams 
subcrop below an ephemeral creek. 

12.5.2.2 Rangal Coal Measures drawdown 

The maximum incremental groundwater level drawdown in the target Aries 2 and Castor (A2C) seam of the 
Rangal Coal Measures, due to the Project, can extend up to 10 km to the west (down dip) of the proposed 
underground mining operations. Groundwater level drawdown within the target coal seam is limited to the east 
where the coal seam outcrops as seen in Figure 12-8. Little or no vertical hydraulic connection through the 
Rewan Group is predicted in groundwater modelling.   Comparison between predicted drawdown in the Rangal 
Coal Measures target A2C seam extends over a large area (Figure 12-8) compared to the isolated drawdown 
in the overlying unconsolidated sediments (Figure 12-7).  

 

  

 
 
4 The groundwater modelling predictions in the alluvium to the east of the open-cut pits are the incremental drawdown related to the 
Project, i.e. this drawdown is the difference in results predicted for the existing operations, as included in the Ensham Mine residual 
voids project, and the results predicted for the Project 
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12.5.3 Impact on GDEs 

Based on the conservative approach of assuming the alluvium is saturated across the model domain, the 
groundwater study area, no drawdown within the alluvium mapped across the Project mine footprint is 
predicted.  

Modelled drawdown within the assumed saturated unconsolidated sediments is predicted outside the Project 
mine footprint and outside the alluvium deposits associated with the Nogoa River, as depicted in Figure 12-7. 
These areas and sediments include: 

 Predicted drawdown in the alluvium may occur to the east of the existing approved open-cut mine 

 Drawdown in the regolith, outside of the alluvium floodplain, in Zone 1 (0.5 m)  

 Drawdown within a small portion of the coal subcrop to the northwest, where drawdown of 1 m is 
predicted.  

12.5.3.1 Impact on Terrestrial GDEs 

As detailed in Section 12.4.6, terrestrial GDEs, within the groundwater study area, were mapped with low 
confidence along the Nogoa River and parts of Winton Creek.  

The predicted drawdown within the unconsolidated sediments, including alluvium, is considered to have limited 
impact on possible terrestrial GDEs due to: 

 Drawdown predictions occur outside of the mapped (low confidence) terrestrial GDE areas identified in 
Chapter 13 – Section 13.4.9 and indicated in Figure 12-9 

 Based on the hydrogeological characteristics of the alluvium groundwater within the Project Site and the 
groundwater study area not being highly suitable for use by the GDE community, and the findings of the 
vegetation verification mapping undertaken as presented in Chapter 13.4.09, there is a low likelihood 
that the communities mapped as low confidence GDEs are terrestrial GDEs. Vegetation communities 
outside of the Project Site along the tributaries of Crinum Creek are likely to comprise a similar floristic 
composition and condition as the communities within the Project Site. It is also likely that they are 
subject to a similar hydrogeological setting and, therefore, have a low likelihood of being a terrestrial 
GDE. 

 Drawdown predictions are less than 2 m (below the initial water level included in the model), which is 
below the Water Act threshold level for unconsolidated sediments.  

 The unconsolidated sediments are assumed to be saturated (as a conservative impact assessment 
approach), which overestimates the potential for induced flow from the unconsolidated sediments 

 The groundwater resources associated with the unconsolidated sediments (containing elevated salinity 
groundwater) and groundwater levels deeper than 10 m below surface, are not suitable for most 
species.  

12.5.3.2 Impact on Aquatic GDEs 

Surface expression GDEs refers to ecosystems reliant on surface water hydraulically connected with 
groundwater. The potential impact on surface expression GDEs was, therefore, considered limited as the 
available site specific groundwater level and salinity data indicates little or no hydraulic connection between 
the Nogoa River and the alluvium.  

The potential GDE aquifers within the unconsolidated sediments have the potential to support subterranean 
fauna (stygofauna). However, as detailed in Ensham (2018), the potential for aquifers in the groundwater study 
area (model domain) to support high stygofauna diversity are low. This is because of the average salinity of 
greater than 5,000 μS/cm and groundwater levels deeper than 10 m (i.e. unsuitable habitat across the Project). 



Figure 12-10
Unconsolidated sediments drawdown 0 m  ma ed wit

ossi le terrestrial groundwater de endant ecos stems
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12.5.4 Impact on baseflow 

As stated earlier, there is limited connectivity between the Nogoa River and the alluvium groundwater 
resources based on water level and salinity data (Section 12.4.5).Due to the limited hydraulic connection 
between the Nogoa River and the alluvium, and the limited potential of induced flow from the alluvium to the 
dewatered and depressurised target coal seams within the Rangal Coal Measures (due to the Rewan Group 
aquitard), groundwater modelling predicts no measurable reduction in baseflow in Nogoa River. 

Over the extent of Quaternary alluvium, modelling predicts an incremental and cumulative average 
groundwater loss from the Nogoa River of less than 0.01 ML/day, (i.e. modelling showed that the incremental 
alluvial flux (alluvial water seeping into lower formations) is limited at approximately 0.01 ML/day).   

This incremental induced flow from the alluvial / unconsolidated sediment in the model, to the underlying units, 
is considered immeasurable as the long-term average alluvial take (based on annual climatic inputs) is around 
3 ML/day. The Nogoa River surface – groundwater interaction with the alluvium is not predicted to change as 
a result of the Project. 

12.5.4.1 Worst-case baseflow impact assessment scenario 

The uncertainty of the numerical groundwater model predictions was assessed with a deterministic approach 
to sensitivity analysis. The sensitivity analysis evaluated the effects of model parameters on model results and 
provided information on the degree to which the adopted values for the various parameters in the model 
influenced predictions. It provided an indication of the uncertainty in the results, including the potential for the 
Project to impact on the baseflow of the Nogoa River. 

An overview of the sensitivity analysis, including the “worst-case” scenario (high stream conductance (leakage) 
and high hydraulic conductivity values), indicated that the Nogoa River baseflow was sensitive to the stream 
conductance, alluvial horizontal and vertical hydraulic conductivity, and coal hydraulic conductivity. The 
baseflow was not sensitive to an increased vertical hydraulic conductivity of the Rewan Group. Thus, the 
potential for the Project (dewatered and depressurised coal seams) to induce flow from the alluvium and/or 
alter the Nogoa River baseflow remained limited (i.e. the Rewan Group aquitard effectively limits induced flow). 

Further, the model was most sensitive to the hydraulic conductivity of the target coal seams. This meant that 
uncertainties in the hydraulic conductivity of the coal seams lead to uncertainty regarding predicted impacts 
(drawdown or mine inflow rates). However, since these impacts relate to the coal seams and do not affect 
water users (surface water) and GDEs, certainty about absolute value of impact was not essential to assess 
impacts from the Project on these types of receptors (Appendix F-1 (Groundwater impact assessment)). 

12.5.5 Post-mining impacts 

 The groundwater impact assessment included the modelling of the post-mining groundwater response. The 
predictive modelling included a 220 year water level recovery period after the cessation of mining. The 
groundwater level recovery (or rebound) indicated:.  

 The water levels in the alluvium and Tertiary sediments, the shallow groundwater system, are predicted 
to fully recover to pre-mining conditions  

 The water levels in the Rangal Coal Measures within the Project are predicted to recover slowly to 
around 10 m lower than in the surrounds. 

The modelling indicates a new post-closure Rangal Coal Measures water level will be established in the long-
term. This post-mining water level, some 10 m lower than pre-mining, indicates a permanent reduction in long-
term water levels.  
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The limited Rangal Coal Measures water level rebound is related to the influence of the Ensham Mine final 
voids, which will continue to act as a localised groundwater “sink”. The management of the final voids as 
groundwater sinks is in compliance with the approved EA Condition (Appendix 3). 

12.5.6 Impacts on water quality 

12.5.6.1 Rangal Coal Measures groundwater quality 

The Project does not include any open voids or spoil emplacements, which could potentially impact the 
groundwater quality. The Project is exclusively underground bord and pillar mining, leaving the excavated 
underground voids in the coal body to fill naturally over time from groundwater ingress / throughflow from the 
surrounding unmined coal.  

In addition, the Project is not predicted to result in any drawdown in the alluvium (containing elevated salinity 
groundwater) across the underground (approved and proposed) mining areas. This lack of vertical 
groundwater movement between hydrostratigraphic units (induced flow) limits the potential for altered 
groundwater quality due to the blending or mixing groundwater types. 

The inflowing groundwater is, therefore, considered to have the same quality as the water previously stored in 
the most permeable hydrostratigraphic unit, the Rangal Coal Measures coal seams.  

12.5.6.2 Alluvium groundwater quality 

No alteration to the alluvium water quality is recognised as a result of the Project mine dewatering. No induced 
flow (marked drawdown), resulting in surface water loss to the alluvium is predicted, as detailed in Section 
12.5.4, such that the saline alluvium water would be improved through blending. 

Discharge of mine affected water will be undertaken as per the existing approved discharge criteria for Ensham 
Mine (discussed in Section 12.6.1). As such the potential for alteration of alluvium water quality downstream 
of the Project has already been assessed and approved. Based on the high salinity of the groundwater within 
the alluvium, it is considered that the discharge could have a beneficial impact on these groundwater resources 
downstream of the discharge point.  

12.5.7 Subsidence 

An assessment of the stability of the coal pillars in the Project Site has been carried out using the industry 
accepted University of New South Wales Pillar Design Procedure (Gordon Geotechniques, 2020).  

The assessment has identified that subsidence, if it were to occur, is predicted to be typically less than 
40 millimetres (mm) in the Project Site. DAWE states that seasonal variation in surface levels can be as high 
as 50 mm as a result of changes in moisture content meaning that the predicted subsidence is within the range 
of normal seasonal fluctuation (IESC, 2015) . 

The subsidence assessment for the Project has also considered observations from the existing bord and pillar 
mining operations at Ensham Mine, which have similar mining depth of cover and mine design. The current 
underground operations have not observed any surface cracking, ponding, or measurable subsidence trends. 
This has been confirmed through a review of LiDAR survey data and visual inspections above the bord and 
pillar mine workings at Ensham Mine. 

This is consistent with operational experience at comparable bord and pillar mining areas in both Queensland 
and New South Wales.  

The assessment also concluded that subsidence or ground instability due to the removal of groundwater is, 
based on the geology overlying the target coal seams, deemed to be limited. Therefore, no groundwater 
impacts by subsidence, such as increased hydraulic connection between aquifers can be expected (i.e. no 
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goaf, collapse, of secondary alteration (fracturing) is predicted to occur when adopting the proven stable bord 
and pillar mining technique). 

12.5.8 Other potential impacts 

Other potential impacts assessed qualitatively may include groundwater contamination from underground 
machinery (oil or fuel spills or leaks (noting that there are no fuel storage, workshops, or waste storage within 
the underground workings)). 

12.6 Mitigation measures 

12.6.1 Discharge of mine inflow water 

The discharge of underground mine inflows will be managed using the existing mine water management 
system for mine affected water. The existing water management plan is regulated through the EA 
EPML00732813 (dated 3 September 2020). The existing mine water management system is designed to 
achieve the EA condition objectives and effectively mitigate potential impacts on the receiving environment.  

The water balance modelling, which includes the predicted groundwater inflows and quality, results indicate 
that the existing water management system will be more than sufficient to manage the Project’s climatic 
extremes (including drought conditions) (Chapter 10 (Surface water resources).  

No new mine water management infrastructure and mitigations will be required. 

12.6.2 Groundwater bore users 

Based on the predictive groundwater modelling results, there are two private bores (Jamar Bore and Winton 
Creek Bore) in the Rewan Group, (shown in Figure 12-2) that may experience drawdown as a result of the 
Project underground mining. The maximum drawdown is estimated to be less than 20 cm (when assessing 
both the existing approved mining operations and the Project).  

The two private bores (Jamar Bore and Winton Creek Bore) are currently monitored (water level and water 
quality) on a quarterly basis, which will be continued for the life of the Project. 

The Water Act includes water level thresholds, which allow for the evaluation of possible material impacts on 
groundwater users. Where mine related drawdown impacts materially on private groundwater users then make 
good measures for affected bores are required. This ensures the bore owner has access to a similar quantity 
and quality of water for the water bore’s authorised purpose. EA Condition 51 includes make good 
requirements for impacted private bores.  

As the modelled drawdowns are below the Water Act water level thresholds (5 m for hydrostratigraphic units 
such as the Rewan Group), no make good measures would be required for the Project.  

12.6.3 Groundwater dependant ecosystems 

12.6.3.1 Terrestrial GDEs 

Groundwater assessments have indicated there is limited suitable water for GDEs within the Project Site and 
are also subject to limited drawdown from proposed underground mining operations due to the presence of 
Rewan Group aquitard separating the alluvium from the target coal seams. Mapped GDEs are subject to a 
similar hydrogeological setting and are considered to have a low likelihood of being present within the Project 
Site. 
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Based on the limited drawdown (extent and locations), unfavourable habitat, and low likelihood, no 
groundwater related mitigation measures are required for the terrestrial GDEs (Chapter 13 Terrestrial 
ecology). 

12.6.3.2 Aquatic GDEs 

Groundwater assessment results indicate limited influence on the alluvial aquifer water levels, with a more 
notable influence on coal seam water levels. The impact of mine dewatering and water level decline, related 
to aquatic ecosystems, considered the following: 

 The Project mine dewatering operations, primarily impacts on the coal seam where Stygofauna are 
unlikely 

 The aquatic ecosystems assessments indicate that stygofauna in the (aquatic ecology) study area were 
only found in the alluvium. The assessment indicated that the stygofauna had low ecological value 

 The alluvium groundwater resources, due to limited saturation and salinity, have low potential to support 
high stygofauna diversity. 

Potential groundwater impacts related to direct and indirect take from the target coal seams and the alluvium 
are considered, based on the aquatic ecology risk-based assessment, not to require any mitigation measures 
(Chapter 14 Aquatic ecosystems). 

12.6.4 Groundwater monitoring programme 

Ensham Mine’s existing groundwater monitoring bore network is extensive and allows for the compilation of 
groundwater data from the Quaternary (alluvium), Triassic age sediments, Rewan Group, and Rangal Coal 
Measures around the Project Site. The existing groundwater monitoring plan for the current Ensham and 
Project is detailed in Appendix F-2 (Underground water impact report) and outlines the proposed groundwater 
monitoring program for all phases of the Project mining including baseline, operations and post closure. 

Ensham Mine proposes to maintain the current monitoring network and frequency for the Project, as detailed 
in the current EA Schedule C. In addition, new monitoring bores will be added as proposed by the Groundwater 
Management and Monitoring Program defined in EA Condition C47. The location of existing monitoring bores 
in the current EA is shown in Figure 12-1, the proposed additional bores for the Project are presented in Table 
12-2. The rationale for the installation of the new bores is also included in Table 12-2. 
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Table 12-2 Recommended new monitoring bores 

Monitoring 
point 

Easting  
(GDA 94 Z55) 

Northing  
(GDA 94 Z55) 

Target Aquifer Depth Rational 

RB7a 647740 7407172 Alluvium  15.5m 
(standpipe) 

Nogoa River monitoring 
location, to assess 
vertical groundwater 
gradients, assess 
induced flow potential 
due to dewatering of 
coal, assist with model 
refinement 

RB7b  647737 7407177 Alluvium, Rewan 
Group, 
overburden, A2C 
seam and 
underburden 

~150m 
(VWP) 

2(alluvium) 647286 7405130 Alluvium  15m Augment the monitoring 
of the alluvium through 
adding additional 
monitoring points across 
the Project area 

3(alluvium) 643975 7404405 Alluvium  15m 

4(coal) 639170 7406360 A2C Seam >300m  
(VWP) 

Down dip target coal 
seam model verification 
bore and assessing 
vertical gradients 

VWP – Vibrating wire piezometer 

The monitoring of the Nogoa River alluvium is currently focused on the area around the open-cut pits (EC-
series bores). Three new alluvial bores will augment the existing monitoring of the alluvium, allowing for 
groundwater monitoring within the alluvium mapped over the Project Site. One of those bores, RB7a, was 
installed in October 2019. The other two new alluvium bores are ‘2’ and ‘3’ (Figure 12-1). 

RB7b, installed down to the Rangal Coal Measures, is a vibrating wire piezometer (VWP) in the northern part 
of the Project Site. RB7b was installed in November 2019 and monitors the hydrostatic pressure within several 
hydrostratigraphic units, including the lower alluvium, the Rewan Group, Rangal Coal Measures overburden, 
the A2C target coal seam, and Rangal Coal Measures underburden. This VWP allows for assessing vertical 
gradients between the hydrostratigraphic units (assess induced flow) and to validate the model predictions at 
different depths.  

Another Rangal Coal Measures coal seam monitoring bore will be located around 5 km west of the Project 
Site. This bore will augment the regional Ensham Mine monitoring bore network. This bore ‘4’ is to intersect 
the target coal seam down dip of the Project, so that the predicted modelled drawdown to the west can be 
monitored, allowing for model validation (and possible refinement).  

A series of existing groundwater monitoring bores, which monitor the water levels and quality in the Rangal 
Coal Measures coal seams (‘RB’ bores in Figure 12-1) are located along strike so as to monitor the predicted 
water level drawdown to the north and south of the Project Site.  

As part of Ensham Mine’s current monitoring programme, groundwater monitoring is conducted on a quarterly 
basis. The new monitoring bores will be included in the quarterly monitoring program as they are installed. 
Data will be stored within the existing consolidated groundwater database. Quality assurance and quality 
control procedures, such as field sampling procedures and the use of NATA accredited laboratories, will 
continue to be in place to help ensure the accuracy of data entered into the database.  
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The timing of the construction of the new monitoring bores will allow for the collection of adequate data to 
establish bore specific trigger levels.  

Groundwater quality triggers (interim) 

Groundwater quality triggers for the new bores will be established on a per-bore basis. Bore-specific 
groundwater quality triggers will: 

 Use monitoring data to assess groundwater quality and potential environmental impacts 

 Be based on a statistically robust dataset 

 Include a minimum of 18 samples taken over twenty-four (24) months. 

It is considered that after the new bores are constructed these bores will be monitored for 24 months. During 
this period interim groundwater quality limits will be adopted. The interim groundwater quality limits to be used 
are as included in the existing EA Condition C48 Table C10. 

These limits are to be revised at a later date (after the compilation of sufficient robust groundwater quality 
dataset), if required, based on additional data collected. 

Groundwater level thresholds (interim) 

Representative standing water levels for the new alluvium monitoring bores (RN7a, 2, and 3) will be developed 
after two years of monitoring, to allow for the evaluation of natural fluctuation across two wet and dry seasons. 

In the interim water level fluctuation greater than 2 m not resulting from the pumping of licensed bores or 
prolonged drought conditions, will be used as the interim threshold levels for water level drawdown 
investigation in the alluvium. 

Groundwater level thresholds will be developed after two years of monitoring of the new monitoring bores, 
taking into consideration natural fluctuation, mine dewatering data, and model predictions.  

12.7 Residual impacts 
The underground mining will result in a groundwater drawdown in the target coal seam. This impact cannot be 
mitigated. Modelling for the groundwater level recovery showed that there is a residual permanent reduction 
in the groundwater pressure in the confined coal seam aquifer.  

12.8 Summary and conclusions 

A conservative modelling approach was adopted to allow for the evaluation of potential groundwater impacts 
related to the Project. The conservative approach allowed for an overestimated assessment of worst case 
scenarios of mine inflow and water management capacity and includes the following key conservative 
assumptions: 

 Active model drains, that simulated mine dewatering, for two years after mining was forecast to cease 
within an area/panel. This approach was considered to provide a possible overestimation of the mine 
inflows, as mine inflows will decline into the older workings as mining continues down dip.  

 The overestimation of inflow can also result in a larger drawdown within the target Rangal Coal Measures 
coal seams than actual conditions.  
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 The upper model layers were simulated as completely saturated unconsolidated sediments, including the 
alluvium within the model domain, even though field data indicates limited and discontinuous lenses of 
groundwater within the alluvium increasing predicted inflow . 

Extensive site-specific monitoring data, including subsidence LiDAR datasets, were available to conceptualise 
the groundwater regimes, assess mine operations, and evaluate potential impacts using predictive 
groundwater modelling. The review of available site-specific data, for inclusion in the conceptualisation of 
groundwater resources, allowed for the evaluation and identification of: 

 The potential surface water – groundwater interaction (between the Nogoa River and the surrounding 
(underlying) alluvium). Based on the groundwater level and salinity data it is recognised that there is little 
or no hydraulic connection between the Nogoa River and the alluvium 

 Artificial groundwater recharge as a result of irrigation identified in the water level hydrographs generated 
from the groundwater monitoring data. The stable trends within monitoring bores EC01 and EC03 do not 
indicate any increased surface water – groundwater interaction (i.e. the groundwater levels elevated by 
artificial irrigation water recharge is not discharging into the surface water) 

 No registered springs were identified in the Project Site. One observed surface expression was identified, 
based on water quality, to be an expression of artificial recharge from agricultural irrigation. 

 No private bores were identified which access groundwater from the Rangal Coal Measures, which is the 
only groundwater resource proposed to be directly dewatered during the Project mining operations. 

The potential impacts of the Project were assessed using a peer reviewed 3D numerical groundwater model. 
The groundwater impact assessment indicated: 

 The Project will result in the generation and management of groundwater, at inflow rates similar to the 
existing Ensham Mine operations, for a longer duration due to the proposed extended life of mine. The 
combined modelled inflow for both the existing approved operations and the Project ranges from 5 to 16 
ML/day following initial inflows . As inflows from the existing operations cease and Project progresses, 
inflow ranges between 3 and 12 ML/day. These inflow rates are considered an overestimate based on 
the conservative modelling approach used to assess potential impacts.  

 Predicted inflows of groundwater for the Project will be managed using the existing Ensham Mine water 
management infrastructure. Water balance modelling indicated that there is a storage capacity of 
17,000 ML for the period 2020 to 2022, which increases progressively over the life of the Project to more 
than 48,000 ML. Stored volumes of mine affected water (highest estimates) remains relatively stable at 
approximately 16,000 ML over the life of the Project. The existing mine water management system is, 
therefore, recognised to have sufficient capacity to accommodate mine affected water including during 
extreme weather (drought and heavy rainfall) conditions. 

 The additional groundwater generated by the Project can be managed over the life of the mine. The water 
balance and predictive groundwater modelling predictions indicate that there is no need to revise the 
current environmental approval conditions related to contaminant release of mine affected water.  

 Conservative model predictions indicate that there was no predicted groundwater level drawdown within 
the alluvium above the existing and proposed underground workings. Limited drawdown in the overlying 
unconsolidated sediments is predicted from the model within the assumed fully saturated unconsolidated 
sediments including:  

– In the alluvium localised to the east of the open-cut pits (not around the current mining area or 
proposed Project area), 

– Drawdown of up to 0.5 m in the regolith in a portion of Zone 1, and  
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– Drawdown of up to 1 m to the northwest of the Project. where the Rangal Coal Measures coal seams 
subcrop below an ephemeral creek. 

 The maximum incremental groundwater level drawdown in the target A2C seam can extend up to 10 km 
down dip. Groundwater level drawdown within the target coal seam is limited to the east where the coal 
seam outcrops. The predicted drawdown in the A2C seam compared to predicted drawdown in the 
overlying unconsolidated sediments indicates little or no vertical hydraulic connection through the Rewan 
Group. 

 No marked drawdown impacts on landholder bores, water quality, and baseflow are predicted from 
modelling and assessments. 

 Groundwater modelling predicted isolated drawdown of the alluvium groundwater within the Project Site 
under the conservative assumption of fully saturated sediments in the model that overestimates the 
potential for induced flow from the unconsolidated sediments.   

– Modelled areas of isolated drawdown occur outside of the mapped (low confidence) terrestrial GDE 
to the east and northwest of the Project. 

– Groundwater within alluvium area is not suitable for use by the mapped low confidence GDE 
communities in areas of conservatively predicted drawdown. 

 Post-mining groundwater level rebound modelling indicates: 

– The water levels in the shallow groundwater system will fully recover to pre-mining conditions  

– The water levels in the Rangal Coal Measures within the Project are predicted to recover to 10 m 
lower than in the surrounds. The limited Rangal Coal Measures water level rebound is related to 
the influence of the Ensham Mine final voids, which will continue to act as a localised groundwater 
“sink”. 

 No groundwater impacts by subsidence (no goaf, collapse, of secondary alteration (fracturing)) is 
predicted to occur when adopting the proven stable bord and pillar mining technique. 

Mitigation measures and possible management options were considered based on the groundwater impact 
assessment, these considerations included: 

 The water balance modelling, which includes the predicted groundwater inflows and quality, results 
indicate that the existing water management system will be more than sufficient to manage the Project’s 
climatic extremes, as such no new mine water management infrastructure and mitigations will be 
required 

 As the modelled drawdowns are below the Water Act water level thresholds (5 m for hydrostratigraphic 
units such as the Rewan Group), no make good measures are required for the Project 

 Based on the limited drawdown (extent and locations), unfavourable habitat, and low likelihood, no 
groundwater related mitigation measures are required for the terrestrial GDEs 

 A risk-based assessment of potential groundwater related impacts, direct and indirect take, and the 
aquatic ecology assessment indicated that no mitigation measures are necessary 

The groundwater assessment allowed for the compilation of recommendations regarding the augmentation of 
the existing groundwater monitoring programme. These monitoring recommendations allow for Project specific 
monitoring, model validation, and the development of bore based water quality trigger and water level 
thresholds. Interim triggers and thresholds have been recommended during the new monitoring bore data 
compilation. 

 

  


