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Section 12 Groundwater 

12.1 Introduction 
Hancock Galilee Pty Ltd (HGPL) is developing the Kevin’s Corner Coal Project. HGPL proposes to 

establish a mine in the Galilee Coal Basin, Central Queensland, to service international export energy 
markets for thermal coal. The project will consists primarily of three underground longwall operations, 
supplemented with two opencast pits. It is planned that the Project will link in with the rail line currently 

being proposed by the Alpha Coal Project. 

The groundwater resources within and adjacent to the proposed Project are discussed in this section. 

12.2 Tenure 
The Project site is covered by granted tenure mineral development licence (MDL) 333. The title has 
been affected to HGPL. MDL 333 was granted on the 27th September 2007, and is due for renewal on 
the 30th September 2012.  In December 2007, an additional exploration permit for coal (EPC) 1210 

was obtained. The MDL 333, a section of the EPC 1210, and MDL 285 (Alpha Coal Project) have 
been regrouped to form the new mining leases currently under application. HGPL has applied for 
mining lease application (MLA) 70425, which is a combination of a portion of EPC 1210 and MDL 333. 

EIS Volume 1 Section 4 Geology provides additional data regarding tenure and includes Figure 4-1, 
which indicates the MDL and MLA boundaries. 

Figure 12-1 shows the location of the leases that make up the Project plus neighbouring exploration 

permits EPC 1053, EPC 1079, EPC 1040 of Waratah Coal Pty Ltd to the north, west, and south, and 
EPC 1263 of Queensland Thermal Coal Pty Ltd to the east. 

12.3 Legislative Background 

12.3.1 Water Act 2000 

The Water Act 2000 (Water Act) is the key piece of legislation that regulates the interference with, and 
extraction of, groundwater in Queensland. Section 19 of the Water Act states that “all rights to the use, 

flow and control of all water in Queensland are vested in the State”, and Section 808 makes it an 
offence to take, supply, or interfere with water without authority. 

Section 20 of the Act lists a number of cases where, despite section 19, taking of water without water 

entitlement is authorised.  With respect to sections 19 and 20: 

 Artesian water is not mentioned in section 20, therefore authority is always required to take or 

interfere with artesian water.  There is no known artesian water within the MLA 70425; and 
 Section 19(6) states that a person may take or interfere with subartesian water1 unless: 

a moratorium notice, or water resource plan declaration, limits or alters the water that may be taken or 

interfered with; or, a regulation under section 1046 of the Act regulates the taking or interfering with 
water. Section 1046 of the Water Act is concerned with the regulation of declared subartesian areas.   

                                                      
1
 The Water Act 2000 defines subartesian water as “water that occur naturally in, or is introduced artificially into, an aquifer, 
which if tapped by a bore, would not flow naturally to the surface” 
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The following comments apply with respect to declared subartesian areas (subartesian areas): 

 Schedule 11 of the Water Regulation 2002 lists current subartesian areas.  The schedule also lists 
the bores types (e.g. stock or domestic) for which a water entitlement or permit is not required, and 
the bore types which are not assessable (i.e. for which a development permit is not required for 

bore drilling and construction).   
 For bore types not listed in schedule 11 of the Water Regulation 2002 (e.g. bore types such as 

irrigation, water supply excluding stock and domestic, mine dewatering etc), authority is required to 

take or interfere with water, and a development permit is required for bore drilling and construction.  
Authority to take or interfere with groundwater may be in the form of: 

A Permit to Take Water, which is applicable if the activity is of a temporary nature and has a 

reasonably foreseeable conclusion date.  A Permit to Take Water is appropriate to activities such as 
running pumping tests (e.g. to obtain aquifer properties) obtaining water supply for exploration drilling, 
or relatively short-term construction activities (i.e. in the order of 12 months); or 

A Water Licence, where the take or interference with groundwater is of a longer-term nature.  The 
definition of “reasonably foreseeable conclusion date” is not set and so requires interpretation by the 
Department of Environment and Resource Management (DERM), but experience suggests that 

activities expected to last for several years or more (or where the impacts of the activity may be of 
long-term duration) would be expected to be licensed.  In recent years DERM have begun making a 
more formal distinction between the purpose for which water is taken or interfered with, and this has 

resulted in two broad classes of water licence that are applied to mining projects.  There is no 
difference in the application process for these types of licence, but the purpose of the licence (as 
stated on the water licence application) will determine the way in which the application is assessed 

and eventually managed (if the licence is granted).   
 

The two types of licence are: 

1. Dewatering Licence, which may be required for dewatering of an open-cut or underground 
mine void.  Mine dewatering covers active dewatering (e.g. via bores), or passive dewatering 
(e.g. where water drains to a pit or underground void under gravity drainage and is removed 

via sump pumps); and 
2. Water supply licence.  This type of licence is applicable where, for example, the bore is to be 

drilled and constructed to provide a long-term water supply, rather than for dewatering 

purposes.  A water supply licence will be assessed by DERM on the basis of sustainability of 
the water supply, and impacts on existing groundwater users and the environment. 
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The majority of the Project is located within the Highlands declared subartesian area, where authority 
is required to take or interfere with subartesian groundwater for any purpose other than stock or 
domestic use.  The north western corner of MLA 70425 is located within the Great Artesian Basin 

declared subartesian area, where authority is required to take or interfere with subartesian 
groundwater and there are no exemptions, i.e. development permits and permits to take water or 
licensing are required for all groundwater extraction. 

The Project is also located within the area covered by the Water Resource (Burdekin Basin) Plan 2007 
(WRP).  The western boundary of the WRP in the Project area is the Great Dividing Range.  The WRP 
has no direct bearing on groundwater resources in the Project area. 

Table 12-1 lists the water legislation and key approvals required for the project. 

Table 12-1 Key approvals required for the Project 

Legislation Relevant Authority Action/ Approval 

Environment 
Protection Act 
1994 

Department of Environment and Resource 
Management including the former 
Environmental Protection Agency and 
Department of Natural Resources and Water 
(DERM) 

Approval of environmental management plan 
(EM Plan) and issue of an environmental 
authority (EA) to operate the mine 

Water Act 2000 DERM Licensing of water course diversions and 
crossings 
A Water licence will be required to authorise 
the take of water by the proposed dewatering 
scheme. Permits will also be required for 
temporary take of groundwater for any 
construction purposes. Development permits 
will be required to authorise the construction 
of bores to take this water 

Hazardous dam approval 

12.3.2 Environmental Protection Act 1994 

Environmental Protection Act 1994 (EP Act), promotes ecologically sustainable development, and has 
the stated objective “to protect Queensland’s environment while allowing for development that 

improves the total quality of life, both now and in the future, in a way that maintains the ecological 
processes on which life depends”. 

HGPL are aware of the Standard Criteria set out in the EP Act (Schedule 4), which includes the 

requirement to consider the principles of the National Strategy for ecologically sustainable 
development (ESD) including the precautionary principle in decision making.  

12.3.3 Environmental Protection (Water) Policy 

The Environmental Protection (Water) Policy 2009 (EPP [Water]), applies to all water in Queensland, 
and provides a framework for defining the environmental value of water and guidelines for water 
quality. The policy aims to protect water to designated environmental values.   

This Act has a monitoring component (Section 26) related to monitoring the release of waste water on 
land or into water. The administering authority would decide in the level of monitoring dependant on 
the activity, the risk of harm to environmental values, and the frequency needed. 
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Impact monitoring may also be required (Section 27) if an administering authority is making decisions 
about an activity involving a release or potential release of waste water. 

The direct release of water to surface water and to groundwater is regulated under Sections 18, 19, 

and 20. The release of water to surface water is only possible after an assessment of the water quality 
and the impact of mixing the released water with the existing water quality. The release of water to 
groundwater is only possible after an assessment of the impact on the environment and will only be 

allowed under certain aquifer conditions. 

Section 21 which regulates the accidental release of water to the groundwater, requires that infiltration 
of release water to soil and groundwater be minimised or prevented and any release or potential 

release monitored against site baseline conditions. 

A review of the 2008 amendment to the Environmental Protection Act 1994 Environmental Protection 
(Water) Policy document, which came into effect on 01 January 2009, was conducted and included an 

evaluation of the environmental values, with regards to the groundwater resources (Section 12.10). 

12.3.4 Sustainable Planning Act 

Sustainable Planning Act 2009 promotes development based on the concept of ecological 

sustainability. 

12.4 Regional and Site Geology 
The regional and site geology is detailed in Volume 1 Section 4.  The Project is located within the 

Galilee Basin, which comprises a sequence of Late Permian to Early Triassic sedimentary rocks. The 
stratigraphy of the Galilee Basin in the Project area is presented in Table 12-2. 

 
Table 12-2 Galilee Basin stratigraphy underlying the Project 

Era Period Basin Unit Rock types 

Quaternary   Alluvium Cainozoic 

Tertiary   Argillaceous sandstone and 
clay 

Mesozoic Triassic  Rewan Group Green-grey mudstone, siltstone 
and labile sandstone 

Bandanna 
Formation 

Coal seams A and B, labile 
sandstone, siltstone, and 
mudstone 

Permian 

Colinlea 
Sandstone 

Coal seams C, D, E, and F, 
labile and quartz sandstone 

Late Carboniferous 
to Early Permian 

Galilee 

Joe Joe 
Formation 

Mudstone, labile sandstone, 
siltstone, shale and thin 
carbonaceous beds 

Paleozoic 

Early 
Carboniferous 

Drummond   

 

 
The hydrostratigraphy of the Project site is discussed below. 
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12.5 Hydrostratigraphy 
The Project deposit lies on the eastern side of the Galilee Basin. The geology consists of gently 
westerly dipping (generally 1 to 2º dip) sediments of Permian age, unconformably overlain by younger 

Tertiary and Quaternary sediments. Both historical and recent borehole data shows that the thickness 
of Tertiary and Quaternary sediments varies from ~ 60 metres (m) to less than 5 m to the west.  

Alteration of Permian parent material, during the Tertiary age, has resulted in laterite and saprolite, 

which is mapped in the younger Tertiary and Quaternary cover. The weathered/ laterized Joe Joe 
Group sediments are difficult to distinguish from weathered/ laterized Colinlea Sandstone.  However, 
an abundance of lithic sediments is considered diagnostic as the Colinlea Sandstone is more quartz-

rich. 

Figure 12-2 presents a schematic cross-section through sediments and the coal seams mapped on 
site.   
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The stratigraphy of the Project area, including a summary of the aquifer types encountered at site, is 
shown in Table 12-3. 

Table 12-3 Site stratigraphy and aquifer types 

Era Period Lithology Stratigraphic 
Unit 

Thickness 
(m) 

Aquifer Type 

Quaternary Alluvium  Unconfined 

Tertiary Argillaceous sandstone, saprolite, 
laterite 

 

< 5 to 60  

Perched 

Unconformity 

Triassic Green brown-purple mudstone, 
siltstone, and sandstone 

Rewan Group 175  Confining unit – 
base of 
hydrogeological 
GAB – occurs 
in north west 
corner of MLA 

Sandstone 30 – 50  

Coal seam A.  1 – 2.5  

A-B sandstone. Grey siltstone, 
sandstone and mudstone 

10  

Coal seam B.  6 – 8  

In
cr

ea
si

ng
ly

 
ar

gi
lla

ce
ou

s 

B-C interburden. Siltstone and 
mudstone 

Bandanna 
Formation 

60 - 70  

Coal seam C 
Inferior C Upper 
C Seam 

 
2 – 5 
3 - 4  

C-D sands. Siltstone and sandstone 2 – 20  

Coal seam D.  4.5 – 6  

D-E sands. Sandstone 30 

Coal seam E 0.5 

Sub-E sandstone. 15 – 20  

Coal seam F 1 - 3 

Late Permian 

Sub-F sandstone 

Colinlea 
Sandstone 

variable 

In
cr

ea
si

ng
ly

 a
re

na
ce

o
us

 

Sandstone, siltstone (carbonaceous, 
micaceous), mudstone, and coal 

Aramac 
Coal 
Measures 

Aquitard 

Sandstone, siltstone, mudstone. 
Contains Edie Tuff Member 

Jochmus 
Formation 

Aquitard 

Mudstone, siltstone, sandstone. 
Contains Oakleigh Siltstone Member 

Jericho 
Formation 

Aquitard 

C
ai

n
oz

o
ic

 

Late 
Carboniferous 
to early 
Permian 

Silicified sandstone, minor mudstone 

Jo
e 

Jo
e 

G
ro

u
p

 

Lake 
Galilee 
Sandstone 

Aquitard 
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12.5.1 Permian Deposits 

The Permian sedimentary deposits comprise the Bandanna Formation and Colinlea Sandstone (Table 
12-3). The Bandanna Formation includes grey siltstone, sandstone, and mudstone and hosts the A 
and B coal seams. The Colinlea Sandstone interval contains the C to F coal seams and is 

differentiated by the transition from argillaceous to arenaceous lithotypes, where medium to coarse 
sandstones dominate. The Colinlea Sandstone within MLA 70425 is labile and displays a clayey 
matrix / cement in places. 

There are two major coal seams that will be the target of mining within the deposit; the C seam and D 
seam, which vary in thickness from 2 to 6 m in the area to be mined. The overlying A and B coal 
seams will not be the target of mining by the Project.  

From a groundwater perspective, major hydrostratigraphic boundaries occur within MLA 70425 at the 
base of weathering (Figure 12-2), beyond which groundwater is encountered under confined 
conditions in the interburden between the  coal seams, known locally as the B-C sands, C-D sands, 

and D-E sands (below the D coal seam). It has been observed during exploration drilling that 
groundwater inflows are relatively low until the D coal seam is intersected, at which point higher rates 
of groundwater flow are often encountered. The sandstone unit directly below the D coal seam and 

above the E coal seam (D-E sands) will require aquifer depressurisation, and the overlying sediments 
(B-C sands, C-D sands, and the C and D coal seams) will need to be locally dewatered in order for 
mining to occur safely. 

The sub-E sands (between the E and F coal seams) and sub-F sandstone (below the F coal seam and 
to the base of the Colinlea Sandstone) are regarded (based on the coarse- to medium-grained clean 
sandstone nature of these units) as containing sustainable groundwater resources. Mine plans and 

site lithostratigraphy indicate that the sub-E and sub-F sandstones will not require active 
depressurisation.  

The Colinlea Sandstone is in turn underlain by sediments of the Joe Joe Formation. The geology of 

the Joe Joe Formation within the Galilee Basin has been described in detail in Gray & Swarbrick 
(1975). Gray & Swarback (1975) define the Joe Joe Formation as a Group and as “that succession of 
formations which is unconformably overlain by the Colinlea Sandstone and its lateral correlative, and 

unconformably overlies strata of the Adavale and Drummond Basins…”  The Joe Joe Group consists 
of entirely non-marine sediments and, based on dating of spore assemblages, is assigned a likely age 
of Late Carboniferous to early Permian. It was noted that the Colinlea Sandstone tends to be coarser 

and more quartz-rich than the Joe Joe Group sediments.  On this basis the Joe Joe Group is 
interpreted to be a confining unit below the Colinlea Sandstone sub-F coal seam aquifer. 

The surface geology within and adjacent to the Project are shown in Figure 12-3. The figure shows the 

outcrop of the Rewan Group (base of hydrogeological Great Artesian Basin [GAB]), Colinlea 
Sandstone, and Joe Joe Formation.  
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The boundary of the WRP area is defined as the surface water divide (the Great Dividing Range) 
where flow is to the west into the Coopers Creek catchment (GAB catchment and GAB intake beds), 
and flow occurs to the east into the Burdekin Basin catchment. 



 
 

Section 12│Groundwater │ Page 12-14 of 146│HG-URS-88100-RPT-001 
 



7,380,000 m
N

480,000 mE

460,000 mE

460,000 mE420,000 mE

440,000 mE
7,480,000 m

N
7,460,000 m

N
7,440,000 m

N
7,420,000 m

N
7,400,000 m

N
480,000 mE420,000 mE400,000 mE

400,000 mE

7,
38

0,
00

0 
m
N

440,000 mE

7,
48

0,
00

0 
m
N

7,
46

0,
00

0 
m
N

7,
44

0,
00

0 
m
N

7,
42

0,
00

0 
m
N

7,
40

0,
00

0 
m
N

Alpha

Figure: 12-3

File No: 42626660-g-1104.wor

Job Number

Revision

Date

4262 6660

B

12-09-2011
SURFACE GEOLOGY

Copyright: This document is and shall remain the property of Hancock Galilee Pty Ltd .  The document may only be used for the purpose for which it was produced.  Unauthorised use of this document in any way is prohibited.

Bing Maps © 2009 Microsoft Corporation and its data suppliers. ESRI ArcGIS Online 2011, © Mapinfo Australia Pty Ltd and PSMA Australia Ltd., © Commonwealth of Australia (Geoscience Australia) 2006 , © The State of Queensland (Department of Environment & Resource Management) 2010, © The State of Queensland (Department of Mines and Energy) 2010.

Datum: GDA94, MGA Zone55

10Km50

Source: See Copyright Details below and for full disclosure Please Refer to the EIS Volume 1 - References

This map is based on or contains data provided by URS 2011, which makes no representation or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of dataset being inaccurate, incomplete or unsuitable in any way for any reason.

Mining Lease Application
(MLA70425) Boundary

Major Road



 
 

Section 12│Groundwater │ Page 12-16 of 146│HG-URS-88100-RPT-001 
 



 
 

Section 12│Groundwater │ Page 12-17 of 146│HG-URS-88100-RPT-001 
 

                                                     

Relationship to the GAB 

The boundary of the hydrogeological GAB (outcrop of Rewan Formation) occurs predominantly to the 
west of MLA 70425 (refer Figure 12-3). The north western corner of MLA 70425 is underlain by Rewan 

Formation, which is the basal confining unit to the hydrogeological GAB. 

The boundary between the GAB Declared Subartesian Area and the Highland Declared Subartesian 
Area, within the northwest corner of MLA 70425 is mapped to coincide with the cadastral boundaries, 

the south eastern boundary of the Cudmore Resources Reserve. 

The potential for the Project to markedly impact the groundwater resources of the GAB is regarded as 
negligible, as drawdown would be required to transfer through approximately 175 m of aquitard with 

vertical hydraulic conductivity values of < 0.0009 m/day.  

An evaluation of potential impacts of mine dewatering on the GAB is included in Section 12.12.7. 

12.6 Groundwater Occurrence 
Based on monitoring bore drilling and construction on and adjacent to the Project and a review of the 
regional and site geology, five possible aquifer systems have been identified within the proposed 
Project area. These include: 

 Shallow alluvium along creek lines; 
 Tertiary aquifers; 
 Permian regolith; 

 Permian sandstone; and 
 Permian coal seam aquifers. 

Results of drilling and previous investigations (Section 12.8) indicate that limited (perched) unconfined 

groundwater resources occur within the alluvium and clay-rich Tertiary saprolite and laterite. The main 
groundwater resources are associated with the Permian sandstone and to a lesser extent the coal 
seams. 

12.7 Surface Water Environment 
The major surface water drainage feature across the Project is the ephemeral Sandy Creek, which 
drains south to north through MLA 70425 (Figure 12-4), after the confluence with Lagoon Creek.  

Sandy Creek drains from the Great Dividing Range to the west.  Drainage from the east of MLA 70425 
occurs from water divide formed by the low unnamed range between Sandy Creek and Native 
Companion Creek. The unnamed range comprises the outcrop of the Joe Joe Formation.   

A review of registered springs, as defined by Springs of Queensland2, indicates that the nearest 

registered spring is located some 20 km to the north of MLA 70425 (spring reference no. 405 on 
Figure 12-4). Volume 1 Section 11 (Surface Water) provides a detailed description of the existing 

 
2 Springs of Queensland version 4.0, Aug 2005, http://www.epa.qld.gov.au/wetlandinfo/site/factsfigures/springs.html 

http://www.epa.qld.gov.au/wetlandinfo/site/factsfigures/springs.html
http://www.epa.qld.gov.au/wetlandinfo/site/factsfigures/springs.html
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surface water environment on the Project site. Additional surface water information is also available in 
the EIS surface water technical reports, Volume 2 Appendix M. 
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12.8 Site Groundwater Regime 

12.8.1 Groundwater Assessments 

12.8.1.1 Previous Investigations 

Prior to the current phase of groundwater assessment there have been three phases of groundwater 
investigation undertaken on MDL 285 (Figure 12-1) immediately adjacent to MLA 70425. These 

hydrogeological data is relevant to the Project as MDL 285 is underlain by the same geological and 
hydrogeological units.   

It must be noted that additional drilling and aquifer testing is currently ongoing after delays due to the 

extended 2010/11 wet season. The details of the ongoing studies are included in Section 12.8.2. 

The historic investigations include: 

Phase 1 – Surface water, groundwater, and geotechnical investigations by Australian Groundwater 

Consultants (AGC), during 1982-1983. These investigations provided: 

 Information from the drilling of pumping test and monitoring bores (TPB-1 to TPB-4);  
 Calculated aquifer hydraulic properties from pumping tests undertaken at TPB-1 to TPB-4. The 

results are summarised in Table 12-4; 
 Summary of groundwater chemistry; 
 Predictions of pit inflows and pit dewatering requirements; 

 A preliminary conceptual groundwater model; and 
 Water supply potential of groundwater systems on site.  

Phase 2 – Groundwater and geotechnical investigations undertaken by Longworth & McKenzie during 

1984.  These investigations provided: 

 Information from the drilling of pumping test and monitoring bores, with pumping wells developed in 
vertically separated aquifer systems.  Pumping test bore W1 which constructed within the C and D 

coal seams and interburden and bore W2 was constructed within the D-E sands;  
 Calculated aquifer hydraulic properties from pumping tests on bores W1 and W2; and 
 Results from geotechnical testing of core samples. 

Phase 3 – Prefeasibility Stage Investigations undertaken by Connell Hatch 

The Connell Hatch investigations did not present any new work, but provided a summary of previous 
investigations, and re-iterated the volume of groundwater likely to be held in storage, as calculated by 

the AGC investigation. 

A further aquifer test was conducted by JBT Consulting during 2011 at the bulk sample pit within 
MDL285. 
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A summary of the aquifer tests is presented in Table 12-4. Results from the aquifer tests are 
summarised in Table 12-5. The location of groundwater investigation and monitoring bores is shown in 

Figure 12-5. 

Table 12-4 Aquifer test summary 

Bore 
ID 

Duration Target unit Discharge 
(L/s) 

Comments 

Testing undertaken by AGC 1983 

TPB-1 100 hr D-E Sands 10 37 m of drawdown in pumping bore.  Water level 
drawn down to top of screens. 

TPB-2 24 hr D-E Sands 3.6 At a pumping rate of 10 L/s the water level dropped 
to the pump intake.  Testing continued at 3.6 L/s.  
Drawdown during test was 55 m in the pumping 
bore. 

TPB-3 100 hr C-D Sands 10 19 m of drawdown in pumped bore.  Water level 
almost down to top of aquifer. 

TPB-4 100 hr D-E Sands 6 44 m of drawdown in pumped bore.  Water level 
drawn down within the aquifer. 

Testing undertaken by Longworth & McKenzie 1984 

W-1 2 days C-D Sands 0.1 Bores W-1 and W-2 were constructed at the same 
location, but were screened within separate aquifers.  
W-1 was constructed within “Aquifer 1” (C-D Aquifer 
of AGC reports), while W-2 was constructed within 
“Aquifer 2” (E Aquifer of AGC Reports) 

5.5 m of drawdown in pumped bore. 

W-2 15.87 days D-E Sands 1.03 34.27 m of drawdown in pumping bore. 

Testing undertaken by JBT Consulting 2011 

1290L 2.45 hours D-E Sands 0.4 Drawdown in the pumped bore was 60.9 m after 2 
hours 45 minutes.  In an observation bore (AMB-01) 
30 m away (also constructed in D-E sands) the 
drawdown after 2 hours 45 minutes was 1.25 m. 
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Table 12-5 Aquifer test results 
Hydraulic 
Conductivity (K) 

Pumping 
Test Bore 

Bore 
Monitored 

Distance 
from 
Pumped 
Bore (m) 

Unit Analysis Method Transmissivity 
(T) (m2/day) 

Aquifer 
thickness 
(m) (m/d) (m/s) 

Storage 
Coefficient 
(S) 

AGC (1983)  
Jacob 41.6 24 1.73 2.01E-05 - 
Jacob Late Stage 23.2 24 0.97 1.12E-05 - 

TPB1 0 D-E Sandstone 

Recovery 29.1 24 1.21 1.40E-05 - 
Jacob 43.9 30 1.46 1.69E-05 4.80E-05 
Jacob Late Stage 30.4 30 1.01 1.17E-05 4.70E-04 

B597 10.05 D-E Sandstone 

Recovery 29.8 30 0.99 1.15E-05 - 
Jacob 42.7 24 1.78 2.06E-05 3.60E-05 
Jacob Late Stage 28.4 24 1.18 1.37E-05 4.65E-05 

B593 260 D-E Sandstone 

Recovery 28 24 1.17 1.35E-05 - 
Jacob 42 28 1.50 1.74E-05 1.26E-04 
Recovery 65.3 28 2.33 2.70E-05 - 
Average - Jacob  1.56 1.80E-05 7.00E-05 
Average - Jacob late stage  1.20 1.39E-05 2.58E-04 

TPB1 

B591 
 

572.5 D-E Sandstone 

Average - Recovery  1.43 1.66E-05 - 
Jacob 2.8 16 0.18 2.03E-06 - TPB2 0 D-E Sandstone 
Recovery 4.7 16 0.29 3.40E-06 - 
Jacob 5.3 16 0.33 3.83E-06 6.60E-05 
Recovery 4 16 0.25 2.89E-06 - 
Average - Jacob  0.25 2.93E-06 6.60E-05 

TPB2 

B538 
 

20.03 D-E Sandstone 

Average - Recovery  0.27 3.15E-06  
TPB3 TPB3 0 C-D Sandstone Recovery 6.5 20 0.33 3.76E-06  
 B506 

 
21.35 C-D Sandstone Jacob 5.6 20 0.28 3.24E-06 1.10E-03 

    Recovery 5.4 21 0.26 2.98E-06  
    Average  0.30 3.50E-06 1.10E-03 
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Hydraulic 
Conductivity (K) 

Pumping 
Test Bore 

Bore 
Monitored 

Distance 
from 
Pumped 
Bore (m) 

Unit Analysis Method Transmissivity 
(T) (m2/day) 

Aquifer 
thickness 
(m) (m/d) (m/s) 

Storage 
Coefficient 
(S) 

Jacob 10.3 32 0.32 3.73E-06  TPB4 0 D-E Sandstone 
Recovery 9.8 32 0.31 3.54E-06  
Jacob 14.8 26 0.57 6.59E-06 1.00E-05 B627 32.9 D-E Sandstone 
Recovery 18.3 26 0.70 8.15E-06  
Jacob 16.6 30 0.55 6.40E-06 1.90E-05 
Recovery 15.9 30 0.53 6.13E-06  
Average - Jacob  0.48 5.57E-06 1.45E-05 

TPB4 

B191 
  

370 D-E Sandstone 

Average - Recovery  0.51 5.94E-06  
Longworth & McKenzie (1984)  
W1 W1 0 C-D seams/interburden Jacob early time 2.8 24 0.12 1.35E-06  
 P1/1 30 C-D seams/interburden Jacob early time 4.3 24 0.18 2.07E-06 1.30E-03 
 P3 

  
 C-D seams/interburden Jacob early time 2.8 21 0.13 1.54E-06 8.00E-03 

    Average   0.14 1.66E-06 4.65E-03 
W2 0 D-E Sandstone Leaky aquifer analysis 4.6 21 0.22 2.54E-06  
P1/2 30 D-E Sandstone Leaky aquifer analysis 4.3 15 0.29 3.32E-06 3.20E-05 

Leaky aquifer analysis 4.3 15 0.29 3.32E-06 3.70E-05 

W2 

P2/2 
  

50 D-E Sandstone 
Average  0.26 3.06E-06 3.45E-05 

JBT Consulting (2011) 
1290L AMB-01 30 D-E Sandstone Theis 1.2 6.3 0.16 1.90E-6 3.80E-04 
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12.8.1.2 Water Level Monitoring Bores 

Vibrating Wire Piezometer (VWP) monitoring bores have been constructed at 17 sites within or 
adjacent to the MLA 70425.  The location of these bores is shown on Figure 12-6.  The piezometers 

allow for the recording of changes in pore pressure adjacent to the piezometer and allow for the 
monitoring of a number of vertical intervals within the one hole. 

Water level plots for all VWP bores with data-loggers are shown in Figures 12-7 to 12-9.  The following 

observations are made: 

 The VWP readings show diurnal variations in water level.  A number of trends are apparent with 
respect to these diurnal water level variations: 

 Within an individual bore the magnitude of variation increases with depth (i.e. generally the diurnal 
variation is more distinct in piezometers monitoring the confined D-E sands interval than for 
overlying sediments); 

 The magnitude of variation increases to the west; 
 For a number of bores a trend is evident that overprints the diurnal variation discussed above. In 

these cases it appears that pressures rise before significant rainfall events and reduce following 

rainfall. 
 It is interpreted that these diurnal variations are due to earth tides and barometric effects. 

12.8.1.3 Potentiometric Groundwater Flow Patterns 

Groundwater level data has been reviewed from over 250 groundwater exploration bores within the 

MLA 70425 and the adjacent MLA 70426.  A potentiometric surface map was produced (Figure 12-10) 
taking in to consideration the following: 

 The groundwater levels were measured in open exploration holes and, therefore, represent a 

composite piezometeric level (combining all water-bearing intervals encountered within each open 
bore); and, 

 Water levels are taken from recent phases of exploration drilling, but the levels have been collected 

over a period of approximately 1 year.  Therefore the potentiometric surface contours do not 
represent a surface at a single moment in time. 
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The composite potentiometric surface, thus, only provides a general flow pattern, which based on the 
flow from west to east suggests groundwater flow is a subdued reflection of topography.  

Data from the VWP bores installed within D-E sands was used to construct an additional 

potentiometric surface across the site.  Figure 12-11 shows the potentiometric surface of the D-E 
sands for readings taken in December 2009.  Hydrostatic pressures are higher in the west and 
southwest of the lease area and lower in the east toward Sandy Creek. Thus, the potentiometric 

surface of the D-E sands follows the same general trend as shown in Figure 12-10 for the 
potentiometric surface generated from exploration drilling data.   

12.8.2 Current Groundwater Assessments 

Site progress to date is the successful drilling and construction of three sets of nested bores, 
comprising  shallow (~ 10 m) bores into the Sandy Creek alluvium and deeper (~ 30 m) bores into the 
underlying Colinlea Sandstone units. These bores were constructed within the first week of August 

2011. These bores have been monitored during the monthly groundwater monitoring program. A 
summary of available data is included in Table 12-6. 

Table 12-6 Nested bores adjacent to Sandy Creek 

Bore ID Easting  Northing Depth (m) Static Water 
Level (mbgl)  
15 August 
2011 

Comment 

KMB-01A 450213 7454062 30 9.06 Standpipe bore screen 24-30 m 

KMB-01B 450213 7454062 10 7.28 Standpipe bore screen 5-10 m 

KMB-02A 447542 7450445 30 10.49 Standpipe bore screen 24-30 m 

KMB-02B 447542 7450445 10 3.51 Standpipe bore screen 5-10 m 

KMB-03A 448352 7445994 30 13.42 Standpipe bore screen 24-30 m 

KMB-03B 448352 7445994 10 5.97 Standpipe bore screen 5-10 m 

 
The groundwater results indicate that the groundwater associated with the Sandy Creek is perched (in 
the 10 m bores) above the confined Colinlea Sandstone sediments (30 m bores). 
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Ongoing evaluation 

Large diameter exploration bores are being constructed as production bores as well as observation 
bores, to allow for long duration aquifer tests to be conducted. These bores are to be constructed 
during September 2011 followed by aquifer testing. The additional monitoring bore details are included 

in Table 12-7. 

Table 12-7 Additional monitoring bores details 
 

Bore name  
(Salva ID) 

Easting 
(GDA94) 

Northing 
(GDA94) 

Type Depth (m) Screen 
depth 

Target 

1493L_D-E 445820 7447537 PTB 110 90-105 Screen across D-E 
sands 

1493L_Monitoring 445820 7447550 SMB 110 90-105 Screen across D-E 
sands 

1492L_C-D 442510 7440950 PTB 135 125-135 Screen across C-D 
sands 

1492L_D-E 442510 7440904 PTB 155 150-155 Screen across D-E 
sands 

1492L_C-D_Monitoring 442510 7440970 SMB 140 125-135 Screen across C-D 
sands 

1492L_D-E_Monitoring 442510 7440925 SMB 155 150-155 Screen across D-E 
sands 

1446L 439231 7446000 PTB ~215 200-215 Screen across D-E 
sands 

1446L_Monitoring_1 439231 7446030 SMB ~215 200-215 Screen across D-E 
sands 

1446L_Monitoring_2 439231 7446010 VWP ~230 VWP in 
sub-E, 
D-E, C-
D, B-C 
sands 

 

1447L_C-D 445610 7452150 PTB 85 70-85 Screen across C-D 
sands 

1447L_D-E 445610 7452109 PTB 105 90-105 Screen across D-E 
sands 

KCMon1 438039 7451570 SMB ~200 180 to 
200 

Screen across C-D 
sands 

 
KCMon2 

437087 7444259 SMB ~220 200 to 
220 

Screen across D-E 
sands 
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The drilling has started on bore 1447L and the bore construction are as follows: 

 Large diameter bore 1447L was drilled to 103 m, this bore was backfilled to above the E coal seam 

(99. 5 m below surface). It was then screened between 92 to 98 m below surface, within the D-E 
sands; 

 An additional production bore has been drilled and constructed 20 m north of 1447L, which is 

screened across the C-D sands (62 to 74 m below surface); and 
 An observation bore, including 4 vibrating wire piezometers, is to be drilled 40 m along dip from 

1447L, this bore is to include vibrating wire piezometers at 110 m (sub-E sands), 96 m (D-E 

sands), 68 m (C-D sands), and 49 m (B-C sands). This will allow for the assessment of aquifers 
within and adjacent to the production bores to be monitored during pumping. Resultant aquifer 
hydraulic parameters, as collected from all the planned testing, will be added to the regional model 

to allow for refinement. 

The results of the field program and subsequent modelling will be available post the production of the 
EIS.  

12.8.3 Existing Groundwater Users 

12.8.3.1 DERM Groundwater Database 

Registered bores from the DERM groundwater database within an area of ~ 20 km from the boundary 
of MLA 70425 are shown in Figure 12-12. The DERM groundwater database bores listed as existing, 

proposed, or abandoned but still useable, were considered.  

There are almost 150 registered groundwater bores within the search area.  Within 20 km of the edge 
of the mine pits there are 61 bores listed as existing and 2 listed as abandoned but useable.   

The number of groundwater bores within the vicinity of the project indicates that groundwater is a 
water resource within this water scarce area. 

12.8.3.2 Bore Survey 

A bore survey of existing groundwater users and use was conducted on properties within a ~ 10 km 

radius of the Hancock MLAs, both Alpha and Kevin’s Corner projects. The survey aimed at obtaining 
pre-mining ambient groundwater data, including groundwater extraction, quality, and water levels. 

The bore survey aimed at recording all available groundwater data on the following properties: 

Wendouree, Forrester, Surbiton, Hobartville, Surbiton South, Burtle, Tresillian, Mentmore, Monklands, 
Kia Ora, Sandy Creek, and Glen Innes (Figure 12-12).  

The survey area selected was based on the following: 

 Properties that are wholly west of the Rewan Formation outcrop (aquitard) are excluded based on 
the interpretation that drawdown impacts will not extend through the aquitard; 

 Properties that are wholly east of the Joe Joe Formation outcrop (aquitard) are excluded based on 

the interpretation that drawdown impacts will not extend through the aquitard; and 
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 A number of properties to the east of MLA 70425 and MLA 70426 were included on the basis that 
they may be east of the Joe Joe Formation outcrop, but they are still within the MLA boundaries, 
and could be impacted to some degree (i.e. monitoring is required for water quality as well as water 

level drawdown considerations).  

The bore survey was completed in July 2011 and the detailed findings are presented in EIS Volume 2 
Appendix N2.  

The survey included the sampling of bores used for domestic purposes (locally referred to as house 
bores) and stock watering on each of the farms visited, in order to obtain representative groundwater 
quality data. These results were compared to the following guidelines: 

 Australian Drinking Water Guidelines; and 
 ANZEEC guidelines for stock watering (beef). 

The results, except for elevated electrical conductivity values, indicate that the groundwater is suitable 

for both domestic and stock watering. 

The collection of these results allowed for the evaluation of groundwater environmental values for the 
purposes of the EIS. 

These baseline data will be used for comparison purposes when assessing possible impacts on 
mining on the groundwater resources. 

A summary of the information is included in Table 12-8. Figure 12-12 indicates the location of the 

bores recorded during the bore survey. 
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Existing Groundwater Use 

Based on interviews with landholders to date and the bore survey data (Table 12-8) the majority of 
groundwater extracted is used is for stock watering. Many properties also have a “house bore” and 
this water is used for domestic purposes. 

The bore survey results are included as an appendix (EIS Volume 2, Appendix N2). Information that 
was collected during the bore survey included: 

 Bore construction details (diameter, materials, depth, screened interval, aquifer screened, etc.); 

 Pump details (pump type, setting depth); 
 Bore yield (operating pumping rate); 
 Bore usage patterns (frequency and duration of use, purpose of taking water); 

 Water level (static water level and operating water level); and 
 Water quality. 
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Table 12-8 Bore survey and DERM database data 

Farm Bore Name Depth (m) Equipment Water level Yield (L/s) Use (estimated volumes per week) 

RN 51064 85 Submersible 23.6 1.26 95 m3/week for stock 

RN 69730 70 PD 7.88 1.26 160 m3/week for stock 

RN 90182 122 Submersible 22.4 1.52 230 m3/week for stock 

RN 69732 61 PD  1.26 160 m3/week for stock 

RN 90180 122 PD  1.26 254 m3/week for stock 

Hobartville 

RN 90181  Submersible 16.64 (p)  Domestic 

RN 33053 74.7 Submersible 12.3 1.26 110 m3/week for domestic 

RN 33054 159 Submersible 16.5 1.26 110 m3/week for stock 

New Doolans Bore  Wind pump    

Lagoon Ck Bore  Submersible 19.26  Domestic supply to Hancock Camp 

Wendouree 

Mines Bore 91.4 Submersible 18.5 2 81 m3/week for stock 

No. 1 86 Submersible 16 / 25.72 (p) 6.31 1 600 m3/week for stock & domestic 

RN 9294 103 Not used    

RN 51690 31 Submersible  6.31 1 600 m3/week for stock  

RN 9292 93  20 1.52 No longer used 

RN 9293 40 Submersible 20.1 (p) 1.26 20 m3/week for stock 

RN 9290 66 None    

Forrester 

New Lookout Bore 96 Submersible 43.7 (p) 1.01 76 m3/week for stock 

Old 12 Mile Bore   20.42   

Junction Bore 79.2     

New 12 Mile Bore 82.5 Submersible 50.84 0.19 115 m3/week for stock 

Surbiton 

Prairie Bore Blocked at 
6.84 m 

Wind pump   Blocked 
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Farm Bore Name Depth (m) Equipment Water level Yield (L/s) Use (estimated volumes per week) 

Triangle Bore 87.2 PD  1.26 – 3.16 800 m3/week for stock & domestic 

Mountain Bore  Submersible 8.83   

House Bore  Submersible    

Western Bore  Wind pump  6.25  

Shed Bore  Submersible 16.36   

3 Mile Bore  Submersible 6.74   

4 Mile Bore  Wind pump 25.5  Broken 

Surbiton South 

Companion Ck Bore  Submersible 19.98   

Burtle House Bore  Submersible 17.91 0.88 45 m3/week for stock & domestic 

Tresillian House Bore 91 Submersible 35.24 (p) 1.26 800 m3/week for stock & domestic 

House Bore 60 Submersible 24.72 0.51 Domestic and stock supply 

Powerline Bore 80 Broken   Stock water supply 

Mentmore 

Hancock Test Bore  None   Sealed 

Shanghai 65 Submersible 33.1 0.63 – 1.26 191 m3/week for stock 

Cumberland 30 Wind pump 26.8 (p) < 0.63 Stock supply 

Deadhorse 62 Submersible 10.82 1.26 64 m3/week for stock 

New bore 20 Wind pump 8.81 (p)  Stock supply 

Old bore 30 Wind pump 12.34 (p)  Stock supply 

Monklands 

Red tank 34 Wind pump 16.26 < 0.38 Stock supply 

House Bore 72 Submersible  0.9 272 m3/week for stock & domestic 

Waekers Bore 80 Submersible 29.09  Stock supply 

Sandy Gate Bore 45 Submersible 20.14 0.9 272 m3/week for stock 

Kahl’s Bore 46 Submersible 19.18 (p)  Solar driven 11 hrs per day 

Kia Ora 

West of Kahl’s ~60 Submersible 34.18 (p)  Solar driven 11 hrs per day 
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Farm Bore Name Depth (m) Equipment Water level Yield (L/s) Use (estimated volumes per week) 

Lane Bore  Submersible 24.59 (p)  Solar driven 11 hrs per day 

Western Lane Bore  Submersible 54.2 (p)  Solar driven 11 hrs per day 

Railway Tank Bore 195 None 46.53   

Bore on Hobartville 
N/W 

 None 44.46   

Namco Bore  Submersible 43.35  Stock water supply 

Old Namco Bore  Wind pump    

Old yard Bore  None 7.05  Not used 

Spring Creek 

Old Bore  None 58.83  Not used 

RN 36822 60 Helical Rotors 23.83 (p)  28 m3/week for stock & domestic 

RN 36823 60 Helical Rotors 34.75  28 m3/week for stock 

RN 89348 60 PD 10.51  28 m3/week for stock 

2nd House Bore  None 4.8   

Gadwell 

Back Bore 2  PD   28 m3/week for stock 

House Bore  Submersible 48.79 (p) 1.26 650 m3/week for stock & domestic 

30-09c  None 33.84   

Old bottom Bore  None 48.22   

Cavendish 

Bottom Bore 125 Submersible  1.39 420 m3/week for stock 

PD – Positive displacement pump (mono)  Blanks – no data RN – DERM registration number  Water level (p) – dynamic water level 

 



Source: See Copyright Details below and for full disclosure Please Refer to the EIS Volume 1- References.
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12.8.4 Groundwater Recharge 

12.8.4.1 Rainfall Data 

Rainfall and temperature data is sourced from the Bureau of Meteorology (BOM) station at Barcaldine 
Post Office (Station 036007), located approximately 138 km west of the Project site. Recording of data 
at Barcaldine Post Office has been occurring from 1886 to present. 

Data trends indicate that mean annual rainfall for the region is approximately 500 millimetres (mm), 
with the dry season occurring between August and September, and the wet season peaking from 
December through to February (Figure 12-14).  

Figure 12-14 Climograph for Barcaldine Post Office (1886 – 2009) 
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12.8.4.2 Rainfall and Evaporation – SILO Data 

As long-term climate data is only available from a weather station some 138 km from site, the 

Department of Environment and Resource Management (DERM) Silo Data Drill facility data was used 
to obtain synthetic climatic data for the centre of MLA 70425. The Data Drill accesses grids of data 
interpolated from surrounding BOM point observations and in the case of the Project site, this will 

include data from existing stations at Barcaldine, Clermont and, to a lesser extent, Emerald. The 
interpolations are calculated by splining and kriging techniques. The data in the Data Drill are 
therefore all synthetic, although they have been derived from surrounding observed values. The key 

advantage of using the Data Drill is that rainfall and other climate data can be derived for any location 
throughout Australia, the data is continuous and can be provided for an extended period generally in 
excess of 100 years. Averaged monthly SILO data for the period 1950 to 2009 is shown below in 

Figure 12-15.  

http://www.nrw.qld.gov.au/silo/datadrill/datadrill_surfaces.html
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Figure 12-15 Monthly Rainfall and Evaporation Data from SILO Datadrill Service 
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The data indicates that: 

 Average annual site rainfall is approximately 535 mm and is highest in the wet summer season 
months between November and February and lowest during the dry months of winter; 

 Average annual site evaporation (class A pan) is approximately 2,290 mm and is highest in 

summer and lowest in winter; and 
 Average evaporation is in excess of average rainfall during every month of the year. 

12.8.4.3 Groundwater Recharge Data 

Groundwater recharge is a difficult area of study as recharge does not tend to occur as a percentage 

of rainfall, and it is recognised that rainfall events of a particular intensity are often required in order for 
recharge to occur.  One reason for this is that the hydraulic conductivity of unsaturated material is low 
relative to the hydraulic conductivity of the same material when saturated. During rainfall events below 

a particular intensity water either runs off via the surface drainage system, or is lost through 
evapotranspiration (resulting in no deep drainage [recharge]).   

A study of recharge rates to GAB intake beds was undertaken by Kellett et al, (2003).  In line with the 

process described above, it was concluded that rainfall in excess of 200 mm per month in the area of 
the intake beds is required before significant recharge events will occur, and diffuse recharge 
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(following “average” rainfall events, occurred at a rate of up to 3 mm per year. Based on the average 
annual rainfall (approximately 500 mm) a volume of 3 mm of rainfall per annum would equate to a 
recharge rate of approximately 0.6% of mean annual precipitation (MAP). 

12.8.4.4 Site Observations  

Eight VWP sites have been recording since December 2009, and two automated rain gauges 
(installed adjacent to bores AVP-01 and AVP-13) have been installed (Figure 12-6 for bore locations, 
and Figures 12-7 to 12-9 for VWP hydrographs). The recorded rainfall data (Table 12-9 indicates high 

variability across the site with more rainfall recorded adjacent to the Great Dividing Range in the west 
(AVP-13) than AVP-01 adjacent to Sandy Creek in the east (a distance of some 25 km). Both rain 
gauges indicate high rainfall records in excess of MAP. It is recognised that 2010 was a historically 

very wet year in terms of records. It is noted in Kellett et al (2003) that marked GAB recharge events 
are generally associated with monthly rainfall totals in excess of 200 mm, and site rainfall during 2010 
included: 

 January 2010 – 220.6 mm at AVP-01 and 205.6 mm at AVP-13; 

 February 2010 – 166 mm at AVP-01 and 183.6 mm at AVP-13; 

 September 2010 – 173.4 mm at AVP-01 and 270.8 mm at AVP-13; 

 November 2010 – 44.8 mm at AVP-01 and 189.2 mm at AVP-13; and, 

 December 2010 – 13 mm at AVP-01 and 188.6 mm at AVP-13. 

Table 12-9 Site rainfall data for 2010 

Month  AVP‐01  AVP‐13 

Jan‐10  220.6  205.6 

Feb‐10  166  183.6 

Mar‐10  50.8  32.2 

Apr‐10  26.6  29.8 

May‐10  27.6  16.2 

Jun‐10  2.8  1.6 

Jul‐10  10.4  7.8 

Aug‐10  67  59.6 

Sep‐10  173.4  270.8 

Oct‐10  7.6  37.8 

Nov‐10  44.8  189.2 

Dec‐10  13  188.6 

Total  810.6  1,222.8 

Therefore, the 2009/2010 and 2010/2011 wet seasons represented potentially significant groundwater 
recharge events. A review of bore hydrographs (Figures 12-7 to 12-9) does not indicate an obvious 

increase in groundwater levels that could be interpreted as aquifer recharge in response to wet 
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season rainfall, in spite of significant rainfall recorded at site over the 2009/2010 or 2010/2011 wet 

seasons. The exception is bore AVP-13 (Figure 12-9) where piezometers in the shallow sediments 
(above coal seam A) as well as the underlying interburden between coal seams A and B, both 
recorded groundwater level increasing trends over the 2010 year. The relationship to water levels in 

underlying piezometers in this bore suggests a recharge potential at this site (i.e. potential for 
downward movement of groundwater).   

Bore AVP-11 (Figure 12-9) also has a piezometer monitoring the interburden between coal seams A 

and B but pressures at this location have remained stable throughout the 2010 year. The pressures 
recorded in the underlying C-D and D-E sands are higher in this VWP, indicating an upward potential 
for groundwater flow from deeper units to shallower units.   

Based on these upward and downward pressures the area is considered as containing non-traditional 
artesian conditions3, where recharges and discharges can occur throughout the whole confined area. 

This is controlled and influenced by topography and zones of enhanced permeability. Recharge areas 

occur where the heads in the aquifer are lower than adjacent aquifers in the basin, and discharge 
occurs where the head relationship between adjacent aquifers is opposite. These give rise to 
dominantly vertical flow through the aquifer units (Figure 12-16). 

Figure 12-16 Multi-storey Artesian System (Shestopalov, 1981) 

 

                                                      
3 Shestopalov V.M. 1981. Natural resources of underground water of platform artesian basins of the Ukraine. Kiev: Naukova 
Dumka, 195 p. (Russian).  
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The multi-storey artesian system, albeit near vertical, can provide an explanation to the variations in 
water level responses and groundwater flow directions within the same geology. It can, therefore, be 
interpreted that groundwater recharge occurs under confined conditions in the western area of       

MLA 70425. 

12.8.4.5 Recharge Mechanisms 

Groundwater recharge was considered to occur in the mapped outcrop areas, similar to the 
mechanisms recognised in the GAB (Section 12.8.4.3). These potential intake beds, based on the 

Jericho 1: 250 000 Geological Map (portion indicated on Figure 12-3), include: 

 The Colinlea Sandstone units mapped to outcrop to the east of Sandy Creek; and 
 The Great Dividing Range. 

Recharge Area 1 – Direct Recharge to Outcrop Areas 

Figure 12-3 shows the outcrop geology of the Project area.  From this figure it can be seen that the 

Colinlea Sandstone outcrops to the east of Sandy Creek within MLA 70425.  Consideration of possible 
recharge via direct recharge to aquifer units in areas where they outcrop or subcrop (once sufficient 
rainfall has occurred to facilitate infiltration) was given. 

Drilling along Sandy Creek and to the east of Lagoon Creek (on Alpha Coal Project) indicates that the 
Colinlea Sandstone units do not outcrop but are covered by unconsolidated Quaternary sands 
(alluvium, colluvium, and aeolian deposits) and Tertiary age laterite and saprolite. This cover material, 

which is clay-rich, results in areas of perched water separated from the underlying potentiometric 
groundwater levels associated with the confined Colinlea Sandstone aquifers (Section 12.8.2). This 
lack of hydraulic linkage, between the perched water table and the confined aquifers, limits recharge. 

Figure 12-17 is a cross-section drilled across the proposed Tailings Storage Facility (TSF) on the 
adjacent Alpha Coal Project. The bores are drilled to the east of Lagoon Creek within the Colinlea 
Sandstone and Joe Joe Formation sediments. The drilling results indicate the lack of Colinlea 

Sandstone outcrop, cover material, and dry sediments (even after high 2010/2011 rains) indicating 
limited recharge. 

Groundwater flow patterns (Section 12.8.1) from south west to north east across the site indicate 

recharge away from the units to the east of Sandy Creek. 

Geotechnical drilling undertaken in the area to the east of Lagoon Creek (Alpha Coal Project) included 
hydraulic conductivity testing of the unsaturated weathered Colinlea Sandstone sediments. These 

tests indicated very low hydraulic conductivity values (in the range of 10-7 to 10-8 m/s), and also found 
a single occurrence of (perched) groundwater in shallow unconsolidated sands lenses above 
weathered rock. These results tend to support the conclusion that even under above average rainfall 

conditions (Table 12-9) infiltration is limited in this area of Colinlea Sandstone subcrop. 
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Figure 12-17 West to East Cross-Section through Sediments to East of Lagoon Creek (Alpha Coal Project) 
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Recharge Area 2 – Diffuse recharge from the Great Dividing Range 

Figure 12-3 shows the location of the Great Dividing Range relative to the MLA 70425. The recharge 
mechanism conceptualised in this area is that recharge occurs in topographically elevated areas and 
flows down gradient (i.e. as a subdued reflection of topography) toward surface water drainage 

features in lower-lying areas (i.e. Sandy Creek). Existing potentiometric surface data (Figures 12- 10 
and 12-11) indicate groundwater flow is toward Sandy Creek, and that the depth to groundwater gets 
shallower to the north. 

The potentiometric surface contours presented as Figures 12-10 and 12-11 and the VWP data 
(indicating pressure difference that promote downward migration as shown in Figure 12-16) lend 
support to the majority of recharge within the study area being derived as diffuse recharge from the 

Great Dividing Range.  

Thus recharge from the area of Colinlea Sandstone subcrop is not regionally significant compared to 
recharge that occurs to the west of the site, as the area to the west of the site represents a much 

greater surface area in which recharge could occur.   

12.8.5 Groundwater Discharge 

Groundwater flow contours indicate a groundwater flow direction from topographically elevated areas 

to the west of site, to the north-north east.  Groundwater level data, associated with the confined 
Permian sediments, for the area adjacent to Sandy Creek (Table 12-6) indicates that groundwater is   
~ 10 to 15 m below surface.  No groundwater discharge (groundwater – surface water interaction) is 

recognised within the Kevin’s Corner MLA 70425. 

Considering the non-traditional multi-storey artesian system (Figure 12-16) and the depth values, 
there may be a potential for groundwater to discharge to the bed sands of Sandy Creek, but it may be 

that actual discharge only occurs if structures are present (e.g. faults, sand lenses, or joints) that allow 
the upward movement of groundwater to occur.   

12.8.5.1 Areas of groundwater discharge 

Within the study area containing MLA 70425, little of no groundwater discharge is conceptualised to 

occur within the bed sands of Sandy Creek, however, discharge springs occur ~ 20 km north of        
MLA 70425. 

A number of springs have been identified on the Forrester property (Figure 12-4), some 20 km north of 

MLA 70425. Discussions with the landholder indicate that, for at least one bore; the groundwater level 
is close to the surface in the area where other springs occur.  The springs appear to line up in a north-
south direction, and occur to the west of Sandy Creek.  This is consistent with the interpretation that 

groundwater flow direction is from south-south-west to north-north-east (i.e. from recharge sources in 
the west to a discharge area to the north of MLA 70425 and that these are discharge springs).  
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12.8.6 Groundwater Yield 

12.8.6.1 Review of Air-Lift Yield Data 

Information on groundwater yield is available from site exploration drilling, where air lift yields are 
routinely measured at the end of the hole using a 90° v-notch weir. Most exploration bores extend 
below the D coal seam into the D-E sands.  Therefore the air-lift yield figures can be assumed to be 

based on inflows from the entire Permian sequence down to the top 5 to 10 metres of the D-E sands 
(where drilling is generally discontinued). The weathered overburden material, comprising the Tertiary 
sediments and weathered Permian sandstones, is generally cased off at the start of drilling, so it 

assumed that no water is reporting to the bore from the weathered Permian and overlying Tertiary 
sediments. 

457 blow yield records, recorded during the exploration drilling across both MLA 70425 and           

MLA 70426, indicate the following statistics: 

 263 (57%) recorded a yield less than 1 L/s; 
 141 (31%) recorded a yield between 1 and < 2 L/s; 

 45 (10%) recorded a yield between 2 and < 5 L/s; and 
 8 (2%) recorded a yield between greater than 5 L/s. 

The data suggests that the majority of the bores in the area will yield < 1 L/s.  However, high yielding 

bores (5 L/s or more) are known from the area.  It should be noted that the data set does not include 
information on holes that were dry, so the data is recognised to be skewed towards an assumption of 
enhanced groundwater potential across the entire site. 

12.8.6.2 Pumping Test Data 

Groundwater yield data, from the aquifer tests discussed in Section 12.8.1, indicate that the 
sustainable yields of bores are low.  Testing was undertaken in two bores at a rate of 10 L/s (Table 12-
4); however, analysis of the aquifer test data indicates that these high yields were short lived, as water 

levels were drawn down close to the pump intake.  These results suggest that areas of enhanced but 
limited storage exist where short-term bore yields are relatively high (~10 L/s) but in general, more 
sustainable yields of < 2 L/s or less could be expected over a wider area, and in the longer term. 

12.8.7 Sustainable Yield 

The concept of sustainable yield is much debated, and the definition may change to reflect the 
requirements or circumstances of a particular area. Sustainable yield is defined by the Department of 

Environment, Heritage, Water and the Arts4 as “the groundwater extraction regime, measured over a 

 
4
 http://www.environment.gov.au/water/publications/environmental/groundwater/annex-a.html 

http://www.environment.gov.au/water/publications/environmental/groundwater/annex-a.html
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specified planning timeframe that allows acceptable levels of stress and protects dependent 
economic, social, and environmental values”. 

Kellett et al (2003) provides an equation for the sustainable yield of aquifer management zones of the 

GAB, and it is useful to introduce this concept as this type of calculation, or something similar, is likely 
to form the basis of DERM’s decision-making in relation to water allocation. The equation for 
sustainable yield is given as (Kellett et al 2003): 

Equation 1 Sustainable Yield = Recharge Flux – Outflow – Environmental Flow ± Vertical 

Leakage 

The terms on the right-hand side of the equation are described briefly in Table 12-8 below. 

Table 12-10 Description of terms in sustainable yield calculation  

Term Comment 

Recharge Flux Recharge entering the groundwater system, as discussed above in Section 12.8.4 

Outflow Refers to the volume of water that must be allowed to leave the recharge areas in order to 
maintain water levels in down-gradient areas.   

For the Project area, it is assumed that this term would be interpreted to represent a volume 
that must be in excess of the volume of water currently used by landholders (Table 12-8), 
as well as the volume of any water allocation (i.e. water licence) sought by the Project for 
long-term water supply.  In other words, there must be water left to flow out of the system 
after taking account of water extraction from bores, environmental flows, and vertical 
leakage (these last two terms are discussed below). 

Environmental 
Flows 

Groundwater flows that are required to maintain the health of groundwater dependent 
ecosystems (GDEs).  One area of potential GDE has been identified as the discharge 
springs to the north of MLA 70425.   

Vertical 
Leakage 

Refers to the volume of water leaking into the aquifer from units above or below, as well as 
water leaking out of the aquifer to units above or below. This is recognised in the VWP 
records, as discussed in Section 12.8. 

 

 Based on recharge of between 3 and 5 mm/year, and applied over the combined area of            
MLA 70425 and MLA 70426 (~ 980 km2), groundwater recharge is calculated to be in the order of    
3 to 5 GL/year. Based on the lack of response of monitoring bores to significant wet season 

recharge, it is concluded that recharge rates are likely to be at the lower end of the range proposed 
above. 

 Requirements for mine dewatering will be greater than recharge, therefore the mine will impact 

groundwater levels (Section 12.12). 
 As mine dewatering requirements will be in excess of recharge, the operation will not be applying 

for a water licence for groundwater supply. However, the Project will require a mine dewatering 

licence to allow mining to proceed safely to depth. 
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12.8.8 Water Quality 

12.8.8.1 Summary Data from DERM Groundwater Database 

Within the DERM search area (Section 12.8.3) 90 bores have some recorded water chemistry data, 

and a number of bores having multiple samples. A summary of groundwater quality data from the 
DERM groundwater database (minimum and maximum values recorded, as well as mean and median 
values) are shown below in Table 12-11. 

Table 12-11 Summary of DERM hydrochemistry data 
Water Quality Standard Parameter Unit No. of 

Samples 
Min Max Mean Median 

Drinking* Stock** 

pH pH units 312 4.8 8.5 7.27 7.20 (a) 6.5-8.5  

EC µS/cm 312 180 22,700 2,034 1,480   

TDS mg/L 313 88 14,211 1,204 829 500 4,000(a) 

Sodium mg/L 313 23 4,860 328 215 180  

Potassium mg/L 289 0.2 52 11 10   

Calcium mg/L 305 0.1 380 40 30  1,000 

Magnesium mg/L 305 0.5 496 42 30   

Chloride mg/L 312 10 7,700 544 333 250  

Sulphate mg/L 304 0 980 60.3 37 500 250 1,000 

Carbonate mg/L 278 0 14 0.7 0.2   

Bicarbonate mg/L 299 12 964 174 171   

Fluoride mg/L 294 0 11 0.4 0.22 1.5 2 

Aluminium mg/L 101 0 0.11 0.025 0.01 (a) 1 5 

Copper mg/L 100 0 0.1 0.02 0.01 2 1 1 

Zinc mg/L 125 0 4 0.24 0.03 3 20 

Silica mg/L 254 1 7,575 81 61   
*Australian Drinking Water Guidelines (ADWG 2004)   Health-based  Aesthetics-based 

**ANZECC water quality guidelines (Australian and New Zealand Guidelines for Fresh and Marine Water Quality 2000, National 
Water Quality Management Strategy.  Volume 4 – Primary Industries 

(a) Insufficient data to set threshold 

BOLD – Exceeds guideline values 

 

Water quality guideline levels for drinking water and stock use are provided in Table 12-11 for 
comparison against these standards. It is important to note that these results are from several different 

aquifers associated with the underlying Galilee Basin geology. 

The DERM data indicates that the Total Dissolved Solids (TDS) of groundwater in the region is 
dominated by sodium and chloride. Other main parameters that contribute to the TDS (in order of 

decreasing concentration) include bicarbonate, silica, sulphate, magnesium, potassium, and calcium.  



 
 

Section 12│Groundwater │ Page 65 of 146│HG-URS-88100-RPT-001 
 

12.8.8.2 Summary Data from Exploration Bore Sampling 

Exploration drilling within MLA 70425 allowed for the collection of composite groundwater samples to 
provide an assessment of hydrochemistry to be intersected during mining. The exploration bores allow 
water from the coal and interburden aquifers to mix, thus providing composite groundwater chemistry. 

Thirty-Five (35) composite samples were collected across the site. Figure 12-18 illustrates the location 
of the sampled exploration bores. Tables 12-12 to 12-14 present the available hydrochemistry data 
and include comparisons with the guideline values for drinking water and stock water use (based on 

the identified Environmental Values (Section 12.10)). 

Groundwater quality samples were taken at the completion of air-lift yield testing, i.e. when the 
groundwater was being blown out of the bore by the drilling rig, but the groundwater was running 

relatively clear. All samples represent “bulk water chemistry” from the open bores. The analyses are 
regarded as instructive as they are representative of the groundwater quality that will be obtained 
during mine dewatering, where groundwater will be removed from the D-E sandstone as well as 

saturated units above the D coal seam within the Kevin’s Corner mine. 

Water quality results have been reviewed against the following standards: 

 Potable (drinking) water - Australian Drinking Water Guidelines (2004).  National Water Quality 

Management Strategy; and 
 Livestock drinking water – ANZECC 2000 -   Australian and New Zealand Guidelines for Fresh and 

Marine Water Quality (2000).  National Water Quality Management Strategy, endorsed by the 

Australian and New Zealand Environment and Conservation Council (ANZECC) and the Agriculture 
and Resource Management Council of Australia and New Zealand (ARMCANZ).   

An assessment of the composite hydrochemistry data is summarised below. 

Major/Minor Ions 

Total Dissolved Solids 

 Total Dissolved Solids (TDS) ranges from 500 to 13,000 mg/L with a mean (average) of 1,507 and 
a median of 620 mg/L (i.e. the majority of samples have a TDS value of less than 1,000 mg/L (a 
small number of samples with high TDS values skewing the data average);  

 The TDS guideline limit for stock drinking water (ANZECC guideline limit of 4,000 mg/L for beef 
cattle and horses) is exceeded in only 2 out of 35 samples; and 

 The TDS guideline limit for potable use (Australian Drinking Water Guidelines) is set at 500 mg/L 

for aesthetic purposes.  No limit has been set for potable use, however, the guidelines note that    

“< 500 mg/L is regarded as good quality drinking water based on taste, 500 – 1,000 mg/L is 
acceptable based on taste,  > 1,000 mg/L may be associated with excessive scaling, corrosion, 
and unsatisfactory taste”.   The majority (34 out of 35 samples) of samples exceed 500 mg/L TDS, 
while 9 out of 35 samples exceed 1,000 mg/L TDS. 
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Table 12-12 Major anions and cations compared to Livestock Drinking Water Guidelines 
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Table 12-13 Dissolved metals compared to Livestock Drinking Water Guidelines 
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Table 12-14 Major anions and cations compared to Drinking Water Guidelines 
 



 
 

Section 12│Groundwater │ Page 72 of 146│HG-URS-88100-RPT-001 
 

Table 12-15 Dissolved metals compared to Drinking Water Guidelines 
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Sodium and Chloride 

 Drinking water guideline levels for sodium and chloride are based on aesthetic considerations 
rather than health considerations.  The majority of samples (30 out of 39) exceed guideline limits 
for sodium, while 17 out of 35 exceed guideline limits for chloride. 

Sulphate 

 Drinking water guideline levels for sulphate are based on health as well as aesthetic 
considerations.  One out of 39 samples exceeds the guideline limit for health, while 3 samples 

exceed guideline values for aesthetic considerations. 

Fluoride 

 Fluoride values range from 1.4 to 4.3 mg/L (35 samples) with a mean of 3 and median of 2.5 mg/L; 

 The fluoride guideline limit for stock drinking water (2 mg/L) is exceeded in 21 out of 35 samples; 
and 

 The fluoride guideline limit for potable use (1.5 mg/L) is exceeded in 33 out of 35 samples. 

Metals/Metalloids 

Aluminium 

 Aluminium concentration in groundwater (39 samples) ranges from 0.02 to 160 mg/L with a mean 
of 11 and median of 5.9 mg/L.  A single sample of 160 mg/L is skewing the data average, with this 
sample removed the data average reduces to 7 mg/L; 

 The stock watering guideline limit for aluminium ( 5 mg/L) is exceeded in 23 out of 39 samples; and 
 The potable water guideline limit for aluminium (1 mg/L) is exceeded in 37 out of 39 samples. 

Antimony 

 Antimony concentration in groundwater (39 samples) ranges from <0.001 to 0.005 mg/L (10 out of 
39 samples were above the laboratory detection limit of 0.001 mg/L); 

 There is no guideline limit for antimony for stock watering; and 

 The antimony guideline limit for potable use (0.003 mg/L) is exceeded in 2 out of 39 samples. 

Arsenic 

 Arsenic concentration in groundwater (39 samples) ranges from <0.001 to 0.057 mg/L (30 out of 39 

samples were above the laboratory detection limit of 0.001 mg/L); 
 No samples were above the guideline limit for arsenic for stock watering (0.5 to 5 mg/L, depending 

on diet); and 

 The arsenic guideline limit for potable use (0.007 mg/L) is exceeded in 10 out of 39 samples. 
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Chromium 

 Total dissolved chromium concentration in groundwater ranges from <0.002 to 1.2 mg/L (34 out of 
39 samples were above the laboratory detection limit of 0.002 mg/L); 

 The chromium guideline limit for stock drinking water (1 mg/L) is exceeded in 1 out of 39 samples; 
and 

 The chromium guideline limit for potable water (0.05 mg/L) is exceeded in 2 out of 39 samples.  

However, it should be noted that samples were tested for total dissolved chromium.  The ADWG 
guideline value is set for hexavalent (6+) chromium.  If a total chromium value exceeds the 
guideline limit, the ADWG recommends further sampling for hexavalent chromium prior to potable 

use. 

Iron 

 Iron concentration in groundwater (35 samples) ranges from 0.88 to 160 mg/L, with a mean of 25 

and a median of 12 mg/L; 
 There is no guideline level for iron for stock watering; and 
 The guideline limit for potable use of 0.3 mg/l is based on aesthetic rather than health 

considerations.  All samples tested were in excess of drinking water guideline values. 

Lead 

 Lead concentration in groundwater (39 samples) ranges from <0.001 to 0.14 mg/L, with 33 out of 

39 samples above the laboratory detection limit of 0.001 mg/L; 
 The lead guideline limit for stock drinking water (0.1 mg/L) is exceeded in 1 out of 39 samples; and 
 The lead guideline limit for potable use (0.01 mg/L) is exceeded in 17 out of 39 samples. 

Manganese 

 Manganese concentration in groundwater (39 samples) ranges from 0.028 to 6.5 mg/L, with a 
mean of 1 and mean of 0.33 mg/L; 

 There is no guideline level for manganese for stock watering; and 
 The manganese guideline limit for potable use is 0.1 mg/l for aesthetic purposes, and 0.5 mg/L for 

health.  Fifteen out 39 samples exceed the guideline value for health, while 32 samples exceed 

guideline levels for aesthetic purposes. 

Nickel 

 Nickel concentration in groundwater (39 samples) ranges from 0.005 to 0.31 mg/L; 

 The nickel guideline limit for stock drinking water (1 mg/L) is not exceeded in any samples; and 
 The nickel guideline limit for potable use (0.02 mg/L) is exceeded in 13 out of 39 samples. 
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Selenium 

 Selenium concentration in groundwater (39 samples) ranges from <0.005 to 0.19 mg/L, with 28 out 
of 39 samples above the laboratory detection limit of 0.005 mg/L; 

 The selenium guideline limit for stock drinking water (0.02 mg/L) is exceeded in 4 out of 39 

samples; and 
 The selenium guideline limit for potable use (0.01 mg/L) is exceeded in 11 out of 39 samples. 

Summary 

Livestock Drinking Water Guidelines 

Groundwater in the region is generally regarded as suitable for stock drinking purposes (beef cattle 

and horses) based on TDS values, however a significant number of samples are in excess of 
guideline levels for fluoride and aluminium, with a lesser number above guideline limits for chromium, 
lead, and selenium. 

Drinking (Potable) Water Guidelines 

Groundwater in the region is regarded as unsuitable for potable use without extensive treatment; and 

It is noted that a high number of samples (26 out of 35) have a TDS of less than 1,000 mg/L and may 

be regarded as satisfactory based purely on taste.  However, a number of samples exceed health 
guideline levels for fluoride, arsenic, chromium, lead, manganese, nickel, and selenium, and aesthetic 
values for aluminium, iron, and manganese. 

12.8.8.3 Groundwater Salinity – DERM and Site Exploration Data 

Beneficial use categories and beneficial use limits that are applicable to current groundwater use are 
shown below in Table 12-16.  The TDS limits for each beneficial use have been converted to 
equivalent EC value.  The method used was to divide average TDS by average EC to obtain a local 

conversion factor of 0.59.   

Table 12-16 Groundwater beneficial use classes 
Limit Beneficial 

Use TDS 
(mg/L) 

EC 
(µS/cm) 

Source 

Potable 1,000 1,700 Australian Drinking Water Guidelines 20045.  TDS > 1 000 mg/L 

rated as “unacceptable” for potable use.  It should be noted that the 

guidelines are taste-based criteria, and many people may not be 

willing to drink water with a salinity of 1 000 mg/L.  The guidelines 

state that salinity of < 500 mg/L would be regarded as “good” 

                                                      
5
 Australian Drinking Water Guidelines 2004.  National Water Quality Management Strategy 
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Limit Beneficial 
Use TDS 

(mg/L) 
EC 

(µS/cm) 

Source 

 

Beef cattle/ 

horses 

4,000 6,800 ANZECC Guidelines 2000
6
.  Limit for beef cattle/ horses where no 

adverse effects are expected 

 

Sheep 10, 000 17,000 ANZECC Guidelines (2000).  Limit for sheep where there may be 

initial reluctance to drink, but stock should adapt without loss of 

production adverse effects are expected 

 

The available salinity data indicates that: 

 52 bores indicate a beneficial use7 of potable supply; 

 76 bores indicate a beneficial use of livestock drinking supply for beef cattle/horses; 
 86 bores indicate a beneficial use of livestock drinking supply for sheep; and 
 3 bores indicate a salinity (EC) value that precluded use for domestic or stock supply. 

Composite groundwater quality data from exploration bores on both MLA70425 and MLA70426 

indicates that out of the 221 bores: 

 119 bores indicate a beneficial use of potable supply; 

 206 bores indicate a beneficial use of livestock drinking supply for beef cattle/horses; 
 220 bores indicate a beneficial use of livestock drinking supply for sheep; and, 
 1 bore indicate a salinity (EC) value that precluded use for domestic or stock supply. 

12.8.8.4 Groundwater pH – DERM and Site Exploration Data 

As shown in Table 12-9, groundwater samples from the DERM groundwater database indicate a 
groundwater pH range between 4.8 (acidic) and 8.5 (alkaline), with a (neutral) mean of 7.27 and 
median of 7.20. 

Analysis of field pH data from the site exploration drilling program indicates a range of groundwater pH 
from 4.90 to 13.23, with a mean of 8.50 and median of 8.42.  Alkaline pH values (> 10 pH units) were 
recorded in approximately 5% of the field pH values. 

In summary both sources of data (DERM groundwater database and site exploration drilling data) 
show that, on average, groundwater pH is mildly alkaline to alkaline. 

                                                      
6
 ANZECC 2000 Water Quality Guidelines – Chapter 4 - Primary Industries 

7
 Beneficial use is based only on EC data.  Other water quality factors (such as metal concentrations) may make the water 
unsuitable for uses such as potable supply without further treatment.  It would always be recommended that bore water be 
tested via laboratory drinking water analysis prior to use as potable supply. 
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The ANZECC water quality guidelines (ANZECC 2000) set guideline limits for groundwater of between 

6 and 8.5 for groundwater.  This range is based on limiting corrosion and fouling of pumping, irrigation 
and stock watering systems. 

The ADWG suggest limits of 6.5 to 8.5 based on limiting corrosion, scale, and taste problems.  While 

noting that values <4 and >11 may cause adverse health effects, the guidelines state that there is 
insufficient data to set guideline limits based on health. 

12.8.9 Groundwater Beneficial Use for Groundwater intersected during Mining 

The beneficial use of groundwater at the Project area is considered in terms of salinity, pH, major and 
minor ions, and metals. Based on the review of salinity and pH data presented above, it is concluded 
that: 

 In terms of salinity (EC) the beneficial use for groundwater in the region ranges from potable to 
stock water supply. The available dataset indicates groundwater salinity suitable for consumption 
by beef cattle and horses, which is the primary stock use to which groundwater is put in the Project 

area;   
 In terms of pH, groundwater is judged to be suitable for general use purposes, though sample 

records indicate that groundwater occurs outside the range of 6.0 to 8.5.  In some cases this may 

limit the use to which groundwater is put, for example it may result in corrosion or scale problems 
for pumps and reticulation systems, or unsuitability for drinking supply;  

 In spite of the TDS considerations outlined above, groundwater samples were above health-based 
guideline levels8 for sulphate, fluoride, arsenic, lead, manganese, nickel, and selenium, and above 

aesthetic-based guideline levels for sodium, chloride, and aluminium; and 
 For stock watering purposes (beef cattle) a number of groundwater samples were above guideline 

levels for TDS, fluoride, aluminium, and selenium. 

In summary, groundwater beneficial use should not be based on salinity or pH based criteria alone.  
Groundwater could not be considered to have a beneficial use of drinking water without testing of 

individual bores to confirm suitability for potable use, or treatment to a potable standard. 

On this basis, the primary beneficial use for composite groundwater is judged to be stock watering. 

12.8.10 Bore Survey Hydrochemistry 

A bore survey to identify current groundwater use and users was conducted. The field survey of bores 
within and adjacent (~ 10 km radius) MLA 70425 and MLA 70426 (Figure 12-13) allowed for the 
capture of all available hydrogeological data including groundwater levels, extraction, and bore status. 

The field survey report is included in EIS Volume 1 Appendix N2. Based on the bore survey data 
representative bores were selected and sampled in order to obtain ambient hydrochemistry data. The 
bores selected included the bores used for domestic purposes and the main stock watering supply 

 
8
 Australian Drinking Water Guidelines, 2004 National Water Quality Management Strategy 
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bores. Table 12-17 is a summary of bores identified during the bore survey and indicates the bores 
sampled for ambient chemistry data. 

Table 12-17 Bore survey summary 
Property Bore Name Census 

ID
9
 

Water 
Level 
(mbgl) 

DERM RN
10

 Use Sampled 

Burtle House  BU_01 17.91 36830 Stock 

Domestic 

Yes 

Old Bottom CA_01 48.22   No 

Kurrajong  CA_02    Stock Yes 

House Bore CA_03   Stock 

Domestic 

Yes 

Cavendish 

30-09c CA_04 33.84   No 

Lookout Bore FO_01    Stock No 

House Bore (No 1) FO_02 16 9290 Stock 

Domestic 

Yes 

Simplex (No 4) FO_03   9293 Stock No 

Turkeys Nest  FO_04  51690 Stock Yes 

Cudmore (No 5) FO_05   9294 Not in use No 

Wallaroo (No 3) FO_06 20 9292 Not in use No 

Forrester 

Old Lookout Bore (No 
2) 

FO_07   9290 Not in use No 

House GA_01   36822 Stock 

Domestic 

Yes 

Creek Bore GA_02 10.51 89348 Stock No 

Back Bore 2 GA_03    Stock No 

Back Bore 1 GA_04 34.75 36823 Stock Yes 

Gadwell 

2nd House Bore GA_05 4.8   n/a No 

Corella Mine Bore GI_01 30.08  Not in use No 

New Corella Bore GI_02   Not in use No 

Milky Bore GI_03 45.03   Stock Yes 

Allan Ryan GI_04 24.56  Stock 

Domestic 

Yes 

Reids Bore GI_05 9.42  Backup hole No 

Glen Innes 

Back Bore GI_06   Not in use No 

Saltbush Bore HO_01  69732 Stock No 

Spring Creek Bore HO_02  90180 Stock No 

House Bore HO_03  90181 Domestic Yes 

Hobartville 

Bullock Bore HO_04  90182 Stock Yes 

                                                      
9
 Bore ID used during the bore survey, as indicated on Figure 12-23 

10
 Registered bore number on the Department of Environment and Resource Management database 
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Property Bore Name Census 

ID
9
 

Water 
Level 
(mbgl) 

DERM RN
10

 Use Sampled 

Buffel Bore HO_05   69730 Stock No 

Sandy Creek Bore HO_06   51064 Stock No 

Sandy Gate Bore KO_01 20.14  Stock  No 

Malcolm’s Bore KO_02 29.76  Stock No 

Waeker’s Bore KO_03 29.09  Stock No 

House Bore KO_04   Stock 

Domestic 

Yes 

Lane Bore KO_05   Stock  No 

Railway Tank Bore KO_06 46.53  Not in use No 

Western Lane Bore KO_07   Stock  No 

Kahl's Bore KO_08   Stock No 

West of Kahls KO_09   Stock  Yes 

Kia Ora 

Hobartville Boundary KO_10 44.46  Backup hole No 

House Bore ME_01 24.72  Stock 

Domestic 

Yes 

Powerline Bore ME_02   Stock 

Domestic 

No 

Mentmore 

Hancock Test Bore ME_03   Not in use No 

Shanghai Bore MO_01 33.1  Stock  Yes 

Cumberland MO_02   Stock  No 

Old Bore MO_03   Stock  No 

New Bore MO_04   Stock  No 

Deadhorse Bore MO_05 10.82  Stock  Yes 

Monklands 

Red Tank MO_06 16.26  Stock  No 

Old Yard Bore SC_01 7.05  Not in use Yes 

Old Namco Bore SC_02     No 

Namco Bore SC_03 43.35  Stock No 

Spring Creek 

Old Bore SC_04 58.83  n/a No 

Triangle Bore SU_01   Stock 

Domestic 

Yes 

Prairie Bore SU_02    No 

New 12 Mile Bore SU_03 50.84  Stock Yes 

OLD 12 Mile Bore SU_04 20.42   No 

Surbiton 

Junction Bore SU_05    No 

Mountain Bore SS_01 8.83  Stock  Yes 

Shed Bore SS_02 16.36  Stock  No 

House Bore SS_03   Stock 

Domestic 

Yes 

Surbiton South 

Western Bore SS_04   Stock  No 
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Property Bore Name Census 

ID
9
 

Water 
Level 
(mbgl) 

DERM RN
10

 Use Sampled 

4 Mile Bore SS_05 25.5  Stock  No 

3 Mile Bore SS_06 6.74  Stock  No 

Companion Creek Bore SS_07 19.98  Stock  No 

Tresillian House Bore TR_01   Stock 

Domestic 

Yes 

House Bore WE_01 12.3  33053 Stock 

Domestic 

Yes 

Mines Bore WE_02 18.5  Stock  Yes 

Bullock Head WE_03 16.5 33054 Stock  No 

New Doolans Bore WE_04   Stock  No 

Wendouree 

Lagoon Creek Bore WE_05   Domestic  No 

Blanks – no data  

The groundwater samples results were compared to the following guidelines: 

 Australian Drinking Water Guidelines (ADWG 2004); and 

 ANZECC water quality guidelines (Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality 2000, National Water Quality Management Strategy.  Volume 4 – Primary Industries. 

A summary of the groundwater quality results is included in Table 12-18. The results indicate that the 

groundwater is chloride – sodium dominant with traces of dissolved metals. The groundwater samples 
are all within the drinking water and stock watering guidelines presented in Table 12-18, except for 
electrical conductivity. All of the groundwater samples have electrical conductivity values that exceed 

the ADWG guideline of 100 µS/cm. 

Based on the hydrochemistry data, the bore survey bores are recognised to intersect the sandstone 
units within the Colinlea Sandstone. Compared to the composite groundwater quality data (presented 

in Section 12.8.8) it is considered that the coal seams contain poor quality groundwater, leading to the 
large difference in groundwater quality between the composite samples (Section 12.8.8.2) and the 
data compiled in Table 12-18. 

Groundwater from the sandstone units is thus considered to be suitable, albeit brackish11, for 

domestic and stock watering purposes. 

 

 

 

                                                      
11

 TDS values range between 1.98 and 0.3 ppt, where fresh water is < 0.5 ppt, brackish water 0.5 to 30 ppt, and saline water 
30 to 50 ppt. 



 
 
 

Section 12│Groundwater │ Page 81 of 146│HG-URS-88100-RPT-001 
 

Table 12-18 Hydrochemistry data summary (Page 1 of 5) 
Sample ID 

(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Hobartvillie 
House Bore 
(20/06/2011) 
 

Forrester 
House 
(20/06/2011) 

South House 
Bore 
(21/06/2011) 

Wendouree 
House Bore 
(21/06/2011) 

Burtle House 
Bore 
(21/06/2011) 

Electrical Conductivity @ 25°C μS/cm 100 ne 1 3100 1200 1050 2060 1750 

Total Dissolved Solids @180°C mg/L ne 2500 5 1570 626 608 1020 841 

Total Alkalinity as CaCO3 mg/L ne ne 1 122 198 404 101 70 

Sulfate as SO4  mg/L 500 1000 1 58 <1 11 5 8 

Chloride mg/L ne ne 1 875 265 80 587 506 

Calcium mg/L ne 1000 1 30 4 68 33 3 

Magnesium mg/L ne ne 1 19 4 63 5 <1 

Sodium mg/L ne ne 1 595 247 43 376 356 

Potassium mg/L ne ne 1 7 4 3 5 2 

Ammonia as N mg/L ne ne 0.01 0.02 0.17 0.02 0.24 0.06 

Nitrite as N mg/L 3 30 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrate as N mg/L 50 400 0.01 0.15 0.03 6.35 0.01 <0.01 

Nitrite + Nitrate as N mg/L ne ne 0.01 0.15 0.03 6.35 0.01 <0.01 

Total Kjeldahl Nitrogen as N mg/L ne ne 0.1 0.1 0.1 0.8 0.4 0.1 

Total Nitrogen as N mg/L ne ne 0.1 0.2 0.1 7.2 0.4 0.1 

Total Phosphorus as P mg/L ne ne 0.01 0.17 0.2 0.12 0.17 0.15 

Aluminium mg/L ne 5 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic mg/L 0.007 0.5 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Boron mg/L 4 5 0.05 0.16 0.49 0.06 0.17 0.47 

Strontium mg/L ne ne 0.001 0.609 0.111 0.793 0.763 0.054 

Beryllium mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium mg/L 0.002 0.01 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
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Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Hobartvillie 
House Bore 
(20/06/2011) 
 

Forrester 
House 
(20/06/2011) 

South House 
Bore 
(21/06/2011) 

Wendouree 
House Bore 
(21/06/2011) 

Burtle House 
Bore 
(21/06/2011) 

Cobalt mg/L ne 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Chromium mg/L 0.05 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper mg/L 2 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Manganese mg/L 0.5 ne 0.001 0.007 0.002 0.001 0.051 0.014 

Molybdenum mg/L 0.05 0.15 0.001 <0.001 0.002 <0.001 <0.001 0.002 

Nickel mg/L 0.02 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Lead mg/L 0.01 0.1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Selenium mg/L 0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Tin mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Vanadium mg/L ne ne 0.01 <0.01 <0.01 0.02 <0.01 <0.01 

Zinc mg/L ne 20 0.005 0.024 0.024 0.006 0.013 <0.005 

Iron mg/L ne ne 0.05 <0.05 0.07 <0.05 2.23 <0.05 

 

Table 12-19 Hydrochemistry data summary (Page 2 of 5) 
Sample ID 

(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Burtle 
House Bore 
(21/06/2011) 
 

Kia Ora 
House 
(22/06/2011) 

CavendishHouse 
Bore 
(22/06/2011) 

Glen Innes 
Allan Ryan 
(23/06/2011) 

MentmoreHouse 
Bore 
(24/06/2011) 

Electrical Conductivity @ 25°C μS/cm 100 ne 1 1750 2290 1330 2290 2450 

Total Dissolved Solids @180°C mg/L ne 2500 5 841 1130 739 1230 1260 

Total Alkalinity as CaCO3 mg/L ne ne 1 70 95 14 108 358 

Sulfate as SO4  mg/L 500 1000 1 8 35 4 73 40 
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Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Burtle 
House Bore 
(21/06/2011) 
 

Kia Ora 
House 
(22/06/2011) 

CavendishHouse 
Bore 
(22/06/2011) 

Glen Innes 
Allan Ryan 
(23/06/2011) 

MentmoreHouse 
Bore 
(24/06/2011) 

Chloride mg/L ne ne 1 506 654 412 608 556 

Calcium mg/L ne 1000 1 3 25 5 10 50 

Magnesium mg/L ne ne 1 <1 3 21 18 45 

Sodium mg/L ne ne 1 356 451 224 427 386 

Potassium mg/L ne ne 1 2 3 4 8 8 

Ammonia as N mg/L ne ne 0.01 0.06 0.7 0.03 0.05 0.02 

Nitrite as N mg/L 3 30 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrate as N mg/L 50 400 0.01 <0.01 <0.01 1.1 0.47 0.86 

Nitrite + Nitrate as N mg/L ne ne 0.01 <0.01 <0.01 1.1 0.47 0.86 

Total Kjeldahl Nitrogen as N mg/L ne ne 0.1 0.1 0.8 0.3 0.2 0.3 

Total Nitrogen as N mg/L ne ne 0.1 0.1 0.8 1.4 0.7 1.2 

Total Phosphorus as P mg/L ne ne 0.01 0.15 0.14 0.16 0.16 0.18 

Aluminium mg/L ne 5 0.01 <0.01 <0.01 <0.01 <0.01 0.01 

Arsenic mg/L 0.007 0.5 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Boron mg/L 4 5 0.05 0.47 0.06 0.09 0.24 0.46 

Strontium mg/L ne ne 0.001 0.054 1.12 0.205 0.28 0.965 

Beryllium mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium mg/L 0.002 0.01 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cobalt mg/L ne 1 0.001 <0.001 <0.001 0.005 <0.001 <0.001 

Chromium mg/L 0.05 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper mg/L 2 1 0.001 <0.001 <0.001 <0.001 <0.001 0.001 

Manganese mg/L 0.5 ne 0.001 0.014 0.051 0.007 0.002 0.008 
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Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Burtle 
House Bore 
(21/06/2011) 
 

Kia Ora 
House 
(22/06/2011) 

CavendishHouse 
Bore 
(22/06/2011) 

Glen Innes 
Allan Ryan 
(23/06/2011) 

MentmoreHouse 
Bore 
(24/06/2011) 

Molybdenum mg/L 0.05 0.15 0.001 0.002 <0.001 <0.001 <0.001 0.004 

Nickel mg/L 0.02 1 0.001 <0.001 <0.001 0.004 0.005 <0.001 

Lead mg/L 0.01 0.1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Selenium mg/L 0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Tin mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Vanadium mg/L ne ne 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Zinc mg/L ne 20 0.005 <0.005 <0.005 0.012 0.007 0.006 

Iron mg/L ne ne 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

 

Table 12-20 Hydrochemistry data summary (Page 3 of 5) 
Sample ID 

(Sample Date) 
  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Surbiton 
Triangle Bore 
(24/06/2011) 
 

Spring Creek 
Old Yard Bore 
(22/06/2011) 

Gadwell 
House 
(24/06/2011) 

Tresillian 
House Bore 
(23/06/2011) 

Forrester 
Turkeys Nest 
(20/06/2011) 

Electrical Conductivity @ 25°C μS/cm 100 ne 1 949 436 1170 1450 799 

Total Dissolved Solids @180°C mg/L ne 2500 5 539 313 657 906 419 

Total Alkalinity as CaCO3 mg/L ne ne 1 41 111 252 40 170 

Sulfate as SO4  mg/L 500 1000 1 21 6 26 56 <1 

Chloride mg/L ne ne 1 262 60 207 391 146 

Calcium mg/L ne 1000 1 7 7 16 6 4 

Magnesium mg/L ne ne 1 6 5 9 <1 2 

Sodium mg/L ne ne 1 174 74 217 281 165 
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Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Surbiton 
Triangle Bore 
(24/06/2011) 
 

Spring Creek 
Old Yard Bore 
(22/06/2011) 

Gadwell 
House 
(24/06/2011) 

Tresillian 
House Bore 
(23/06/2011) 

Forrester 
Turkeys Nest 
(20/06/2011) 

Potassium mg/L ne ne 1 2 4 5 1 2 

Ammonia as N mg/L ne ne 0.01 <0.01 0.03 <0.01 0.12 0.22 

Nitrite as N mg/L 3 30 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrate as N mg/L 50 400 0.01 0.6 0.01 0.04 0.05 0.01 

Nitrite + Nitrate as N mg/L ne ne 0.01 0.6 0.01 0.04 0.05 0.01 

Total Kjeldahl Nitrogen as N mg/L ne ne 0.1 0.2 0.2 <0.1 0.2 0.2 

Total Nitrogen as N mg/L ne ne 0.1 0.8 0.2 <0.1 0.2 0.2 

Total Phosphorus as P mg/L ne ne 0.01 0.13 0.18 0.11 0.14 0.17 

Aluminium mg/L ne 5 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic mg/L 0.007 0.5 0.001 <0.001 0.001 0.001 <0.001 <0.001 

Boron mg/L 4 5 0.05 0.16 0.11 0.36 0.34 0.27 

Strontium mg/L ne ne 0.001 0.135 0.179 0.27 0.074 0.075 

Beryllium mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium mg/L 0.002 0.01 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cobalt mg/L ne 1 0.001 <0.001 0.002 <0.001 <0.001 <0.001 

Chromium mg/L 0.05 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper mg/L 2 1 0.001 0.008 <0.001 <0.001 <0.001 <0.001 

Manganese mg/L 0.5 ne 0.001 0.006 0.173 0.11 0.004 0.008 

Molybdenum mg/L 0.05 0.15 0.001 <0.001 <0.001 0.004 0.002 0.001 

Nickel mg/L 0.02 1 0.001 <0.001 0.002 <0.001 <0.001 <0.001 

Lead mg/L 0.01 0.1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Selenium mg/L 0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 



 
 

Section 12│Groundwater │ Page 86 of 146│HG-URS-88100-RPT-001 
 

Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR Surbiton 
Triangle Bore 
(24/06/2011) 
 

Spring Creek 
Old Yard Bore 
(22/06/2011) 

Gadwell 
House 
(24/06/2011) 

Tresillian 
House Bore 
(23/06/2011) 

Forrester 
Turkeys Nest 
(20/06/2011) 

Tin mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Vanadium mg/L ne ne 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Zinc mg/L ne 20 0.005 0.031 0.032 0.009 <0.005 <0.005 

Iron mg/L ne ne 0.05 <0.05 0.4 0.74 <0.05 0.11 

 
Table 12-21 Hydrochemistry data summary (Page 4 of 5) 

Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR South Mountain 
(21/06/2011) 
 

Wendouree 
Mines Bore 
(21/06/2011) 

Kia Ora West 
of Kahls 
(22/06/2011) 

Cavendish 
Bottom Bore 
(22/06/2011) 

Hobartville 
Bullock Bore 
(21/06/2011) 

Electrical Conductivity @ 25°C μS/cm 100 ne 1 1670 1220 3940 1160 661 

Total Dissolved Solids @180°C mg.L ne 2500 5 945 593 1980 636 384 

Total Alkalinity as CaCO3 mg/L ne ne 1 678 141 107 298 70 

Sulfate as SO4  mg/L 500 1000 1 6 <1 68 17 15 

Chloride mg/L ne ne 1 130 304 1120 181 150 

Calcium mg/L ne 1000 1 91 8 35 7 5 

Magnesium mg/L ne ne 1 93 3 17 4 9 

Sodium mg/L ne ne 1 112 226 806 239 110 

Potassium mg/L ne ne 1 2 5 5 6 5 

Ammonia as N mg/L ne ne 0.01 0.03 1.75 0.47 0.04 0.02 

Nitrite as N mg/L 3 30 0.01 <0.01 <0.01 <0.01 0.02 <0.01 

Nitrate as N mg/L 50 400 0.01 13.1 0.39 <0.01 0.26 2.1 

Nitrite + Nitrate as N mg/L ne ne 0.01 13.1 0.39 <0.01 0.28 2.1 
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Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 
Health 

  
Anzecc 
Livestock 
watering - beef 

LOR South Mountain 
(21/06/2011) 
 

Wendouree 
Mines Bore 
(21/06/2011) 

Kia Ora West 
of Kahls 
(22/06/2011) 

Cavendish 
Bottom Bore 
(22/06/2011) 

Hobartville 
Bullock Bore 
(21/06/2011) 

Total Kjeldahl Nitrogen as N mg/L ne ne 0.1 0.4 2.4 0.5 0.1 0.5 

Total Nitrogen as N mg/L ne ne 0.1 13.5 2.8 0.5 0.4 2.6 

Total Phosphorus as P mg/L ne ne 0.01 0.13 0.22 0.15 0.14 0.1 

Aluminium mg/L ne 5 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic mg/L 0.007 0.5 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Boron mg/L 4 5 0.05 0.1 0.22 0.1 0.35 0.14 

Strontium mg/L ne ne 0.001 1.53 0.276 1.03 0.238 0.083 

Beryllium mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium mg/L 0.002 0.01 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cobalt mg/L ne 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Chromium mg/L 0.05 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper mg/L 2 1 0.001 0.001 <0.001 <0.001 0.002 0.006 

Manganese mg/L 0.5 ne 0.001 0.005 0.28 0.037 0.006 0.001 

Molybdenum mg/L 0.05 0.15 0.001 <0.001 <0.001 <0.001 0.007 <0.001 

Nickel mg/L 0.02 1 0.001 <0.001 <0.001 <0.001 <0.001 0.002 

Lead mg/L 0.01 0.1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Selenium mg/L 0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Tin mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Vanadium mg/L ne ne 0.01 0.02 <0.01 <0.01 <0.01 <0.01 

Zinc mg/L ne 20 0.005 0.066 0.006 <0.005 0.007 0.064 

Iron mg/L ne ne 0.05 <0.05 1.09 0.18 <0.05 <0.05 
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Table 12-22 Hydrochemistry data summary (Page 5 of 5) 
Sample ID 

(Sample Date) 
  
Parameter 

  
Units 

  
ADWG - 
2004 Health 

  
Anzecc 
Livestock 
watering - 
beef 

LOR Deadhorse 
Bore 
(23/06/2011) 
 

Shanghai 
Bore 
(23/06/2011) 

Surbiton New 
12 Mile Bore 
(24/06/2011) 

Glen Innes 
Milky Bore 

(23/06/2011) 

Gadwell Back 
Bore 
(24/06/2011) 

Electrical Conductivity @ 25°C μS/cm 100 ne 1 1250 1780 906 1250 1780 

Total Dissolved Solids @180°C mg.L ne 2500 5 695 953 469 690 994 

Total Alkalinity as CaCO3 mg/L ne ne 1 59 118 103 379 44 

Sulfate as SO4  mg/L 500 1000 1 18 34 <1 2 25 

Chloride mg/L ne ne 1 349 477 220 176 518 

Calcium mg/L ne 1000 1 5 24 3 8 22 

Magnesium mg/L ne ne 1 6 21 1 3 18 

Sodium mg/L ne ne 1 228 289 184 261 294 

Potassium mg/L ne ne 1 5 11 1 5 9 

Ammonia as N mg/L ne ne 0.01 <0.01 <0.01 0.04 <0.01 <0.01 

Nitrite as N mg/L 3 30 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrate as N mg/L 50 400 0.01 0.41 0.29 0.04 0.19 0.34 

Nitrite + Nitrate as N mg/L ne ne 0.01 0.41 0.29 0.04 0.19 0.34 

Total Kjeldahl Nitrogen as N mg/L ne ne 0.1 0.2 0.2 0.2 0.2 0.2 

Total Nitrogen as N mg/L ne ne 0.1 0.6 0.5 0.2 0.4 0.5 

Total Phosphorus as P mg/L ne ne 0.01 0.11 0.2 0.17 0.22 0.15 

Aluminium mg/L ne 5 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic mg/L 0.007 0.5 0.001 <0.001 <0.001 0.002 <0.001 <0.001 

Boron mg/L 4 5 0.05 0.22 0.25 0.33 0.45 0.23 

Strontium mg/L ne ne 0.001 0.137 0.445 0.048 0.322 0.445 

Beryllium mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium mg/L 0.002 0.01 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
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Sample ID 
(Sample Date) 

  
Parameter 

  
Units 

  
ADWG - 
2004 Health 

  
Anzecc 
Livestock 
watering - 
beef 

LOR Deadhorse 
Bore 
(23/06/2011) 
 

Shanghai 
Bore 
(23/06/2011) 

Surbiton New 
12 Mile Bore 
(24/06/2011) 

Glen Innes 
Milky Bore 

(23/06/2011) 

Gadwell Back 
Bore 
(24/06/2011) 

Cobalt mg/L ne 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Chromium mg/L 0.05 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper mg/L 2 1 0.001 <0.001 0.002 <0.001 0.007 0.031 

Manganese mg/L 0.5 ne 0.001 0.003 0.003 0.028 0.007 0.017 

Molybdenum mg/L 0.05 0.15 0.001 <0.001 <0.001 0.003 0.02 <0.001 

Nickel mg/L 0.02 1 0.001 0.006 0.001 <0.001 <0.001 0.004 

Lead mg/L 0.01 0.1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Selenium mg/L 0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Tin mg/L ne ne 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Vanadium mg/L ne ne 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Zinc mg/L ne 20 0.005 0.006 0.016 0.012 0.006 0.154 

Iron mg/L ne ne 0.05 0.08 <0.05 <0.05 <0.05 0.74 

 

BOLD – Exceeds guideline values 
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12.9 Conceptual Hydrogeology 
A review of available groundwater related data has allowed for the conceptualisation of the current 
(pre-mining) hydrogeology.  

The conceptual hydrogeological model is summarised as: 

 Groundwater resources, beneath MLA 70425, are associated with the sandstone units in between 
the various coal seams. The sandstone aquifers are the main aquifers (especially at depth as the 
sandstone is more coarse towards the base of the Colinlea Sandstone unit), however, due to low 

recharge these units aquifers have limited sustainable yields; 

 The sandstone aquifers have increasing aquifer hydraulic parameters with depth due to the 

sandstone being more arenaceous with depth; 

 The hydraulic conductivity of the aquifers, as well as groundwater occurrence, is highly variable 
across the site, indicating heterogeneity and anisotropy within the sandstone; 

 The coal seams and mudstone units confine the interbedded sandstone aquifers. This is of 
significance where the confining D coal seam (confining the underlying D-E sands) will be 

removed during mining. The D-E sands will need to be depressurised to diminish upward pressure 
to reduce groundwater ingress and ensure safe working conditions. Therefore, depressurisation of 
the D-E sands will be required to allow mining to proceed safely to depth; 

 Groundwater occurrence in the units overlying the Permian deposits (Tertiary sediments and 
Quaternary alluvium) occurs as sporadic unconfined perched groundwater, and the units are not 
regarded as significant regional aquifers. Figure 12-19 presents a conceptualisation of the pre-

mining hydrogeology, indicating the potentiometric (head) surface associated with the confined D-
E sands and the perched water tables (associated with Sandy Creek alluvium and clay lenses 
within the Tertiary and Quaternary units); 

 Recharge occurs in topographically elevated areas and flows down gradient (i.e. as a subdued 
reflection of topography) toward Sandy Creek. In the area to be mined the groundwater flow 

direction (on the western side of Sandy Creek) is to the north-north-east, and the gradient is 
shallow; and 

 Groundwater in the Permian Bandanna Formation and Colinlea Sandstone is encountered under 

confined conditions, even adjacent to Sandy Creek.  This suggests that groundwater does not 
discharge to Sandy Creek under average conditions, but may reach surface, e.g. if structures such 
as joints or faults exist that allow upward movement of water. 
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Figure 12-19 Pre-mining groundwater regime 
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12.10  Environmental Values 
The environmental values of the groundwater have been assessed according to the values identified 
in the Environmental Protection (Water) Policy 2008. The environmental values to be enhanced or 
protected are: 

 Biological integrity of a pristine or modified aquatic ecosystem; 

 Suitability for primary, secondary, ad visual recreation use; 

 Suitability for minimal treatment before supply as drinking water; 

 Suitability for use in agriculture; 

 Suitability for use in aquacultural use; 

 Suitability for producing aquatic food for human consumption; 

 Suitability for industrial use; and 

 Cultural and spiritual values of water. 

Based on the groundwater information compiled and assessed during the EIS, groundwater resources 
were assessed to have the following Environmental Values (EV’s): 

 Drinking Water Supply – through the bore survey, groundwater in the area has been identified as 

suitable for potable use. Each property visited during the bore survey identified a “house” bore, 
which is used for domestic purposes. The groundwater chemistry data indicates that, although 
brackish in areas, the groundwater is suitable for domestic purposes from the sandstone units. 

Groundwater extracted during mining, resulting in a mixed composite of groundwater from coal 
seams, interburden, and sandstone will, however, be unsuitable (as detailed in Section 12.8.8); 
and 

 Agricultural purposes - groundwater in the Project area is used extensively for stock watering 
supply and, based on current usage patterns, groundwater has an environmental value of 

agricultural purposes, specifically watering of beef cattle and horses.  

The main groundwater EVs for groundwater in the MLA 70425 is, therefore, domestic use and stock 
watering.   
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12.11  Proposed Mining 
The project will consists of three underground longwall operations, supplemented in the early years 

with two opencast pits. The two open cut pits (Central and Northern) extend over a total strike length 
of 6.5 km, reducing in time to a strike length of 3.4 km. The three underground longwall operations 
(Southern, Central and Northern Underground) area proposed as three independent mines. Details of 

the mine plan are presented in EIS Volume 1 Section 2. 

Mining of the open cut pits will commence at the seam subcrop and progress down dip. Figure 12-19 
indicates the coal seam(s) to be mined. The overburden will be removed by truck and shovel, 

excavators and dragline operations. The overburden will be initially stockpiled in out-of-pit spoil 
emplacements and then used to backfill the open cut pits. 

For the underground component, each longwall panel will be allocated an independent set of mains for 

access, coal clearance and ventilation. The underground workings will require a separate belt drift and 
man-and-materials drift dedicated to each longwall operation.  

The seams are largely flat dipping (1-2°) gently from the eastern subcrop (50 to 75 m depth) to the 

west (300 m depth). 

The coal from the open cut operations will be mined and transported by truck and shovel operations. 
Raw coal will be processed at two Run of Mine (ROM) facilities where it will be reduced in size for 

further processing at the Coal Handling and Preparation Plant (CHPP). For the underground longwall 
operations, all ROM coal will be transported directly to the CHPP via an overland conveyor.  

The Project will include the following key infrastructure; ROM stockpiles, CHPP, tailings storage 

facility, raw water dams, environmental dams, construction camp and accommodation village, mine 
access road, aerodrome, fuel and oil storage facilities, water and wastewater treatment systems, 
sewage systems, rail loop, light industrial area (LIA), and a mine industrial area (MIA).  

12.11.1 Mine Dewatering  

Predictive groundwater modelling was undertaken to assess the potential cumulative impacts of coal 
mining within MLA 70425 and within MLA 70426 on the regional groundwater regime. The regional 

modelling aimed at assessing mining impacts specific to the Project, which included: 

 Estimates of groundwater inflow to the underground workings over the mine life; 

 A predicted zone of influence of dewatering and the level of drawdown away from the mine; 

 The identification of potential risk where groundwater impact mitigation / control measures may be 
necessary; and 

 Prediction of the impact of mine dewatering on groundwater discharges and other groundwater 
users. 
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The predictive numerical groundwater model was calibrated based on the available hydrogeological 

data and the information recorded during the dewatering of the Alpha bulk sample test pit.  

Alpha Test Pit 

The Alpha Test Pit (ATP) is located within MLA 70426 and is approximately 300 m long and 250 m 

wide and is ~ 66 m deep. Twelve (12) dewatering bores were constructed adjacent to the test pit. 

Direct seepage into the pit was removed via a sump pump. Groundwater response to pumping was 

observed in bores AVP-07, AVP-08, AMB01, and AVP-05 (Figure 12-6). Pumping rates and observed 

changes in head were recorded over a period of ~ 90 days. 

Pumping commenced on 21 April 2011 and continued until 20 July 2011. Approximately    38.8 ML 

was pumped during this period, an average of 4.9 L/s (0.43 ML/day). The volume of water pumped 

directly from the ATP was estimated at 1 L/s from 23 June 2011. The rate of pumping increased to 2.5 

L/s on 1 July 2011 when the D seam was first intersected. This rate continued until the end of pit 

development on 13 July 2011. The total volume of in-pit dewatering was estimated to be 3.6 ML. 

An estimate of evaporation (from within the pit) during the ATP development accounted for an 

additional 2.85 ML of inflow to the pit. Thus an estimate d total of 45.27 ML was removed during the 

development of the ATP. 

This large scale extraction and groundwater level response, within the same geological and 

hydrogeological units as those mapped within MLA 70425, was used to construct and calibrate a local 

scale model near the ATP, which was used to provide model parameters to the regional groundwater 

model. 

12.11.1.1 Local scale model near Alpha Test Pit 

The ATP provided an equivalent to a large-scale long term aquifer (pumping) test. The act of 

excavating a test pit is perfectly analogous to the act of developing a mine, thus the information 

recorded allowed for the evaluation of the model to simulate actual site data. 

A local scale finite difference groundwater model, using MODFLOW-SURFACT modelling software, 

was constructed and calibrated to provide the best fit to the recorded data. The model covered an 

area of 2 km by 1.6 km.  

Measured daily pumping rates were defined for the 12 dewatering bores for 91 days from 21 April to 

20 July 2011.  

BeoPEST, parameter estimation software, was used to calibrate the local scale model. Observation 

points were defined at five locations; in the C-D and D-E sandstone (AVP-07 and AVP-08) and also in 

monitoring bore AVP-08 (Figure 12-6). BeoPEST provided a “best” set of parameters in order to obtain 

accurate simulations of model water level predictions compared to field measured data.  

The best estimates of hydraulic properties were included in the regional scale model. 
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12.11.2 Predictions 

Based on extensive modelling, including sensitivity analysis and calibration of a local scale model, 
predictions regarding the mine inflows (dewatering requirements) and drawdown impacts were 
conducted. 

The regional finite element (FEFLOW) groundwater model was constructed to include the model 
parameters as presented in EIS Volume 1 Appendix N1. 

12.11.2.1 Predictions of cumulative mine inflows 

From the time mining commences groundwater will flow into the mines; namely: 

 The Alpha open cut mine; 
 Kevin’s Corner underground mine; and 
 The northern and southern Kevin’s Corner open pits. 

Predictions for the cumulative inflow into the various mines, at the end of mining are as follows: 

 Alpha open cut will be in the order of 265 GL (23.4 ML/day) over 31 years; 
 Cumulative inflow to Kevin’s Corner underground mine will be about 125 GL (an average 11 

ML/day); 
 Kevin’s Corner southern open cut pit will be ~ 31 GL (2.8 ML/day); and  
 Kevin’s Corner northern pit is estimated at ~ 2 GL (in the first 6 years). 

Figure 12-20 illustrates the predicted ingress into the various mines over time. Ingress estimates are 
for conservative model parameters. Higher hydraulic conductivity and vertical leakage rates were used 
to estimate a range of groundwater ingress, over the life of mine, in EIS Volume 1 Appendix N1. 
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Figure 12-20 Cumulative inflows over time 
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12.11.3 Mine Dewatering Extent 

Mining will cause a cone of depressurisation at depth. Vertical hydraulic conductivities are sufficiently 

small to ensure that leakage from over and underlying units toward the cone of depressurisation will 
be slow.  

The predicted extent of depressurisation, at the top of the D seam, after 31 years of pumping at Alpha 

and Kevin’s Corner mines is shown in Figure 12-21. The depressurisation at depth, due to the mining 
of the D Seam, will cause depressurisation in the Bandana Formation, even in areas to the west 
(along dip) of the longwall mine, where there is no risk of deformation propagating to the surface. 

Model predictions indicate that, due to very low vertical hydraulic conductivity, the cone of 
depressurisation to the west will not necessarily induce flow (drain the upper units) such that a lot of 
water remains in the zone above the D seam. The modelling predicts that the water table in the 

closest GAB aquifer (Clematis Sandstone) will be unaffected (see Section 12.12.7).  

Observations 

 The cone of depressurisation is centred on the deepest area of underground operations within the 
Project area (directly after mining, expected to recover rapidly). 

 The cumulative cone of depressurisation above the D coal seam (limit of 5 m drawdown contour) 

extends ~ 15 km beyond the northern Project MLA boundary.  The extent of drawdown is more 
significant to the north of the Project MLA due to the greater drawdown requirements of the 
Project’s underground operations. 

 Drawdown limited to the east by the outcrop of Joe Joe Formation. 
 Depressurisation, associated with the deepest part of the mine (northwest corner of Kevin’s 

Corner), extends below the surficial outcrop mapped on the geological map due to the dip of the 

strata.  
 The cone of depressurisation, at it s maximum extent at the end of mining, does not extend to the 

registered springs in the area (Figure 12-4), thus any potential induced flow (that could potentially 

propagate to surface over time) will not impact on these springs. 
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12.12  Potential Impacts 
In order to assess the potential impacts of the proposed mining activities an impact assessment, from 
a groundwater perspective, was compiled. The impact assessment allowed for the identification of 
impacts associated with the proposed Project, in particular: 

 The mine dewatering and depressurisation; 

 Longwall mining and subsidence; and 

 Mine waste and water infrastructure. 

The potential hazards associated with the impacts, probability, magnitude (significance), and timing 
were assessed in order to develop the optimum risk reduction and threat mitigation measures, which 

are included in the Environmental Management Plan (EMP) for the proposed Project. 

12.12.1 Description of Intention 

It is the intention of HGPL to develop a coal mine within the Galilee Basin in central Queensland. The 

Project will be ramped-up over a 5 year period, reaching full production of up to 42 million tonnes per 
annum (Mtpa) of ROM coal to produce 30 Mtpa of product coal with typical annual production at 26 to 
27 Mtpa.  

An impact assessment was compiled to determine potential impacts associated with the proposed 
mining and associated infrastructure on the groundwater resources. 

The risk assessment aimed at providing information regarding the management of recognised impacts 

allowing for the optimum management to mitigate the impacts. 
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12.12.2 Mine dewatering 

Impact identification 

The impacts associated with the required mine dewatering are related to the changes in groundwater 
levels and availability, which can impact on surrounding users. The identified impacts associated with 

the depressurisation and dewatering could include: 

 Dewatering of the coal seams; 

 Drawdown of groundwater within overlying and underlying aquifers; 

 Reduction in bore yields; 

 Reduction in baseflow to surface water systems (including springs); and 

 Post mining impacts. 

Estimation of probability and magnitude of the consequences of the impacts 

The probability and magnitude of the consequences of any or all of the identified impacts occurring 
has been estimated. This exercise allows for the development of the correct management plan to 

ensure that the mine dewatering operations that can lead to the impacts are addressed. The correct 
management plans can reduce the possible negative impacts on the groundwater resources within the 
study area. 

Table 12-23 provides a summary of the identified hazards, the consequences of the hazard becoming 
a reality, the probability of the hazard occurring, and the magnitude of these consequences. The 
definitions used in the table to describe the risk rating are as follows: 

PROBABILITY    SCORE    MAGNITUDE 

Almost certain    5    Catastrophic 

Likely     4    Major 

Possible    3    Moderate 

Unlikely     2    Minor 

Rare     1    Insignificant 

The definitions of the terms above are as follows (AS/NZ 4360, 200412): 

                                                      
12

 Standards Australia/Standards New Zealand (2004). Risk management AS/NZS 4360:2004, Standards Australia 
International, Sydney, NSW. 
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Probability / Likelihood 

 Almost certain Expected to occur in most circumstances 

 Likely  Will probably occur in most circumstances 

 Possible Could occur at some times 

 Unlikely  Could occur but not expected 

 Rare  Will only occur in exceptional circumstances 

Magnitude / Consequences 

 Catastrophic Environmental damage is irreversible, of high impact or widespread 

 Major  Damage to the environment that requires significant remediation 

 Moderate Clearly visible impact to aquatic ecosystem, requires localised remediation 

 Minor  Unreasonable interference with the environment 

 Insignificant Trivial environmental impact 
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Table 12-23 Potential impacts on groundwater associated with mine dewatering 
Impact Consequence Probability Magnitude Duration and Extent 

Dewatering of the coal seams Dewatering of coal seams can 
induce flow from surrounding 
units 

Likely 

D Seam coal will be dewatered 
during mining 

Minor 

The coal seam aquifers contain 
limited poor quality groundwater 

Will occur during the life of the 
project and post project 

Drawdown of groundwater within 
overlying and underlying aquifers 

Decrease in groundwater levels 
and reduction in available 
groundwater resources 

Likely 

Active dewatering is required to 
depressurise D-E sands and 
overlying aquifers 

Major 

Dewatering will result in the loss 
of a usable aquifer 

Pre-construction to beyond the life 
of the project 

Reduction in bore yields Reduced available drawdown 
within the drawdown cone around 
mine, may result in bore 
production decline 

Likely 

Model predictions (Figure 12-21) 
indicate depressurisation impacts 
outside of the MLAs 

Minor 

Depressurisation cone is not 
predicted to extent too far from 
MLA boundaries and limited 
potential for induced flow 

Will occur during the life of the 
project and post project 

Reduction in baseflow to surface 
water systems and springs 

Drawdown due to dewatering may 
reduce groundwater component 
to surface water systems 

Unlikely 

No evidence of surface water – 
groundwater interaction within 
study area 

Insignificant 

Surface water systems are 
ephemeral. Closest registered 
springs are outside the predicted 
drawdown cone (Figure 12-21). 

Not expected to occur 

Post mining impacts Groundwater recovery will not 
reach pre-mining levels and flow 
patterns will be altered due to 
aquifer alteration and final voids 

Likely 

Groundwater will flow to the final 
voids  

Major 

Groundwater sink will reduce 
available groundwater resources 

Pre-construction to beyond the life 
of the project 
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For the five recognised impacts, the risk estimates are evaluated simplistically based on the risk (R) 
being considered the product of the probability (P) and the magnitude (M), i.e. R = P x M. Table 12-24 
presents the risk estimates regarding mine dewatering. 

Table 12-24 Impact evaluation for mine dewatering 

Impact Probability Magnitude Risk Estimate (R = P x M) 

Impact 1: Drawdown of 
groundwater levels within 
the coal seam 

Likely (4) Minor (2) 8 

Impact 2: Drawdown of 
groundwater within 
overlying and underlying 
aquifers 

Likely (4) Major (4) 16 

Impact 3: Reduction in 
bore yields 

Likely (4) Minor (2) 8 

Impact 4: Reduction in 
baseflow to surface water 
systems and springs 

Unlikely (2) Insignificant (1) 2 

Impact 5: Post mining 
impacts 

Likely (4) Major (4) 16 

The highest rated impact for mine dewatering is recognised when dewatering impacts on the useable 

groundwater resources, during and post mining. The dewatering will result in decreased volumes of 
groundwater from the C-D and D-E sandstone aquifers. 

Risk evaluation 

Impact 1: Drawdown of groundwater levels within the coal seam 

Longwall mining 

The active depressurisation of the D-E sands and overlying C-D sands will result in the dewatering of 
the D Seam prior to the longwall mining. The removal of coal during mining and the dewatering will 

result in the coal becoming unconfined, which will result in higher flows (from storage) which will in turn 
result in higher dewatering volumes. This could increase the impact on groundwater resources 
associated with the coal seam aquifers due to decreased levels and yields. 

The impact of increased dewatering volumes would result in larger cone of depression around the 
mine and would require larger infrastructure to store mine water. 

Open-cut mining 

A drawdown cone will develop around the open pits. Groundwater will flow into the pits through the pit 
walls, from the Tertiary sediments (where water occurs), the sediments of the B-C and C-D sands and 

C and D coal seams. Groundwater will flow through the pit floors from the underlying D-E sandstone 
aquifer.  
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The drawdown will result in groundwater gradients to the open-cut mining voids, such that 
groundwater flow patterns will be altered. The impacts, due to the relatively small size of the surface 

mining (one third of average underground production) compared to the underground workings, will be 
difficult to separate from the cone of depression created during mine dewatering.  

Impact 2: Drawdown of groundwater within overlying and underlying aquifers 

Mine dewatering will lower the piezometeric pressure within the D-E sands and D Seam coal aquifer, 
which may result in induced flow to the target coal seam from underlying and overlying aquifers. As 
the coal seam acts as a confining layer for the D-E sands leakage from this unit will require 

management. Depressurisation of the underlying and overlying aquifers will be required to manage 
groundwater ingress and mine safely. Fractures, existing and induced due to subsidence, will allow 
increased interconnection of aquifers, which will allow preferential flow from the aquifers into the 

workings. 

This will create a cone of depression within the underlying and overlying aquifer and around the mine. 
Figure 12-21 presents the depressurisation zone after 31 years. The required dewatering will remove 

marked volumes of groundwater from the local groundwater regime, resulting in reduced volumes 
available to maintain current use (Section 12.8.3) and potential future use. 

Impact 3: Reduction in bore yields 

Based on results of modelling undertaken to date, it is concluded that groundwater level impacts of     
5 m or greater may be experienced at distances up to 15 km from the deepest section of the mine.  
The effects will not be concentric, for example drawdown will be limited to the east of the MLA 70425 

against the Joe Joe Formation and also to the west if drawdown extends as far as the Rewan 
Formation, which is a regional confining layer. 

Groundwater bores identified on the DERM database and during the bore survey can potential be 

impacted. Groundwater level drawdown in existing groundwater bores has the potential to impact on 
the use of groundwater for agricultural purposes (stock watering) by causing material interference to 
bores (e.g. by limiting the available drawdown in the bore and hence reducing the yield, or by drawing 

the water level down below the existing pump inlet). 

The effect on these bores will depend on the reduction in the amount of available drawdown (depth 
between static water level and pump inlet) and whether the neighbouring bores intersect the aquifers 

to be dewatered. 

Impact 4: Reduction in baseflow to surface water systems (including springs) 

It is interpreted that regional groundwater flow is from topographically elevated areas toward Sandy 

Creek, where it is possible that groundwater discharges to Sandy Creek under some conditions. 

The mine dewatering will result in a cone of depression that will alter groundwater flow directions 
towards the mining voids (Figure 12-21) and will reduce the potentiometric levels, associated with the 

confined aquifers, in the vicinity of Sandy Creek. This will effectively remove the potential for 
groundwater discharge to Sandy Creek in the vicinity of the operation. The ephemeral nature of the 
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surface water systems and the limited evidence for surface water - groundwater interaction (Section 
12.8.2) limits the potential for mine dewatering to have a marked impact on surface water resources. 

Impact 5: Post mining impacts 

When active dewatering is no longer undertaken groundwater levels will recover within the deepest 
part of the mine. Groundwater will flow radially inwards towards the northwest corner of the mine. 
Once groundwater levels with Kevin’s Corner reach the same level as the Alpha final void (some    

129 m difference), groundwater flow patterns will be towards the large Alpha final void. 

This final void is expected to remain in the west of the open pit mining area, i.e. adjacent to the final 
highwall.  The presence of a final void will maintain the presence of a groundwater sink (due to 

negative climate balance) that will draw groundwater flow toward the void. 

Groundwater flow patterns are predicted to be toward the final void, thus continued alteration of 
groundwater flow patterns, gradients and levels within the study area are envisaged.  

The altered groundwater flow pattern will, however, limit the potential for offsite movement of potential 
contaminants via the groundwater system. 

Overall risk assessment 

The overall risk associated with mine dewatering, based on the regional hydrogeology and 
groundwater use, is the reduction of usable groundwater resources within a water scarce area. The 

impacts of reduced groundwater, to existing users, can be mitigated by the provision of alternative 
water supplies, through a make-good commitment. 

12.12.3 Longwall Mining and Subsidence 

Impact identification 

The potential impacts related to longwall mining and resultant subsidence, on groundwater resources, 
could include: 

 Increased aquifer interconnection;  

 Hydraulic connection to surface; and 

 Interflow between aquifers. 

Estimation of probability and magnitude of the consequences of the impacts 

The probability and magnitude of the consequences of any or all of the identified impacts occurring 
has been estimated. Table 12-25 provides a summary of the identified hazards, the consequences of 
the hazard becoming a reality, the probability of the hazard occurring, and the magnitude of these 

consequences. 
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Table 12-25 Potential impacts on groundwater associated with longwall mining and subsidence 

Impact Consequence Probability Magnitude 
Duration and 
Extent 

Increased aquifer 
interconnection 

Increased aquifer 
parameters increase 
groundwater 
movement during 
mining, possible in 
rush of water 

Likely 

Goaf will result in 
fracturing which can 
interconnect 
overlying aquifers 

Moderate 

Active dewatering  
may not intersect all 
groundwater 
entering the mine 

Will occur during the 
life of the project 
and post project 

Hydraulic 
connection to 
surface 

Increased recharge 
and possible 
alteration of surface 
water systems 

Unlikely 

Longwall mining 
area overlain by 
clay-rich weathered 
sediments 

Minor 

Any cracks to 
surface within 
surface water 
drainages will self 
seal (fines and 
clays)  

Temporary as runoff 
or surface water 
flow will seal 
potential tensile 
cracks 

Interflow between 
aquifers 

Groundwater from 
different units can 
mix resulting in 
blending and 
alteration to 
groundwater quality 

Likely 

Layered aquifers 
and coal seams can 
be interconnected 
through fracturing 

Minor 

Mine dewatering will 
result in mixing of 
groundwater to be 
used on mine 

Will occur during the 
life of the project 
and post project 

 

For the three recognised impacts associated with longwall mining and subsidence the highest rated 
impact (Table 12-26) is associated with the connection of aquifers due to mining induced fracturing. 
The fracturing can lead to increased hydraulic conductivity (permeability) allowing for more rapid 

movement of groundwater downwards between units. 

Table 12-26 Impact evaluation for longwall mining and subsidence 

Impact Probability Magnitude Risk Estimate R = P x M) 

Impact 1: Increased 
aquifer interconnection 

Likely (4) Moderate (3) 12 

Impact 2: Hydraulic 
connection to surface 

Unlikely (2) Minor (2) 4 

Impact 3: Interflow 
between aquifers 

Likely (4) Minor (2) 8 

 



 
 

Section 12│Groundwater │ Page 109 of 146│HG-URS-88100-RPT-001 
 

 

Risk evaluation 

Impact 1: Increased aquifer interconnection 

The impact of mining on the groundwater regime and groundwater inflow to the underground workings 
is generally influenced by the height of fracturing above the longwall blocks that provide hydraulic 

connection between the overlying groundwater resources and the target coal seams. Figure 12-22 
provides a typical cross-section of a longwall face, illustrating the resultant fracturing and potential for 
increased interconnectivity between units. 

Figure 12-22 Cross Section of a Typical Longwall Face  

 

The potential subsidence characteristics resulting from the proposed longwall mining was assessed by 
SCT Operations Pty Ltd (SCT). The subsidence assessment (Volume 2 Appendix J) indicates that the 
proposed longwall panels at the Kevin’s Corner Project are of supercritical width in subsidence 

engineering terms with maximum subsidence developed over the central part of each panel. Maximum 
subsidence is expected to be generally less than 2.9 m in the majority of the proposed mining area 
with 2 m maximum subsidence expected in the north beyond the D Seam split. 
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Cracks are expected to be generally < 100 mm at 300 m overburden depth and 300 mm at 100 m 
overburden depth. The largest cracks are expected to develop parallel to the longwall face at the start 

of each panel. The proposed longwall mining is expected to cause fracturing of the overburden strata 
above most of each longwall panel. Alteration to the aquifer hydraulic parameters (increased 
transmissivity and hydraulic conductivity) due to the goaf will not, however, have a marked increase in 

storage. 

The caved and fractured zones above the D Seam will increase aquifer hydraulic parameters of the 
overlying aquifers (C-D sands) and increase interconnection with the coal seam aquifers. The 

subsidence and associated fracturing will result in drainage of water bearing joints and fractures and 
there is potential for short term loss of any groundwater to this zone of increased permeability during 
the mining phase, which will lead to the lowering of groundwater levels.  

Thus the risk associated with the increased hydraulic conductivity and transmissivity of the units above 
the coal seam workings is the rapid movement of groundwater, which if not intersected during 
dewatering will enter the workings.  

Impact 2: Hydraulic connection to surface 

The cracks created by subsidence are not expected to have a significant impact on alluvium and 
Cainozoic sediments, as the cracks will not stay open in the unconsolidated or high plasticity material. 

Shallow cracks in the rock below the overburden may result in possible drainage of the overburden but 
as the storage associated with the cracks is low and the groundwater resources within the overlying 
Tertiary and Quaternary sediments is limited (discrete perched water tables as illustrated on Figure 

12-19). Seepage from non-perennial surface water flows can occur into the cracks, however, these 
cracks are envisaged to silt up after up within three storm events. 

The hydraulic conductivity of the fracture network developed depends on the particular characteristics 

of the overburden stratigraphy and individual units within it. In general, a limited increase in hydraulic 
connectivity with the surface is envisaged based on the clay-rich nature of the subsided Tertiary 
overburden strata recognised on site (Volume 1 Section 4 Geology). 

Based on the nature of the overlying units, depth to mining (where cover is thinner to the west < 5 m), 
and the temporary nature of the cracks (self sealing) the risk associated with cracking to surface are 
reduced. 

Impact 3: Interflow between aquifers 

The fractures created during longwall mining will allow for the direct interconnection between units of 
differing hydrochemistry. The resultant blending of fresh, brackish, and saline water (as recognised in 

Section 12.8.8) can result in an alteration of groundwater quality. Thus the resultant fracturing can 
potentially increase interconnection between units and the confining pressures can allow for 
groundwater movement between units. 

Dewatering will reduce the impacts of this alteration to hydrochemistry as the composite groundwater 
will be used on site and will not result in aquifer through flow from the site. Post mining predictions 



 
 

Section 12│Groundwater │ Page 111 of 146│HG-URS-88100-RPT-001 
 

indicate that groundwater flow will be towards the final void at Alpha Mine and not into regional 
aquifers or surface water systems. 

Overall risk assessment 

Active dewatering scheme(s) will be required to ensure the safe mining conditions and the effective 
removal of excess groundwater. Monitoring of groundwater hydrochemistry in areas adjacent to the 

deeper mining areas (below the final void) and surface water flows will be required to assess these 
potential impacts over time. 

12.12.4 Mine Waste and Water Infrastructure 

Impact identification 

Based on a review of proposed mining infrastructure the following key infrastructure are considered to 
have the potential to impact on groundwater resources in the area: 

 Tailings disposal and storage; 
 ROM stockpiles; 
 CHPP; 

 Raw water dams; 
 Environmental dams; 
 Fuel and oil storage facilities; 

 Water and wastewater treatment systems; 
 Sewage systems; and 
 LIA and MIA workshops and storage areas.   

The identified impacts associated with the Project associated infrastructure include: 

 Artificial recharge; 
 Alteration to groundwater quality; and 

 Alteration of recharge. 

Estimation of probability and magnitude of the consequences of the impacts 

The probability and magnitude of the consequences of any or all of the identified impacts occurring 
has been estimated. Table 12-27 provides a summary of the identified hazards, the consequences of 
the hazard becoming a reality, the probability of the hazard occurring, and the magnitude of these 

consequences. 



 
 

Section 12│Groundwater │ Page 112 of 146│HG-URS-88100-RPT-001 
 

 

Table 12-27 Potential impacts on groundwater associated with mine infrastructure 

Impact Consequence Probability Magnitude 
Duration and 
Extent 

Artificial recharge Alteration to 
groundwater flow 
patterns, mounding 
and waterlogged 
areas 

Unlikely 

Design, 
construction, and 
operation will be 
conducted to 
prevent seepage 

Moderate 

Area immediately 
adjacent to leaking 
infrastructure would 
require remediation 

During operations 
and possibly post 
Project 

Alteration to 
groundwater quality 

Possible poor 
quality seepage 
altering groundwater 
quality 

Unlikely 

Design, 
construction, and 
operation will be 
conducted to 
prevent seepage 

Moderate 

Area immediately 
adjacent to leaking 
infrastructure would 
require remediation 

During operations 
and possibly post 
Project 

Alteration of 
recharge 

Infrastructure 
footprint(s) reducing 
recharge to 
groundwater 

Unlikely 

Infrastructure 
located on confined 
aquifers and 
aquitards 

Minor 

No reduction of 
dominant recharge 
mechanism 

During construction, 
operation and 
closure 

For the three recognised impacts associated with mine infrastructure the highest rated impacts (Table 
12-28) are associated with alterations to shallow groundwater due to seepage. The seepage can alter 
groundwater quality and result in water logged areas adjacent to water and waste storage facilities. 

Table 12-28 Impact evaluation for mining infrastructure 

Impact Probability Magnitude Risk Estimate(R = P x M)

Impact 1: Artificial 
recharge 

Unlikely (2) Moderate (3) 6 

Impact 2: Alteration to 
groundwater quality 

Unlikely (2) Moderate (3) 6 

Impact 3: Alteration of 
recharge 

Unlikely (2) Minor (2) 4 

Risk evaluation 

Impact 1: Artificial recharge 

Artificial recharge impacts are considered to potentially occur below the major facilities that will be 

constructed for the Project. These include the out-of-pit tailings storage facility (TSF), CHPP water and 
waste management system, mine waste areas, fuel and chemical storage areas, sewage system, and 
environmental dams. Artificial recharge can result in downward seepage that causes mounding, which 

in turn causes alteration of groundwater patterns and possible waterlogged areas. 
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The proposed out-of-pit TSF can act as a continuous seepage source, which could potentially impact 
on the groundwater resources. The TSF, to be used for the first five years until sufficient void space is 
available within the northern open-cut mine to facilitate co-disposal of tailings, is located on clay-rich 

weathered Tertiary sediments. This clay-rich material, the seepage prevention design and construction 
of the TSF (Volume 2 Appendix Q2), and the limited groundwater potential of the weathered 
sediments all indicate a manageable level of risk of seepage to groundwater from the TSF. 

Seepage potential from the in-pit tailings will be limited as the compartments within the mine void, 
created to receive tailings, will include floor and wall linings.  

All water, waste, fuel and chemical storage facilities will be designed, constructed, and operated to 

prevent seepage, thus the risk to the groundwater resources is limited. Monitoring will be conducted 
(Section 12-13) to validate seepage control measures. 

Impact 2: Alteration of groundwater quality 

In general the potential for the Project to impact on regional groundwater quality is relatively low as 
groundwater flow will be toward the mine workings, and the potential for contaminants to migrate off 
site via the groundwater system will be low.  The greatest potential for groundwater quality impacts is 

judged to be artificial of poor quality water, where downward seepage from storage facilities has the 
potential to result in offsite contaminant migration via shallow groundwater flow to the surface water 
system. 

Seepage from water and waste facilities adjacent to Sandy Creek could result in downward leakage 
through surficial sediments until reaching lower permeability weathered sediments. Lateral migration 
on the lower permeable sediments could occur, which could migrate down gradient at shallow depth 

toward surface water drainages.  

It is envisaged that this seepage would not be controlled by regional groundwater drawdown, (which 
would limit the potential for impacted groundwater to leave site as flow is toward the mined voids) as 

this component of flow occurs above the water table. Thus shallow seepage monitoring will be 
required adjacent to the storage facilitates to enable identification and assessment of seepage. If 
monitoring detects a potential for offsite seepage then it is likely that active seepage controls (such as 

cut-off trenches) would be required. 

The impacts of seepage into the deeper aquifers are, however, limited as: 

 During mining and after closure (final void), groundwater flow will be toward the pits, and the 
potential for contaminants to move out via the groundwater system is judged to be low; and 

 Geochemical testing indicates that the materials disturbed and exposed during mining are non-acid 

forming or have low potential for acid-forming (Tests completed indicate that materials are non-acid 
forming (NAF) or have low potential for acid-forming (low PAF). 



 
 

Section 12│Groundwater │ Page 114 of 146│HG-URS-88100-RPT-001 
 

Impact 3: Alteration of recharge 

The construction of infrastructure across the site will reduce the direct rainfall recharge to these areas. 

The reduction in this recharge is, however, deemed to be negligible as the majority of recharge in the 
study area is interpreted to occur as diffuse recharge to the west, along the Great Dividing Range 
(Section 12.8.4). 

No alteration to the recharge area to the west of the site will occur, thus the recharge over the much 
greater surface area will not be altered.   

Overall risk assessment 

The risk associated with seepage will be reduced through the correct design and construction of mine 
waste, water, fuel, and chemical storage facilities. The effectiveness of these seepage controls will be 

validated through monitoring. The risk of this impact can thus be reduced and managed. 
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12.12.5 Cumulative Impacts 

In addition to the Project, which is the subject of this EIS, there are additional projects that have the 

potential to impact groundwater, and the cumulative impact of these projects must be assessed.  The 
projects include: 

 Alpha Coal Project, which is a proposed 30 Mtpa open cut coal mine, being developed by Hancock 

Coal Pty Ltd (HCPL).  The Alpha Coal Project is located on MLA 70426, immediately south and 
adjoining the Alpha MLA; and 

 Waratah Galilee Coal Mine, which is a proposed 25 Mtpa open cut coal mine being developed by 

Waratah Coal Inc.  The proposed mine is located 13 km west and 35 km north of the township of 
Alpha. 

The Kevin’s Corner and Alpha Coal projects are simulated within the regional groundwater model to 

assess the impacts of cumulative dewatering impacts on the groundwater regime.   

The regional groundwater model (Section 12.11) allowed for the consideration of: 

 The largest extent of depressurisation within the D-E sands and dewatering of the D seam resulting 

from both of the mining operations (Figure 12-21); 
 Cumulative impacts on surface water systems (this was deemed limited due to the lack of evidence 

of groundwater – surface water interaction within the MLA 70425 and MLA 70426); 

 Impacts on existing groundwater users. The bore survey has identified all groundwater use and 
users within a ~ 10 km radius of both MLA 70425 and MLA 70426. Potential users to be impacted 
have been identified and included in Figure 12-23; and 

 Definition of a final zone of influence i.e. at completion of both projects, following rebound of 
groundwater levels to a pseudo steady-state for the aquifers that are dewatered or depressurised 
by the mine, and for deeper aquifers that are expected to the be the target of bores drilled under 

make-good water supply agreements.  

No details are known of the dewatering requirements of the Waratah Galilee Coal Mine or other 
potential mining activities within the immediate area (i.e. along strike); therefore the regional 

groundwater model only considers the proposed Hancock mines. 

12.12.5.1 Final Voids 

The numerical groundwater model constructed for the Kevin’s Corner Coal Project has been designed 
to predict the potential impacts of both Kevin’s Corner Coal Project and the Alpha Coal Project, 

immediately to the south. 

Predictions of inflows to the mines and of regional drawdown during mining have been made, 
including an assessment of the long term groundwater regime, post mining at both proposed mines. 

Recovery of the Final Void water table (pseudo steady state) and the evolution of mine pit lakes are of 
interest to stakeholders. Predictions have therefore been made, based on predictions of drawdown 
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during 31 years of mining in the Alpha open cut mines and Kevin’s Corner open cut and underground 
mines.  

The water table is predicted to recover over a period of ~250-300 years, such that by a time ~300 
years after the start of mining, water levels in mine pit lakes will equilibrate (pseudo steady state) at 
about 280 mAHD, and the regional water table will show a cone of depression with flow occurring 

radially towards the mine pit lakes. 

During recovery, there will be a long period during which a number of separate mine pit lakes along 
the length of the Alpha open cut coal mine will show a gradient in levels from south to north. 

Dewatering in the Kevin’s Corner underground mine will cause a cone of depression much lower than 
the floor of the Alpha open cut coal mines, hence groundwater will flow initially towards Kevin’s 
Corner. 

The final equilibrium predicted is influenced by an assumption that regional recharge to the water table 
is negligibly small. This assumption is reasonable during mining, when groundwater flows are 
dominated by dewatering in the mines. The assumption is not appropriate in the long term, and leads 

to a predicted cone of depression that is larger than would occur if recharge were taken into account. 

This assessment is preliminary, and will be revised when the regional model is finalised, taking long-
term recharge into account. 

EIS Volume 1 Appendix N1 includes the assessment of the final voids, at both Kevin’s Corner and 
Alpha cola projects, based on the predictive modelling work.  
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12.12.6 Vegetation Communities 

No Groundwater Dependent Ecosystems (GDEs) have been recorded or identified within MLA 70425. 

The closest registered spring is located within the Forrester property ~20 km to the north of            
MLA 70425 northern boundary (Figure 12-24). Consideration has, however, been given to the 
potential impacts of mine dewatering and depressurisation on the vegetation communities within    

MLA 70425. 

Groundwater level data, compiled and assessed within this EIS, allowed for the conceptualisation of 
groundwater resources and occurrence with MLA 70425, Figure 12-4.  

Groundwater resources in the coal seams and Colinlea Sandstone aquifers are confined below by low 
permeable claystone layers and the coal seams and above by the thick weathered clay-rich Tertiary 
saprolite.  The groundwater levels associated with the confined aquifers allowed for the identification 

of a potentiometric surface above the coal seams. The potentiometric surface is conceptualised in 
Figure 12-10. 

Quaternary sediments, alluvium, aeolian, and colluvium, are recognised to be deposited on the clay-

rich saprolite. Shallow drilling during geotechnical studies at the TSF site (Section 12.8.4) and 
adjacent to Sandy Creek (Section 12.8.2) indicate the occurrence of perched groundwater within the 
shallow sediments. The perched water is limited in extent and has limited effective storage (i.e. 

seasonal). This water may, however, be important to flora in the study area. 

An evaluation of the potential hydraulic connection between the potentiometric surface (confined 
aquifers) and the overlying perched groundwater (unconfined) was undertaken as dewatering could 

potentially result in an impact on the perched groundwater resources due to induced flow. No 
hydraulic connectivity between the perched water table and the underlying confined aquifers has been 
identified on site (as presented in Table 12-6).  

12.12.6.1 Impacts on vegetation communities 

The potential for groundwater drawdown due to mining to impact on vegetation communities within the 
Project site is regarded as low. There are no identified groundwater dependent ecosystems located on 
the Project site, and the groundwater piezometeric levels associated with usable aquifers are at 

depths > 10 m and thus not accessible to the existing vegetation.  

Current information (groundwater level monitoring on site) indicates no hydraulic connectivity (linkage) 
between the piezometeric groundwater levels (associated with the underlying confined aquifers) and 

the ephemeral surface water resources or perched water tables. Thus any reduction in piezometeric 
pressure, resulting in decrease in groundwater levels, due to mine depressurisation will not impact on 
the vegetation communities. 

Incidents of isolated perched groundwater, during and immediately after the wet season, within the 
weathered Tertiary laterite and saprolite and clay-rich Quaternary alluvium have been recorded. The 
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perched groundwater tables are at depths of 0.5 to 1.5 m below surface. These perched water tables 
may provide limited water (low sustainable volumes) for local vegetation communities (Figure 12-19). 

Based on the low permeability of the Tertiary laterite and saprolite and the very low gradients 
drawdown within the Tertiary units, resulting from open pit mining, would be limited, some 10 to 100 m 
around the pits (Figure 12-24). Any perched water within this zone would report to the open pit. The 

vegetation in the area immediately adjacent to the mine pit will, however, be disturbed / removed due 
to the envisaged infrastructure (surface water levees, roads, water and power easements, etc.). 

If mine induced groundwater drawdown is identified, mitigation through the Proponents "make-good" 

commitment will be made, which could include artificial recharge of affected areas with water from 
alternative water sources. 





 
 

Section 12│Groundwater │ Page 122 of 146│HG-URS-88100-RPT-001 
 



 
 

Section 12│Groundwater │ Page 123 of 146│HG-URS-88100-RPT-001 
 

 

12.12.7 Great Artesian Basin 

The Project targets the Permian age C and D coal seams of the Colinlea Sandstone. This Permian 

age unit and the overlying Permian Bandanna Formation subcrop to the east of the younger Triassic 
age Great Artesian Basin (GAB). The hydrogeological GAB is located to the west of the proposed 
mining area and is bounded below by the Rewan Group (Habermehl, 2001). This indicates that the 

proposed mining activities at the Project will occur in older formations separated from the oldest GAB 
aquifer, the Clematis Sandstone, by the Rewan Group and Bandana Formation aquitards. Table 12-32 
presents the lithostratigraphy of the regional geology within and adjacent to the proposed Project.  

Table 12-29 Lithostratigraphy 

Age Lithology Stratigraphic 
Unit 

Thickness Comments 

Triassic Green brown-purple mudstone, siltstone and 
labile sandstone 

Rewan Group  Only in west 

Sandstone 10–30 m 

Coal Seam A. Seam contains thin dirt bands 
that thicken from south to north. 

1–2.5 m 

Labile sandstone, siltstone and mudstone 10 m 

Coal Seam B. Seam contains numerous dirt 
bands that constitute between 15 and 30% of 
seam. Variable in quality. 

6–8 m 

Bandanna 
Formation 
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Labile sandstone, siltstone and mudstone 70–90 m 

Coal Seam C. Coal seam thins northward 
and splits apart 

2–3 m 

Labile sandstone, siltstone and mudstone 5–20 m 

Coal Seam D. Stone bands present with 
seam thickening westward, upper section 
splits off main seam to north west 

4.5–6 m 

Labile sandstone, siltstone and mudstone 15 m 

Coal Seam E. Thin (0.2 m) clean coal bands, 
usually 2 bands E1 & E2 

0.1 – 0.4 m 

Labile sandstone, siltstone and mudstone 15 – 20 m 

Coal Seam F. Localised thick geological 
section, no working section 

0.5 – 5 m 

Late Permian 

Labile sandstone, siltstone and mudstone 

Colinlea 
Sandstone 

Unknown 

In
cr

ea
si

ng
ly

 a
re
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o
us
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Early Permian Labile and quartz sandstone Undefined Joe Joe Formation 

 

A geological cross-section (Figure 12-25), west-east, (covering a distance of 310 km) through the 
proposed mining area was compiled based on available exploration log data for the area. The cross-
section indicates the continuous thick (~ 175 m) Rewan Group separating the Bandana Formation 

(containing the A-B coal seams) and the Clematis Sandstone GAB aquifer. The target coal seams for 
the proposed mining operations are the C and D coal seams within the Colinlea Sandstone, which are 
further separated from the GAB by the groundwater poor (in terms of both quantity and quality) 

Bandana Formation. 

 

Figure 12-25 East-West cross-section across the geological model (Salva, 2009)  

. East‐West cross section through MDL285
Pictorial, v >30:1ertical exaggeration V/H=

West – East Cross-section 
Vertical Exaggeration of 30:1 

10 km Grid  
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Figure 12-26 provides a geological plan view of the area indicating the geological unit outcrops and 
the Hancock MDL boundaries. The regional geological model shows that the Rewan Group subcrop 
and outcrop within MDL 285 and MDL 333 and the Clematis Sandstone subcrops within 8 km of the 

MDL boundaries. The GAB aquifers and recharge areas do not outcrop within the MDLs. 

 

Figure 12-26 Formation and subcrop plan from the geological model (Salva, 2009)  

Formation and Subcrop plan GAB model
20 km grid 
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Dewatering of the hanging wall sediments and depressurising of the sediments (D-E sands) below the 
proposed mine can potentially induce vertical flow from the overlying (and underlying) units. The 

induced flow can result in decrease in groundwater levels within the surrounding units; this in turn 
could result in decreased bore yields. The potential for induced flow from the overlying Rewan Group 
was considered to determine whether mine dewatering could impact on the closest GAB aquifer, the 

Clematis Sandstone. 

12.12.7.1 Literature review 

The Rewan Group comprises mudstone, siltstone, and lithic sandstone of fluvial, lacustrine, and 
Aeolian origin, and is generally considered to have low porosity and permeability (Butcher, 1984). The 

upper section mostly comprises shale and is considered to represent a seal to the basal Rewan Group 
sandstones (Henning et al., 2006) and is considered a barrier to groundwater migration from the 
deeper coal seams making it an important hydrocarbon exploration feature (Conybeare, 1970). The 

maximum encountered thickness of 1,363 m in the Bowen Basin (DME, 1997) may increase up to a 
suspected maximum thickness of 3,500 m. This unit is recognised as the basal unit of the 
hydrogeological GAB (Habermehl, 2001). 

All of the water-bearing units below the Rewan Group exist as confined water-bearing units that 
contain reservoirs of groundwater, which display different hydraulic characteristics and different 
hydrochemistry indicating a distinctly different hydrogeological system to the GAB (GABCC, 1998). 

The deeper water bearing units associated with the Permian coal measures are isolated from the GAB 
aquifers by the Rewan Group confining unit and are considered to be isolated water-bearing units 
(WorleyParsons, 2010).  

Permeability of the Rewan Group aquitard is in the order of 0.1 millidarcy13 to 1.0 millidarcy (9.3 x 10-5 

to 9.3 x 10-4 m2/day) (Cadman and Pain, 1998). However, porosity and permeability within this unit is 
thought to be highly variable. This is in line with Butcher (1984) who considers the Rewan Group as a 

barrier to vertical migration of groundwater from below to the GAB.  

A study by Henning et al. (2006) evaluated inter-aquifer flow between the Clematis Sandstone, Rewan 
Group, Moolayember Formation and the Precipice Sandstone. The study concluded that the 

Moolayember Formation and the upper Rewan Group act as effective barriers to vertical groundwater 
movement between units.  

It is generally accepted that the Rewan Group is a regional aquitard that prevents significant inter-

aquifer transmission of water within and between basins. There are, however, indications that some 
preferential flow paths may exist across the aquifer allowing some inter-aquifer flow. There is no 
evidence, based on the exploration data compiled by Salva (2009) during the generation of the 

regional geological model of any large scale geological structures (faults, etc.), within the proposed 
mine areas that could promote inter-aquifer or inter-basin hydraulic connection. 

 
13

 The SI unit for permeability is m2. A traditional unit for permeability is the darcy (D), or more commonly the millidarcy (mD) 
(1 darcy 10−12m2). 
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12.12.7.2 Potential for induced flow 

The potential impacts for induced flow were evaluated based on available data, which allowed for the 
conceptualisation of the hydrogeology within the study area. This conceptualisation was used to 
construct a numerical groundwater model. The modelling, using the finite element modelling package 

FEFLOW, is currently being undertaken to assess the potential impacts of mine dewatering on 
groundwater resources and levels. Initial model predictions indicate that, due to the low permeable 
nature of the Rewan Group to the west and the Joe Joe Formation to the east, dewatering will 

elongate north-south within the more permeable Colinlea Sandstone. 

Piezometeric pressures will decrease, resulting in declining groundwater levels, to the west of the 
proposed coal projects. Drawdown would result in a hydraulic gradient from the overlying Rewan 

Group to the underlying coal measures. In order to evaluate the potential for induced flow the 
permeability (vertical) of the Rewan Group was considered and included in the numerical groundwater 
model. 

12.12.7.3 Site specific permeability data 

In order to obtain representative permeability data, both horizontal and vertical, for the Rewan Group, 
an assessment of the Queensland Petroleum Exploration Data (QPED) database was conducted. 
Eighteen bores were recorded containing permeability data, obtained from drill stem tests during 

exploration drilling, within the study area (Figure 12-27). 

The available QPED records are summarised in Table 12-30. The permeability (hydraulic conductivity) 
was determined for different depths within the bores. Several tests did not result in a response during 

the drill stem tests, indicating very low permeability (lower than the lowest permeability measured in 
Table 12-30, 0.0009 m/day). 

Table 12-30 Hydraulic conductivity data 

Bore No Test depth (m) Porosity (%) Permeability 
Horizontal (m/day) 

Permeability Vertical 
(m/day) 

476 575.46 23.3 0.014 0.0014 
476 578.82 12.2 014 0 

476 588.87 17.1 0 0 
476 593.14 12 0 0 
476 597.41 30 0.79 0.47 
476 601.98 25.9 0.86 0.011 
476 619.35 28.2 0.13 0.012 
476 623.62 26.4 4.44 0.14 
476 629.11 23.5 0.016 0.015 
476 636.42 23.4 0.055 0.036 
476 645.26 28.3 0.43 1.18 
476 651.05 27.3 2.07 0.05 
476 657.15 27.6 0.83 0.34 

                                                      
14

 No response during drill stem test, very low permeability 
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Bore No Test depth (m) Porosity (%) Permeability 
Horizontal (m/day) 

Permeability Vertical 
(m/day) 

478 40.2 23.3 0.28 0.015 
772 541.9 23 0 0 
772 641.6 13.5 0 0 
772 734.3 16 0 0 
1045 906.37 18.2 0.07 0.006 
1045 919 17.2 0.44 0.07 
1045 929.3 20.3 0.28 0.028 
1443 1149.43 20 0.02 0.005 
1443 1158.28 25 0.099 0.07 
1443 1169.02 25 0.099 0.07 
1443 1179.57 25 0.13 0.055 
1443 1193.63 22 0.029 0.005 
1443 1203.21 21 0.029 0.0048 
1443 1212.34 18 0.027 0.004 
1443 1221.69 18 0.0048 0.003 
1443 1234.57 23 0.0039 0.001 
1443 1241.97 24 0.055 0.002 
1443 1251.97 21 0.06 0.004 
1443 1266.85 19 0.17 0.002 
2232 22.4 27 0.001 0 
2232 22.8 26 0.0009 0 
2232 64 26 0.014 0 
 

These results indicate heterogeneity within the Rewan Group, which contains layers of very low 
permeability. These zones provide the confining pressures required for artesian and sub-artesian 
conditions recorded in the GAB and reduce the potential for vertical induced flow. The results match 

the conceptualisation of the Rewan Group acting as a regional aquitard, which prevents inter-aquifer 
and inter-basin flow. 

The impacts of mine dewatering on the Rewan Group and ultimately to the Clematis Sandstone are, 

as predicted in the groundwater model (Section 12.11.3), therefore, recognised as negligible.  
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Figure 12-27 QPED bores relative to MLA 70425 and MLA 70426  
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12.13  Management and Mitigation Measures  
The proposed coal mining has the potential to impact on groundwater resources as identified and 
assessed in Section 12.12. Mitigation and management measures to be implemented, to reduce or 
eliminate the risks identified, are required to: 

 Ensure the Project does not detrimentally impact on the availability and suitability of groundwater 
for agricultural use (stock watering);  

 There will be no adverse changes to groundwater quality as a direct result of the mine project 

outside the mine footprint; 
 Landholders concerns over impacts on their groundwater supplies are dealt with in a timely and 

prompt manner;  

 A final void (southern open pit and at Alpha Coal Project) will remain at the end of mining to ensure 
the zone of influence, both groundwater level changes and hydrochemistry, will be managed and 
maintained and after mining ceases; 

 Protect cultural heritage or spiritual values associated with surface water features that are 
maintained by groundwater (if any); and 

 No alteration of the diffuse recharge areas along the Great Dividing Range so as to ensure 

recharge during the life of the mine and after mining ceases. 

12.13.1 Management Strategies for Mine Dewatering Impacts 

Under the Water Act 2000 DERM has authority to direct the licensee to provide and maintain 

alternative water supplies for other holders of water entitlements who are materially impacted by the 
granting of a licence. 

The project will develop alternate water supply agreements with landholders who will potentially be 

impacted by mine dewatering. Landholders who have groundwater supplies that are materially 
impacted by the operation, to a degree where groundwater is not able to be used for its pre-mining 
beneficial use (in terms of quality and/or quantity) will be provided with an alternate water supply of 

comparable yield and quality. HGPL have made a commitment to make-good affected groundwater 
supplies. The make-good commitment, to be mutually agreeable to HGPL and the affect groundwater 
user, is envisaged to include: 

 Details regarding the baseline data compiled during the current bore survey of groundwater use; 
 Access to groundwater monitoring; 
 Groundwater level data trends and comparison to Environmental Authority Condition trigger values 

(EMP Volume 2 Appendix W); 
 Details regarding the groundwater monitoring network and dewatering scheme(s); 
 A commitment that all groundwater monitoring will be conducted and assessed by a suitably 

qualified independent expert; 
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 Provision for the repair or replacement of damaged bores or water supply infrastructure, if HGPL is 
deemed to have caused the damage; 

 The replacement of diminished groundwater, same quality or better, and volume; 

 A subsidy to cover additional costs associated with: 

– Larger pumps; 
– Deeper depths;  

– Additional water related infrastructure; 
– Power costs; and 
– Spare parts. 

 Financial provisions are to be made to ensure future costs are covered; 
 A dispute resolution system; and 
 In the absence of agreement the provision for arbitration to settle the terms of agreement. 

The make-good strategies to be put in place for groundwater level impacts were considered to include: 
 Lowering pumps within an existing borehole, or supplying pumps with a greater head capacity if 

required; and 
 Drilling new bores at the same location but to a greater depth, e.g. to intersect the sub-E sands or 

lower aquifers, which are not a target of dewatering by the operation and therefore will not be 

impacted to the degree predicted for the D-E sandstone and overlying sediments. 

This will be the initial approach considered as this will negate the need to move or install significant 
additional water infrastructure. 

If a water source or supply is located away from the affected bore it is considered that an agreement 
will be reached with the affected groundwater users with regards to any movement of water 
infrastructure or the installation of water transport infrastructure to the affected bore. 

The additional costs of water infrastructure, movement of water infrastructure, operation and 
maintenance, and ancillary infrastructure (fencing, pressure tanks, etc.) will be borne by the 
Proponent. 

For possible surface water impacts, the defined springs that are located to the north of MLA 70425 are 
outside the zone of predicted impacts from the operation.  

With regards to post mining impacts it is envisaged that additional studies will be undertaken prior to 

the cessation of mining, these include: 

 On a regular basis (every 3 years) review the performance of the regional model by comparing 
predicted rates of groundwater level drawdown with actual drawdown observed from groundwater 

monitoring. The model will be updated and re-calibrated as required following the process of 
annual review; 

 On an annual basis during the life of the mine review the effectiveness and appropriateness of the 

current groundwater monitoring network and, where necessary, repair, replace, or install additional 
monitoring bores; and 
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 Undertake long term groundwater monitoring to assess long term impacts on groundwater level 
and groundwater quality at mine closure, selected monitoring bores will include those adjacent to 

water and waste storage facilities and the final void. 

This will ensure that any long term adverse impacts on the groundwater regime are appropriately 
assessed, and allow for the development of strategies to ensure any long term adverse impacts are 

mitigated. 

12.13.1.1 Groundwater modelling refinement and ongoing calibration 

The predictive groundwater model included an independent review to ensure predictions made using 
the model are as accurate as possible. However, the Proponent has committed to undertaking regular 

updates of the model, based on monitoring data recorded during mine operations. The regular model 
review and updating will occur every 3 years, allowing for predictions to be compared to field 
measurements, which will allow for refined model calibrations and more accurate ongoing predictions. 

The existing predictive finite element (FEFLOW) groundwater model has been reviewed by external 
independent reviewers. The review has allowed for the revision of existing groundwater model layers 
(based on geological units), refined leakage (to simulate induced flow due to mine dewatering), and 

the refined confining layer parameters to ensure the site hydrogeology is realistically simulated in the 
model. In addition, the model has been calibrated based on actual site data recorded during mining 
activities (Alpha Test Pit Section 12.11).  

The outer boundary of the model have been refined based on hydrogeological information compiled 
during the bore survey completed within and adjacent (10 km radius) of the mine development lease 
boundaries. This ensured that boundary conditions do not influence model predictions. Layer 

extrapolation, across the large size of the model, was considered to ensure model layers include all 
available information. 

Model calibration to refine the model’s depiction of the hydrogeological framework, aquifer hydraulic 

properties, and boundary conditions was undertaken using site specific data obtained from the Alpha 
Test Pit, which allowed for a good correspondence between the model simulated and measured field 
data. Transient data from the dewatering system (and groundwater level responses in observation 

wells) recorded during the Alpha Bulk Sample Test Pit dewatering were used to obtain accurate 
aquifer hydraulic parameters (transmissivity, storage, and permeability) for inclusion in the model. The 
refined model is continuing to be calibrated using a set of model parameters, which are within the 

range observed from testing undertaken at site. 

Refined boundary conditions and hydraulic stresses (mine dewatering volumes based on the Alpha 
Test Pit) are aiding in generating simulated potentiometric surfaces, and fluxes that match field 

measurements to within an acceptable range of error.   

The current calibration process employs both automatic calibration (using PEST) and manual trial-and-
error and parameter sensitivity analysis. This is to ensure that the optimum calibration (model 

parameter sets) is reached. Model-derived budget terms are evaluated to prevent masking the effect 
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of parameter changes. The calibration process followed conforms to the guidelines compiled in the 
Murray-Darling Basin Commission Groundwater Flow Modelling Guideline (Aquaterra, 2000). 

12.13.1.2 Model monitoring and mitigation program 

In addition to the commitment to conduct regular updating of the predictive groundwater model a 

monitoring and mitigation program will be implemented to ensure that any unpredicted changes in 
groundwater quality and quantity are responded to so as to minimise mine related impacts. 

Mitigation and potential responses to mine related impacts include the following aspects. 

Construction of monitoring bores 

The current monitoring network at Kevin’s Corner Coal Project includes: 

 A single vibrating wire piezometer (VWP) bore, equipped with continuous data loggers;  
 Five (5) vibrating wire piezometers, awaiting dataloggers thus providing single monthly readings; 

and 

 Four (4) nested standpipe bores comprising a 10 m and a 30 m bore, allowing for groundwater 
level and quality data to be recorded. 

An additional thirteen (13) standpipe monitoring bores, for groundwater level and quality monitoring, 

are currently being constructed across the site for additional hydrogeological assessment purposes. 
These bores will be used for long duration aquifer tests for model refinement and then utilised as 
monitoring points across the site. There are an additional seven (7) monitoring bores to be installed 

adjacent to selected mine water and waste storage facilities as these ancillary infrastructure have the 
potential to impact on shallow groundwater resources. The proposed additional monitoring points are 
included in Table 12-31 in Section 12.13.5. 

Continuation of existing monitoring program 

The Proponent has contracted an independent specialist consulting company to undertake monthly 

baseline monitoring. Currently the groundwater monitoring comprises: 

 The monthly collection of piezometeric level data from the monitoring bores equipped with vibrating 
wire piezometers; 

 The monthly collection of groundwater level data from the monitoring bores equipped with 
automated water level loggers; and 

 The sampling and analysis of water quality from stand pipe monitoring bores on a monthly basis. 

Additional information collected during the current groundwater monitoring program includes 
groundwater level data from bores (used for dewatering and observation) around the Alpha Test Pit. 

The existing groundwater monitoring program will be augmented over time to include the proposed 

monitoring bores detailed in Section 12.13.5. These monitoring bores will be constructed a minimum 
of six (6) months prior to any mining. 
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Annual assessment 

During mining an annual assessment of the monitoring data, both water level and quality will be 
conducted. The annual assessment will establish any departures from identified monitoring data 
trends.  

If consecutive monthly monitoring results depart from the established or predicted trends then a review 
and cause identification study will be implemented. 

Groundwater responses 

A detailed review of possible causes of the departure(s) from identified or predicted (model 
predictions) trends will be conducted. This will allow for the most suitable groundwater responses to 

be implemented. These responses, including possible variations to model predictions, could include: 

 An independent review / check of the model. 
 Intensify monitoring, increased frequency, monitoring points, and parameters to aid in making 

informed decisions to reduce impacts. 
 Obtain an assessment of geotechnical and structural data from a suitably qualified professional. 
 Review changes in mine plan and assess whether these would result in changes to model 

predictions. 
 Evaluate suitability for artificial recharge to address mine dewatering impacts. 
 Design and implement active systems to assist with possible contaminant plume migration. 

Additional commitments to be implemented to allow for the identification and response to departures 
from predicted trends include: 

 A review of coal measure dewatering and depressurisation and the potential impacts of induced 

flow from surrounding overlying- and underlying units. This will be conducted annually using the 
groundwater monitoring information by a suitably qualified hydrogeologist. 

 Every three (3) years model predictions will be reassessed to determine the suitability of the model 

and predictions. If monitoring data indicates marked divergence from the predictions then the 
model will either be updated or a new model will be constructed and calibrated based on site 
specific data. 

 Annual public reporting of groundwater level and quality data. This data will require validation and 
detailed checking prior to dissemination. 
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12.13.2 Management Strategies for Longwall Mining and Subsidence 
Impacts 

The impacts associated with longwall mining include the alteration of aquifers and the potential for 
increased dewatering impacts. These impacts are as a result of the mining method to be employed 
and, thus, cannot be altered. 

Predictive groundwater modelling has provided predictions regarding: 

 Groundwater ingress; 

 Optimum dewatering strategies; and 

 Assessing drawdown impacts adjacent to the mine. 

These model predictions will enable the compilation of detailed dewatering scheme(s) required to 
ensure the safe mining conditions and the effective removal of excess groundwater.  

Groundwater monitoring will be conducted to assess any alteration in groundwater level (compared to 

model predictions) and hydrochemistry (mixing of groundwater). These monitoring data will aid in the 
regular model assessment and refinement as discussed in Section 12.13.1. 

12.13.3 Management Strategies for Mining Infrastructure 

Controls will be implemented to prevent seepage and to manage seepage should it occur. Potential 
seepage from water and waste storage facilities will be monitored using down-gradient groundwater 
monitoring bores.   

In the event of groundwater impact being identified, mitigation measures could include: 

 Investigation of the integrity of the containment systems and potential areas/sources of seepage; 
 Removal of the source of contamination and/or repair to the containment system, as required; 

and/or 
 Installation of systems to intercept seepage (e.g. interception trenches or bores). 

12.13.4 Groundwater Monitoring Approach 

In order to further assess the groundwater resources, potential mining impacts, and develop the 
optimum management strategies the following commitments regarding groundwater monitoring and 
reporting are made: 

 Groundwater monitoring and sampling will be conducted by a suitable qualified and experienced 
professional in accordance with the current edition of the DERM Water Quality Sampling Manual, 
or subsequent updated versions; and the AS/NZS 5667.11:1998 Australian/New Zealand Standard 

for water quality – sampling Part 11; guidance on sampling groundwater; 
 An annual review of the monitoring data will be conducted. The review will be conducted by a 

suitably qualified and experienced hydrogeologist and will include assessment of groundwater level 

and quality data, and the suitability of the monitoring network; and 
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 All groundwater-based complaints will be investigated and a register kept of the nature of the 
complaint, the results of assessment, and any actions taken.  The register will be made available to 

the regulating authority upon request. 

Groundwater monitoring reporting will include:  

 Data collected under the groundwater monitoring program will be forwarded to the relevant 

authority on a quarterly basis and in a mutually agreed format; 
 The annual review report will be forwarded to the relevant authority by the first of March each 

calendar year; and 

 The report will include: 
– An assessment of groundwater level and quality impacts (if any); 
– An update of the groundwater model to ensure accurate predictions regarding 

potential impacts to local and regional groundwater resources; 
– Validation of the groundwater monitoring network, during the life of the mine; 
– An assessment of compliance with Water Licence and EA conditions; 

– Where issues of non-conformance have been recorded, details of any mitigation 
strategies and an assessment of the mitigation and remediation measures installed.  

It is noted that if there is a requirement to submit a similar groundwater report as part of any term 

issued under a water licence under the Water Act 2000 then the proponent and the relevant 
authorities may agree for the reports to be combined.   

12.13.5 Groundwater Monitoring 

Groundwater monitoring will be undertaken in the existing and expanded groundwater monitoring 
network to allow assessment of the potential groundwater level and groundwater quality impacts on 
the local and regional groundwater and surface water regimes. The groundwater monitoring will 

ensure compliance with water licence (for dewatering) conditions with regards to water level impacts, 
and groundwater quality compliance with Environmental Authority (EA) conditions resulting from the 
EIS and EMP processes. 

Monitoring of groundwater will be undertaken to: 

 Assess whether discernible changes in surface water or groundwater quality down gradient of the 
site are occurring as a result of water discharge or groundwater seepage from the site; and 

 Assess the extent of groundwater level drawdown attributable to the operation of the project. 

The monitoring data will be used to: 

 Assess drawdown predictions from the groundwater model on an annual basis, provide data for 

model updates as required. This process will allow increasingly accurate predictions regarding 
potential impacts to local and regional groundwater resources; 

 Ensure that the impacts of groundwater drawdown on existing groundwater users and other 

identified environmental values is minimised through consultation and in the case of existing 
groundwater users, through the negotiation of alternative water supply agreements; 
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 Assess and validate the groundwater monitoring network, and guide appropriate expansion of the 
monitoring network during the life of the mine; 

 Assess compliance with Water Licence and EA conditions; and 

 Where issues of non-conformance have been recorded, the monitoring will allow for an 
assessment of mitigation and remediation measures installed. 

12.13.5.1 Existing monitoring  

The current monitoring network includes: 

 One (1) vibrating wire piezometer (VWP) with data logger;  
 Five (5) VWPs without data loggers, the wires need to be connected to the reader and single 

measurements are recorded; and 

 Four (4) nested standpipe bores comprising a 10 m and a 30 m bore, allowing for groundwater 
level and quality data to be recorded. 

The 5 VWPs (plus an additional two, which are yet to be drilled) are to be equipped with data loggers, 

to allow for accurate representative regular data collection. These data are essential for the model 
calibration (transient) and future model updates to ensure the model simulates groundwater level 
changes due to mine dewatering impacts. Table 12-31 provides a summary of the existing monitoring 

points across the Project area. 

Table 12-31 Existing groundwater monitoring points 
 
Hole ID Monitoring 

Bore ID 
Surface RL (m 
AHD) 

Installed 
Depth 
(mbgl) 

Unit Monitored Datalogger Installed 

327 122 A-B Sandstone Yes 

327 165 B-C Sandstone Yes 

327 205 C-D Sandstone Yes 

1263DG AVP-11 

327 218 D-E Sandstone Yes 

  289.5 45 C-D Sandstone 1313C 

  289.5 70 D-E Sandstone 

Datalogger to be installed

  298.6 45 B-C Sandstone 

  298.6 67 C-D Sandstone 

1234C 

  298.6 98 D-E Sandstone 

Datalogger to be installed

  299.25 33 B-C Sandstone 

  299.25 64 C-D Sandstone 

  299.25 83 D-E Sandstone 

1228C 

Monitoring 
Bore ID 

Surface RL (m AHD) Installed 
Depth 
(mbgl) 

Unit Monitored 

Datalogger to be installed

 1356R   315.05 71 Tertiary above A1 Datalogger to be installed
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Hole ID Monitoring 
Bore ID 

Surface RL (m 
AHD) 

Installed 
Depth 
(mbgl) 

Unit Monitored Datalogger Installed 

   315.05 150 B-C Sandstone 

   315.05 180 C-D Sandstone 

   315.05 210 E-F Sandstone 

  307.15 40 B-C Sandstone 

  307.15 80 C-D Sandstone 

1238C 

  307.15 105.5 D-E Sandstone 

Datalogger to be installed

1313C    289.5 45 C-D Sandstone Datalogger to be installed

 KMB-01A  30 D seam coal  

 KMB-01B  10 Tertiary overburden  

 KMB-02A  30 D seam coal  

 KMB-02B  10 Tertiary overburden  

 KMB-03A  30 D seam coal  

 KMB-03B  10 Tertiary overburden  

12.13.5.2 Proposed monitoring network 

Based on the impact assessment and an evaluation of the existing groundwater monitoring network 
additional monitoring have been identified to provide additional baseline data and facilitate the 
compilation of representative groundwater data.  

The existing groundwater monitoring network will be enhanced to ensure all potential seepage 
sources and mine dewatering will be effectively monitored. The details of the proposed monitoring 
bores for the Kevin’s Corner Coal Project are presented in Table 12-32. 
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Table 12-32 Proposed groundwater monitoring points 
Hole ID Easting 

(GDA94) 
Northing 
(GDA94) 

Installed 
Depth 
(mbgl) 

Type Timing 

AIR1  456,291.44 7,449,735.61 40  Standpipe 
monitoring bore 

May‐12 

AIR2  456,844.65 7,448,665.78 40  Standpipe 
monitoring bore 

May‐12 

AIR3  457,681.31 7,449,118.39 40  Standpipe 
monitoring bore 

May‐12 

Kc‐D‐
10‐002 

445,320.16 7,456,118.07 100  VWP  2011 dry season 

Kc‐D‐
10‐010 

439,976.39 7,449,707.84 100  VWP  2011 dry season 

KCMon1  438,039.49 7,451,569.81 200  Standpipe 
monitoring bore 

Within first 5 years 

KCMon2  437,087.31 7,444,259.36 200  Standpipe 
monitoring bore 

Within first 5 years 

KCTSF1  447,654.21 7,456,359.54 60  Standpipe 
monitoring bore 

May‐11 

KCTSF2  448,885.73 7,455,775.52 60  Standpipe 
monitoring bore 

May‐11 

TLO2  449,469.75 7,449,592.52 50  Standpipe 
monitoring bore 

May‐11 

LIA  453,697.55 7,450,100.36 80  Standpipe 
monitoring bore 

May‐11 

 

The bores will be installed, as indicated in Table 12-32, prior to any mine construction. This will allow 
for the compilation of sufficient baseline data to compile representative trigger levels. 

Large diameter exploration bores constructed within the Project MLA 70425 are being converted to 

groundwater assessment bores. These bores will be utilised to conduct long duration pump-out tests 
in order to obtain additional hydrogeological data. Adjacent to each of the six (6) production bores a 
series of observation monitoring bores are to be constructed. These bores will be constructed adjacent 

to the production bores and will allow for the evaluation of the responses (to extraction) in the different 
aquifers. Table 12-33 provides a summary of the production bores and observation bores. These 
bores will be included in the monitoring network once completed. 
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 Table 12-33 Summary of groundwater production and monitoring points 
Hole ID Easting 

(GDA94) 
Northing 
(GDA94) 

Depth 
(m) 

Type Target 

1446L 439231 7446000 215 Pump test bore D-E sands 

1446L Monitoring 1 439231 7446030 215 Observation bore D-E sands 

1446L Monitoring 2 439231 7446010 230 VWP Sub-E, D-E sands, C-D sands, 
B-C sands 

1447L_C-D 445610 7452150 85 Pump test bore C-D sands 

1447L_D-E 445610 7452109 105 Pump test bore D-E sands 

1492L_C-D 442510 7440950 135 Pump test bore C-D sands 

1492L_D-E 442510 7440904 155 Pump test bore D-E sands 

1492L_C-D-
Monitoring 

442510 7440970 140 Observation bore C-D sands 

1492L_D-E-
Monitoring 

442510 7440925 155 Observation bore D-E sands 

1493L_D-E 445820 7447537 110 Pump test bore D-E sands 

1493L_Monitoring 445820 7447550 110 Observation bore D-E sands 

 

Groundwater monitoring bores will be constructed and operated in accordance with methods 

prescribed in the latest edition of the Land and Water Biodiversity Committee, 2003 Minimum 
Construction Requirements for Water Bores in Australia.  

Figure 12-28 presents the location of the existing and proposed monitoring bores across the Project 

area. 
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12.13.5.3 Baseline monitoring 

The baseline monitoring will: 

 Allow for the compilation of representative groundwater samples from the aquifers potentially 
affected by mining activities; 

 Comprise at least twelve (12) sampling events, no more than two (2) months apart over a 2 year 

period, to determine background groundwater quality as far as practicable; 
 Obtain background groundwater quality in hydraulically isolated background bore(s) that have not 

been affected by any mining activities, and  

 Allow for the establishment of groundwater contaminant trigger levels and limits. 

Baseline hydrochemistry  

The initial baseline groundwater quality monitoring, required to increase current hydrochemistry data, 
will include: 

 Field parameters, pH and electrical conductivity (EC); 

 Major cations and ions, including total dissolved solids (TDS), calcium, magnesium, potassium, 
sodium, chloride, sulphate, alkalinity (hydroxide, carbonate, bicarbonate, total), and fluoride; 

 Metals/metalloids, including aluminium, arsenic, boron, cadmium, chromium, cobalt, copper, iron, 
lead, mercury, manganese, molybdenum, nickel, selenium, silver, uranium, and zinc; 

 Nutrients (total N, NOx, ammonia, phosphorous); and 

 Total Petroleum Hydrocarbons (TPH) at selected monitoring points; 

It is anticipated that the parameter list will be modified based on the compilation of at least 12 separate 

sampling events over a 24 month period. This will allow for the establishment of ambient 
hydrochemistry and seasonal trends. 

Groundwater level 

The groundwater level monitoring will include: 

 The groundwater monitoring bores are to be equipped with automated groundwater level 

monitoring loggers, set to record groundwater level data at 12 hour intervals. These data will be 
compiled on a monthly basis; 

 The VWPs will, where equipped with automated dataloggers obtain daily piezometeric level 

pressure data, else monthly single readings during monitoring; 
 Groundwater level trends and natural fluctuations will be determined; and 
 Trigger Levels. 
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Trigger levels 

Once sufficient groundwater quality and level data (from a statistical perspective) has been compiled 
trigger levels will be determined. These trigger levels will be based on arithmetic mean and standard 
deviations, set to facilitate in assessing possible mine related impacts on the groundwater resources. 

Depending on the spread of data the trigger values could be as follows: 

 Compare the monitoring results to 2 times standard deviation of the mean (95% of data captured); 
 If groundwater quality data exceeds trigger value (2 times standard deviation) then resample and 

submit for analysis; 
 If elevated concentrations (above trigger) are recorded on two consecutive sampling runs then an 

investigation into the potential for environmental harm is to be conducted; and 

 If elevated concentrations are recorded on two consecutive sampling runs then the administering 
authority will be notified within 1 month of receiving the analysis results. 

Should trigger levels be exceeded, investigations will be undertaken to establish: 

 Whether actual environmental harm has occurred; 
 If required, immediate measures that should be taken to reduce the potential for environmental 

harm; and, 

 Long-term mitigation measures required to address any existing contamination, and to prevent 
recurrence of contamination.   

It is noted that: 

 The trigger levels will be determined by the Proponent before the commencement of mine 
operations and forwarded to DERM for approval; and 

 The trigger levels for water level and water quality will be those approved by DERM. 
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12.13.6 Proposed Groundwater Monitoring Plan 

HGPL will expand its existing groundwater monitoring program by obtaining additional hydrogeological 

data to determine natural fluctuations across the site. These baseline data will allow for more detailed 
groundwater impact evaluations. The proposed monitoring program will be based on the network 
summarised in Table 12-34. 

Table 12-34 Proposed groundwater monitoring plan 

Monitoring Sites Parameter Frequency Purpose 

Water level 
Spring flow 

A maximum of  12 
hour readings – 
electronic loggers 

Monitoring potential impacts 
of mining activities on 
groundwater resources 

Proposed monitoring bores 
adjacent infrastructure 
AIR1, AIR2, AIR3, 
KCMon1, KCMon2, 
KCTSF1, KCTSF2, TLO2, 
LIA 
 

pH, EC, TDS (lab), 
cations, anions, selected 
metals (Al, As, B, Cd, Cr, 
Co, Cu, Fe, Pb, Hg, Mn, 
Mo, Ni, Se, Ag, U, Zn), 
nutrients, TPH (selected 
bores only) 

Every 2 months (for 
first two years) 

 

VWP Bores 
1263DG, 1313C, 1234C, 
1228C, 1356R, 1238C,  

Water level only A maximum of 12 
hour readings – 
electronic  

Detect dewatering impacts on 
regional aquifers 

Proposed VWP Bores 
Kc-D-10-002, Kc-D-10-010 

Water level only A maximum of 12 
hour readings – 
electronic  

Detect dewatering impacts on 
regional aquifers 

All monitoring bores Selected metals suits Annually If pH becomes acidic 

 

The EMP (Volume 2 Appendix W) contains draft EA Conditions for groundwater. These are 
summarised in Table 12-35. 

Table 12-35 Proposed groundwater contaminant limits and trigger levels 

Parameter Units Contaminant limits 
Dissolved metals: 
Aluminium (Al); Antimony (Sb); Arsenic (As); Barium (Ba); 
Beryllium (Be); Boron (B); Cadmium (Cd); Chromium (Cr); 
Cobalt (Co); Copper (Cu); Iron (Fe); Lead (Pb); Manganese 
(Mn); Mercury (Hg); Nickel (Ni); Selenium (Se); Vanadium (V); 
Zinc (Zn) 

g/L Arithmetic mean + 2 standard 
deviations 

TDS mg/L Arithmetic mean +10% 

EC S/cm Arithmetic mean +10% 

Sulphate mg/L 
Arithmetic mean + 2 standard 
deviations 

pH unit Arithmetic mean  1 pH unit 

Note: Baseline value 1.0 for pH, means the corresponding variation allowed is 1.0 pH unit above and below average and 
maximum pH values. 
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Proposed groundwater trigger levels are included in Table 12-36. 

Table 12-36 Proposed groundwater level triggers 
 

Aquifer Trigger Level 
Alluvium  Limited storage in alluvium and ephemeral nature of creeks/river results in 

alluvium aquifers naturally being fully saturated (wet season) to dry (dry 
season and droughts).   
Therefore no trigger value is proposed. 

Confined Aquifers 
(interburden sandstone and 
coal seam aquifers)  - within 
the disturbed footprint of MLA 
70425 

No trigger value for areas overlying mine workings (dewatered due to mining). 
Monitoring of groundwater to aid with model refinement and predictions. 
 

Confined Aquifers 
(interburden sandstone and 
coal seam aquifers) -   
Outside the mining footprint 
on MLA 70425 

Variation in water level of greater than 5 m compared to previous 
corresponding season (i.e. dry season to dry season, wet season to wet 
season) and comparison to cumulative rainfall departure curve. 

 

The trigger levels are to be revised and discussed with DERM once groundwater modelling provides 

sufficiently accurate predictions regarding dewatering impacts. 

It is noted that the trigger levels for water level and water quality will be those approved by DERM. 
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