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1.0 INTRODUCTION 
 
Anglo Coal (Drayton Management) Pty Ltd (Drayton) is undertaking multi-seam open cut mining at 
the Drayton Coal Mine in the Upper Hunter Valley of New South Wales. 
 
Drayton involves open cut mining of coal from a series of seams belonging to the Greta Coal 
Measures of the Rowan Formation; from the Brougham Seam in the upper part of the sequence to 
the Balmoral Seam at the base.  
 
Drayton has current approval to mine up to 5.5 million tonnes per annum of Run of Mine (ROM) 
coal until 2012. An application is being prepared for Project Approval which will extend the mine to 
recover additional coal reserves of approximately 53 million tonnes from the Greta Coal Measures 
(targeting the Rowan Formation), at a rate of up to 8.0 million tonnes per annum (Mtpa) to 2017 
(the Project). 
 
The objective of this report is to assess the impact of the Project on the groundwater regime and to 
assess future inflows to the pit. Based on the findings, a groundwater management program was 
developed. The assessment is based on a three-dimensional, transient, groundwater flow model of 
the study area that was developed to provide predictive simulations of the impact of the Project on 
the groundwater regime. 
 
The groundwater impact assessment was undertaken by Australasian Groundwater and 
Environmental Consultants Pty Ltd (AGE) at the request of Hansen Bailey Pty Ltd on behalf of 
their client, Drayton. All data necessary for the assessment of the groundwater regime and 
required for the construction of the groundwater model was taken from existing reports and 
Drayton databases.  
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2.0 SCOPE OF WORK 
 
The scope of this groundwater impact assessment was provided by the Hansen Bailey Pty Ltd 
brief of 13 January 2006 as follows: 
 
• assess the impact of Drayton on the hard rock aquifers and alluvial aquifers of the Project 

Area and on other groundwater users, mines, farms and groundwater dependent 
ecosystems; 

• assess the volumes and areas of any predicted leakage from any creek systems and the 
potential for stream capture in the Project Area; 

• assess the level of any impact on the flow in Saddlers Creek; 

• assess the groundwater inflow to the Project Area as a function of mine position and timing; 

• identify areas of potential risk where groundwater impact mitigation/control measures may 
be necessary; 

• simulation of mitigation/control strategies where adverse impacts are identified; and 

• assessment of groundwater recovery post mining and post mining impacts on the 
hydrogeological regime. 

 
The scope of works described above has been developed to satisfy the Environmental 
Assessment Requirements (EAR's, 2006)1 where groundwater is cited as key issue for the 
Environmental Assessment (EA). Regarding this study, the EAR's request: 
 
• a general overview of the environmental impacts;  

• a description of the existing environment; 

• an assessment of the potential impacts of the Project including cumulative impacts;  

• a description of the measures that would be implemented to avoid, minimise, mitigate, 
offset, manage, and/or monitor the impacts of the project. 

 
Furthermore the EAR's state that the surface and groundwater assessments should include: 
 
• detailed modelling of potential surface and groundwater impacts,  

• a site water balance; 

• a salinity balance; and  

• a detailed description of final void management. 
 
Please note, salinity issues are discussed as part the Surface Water Impact Assessment (SWIA) 
for this EA, prepared by Hansen Bailey (2006). 
 
 
 
 

                                                 
1 The Department of Planning (August 2006), "Director-General's Requirements - Application Number 06_202". 
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3.0 REGIONAL SETTINGS 

3.1 Project Location 
 
The Project Area is located approximately 13 kilometres (km) south of Muswellbrook and 
approximately 120km north-west of Newcastle in New South Wales. The Project is located to the 
immediate south of Thomas Mitchell Drive, west of the New England Highway, north-west of 
Liddell and Bayswater Power Stations, east of the Mt Arthur Coal (MAC) and south-west of the 
rural-residential area of Antiene, as shown in Appendix A - Drawing No 1. The mining area covers 
approximately 16km2.  
 
Drayton is in close vicinity to a number of existing coal mines as shown in Figure 1. The existing 
MAC operations consist of three open cut mining areas, the Bayswater No. 2 mining area (coal 
extraction complete), the Bayswater No. 3 mining area and the Mount Arthur North (MAN) mining 
area. MAC are also progressing the South Pit Extension of MAN and the proposed Underground 
Coal Mine located to the west of the Project Area. Bengalla Mine operates on the northern side of 
the Hunter River. 
 

3.2 Topography and Drainage 
 
The topography of the Project Area consists generally of low and undulating hills. The 
topographic elevation varies between about RL180 and 330m, with the lowest area along 
Saddlers Creek and near the Liddell Ash Dam, and the highest areas at the southern part of the 
site (Rocky Knob).  
 
The Project Area is situated at the crest of a topographic rise from which several creeks 
originate, namely Saddlers Creek to the south-west, Ramrod Creek to the north, Bayswater 
Creek to the east, and Saltwater Creek to the south. Saddlers Creek flows in a south-west 
direction towards the Hunter River. Ramrod Creek discharges into the Hunter River towards the 
north, Saltwater Creek flows southwards to Plashett Reservoir, and Bayswater Creek discharges 
into Lake Liddell. None of the cited creeks have created a significant alluvial floodplain within the 
reaches of the Project Area. The fact that they are ephemeral within the Project Area indicates 
that they are not receiving a significant amount groundwater discharge from the fractured 
bedrock aquifer. Figure 1 provides an overview of the drainage system. 
 
Several artificial lakes are important hydrological features within the Project Area. These include 
the Liddell Ash Dam and Lake Liddell located to the east, which service the Liddell Power 
Station, and the Bayswater-Liddell fresh water storage dam and an ash dam of the Bayswater 
Power Station, which have been constructed to the south-east. The Plashett Reservoir is located 
to the south of the Project Area. 
 
Several water storage dams have also been constructed within the Project Area to manage the 
water inflow to the pits and water consumption of the mine operation. 
 
 Figure 1 below gives an overview of the Project Area. 
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Figure 1:  Overview of the Project Area (Google Earth satellite imagery) 

 
 

3.3 Land Uses 
 
The predominant land use within the Project Area is cattle grazing, as far as it is not used for 
mining activities. The rich alluvial plain of the Hunter River outside of and to the north of the 
Project Area supports a variety of intensive agricultural land uses including dairy and beef cattle 
grazing on improved pastures, fodder cropping, horse breeding and training and viticulture. 
 

3.4 Groundwater Users 
 
A review of the Department of Natural Resources (DNR) database shows three privately 
registered groundwater bores in the vicinity of the Project Area. These bores are used for private 
and industrial use. The registered bores are shown in Appendix A - Drawing No. 1.  
 

3.5 Climate 
 
The climate in the Project Area is typical of temperate areas and is characterised by hot 
summers with thunderstorms and mild dry winters.  
 
Climate monitoring data was collected by the Bureau of Meteorology (BoM) from the Jerry’s 
Plains Meteorological Station (15km south-east of Project Area) and Scone Meteorological 
Station (33 km north-east of Project Area). The BoM Scone Meteorological Station was utilised 
to assess representative evaporation trends in the Upper Hunter Valley as the Jerry’s Plains 
station does not record evaporation data. 
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The average annual rainfall in the Project Area is 642mm, with January being the wettest month 
(79mm). Evaporation of 1,601mm/year exceeds mean rainfall throughout the year, the highest 
moisture deficit occurring during summer. 
 
Summer months in the Upper Hunter Valley are the warmest, with January reaching an average 
daily maximum temperature of 31.8°C, while June and July are the coolest months, with average 
daily highs of 17.9°C and 17.3°C respectively. 
 
 
4.0 PREVIOUS HYDROGEOLOGICAL STUDIES  
 
A number of previous groundwater studies have been undertaken in the past at the Project Area 
and immediate surrounds.  
 
A groundwater study for the Drayton Coal Project was undertaken by Mackie Environmental 
Research (MER) in March 20022 as part of an Environmental Impact Statement (EIS) prepared 
by HLA-Envirosciences Pty Limited (2002)3. The study included review of existing information, 
field investigations, groundwater monitoring, sampling and analysis, and the development of a 
mathematical groundwater model of the aquifer systems, in order to assess the impact of open 
cut strip mining on the groundwater regime. 
 
The Annual Environmental Management Report (AEMR) (2005)4 of Drayton describes the status 
quo of the surface water and groundwater conditions, water management and use, stored water 
volumes, observed groundwater levels and surface water quality. 
 
A hydrogeological impact assessment was undertaken of MAN by AGE in 2005 and reported in 
20065. Although MAN is working in different coal measures to Drayton, useful data can be 
obtained from this study regarding issues such as groundwater recharge estimates, interburden 
permeability and regional structural settings. 
 
Additionally, AGE completed a hydrogeological impact assessment on the South Pit Extension 
Project for MAC in 20066 that included a thorough analysis of the potential impacts on the 
Saddlers Creek colluvial aquifer. 
 
All data from the above studies have been used in undertaking the current assessment.   
 
 
 
 
 

                                                 
2 Mackie Environmental Research, (March 2002), “Drayton Coal - Continued Mining, Environmental Impact 
Assessment, Surface & Groundwater Management Studies".  
 
3 HLA-Envirosciences Pty Limited (March 2002), “Drayton Coal - Continued Mining, Environmental Impact Statement". 
 
4 Anglo Coal (Drayton Management) Pty Ltd, (2006), ”Annual Environmental Management Report – 2005". 
 
5 Australasian Groundwater and Environmental Consultants Pty Ltd, (May 2006), "Mt. Arthur North Open Cut Coal 
Mine - Groundwater Impact Assessment", Project No.1301A. 
 
6 Australasian Groundwater and Environmental Consultants Pty Ltd, (February 2006), "Mt. Arthur South Pit Extension 
Project SEE - Groundwater Impact Assessment", Project No. G1329. 
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5.0 METHODOLOGY 
 
The scope of work and methodology were staged as follows: 
 
Stage 1 – Site Inspection 

A site inspection was undertaken in March 2006 in order to develop an appreciation of 
the Project Area. During the visit, discussions were held with Pam Simpson from Drayton 
and James Bailey and Melissa Walker from Hansen Bailey Pty Ltd to refine the scope of 
works. A briefing of previous groundwater studies and numerical impact modelling 
undertaken at the Drayton by MER was provided by Colin Mackie.  

 
Stage 2 – Assessment of Current Groundwater Monitoring Network  

The suitability of the groundwater monitoring network at Drayton was assessed for 
monitoring the impact of current mining activities on the groundwater system.   

 
Stage 3 – Conceptual Groundwater Model Development  

A conceptual groundwater model of the Project Area was developed based on the results 
of the site visit and review of available geological, hydrogeological and other relevant 
data.  

 
Stage 4 – Numerical Modelling 

The conceptual model was used to develop a numerical groundwater model of the 
Project Area. The groundwater flow model was calibrated for steady-state conditions 
using available data. On successful completion of the calibration the impact of the Project 
on groundwater resources during the operational phase of the Project was forecast with 
emphasis on the: 
 
• prediction of the impact of mine operation on neighbouring creeks, groundwater 

resources and other groundwater users; 

• prediction of mine inflow; 

• prediction and assessment of the cumulative impacts associated with Drayton’s 
existing mining operations and other nearby mining operations; and 

• assessment of post-mine groundwater impacts including predicted final void water 
levels. 

 
Stage 5 – Recommendations  

Recommendations for the management of the groundwater resource and groundwater 
contributions to the operation’s water balance were made based on the results of the 
numerical modelling. 
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6.0 GEOLOGY 

6.1 Stratigraphy 
 
The stratigraphic sequence across the Project Area comprises a Permian coal seam sequence 
with an overburden and interburden consisting of lithic sandstone, interbedded with siltstone, 
tuffaceous claystone and mudstone.  
 
The Permian rocks form a regular layered sedimentary sequence consisting of two main units: 
 

• the Maitland Group which includes the Branxton Formation that consists mostly of silt 
and sandstones; and 

• the Greta Coal Measures that contain economic coal seams in the Rowan Formation, 
which in the Project Area is near surface level at the crest of the Muswellbrook Anticline. 

 
A general stratigraphic section for the Project Area is given on Figure 2. 
 
The major coal seams within the Rowan Formation of the Greta Coal Measures are currently 
mined by Drayton and will be mined by the Project. The seams mined at Drayton and their 
average thicknesses are presented in Table 1 below. The data referring to the thickness of the 
seams and interburden are based on the groundwater impact assessment from MER (2002)2 
and on information received from Drayton. The total thickness of the Rowan Formation is around  
110m. 
 

Table 1:  SEAMS BEING MINED BY DRAYTON 

Seam Name Typical Thickness (m)  

Brougham 4 
Grasstrees 3 

Thiess/ Puxtrees 5 
Balmoral 10 

 
 
Interburden of significant thickness (27m) occurs between the Puxtrees and Balmoral Seams. 
 
The coal seams within the Project Area may be affected by igneous intrusions, forming dolerite 
dykes and sills.  
 
The coal seam-bearing Rowan Formation is underlain by the Skelletar Formation. The Skelletar 
Formation consists of rhyolite, chert and claystone. Within the Project Area the thickness of the 
Skelletar Formation varies between 120m in the north and 20m beneath the Project Area. 
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Figure 2:  Stratigraphic Column 

 

6.2 Structure 
 
The Project Area is located at the crest of the Muswellbrook Anticline where the mined seams 
are near the surface and subcrop. The coal seams subcrop along the anticline towards the 
northern part of the Project Area, dip towards the east in the eastern part of the Project Area, 
and dip towards the west in the western part.  
 
The Project Area is affected by Horst-Graben tectonics and two sets of thrust faults. The White 
Creek, Aberdeen and Hunter Thrusts are approximately north-south striking, while the Balmoral, 
Antiene, Saltwater and Liddell Thrusts strike in an east-west direction. Minor faults are observed 
throughout the Project Area and affect the coal seam layering.  
 
An overview of the structure in the area is shown on Figure 3. 

Open Cut 
Mining at 
Drayton 
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Figure 3:  Overview of Faults within Project Area (pink hatching indicates model domain) 

 
 
7.0 CONCEPTUAL GROUNDWATER MODEL - HYDROGEOLOGICAL 

REGIME  

7.1 Conceptualisation 
 
Based on the review of existing data, a conceptual model of the hydrogeological regime has 
been developed. This section of the report discusses the conceptualisation and the data used to 
develop the model. 
 
The conceptual groundwater model of the Project Area, illustrated in Figure 4, was developed 
based on geological and topographical maps of the Project Area, geological information 
provided by Drayton, and on the results of previous studies.  
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Figure 4:  Conceptual Model - Drayton 

 
 
The conceptual model encompasses the area shown in Appendix A - Drawing No. 1, including:  
 
• Hunter River and Muscle Creek in the north;  

• the Hunter Thrust and the subcrop of Branxton Formation (sand and siltstones overlying the 
Greta Coal Measures) in the east; and 

• the White Thrust Fault in the west. 
 
The northern boundary of the model is clearly defined by Muscle Creek and to a lesser part by 
the Hunter River, which are expected to act as sinks for natural groundwater flow. The coal 
seams of the Greta Coal Measures subcrop beneath Muscle Creek, however a distance of more 
than 6km between the Project Area and creek suggests that the Muscle Creek will not be 
influenced by mining activities. The eastern boundary extends from Muscle Creek, to the south 
along the Hunter Thrust, which is a dominant structural feature. The eastern boundary crosses 
Lake Liddell along a north-south striking thrust fault and then follows the subcrop line of the 
Branxton Formation of the Maitland Group which overlies the Greta Coal Measures. The coal 
seams dip in a south-easterly direction and it is assumed that the hydraulic conductivity 
decreases with increasing depth. The eastern boundary is assumed to be impermeable to 
groundwater flow, which is a conservative assumption in that it will result in greater drawdown. 
The western boundary follows the White Creek Thrust which disrupts the continuation of the coal 
seam aquifers to the west. 
 
 
 

Skelletar formation 

Puxtrees seam 
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Alluvial deposits within the model domain are only present in the north being associated with the 
Hunter River and Muscle Creek. As such they occur outside the northern boundary of the Project 
Area. The remaining creeks within the Project Area contain colluvial sediments with a lithology 
comparable to the surrounding weathered bedrock. 
 
The Permian Coal Measures are not considered to be a significant aquifer. While the coal seams 
may show an elevated hydraulic conductivity, the dominant interburden sections are of very low 
hydraulic conductivity. Only the weathered bedrock (regolith), which extends to relatively shallow 
depth from ground surface level may have a somewhat higher hydraulic conductivity due to the 
weathering process. Therefore, from a conceptual groundwater model perspective, the regional 
groundwater system is considered to consist of three aquifer systems, viz:  
 
• colluvial sediments in creeks and alluvium along the Hunter River and Muscle Creek; 

• weathered bedrock near ground surface; and 

• Permian coal seam aquifers (Greta Coal Measures). 
 
Dolerite intrusions and sills in the Project Area may show elevated hydraulic conductivity values. 
However, based on V-notch weir measurements of groundwater flow on intersection of these 
igneous rocks, recorded during exploration drilling at Drayton, the hydraulic conductivity is not 
likely to be higher than the hydraulic conductivity of the coal seams. Thus, where coal seams are 
replaced by dolerite intrusions, the hydraulic conductivity it not expected to change significantly. 
 
The rate of recharge to the alluvial deposits and areas of coal seam subcrop is considered to be 
higher than to the areas covered by the over and interburden.  
 
The following sections characterize the different aquifer systems and discuss the underlying 
data. 
 

7.2 Colluvial/Alluvial Aquifer 

7.2.1 Distribution 
 
Deposits of unconsolidated silts, sand and minor fine gravels of mixed colluvial-alluvial origin occur 
in the valleys of the creeks and gullies within the Project Area. These colluvial deposits are quite 
thin and of limited aerial extent, and hence do not have significant groundwater storage capacity. 
The origin of groundwater is probably surface runoff following periods of heavy rainfall. Discharge 
of groundwater from the colluvium maintains a baseflow in the creeks and gullies following rainfall, 
however it drains quite quickly and discharge/baseflow to the creeks is short lived.  
 
Field investigations have shown that the upper part of the Saddlers Creek valley is filled with low 
permeability, unconsolidated silts.  
 
Alluvial deposits that occur along the Hunter River at the most north-western edge of the Project 
Area are a significant source of groundwater. According to MER (2000)7 the Hunter River alluvium 
is up to 13m thick and contains basal gravel varying between about 2.5m and 4m in thickness. The 
material overlying the basal gravel consists predominantly of silt with minor clay. The Hunter River 
is more than 8km from the Project Area and therefore is beyond the influence of Drayton as 

                                                 
7 Mackie Environmental Research, (March 2000), “Mt. Arthur North Groundwater Management Studies”. 
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confirmed by the modelling results (see Section 12.4). Similarly Muscle Creek, which is an 
important hydrological feature for the natural groundwater flow system, is assumed to be beyond 
the influence of the Project, being 6km from the Project Area.   

7.2.2 Hydraulic Parameters 
 
It is assessed that the colluvial sediments in the creeks have a higher hydraulic conductivity than 
the underlying bedrock, and based on a visual inspection, it is assumed that the hydraulic 
conductivity of the fine, silty, colluvial material is not greater than 1 x 10-6m/s. Field or laboratory 
test data is not available for this sediment type. The colluvial sediments are not of significance to 
the conceptual model.  
 
With respect to the alluvial sediments at the northern border of the Project Area (ie: Muscle Creek 
and Hunter River), pumping tests on bores in Hunter River alluvium carried out by MER (2000)7 
indicate that the basal gravel has a moderate to high hydraulic conductivity in the range 
5-40m/day, with a median value of 8.2m/day. Values determined at other locations in the area 
range from 2m/day to more than 60m/day. The data suggests a highly variable and anisotropic 
hydraulic conductivity distribution in the alluvium. 
 

7.2.3 Recharge and Groundwater Flow 
 
Recharge to the colluvium and alluvium occurs from direct infiltration of rainfall, and from runoff 
from topographically higher bedrock subcrop areas. The groundwater that occurs in the thin, 
aerially limited colluvial deposits within the Project Area is probably perched above the main water 
table and drains relatively rapidly into the creeks and gullies, and hence is short lived. 
 

7.2.4 Groundwater Quality 
 
The groundwater quality of the spatially limited colluvial aquifers within the Project Area has not 
been measured directly. However surface water quality measurements from the creeks and dams 
within the Project Area indicate brackish and alkaline water quality, as shown in Table 2. As noted 
in Drayton Mine Extension EA : Soil Survey and Land Resource Assessment Report by GSS 
Environmental (2006), the alkalinity is influenced by the soil conditions in the Project Area or be 
influenced by the alkaline ash deposits, and differs significantly from the more neutral groundwater 
quality of the fractured bedrock aquifer, shown in Table 4.  
 
Unlike pH, the salinity at most of the surface water sampling sites is similar to that of the fractured 
bedrock aquifer since most dams storing water collected from groundwater, discharge to the pits. 
At sampling sites 2221 and 2090 the dams do not contain pit water and the salinity is low. 
Therefore it would appear that the surface water analyses do not represent the efflux from any 
shallow aquifer but should be rather seen as seepage from the storage dams into the shallow 
aquifer system. 
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Table 2: HYDROCHEMICAL ANALYSIS OF SURFACE WATER - AVERAGE VALUES YEAR 20054 

EC pH TDS Ca Mg Cl- SO4
-- HCO3

- Na K 
Site* Source 

μS/cm (-) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

1595 Storage dam (south of west  pit) 5286 7.89 4624 412 332 762 1800 153 510 32 

1609 Savoy Dam (south of west pit) 4847 7.99 4258 400 302 696 1870 181 444 28 

1690 Delpah Dam (south of east pit) 5702 8.18 5140 473 372 810 2193 122 537 33 

1825 Storage dam (south of east pit) 4441 7.98 4096 372 295 663 1636 101 424 27 

1830 
Storage dam (north-east of east 
pit) 4273 8.15 3288 217 260 654 1288 313 401 25 

1850 Storage dam (east of east pit) 4245 7.94 3524 303 235 696 1270 293 404 34 

1895 Bayswater Creek (east of east pit) 5916 9.13 4673 68 345 935 1909 136 870 27 

1912 Storage dam (east of east pit) 7619 7.95 6941 348 556 1430 2681 542 915 33 

1969 Industrial dam (east of east pit) 4180 8.11 3540 303 239 707 1434 212 381 29 

2081 
Ramrod Creek (Access Road 
Dam) 4356 8.28 3692 252 257 746 1515 108 410 32 

2090 Storage dam (north of east pit) 666 7.84 444 38 33 54 134 120 44 6 

2109 Storage dam (east of CHP) 3884 7.75 2910 136 165 763 1047 132 530 10 

2114 Rail Loop Dam (inside rail loop) 4338 8.09 3638 257 253 734 1538 119 433 28 

2221 Storage dam (north of mine) 2463 8.74 1587 44 81 461 453 131 344 13 

RR Ramrod Creek  4173 7.60 3633 207 276 726 1170 255 493 18 

*Site locations are shown on Appendix A - Drawing No. 2 

 

7.3 Shallow Bedrock Aquifer 
 
The shallow bedrock aquifer comprises surficial soils and weathered bedrock. The depth of the 
aquifer is likely to be variable and depends on such factors as: 
 

• depth of weathering; and 
• extent and frequency of fracturing. 

 
It is likely that there are perched aquifers at the interface between soils and bedrock, and zones of 
locally increased permeabilities caused by weathering of the bedrock. MER (2002)2 state that the 
transition of the mixed colluvial-alluvial type deposits to the underlying weathered coal measures is 
often difficult to define in areas where coarse clastics occur and the depth of weathering is 
significant. 
 
The shallow bedrock aquifer is defined in the conceptual groundwater model as a zone of 
enhanced hydraulic conductivity, comparable with the sediments in the creeks. Permeability 
testing has not been carried out on these sediments; however, it is expected that the weathered 
bedrock aquifer has a perched water table and will therefore not be significantly impacted by the 
groundwater drawdown caused by mining activities. 
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The lack of data for the shallow bedrock does not affect the quality of the current study as the 
impact of mining is not expected to affect this unit significantly as discussed in Section 13.0 below. 
 

7.4 Permian Aquifers 
 
The Permian strata may be categorised into the following hydrogeological units: 
 

• hydrogeologically “tight” and hence very low yielding to essentially dry sandstone and 
lesser siltstone that comprise the majority of the Permian interburden/overburden; and 

• low to moderately permeable coal seams which are the prime water bearing strata within 
the Permian sequence. 

 

7.4.1 Distribution 
 
As discussed the Permian deposits occur across the whole of the Project Area as a regular 
layered sedimentary sequence. 
 

7.4.2 Hydraulic Parameters 
 
Coal Seams 
Hydraulic testing of the Permian sequence has not been undertaken in the past within the Project 
Area; however some pumping test data for the coal measures are reported by AGC (1984)8. A 
summary of the hydraulic parameters obtained from these tests is given in Table 3. 
 
The tests indicate a relatively high hydraulic conductivity of the coal seams with respect to other 
coal seams in the Upper Hunter Valley; however the tests were all undertaken at relatively shallow 
depth as shown on Table 3.  
 

Table 3: SUMMARY OF HYDRAULIC PARAMETERS (1984) 

Seam Depth Tested 
(m) 

Hydraulic Conductivity 
(m/day) 

Brougham 18 1.99 
Grasstrees 36 1.21 
Grasstrees 15 0.79 
Puxtrees 60 1.04 
Puxtrees 25 0.79 
Balmoral 80 1.47 

 
A reduction in the hydraulic conductivity of the coal seam aquifers with depth is observed in 
many coal mines. AGC (1984)8 developed an equation to determine hydraulic conductivity with 
depth, based on the interpretation of depth-dependent hydraulic conductivities of 17 seams in 
the Upper Hunter Valley, as shown below: 

                                                 
8 Australian Groundwater Consultants Pty Ltd, (June 1984), “Effects of Coal Mining on Groundwater Resources in the 
Upper Hunter Valley”, Volume 1. 
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k = ko * e(-cz) 
 

where: 
  

K = hydraulic conductivity (m/day) 
ko = reference hydraulic conductivity = 5 m/day 
E = Euler's number ≈ 2.718 
C = slope of trendline (0.046  for Hunter Valley coal seams) 
Z = depth (m) 

 
Interburden 
Information regarding the hydraulic properties of the interburden in the Greta Coal Measures has 
not been available for this study. However data for the Whittingham Coal Measures at the 
neighbouring MAN provide a good indication of the hydraulic conductivity of the interburden of the 
Project Area, since the hydraulic properties of the interburden of the two coal measures are 
assumed to be similar. The used data is based on measurements from core samples. URS 
(2001)9 states in an EIS for MAN that laboratory permeability tests on core samples yielded a 
vertical hydraulic conductivity range of the interburden between 1.8 x 10-4m/day and 1 x 10-7m/day. 
 
Applying the above equation allows prediction of the value of hydraulic conductivity of the 
interburden for different depths. As shown on Figure 5, the computed values match quite well with 
the laboratory results. During calculations the reference hydraulic conductivity was set at 
4 x 10-3m/day. This value is very close to the reported maximum hydraulic conductivity of the 
interburden and hence is conservative. However, it should be noted that the laboratory results 
cannot take into account the impact of fracturing of the interburden and thus does not show the 
rock mass hydraulic conductivity, but only the hydraulic conductivity of an undisturbed sample.  
 
Based on experience with similar geologic settings it is further assumed that the horizontal 
hydraulic conductivity is 10 times greater than the vertical hydraulic conductivity. 
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Figure 5: Laboratory Results and Trend Curve for Hydraulic Conductivity of Interburden 

                                                 
9 URS, (April 2000), “Mt Arthur North Coal Project – Environmental Impact Statement” 
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7.4.3 Recharge and Groundwater Flow 
 
A groundwater level (potentiometric) surface contour plan has been developed from water levels 
provided by Drayton for the pre-development stage. The contours shown in Appendix A - Drawing 
No 2 indicate that the potentiometric surface is a subdued reflection of the topography, with a 
groundwater mound beneath the topographically elevated areas along the crest of the 
Muswellbrook Anticline. The maximum groundwater level of 235.4m AHD at bore BC95 is within 
the Project Area. The interpreted groundwater table is thought to represent a combined water level 
distribution of the shallow bedrock aquifer, the fractured hardrock aquifer and the coal seams as all 
measurements are made in open holes that may connect different aquifer systems. 
 
Groundwater recharge is by rainfall infiltration, and groundwater flow is towards lower lying areas 
where discharge occurs into the alluvial valleys, creeks/rivers and Lake Liddell. 
 

7.4.4 Groundwater Quality 
 
Table 4 provides data from boreholes intersecting coal seams. The table indicates that the total 
dissolved salts (TDS) content ranges from about 415mg/L to 3500mg/L, and that the pH is 
generally neutral. The data shows that groundwater in the Permian is mostly of poor quality as is 
typical of coal seam water quality. The measurement at bore F1024 (see Appendix A – Drawing 
No. 2) however shows freshwater quality, which may indicate surface or rainwater leakage via the 
annulus of the bore.  
  
 

Table 4: GROUNDWATER QUALITY – PERMIAN AQUIFERS (17/01/2006) 

Bore F1024 F1164 F1168 R4164 R4206 R4214 R4224 R4241 

Total Dissolved Solids (TDS) 415 2140 2270 1120 1860 2280 3500 2840 
Electrical Conductivity (μS/cm) 497 3070 3260 1628 2710 3280 5020 4050 
pH (-) 6.90 6.85 7.18 7.58 6.75 7.06 6.95 6.75 
Sodium 20 420 58 308 223 313 366 528 
Calcium 14 79 34 12 129 107 252 171 
Magnesium 6 112 10 6 127 228 450 236 
Iron 0.05 0.11 0.75 0.05 0.05 0.05 0.05 0.05 
Total Phosphorus 0.69 1.61 14.20 0.06 0.05 0.11 0.07 0.27 
Chloride 29 730 107 65 334 665 888 941 
Sulphate 5 47 7 114 220 695 1740 699 
Bicarbonate 123 826 1490 554 787 478 417 753 

Note:  All concentration in mg/L unless otherwise stated. 
 
 

8.0 EXISTING IMPACT ON GROUNDWATER REGIME 
 
The available data show that to date, mining at Drayton has had a significant impact on the 
groundwater regime in the area. MER (2002)2 report that mining operations have impacted the 
groundwater table since 1994, prior to this date most mining was carried out above the 
groundwater table or did not cause significant inflows.  
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Other existing mines in the area may also have impacted the aquifer system in the surrounding 
area. These impacts are discussed as follows. 
 

• Bayswater No. 2 Open Cut Coal Mine operated by MAC is located to the west of 
Drayton. The former Bayswater Colliery has been in operation since the late 1950's when 
the original Bayswater No. 2 Underground Mine commenced production. Open cut 
mining operations commenced in 1968 and the coal resource was mined out by late 
1998. Since then the mine area has been used for reject emplacement from other MAC 
operations. Similar to Drayton, Bayswater No. 2 mined the Greta Coal Measures and 
may therefore have cumulatively impacted on the groundwater system; and 

 
• MAN and Bayswater No. 3 Mine, both open cut coal mines operated by MAC, are located 

to the west. These mines are extracting coal from the Whittingham Coal Measures which 
are separated from the Greta Coal Measures by the White Creek Thrust Fault. It is 
assumed that the thrust fault hydraulically separates the regional aquifer systems 
associated with the two coal measures. Therefore a cumulative impact on the Greta Coal 
Measures is not expected from the MAN or Bayswater No. 3 mining operations.  

 
 
9.0 MINE DEVELOPMENT 
 
Drayton commenced coal production in June 1983. Due to the location of the Project Area at the 
crest of the Muswellbrook Anticline there are two main pits, the East Pit on the eastern flank, and 
the corresponding West Pit on the western flank. Mining in the East Pit moved from the centre of 
the anticline, where the seams subcrop, towards the east. The West Pit is tectonically 
overprinted by a local anticline and therefore had two separated pits in its north part, and a third 
pit in the South part. 
 
Currently the main activities are focussed on the East Pit with the pit progressing towards the 
Liddell Ash Dam and to the South. Over the next 10 years to 2017, Drayton proposes to mine an 
additional resource of 53 million tonnes from the Greta Coal Measures, at a rate of up to 
8.0Mtpa. The Project will predominantly progress to the south of the current Drayton South Pit 
operations; however, the extension of the North and East Pits will also progress to the north and 
east, as shown in Appendix A - Drawing No. 3. 
 
 
10.0 NUMERICAL GROUNDWATER MODEL  
 
The finite-element simulation package FEFLOW (Diersch, 2005)10, was used to simulate the 
impact of the Project on the groundwater regime. FEFLOW is a high-end groundwater flow 
package, capable of simulating two and three-dimensional density-coupled groundwater flow, 
mass and heat transport in saturated and unsaturated media. Since its creation in 1979, 
FEFLOW has been continuously improved. The FEFLOW source code is written in ANSI C/C++ 
and contains more than 1,300,000 lines. FEFLOW is used worldwide as a high-end groundwater 
modelling tool at universities, research institutes, government offices and engineering 
companies. It is applied worldwide for groundwater-related tasks within the mining sector. 
  
 

                                                 
10 H.-J. G. Diersch (2005), “FEFLOW – Finite Element Subsurface Flow & Transport Simulation System, Reference 
Manual.”  
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10.1 Model Geometry 
 
The lateral extent of the groundwater flow model conforms to the hydrological boundaries 
described for the conceptual model above. The mesh density varies laterally with the highest 
discretisation in the pit areas. Figure 6 below shows the three-dimensional model mesh with the 
initial hydraulic head distribution. 
 

 

Figure 6: Three Dimensional Model Geometry 

The groundwater model consists of six layers with different geohydraulic properties as discussed 
below. Figure 7 provides an overview of the layer geometry and Appendix A – Drawing No. 4 
show long-sections through the model domain visualising the hydraulic conductivity distribution 
and model geometry.  
 
Layer 1   
The top layer represents the colluvial deposits along the creeks, the weathered bedrock directly 
beneath the ground surface and the alluvium along the Hunter River and Muscle Creek. The 
layer has a thickness of 5m to 10m. Its top is defined by the topographic surface of the Project 
Area. 
 
Layer 2 
Layer 2 is the overburden between the top layer and the top of the Puxtrees to Brougham Coal 
Seam package. The average thickness in the Project Area amounts to 25m. 
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Layer 3 
Layer 3 is the Brougham to Puxtrees Coal Seam package which represents the upper coal seam 
aquifer with an average thickness of 12m (Appendix A - Drawing No 5). Any interburden 
between these coal seams has been added to Layer 2 above. Thus layer 3 gets the high 
hydraulic conductivity of the coal seams and mixing of the hydraulic conductivities of the coal 
seams and the interburden is avoided. 
 
Layer 4 
Layer 4 is the interburden between coal seam layers (Appendix A - Drawing No 6). 
 
Layer 5 
The fifth layer represents the Balmoral seam that is the lower coal seam aquifer. Its base is 
defined by the top of the Skelletar Formation. This layer has an average thickness of 10m within 
the Project Area, (Appendix A - Drawing No 7).  
 
An additional layer representing the lower permeable Skelletar Formation beneath the Balmoral 
Seam was incorporated into the model in order to prevent dry-out of finite elements during 
dewatering of the coal seam aquifers. This layer has the same hydraulic conductivity as the 
interburden. 
 
In summary, the final model consists of six numerical layers and around 160,000 finite elements.  
 
It should be noted that, due to model restrictions each layer has to extend over the whole model 
domain even where the represented aquifers have sub-cropped. However most of these areas 
lie above the groundwater table and are therefore not of concern for the modelling task.  
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Figure 7: Model Geometry – 3D Detail View Drayton Mining Area (bottom layer omitted) 

 

10.2 Model Boundary Conditions 
 
The model boundaries have been set in agreement with the conceptual model.  
 
Muscle Creek and the Hunter River to the north of the Drayton are simulated as a fixed hydraulic 
head boundary. This boundary condition allows infiltration of surface water into the aquifer or 
drainage of the aquifer system, depending on the hydraulic gradient between the river and the 
surrounding groundwater body.  
 
The creeks in the Project Area are ephemeral and are assumed not to recharge the aquifer, but 
to function as drains if groundwater levels are higher than the creek bed elevation. Therefore 
drainage boundary conditions have been assigned in the model along the creek beds. A 
drainage boundary does not allow infiltration of surface water into the aquifer.  
 
The storage dams within the Project Area lie well above the groundwater surface of the fractured 
rock aquifer and are assumed to be hydraulically isolated from the deeper groundwater system. 
Only the Liddell Ash Dam at the eastern border of Drayton may be in direct contact with the 
groundwater table and is therefore represented in the model by assigning the lake water table as 
a boundary condition. Since ash deposits are of very low hydraulic conductivity as discussed 
more in detail in Section 12.5, a reduced hydraulic connection is assumed. A comparison of 
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older topographic maps with recent digital elevation models indicates that the water level in 
Liddell Ash Dam has risen from around 165m AHD to 174m AHD over the last 25 years. This is 
attributable to emplacement of fly ash over time. 
 
Lake Liddell forms part of the eastern model boundary. Fixed head boundary conditions of 127m 
AHD control the natural pre-mining groundwater flow from the Muswellbrook Anticline towards 
the east. To the south, the Bayswater Power Station fresh water dam is assumed to have a 
water elevation of 188m AHD, while Plashett Reservoir is represented by a fixed head boundary 
condition of 127m AHD. 
 
Bayswater No. 2 Mine has been included in the model. It had an estimated drainage depth of 
135m AHD during mine activity and since completion of mining the water table level in the 
tailings emplacement area is assumed to have risen to 145m AHD as at the end of 2005. The 
rise in water level may be due to recovery of the water table and use of the area as temporary 
storage for water from other MAC activities. It is understood that the void is also being used for 
tailings disposal. However it is assumed that the void remains an active sink for groundwater 
inflow for the time frame of the Drayton Extension Project, since recent aerial photographs still 
show a final void lake covering most of the void area. 
 
The water table level elevations for all surface water features were estimated based on available 
topographic maps, topographic data provided by Drayton and a digital elevation model of the 
area (Surface Radar Topography Mission [SRTM] data by NASA). 
 

10.3 Recharge and Evapotranspiration 

10.3.1 Recharge Values Used in Model 
 
Only rainfall sourced recharge was used as an external input to the model domain. As the dense 
natural drainage network in the area indicates, most of the rainfall runs off as surface flow with 
little infiltration. The highest infiltration (recharge) is expected to occur along the northern border 
of the model over the permeable alluvium of Muscle Creek and the Hunter River. It was 
assumed that the recharge over these alluvium areas is 12% of the average annual rainfall, that 
is, 76mm/year. Recharge to the remaining areas was assumed to be as follows: 
 

• Hardrock aquifer, 13mm/year or 2% of the annual average rainfall; and 
• Subcrop areas of coal seams, up 26mm/year or 4% of the annual average rainfall. 

 
Due to limitations with the FEFLOW modelling package, in that it cannot simulate unsaturated 
flow, recharge to the coal seams was applied to areas where the coal seam is fully saturated. 
 

10.3.2 Recharge and Evaporation Post Mining 
 
Generally the water balance of an open void post mining consists of: 
 
• Surface runoff; 
• Leakage from the spoil; 
• Groundwater inflow; 
• Direct rainfall to the open void; and 
• Evaporation from the lake surface. 
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With respect to surface runoff any significant surface water inflow into the void lake will be 
minimised by the landscaping and drainage design of the final topography of the Project Area, 
and the contribution of runoff to the final void water body should be negligible.  
 
Leakage from the spoil is computed within the groundwater model by assigning a high hydraulic 
conductivity of 1 x 10-5m/s and a high effective porosity of 0.2 to all backfill areas. A 
correspondingly high recharge value of 30mm/year (5% of rainfall), as used by MER (2002)2, 
was applied to these backfill areas.  
 
Evaporation has a significant impact on groundwater recovery after the cessation of mining 
activities and hence on the availability of groundwater inflow for other on-going mine operations. 
Based on the available data, the pan evaporation in the area is 1,601mm/year. By assuming an 
average pan evaporation to lake (open water body) evaporation conversion coefficient of 0.7, a 
maximum evaporation rate of 1,121mm/year is considered applicable for the pit lake that 
develops. The net evaporation loss from the final void lake is therefore about 479mm/year, 
based on direct rainfall to the open void of 642mm/year, and the estimated evaporation loss from 
an open body of 1,121mm/year. 
 

10.4 Model Hydraulic Parameters 
 
The hydraulic parameters used in the numerical model are based on the data presented in the 
model conceptualisation described above, and is summarised in Table 5 below. During 
calibration an area along the fault line of the Antiene Thrust was changed to a slightly higher 
hydraulic conductivity of 0.01m/day in order to replicate measured groundwater levels. 
 
Aquifer storativity was calculated based on the thickness of the coal seams and the interburden 
within each model layer, assuming a storativity of the coal seams and the interburden of 2% and 
0.5% respectively. 
  
 

Table 5: SUMMARY OF GROUNDWATER MODEL PARAMETERS 

Model 
Layer Layer Name Feature/Parameter Value 

Distribution 
Alluvium along Muscle Creek and Hunter River, weathered zone 
over the entire model area 

Top Interpolated from topographic data. 

Base 
Weathered zone 5m thick, Muscle Creek and Hunter River 
alluvium 10m thickness. 

hydraulic conductivity (K) 
8.6m/day Alluvium, 8.6 x 10-2m/day colluvium and weathered 
zone. 

Storativity 20% alluvium, 1% elsewhere 
storage coefficient 1 e-4m-1 

1 
Colluvium / 

alluvium and 
weathered zone 

Recharge 
Alluvium 76mm/year (~12% of average annual rainfall), 
remaining area 13mm/year (2% of average annual rainfall), 
subcrop areas up to 26mm/year (4% of average annual rainfall) 

Distribution Entire model area 
Top Base of Layer 1 
Base Top of Brougham to Thiess/Puxtrees Seams Package 

hydraulic conductivity  8.6 x 10-3m/day to 0.04m/day 

2 Overburden 

Storativity 0.50% 
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Table 5: SUMMARY OF GROUNDWATER MODEL PARAMETERS 

Model 
Layer Layer Name Feature/Parameter Value 

storage coefficient 1 e-6m-1 

Thickness 
Up to 100m in southern part of the Project Area (combined 
overburden) 

Distribution Entire model area 
Top Top of Brougham Seam 
Base Floor of Thiess/Puxtrees Seams 

hydraulic conductivity  8 x 10-4m/day to 3.5m/day 
Storativity 2% 

storage coefficient 1 e-4m-1 

3 

Brougham 
Seam to 

Thiess/Puxtrees 
Seams 

Thickness Around 12m coal seam thickness 
Distribution Entire model area 

Top Floor of Thiess/Puxtrees Seams 
Base Top of Balmoral Seam 

hydraulic conductivity  8.6 x 10-7m/day to 0.04m/day 
Storativity 0.50% 

storage coefficient 1 e-6m-1 

4 Interburden  

Thickness Around 30m in central Project Area (combined interburden) 
Distribution Entire model area 

top  Top of Balmoral Seam 
Base Base of Balmoral Seam 

hydraulic conductivity 8.6 x 10-7m/day to 3.5m/day 
Storativity 2% 

storage coefficient 1 e-4m-1 

5 Balmoral Seam 

Thickness Around 10m coal seam thickness 
Distribution Entire model area 

top  Base of Balmoral Seam  
Base 100m below top 

hydraulic conductivity  8.6 x 10-7m/day to 0.04m/day 
Storativity 0.50% 

storage coefficient 1 e-6m-1 

6 
Skelletar 

Formation 

Thickness 100m (uniform) 
 
 
 
11.0 MODEL CALIBRATION 
 
Anderson & Woessner (1992)11 state that: 
 
“Calibration of a groundwater flow model refers to a demonstration that the model is capable of 
producing field measured heads and flows which are the calibration values. Calibration is 
accomplished by finding a set of parameters, boundary conditions and stresses that produce 
simulated heads and fluxes that match field measured values within an acceptable range of 
error”.  
 

                                                 
11 Anderson & Woessner (1992), "Applied Groundwater Modeling, Simulation of Flow and Advective Transport”.  
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The objective of model calibration was to test the plausibility of the conceptual model described 
above and to reproduce the estimated steady state groundwater system existing in the Project 
Area before the start of mining at Drayton. The testing and adjustments of the model settings 
during this calibration process would allow for the simulation of the impact of the Project on the 
groundwater regime.  
 
The accuracy of the model calibration depends on the quality of calibration parameters and the 
data defining the model domain such as aquifer geometry, boundaries, hydraulic properties and 
stresses imposed on the aquifer. It is considered that the horizontal and vertical extent of the 
model and model boundaries are sufficiently well defined to calibrate the groundwater model.  
 

11.1 Calibration Targets 
 
The steady state model calibration is based on groundwater measurements commencing in 
1982 provided by Drayton. The datasets are based on single measurements up to almost 
complete records over the period of mining activity at Drayton. All bores monitored are open 
holes which may connect the different aquifer layers.  
 
As stated in the EIS (2002)3, mining intercepted the groundwater table in 1994. Groundwater 
monitoring data up to 1994 should therefore be representative for undisturbed groundwater 
conditions as far as Drayton mining activities are concerned. The only potential impact on the 
groundwater system prior to the mining at Drayton is from the adjacent Bayswater No. 2 Mine 
which may have caused some drawdown within the Project Area. As Bayswater No. 2 has been 
active from the 1960's it is assumed that quasi steady-state conditions have developed. 
 
To avoid measurements from perched water tables, bores within the subcrop area where the 
coal seams may lie above the groundwater table were omitted. Similarly bores which show 
anomalous readings were omitted. Bores F1164 and F1024 both show a water table rise over 
the years. Bore F1024 contains low salinity water which indicates a connection to surface water 
inflow and it has therefore been excluded. Bores neighbouring the bore F1164 do not show the 
same rising trend as the bore, which indicates a local influence at bore F1164, probably surface 
water inflow. Therefore bore F1164 has also been excluded. Bore R2922, which is very near to 
the centre of the cone depression in the year 2005, shows a drawdown of only 3.6m. The bore 
lies near the ridge of the Muswellbrook Anticline and probably the measurement does not reflect 
the groundwater level of the coal seam aquifer, but the water level of a perched water table 
which is not in direct contact with the coal seam aquifer. 
 
To the south-west of Drayton practically no drawdown has been measured at the bores F1163 
and W1102. This supports the assumption that in this area the coal seam aquifers are 
hydraulically isolated by the White Creek Thrust Fault, which prevents extension of groundwater 
drawdown towards the west. 
 
A summary of the bores used as calibration targets is presented in Table 6 and the location of 
the bores is shown in Appendix A - Drawing No 12. The table below also lists the reliability of the 
monitoring bores in terms of water level oscillations or water quality. The target water levels for 
the calibration have been deducted by calculating the median value from the water level 
observations measured prior to the year 1994. 
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Table 6: GROUNDWATER MONITORING BORES 

Bore 
ID 

Easting 
(m) 

Northing 
(m) 

Collar 
Elevation 
(mAHD) 

Bore 
Depth 

(m) 

Water Level 
Elevation  

Median (mAHD) 
Comments 

AGC1 304879 6417458 200.00 71 187.36 Removed by mining 

AGC3 305118 6417372 188.00 99 179.59 Removed by mining 

BC102 304157 6418605 239.26 100 186.26 Removed by mining 

BC99 304096 6418134 250.80 111 182.70 Removed by mining 

F1057 302529 6417182 188.50 124 183.90 Removed by mining 

F1154 305326 6417588 187.30 250 177.25  

F1160 306243 6416717 195.50 371 174.85 Inundated by Liddell Ash Dam 

F1167 305124 6421791 230.50 314 190.54  

F1168 305235 6420775 212.90 189 194.40  

F1171 303497 6420406 228.74 66 175.47  

R2277 301363 6415552 231.95 96 184.60 Removed by mining 

R2282 304179 6418853 231.63 101 178.94 Removed by mining 

R2285 304488 6419200 230.22 127 181.60 Removed by mining 

R2293 303718 6419899 221.43 125 179.65 Removed by mining 

R2303 304310 6417680 214.22 144 190.06 Removed by mining 

R2312 304723 6417967 231.14 121 181.75  

R2325 304427 6418622 206.95 121 181.61 Removed by mining 

R2335 304954 6418515 189.08 136 181.65  

R2338 305534 6418123 195.07 130 175.38 declining water levels since 1991 

R2339 305159 6417952 200.21 142 182.53 declining water levels since 1991 

R2342 305133 6417617 216.39 116 183.89  

R2350 301370 6416582 228.43 116 183.65 Removed by mining 

R2451 304364 6417133 207.33 86 189.67 Removed by mining 

R2547 304505 6418501 231.28 96 190.90 Removed by mining 

R2583 304300 6418992 228.40 146 183.17 Removed by mining 

R2820 304445 6419816 226.64 109 193.26 Removed by mining 

R2951 303984 6419758 220.24 101 180.06 Removed by mining 

R2962 303439 6419960 236.23 100 178.42 Removed by mining 

T105 305186 6418147 181.60 91 176.70  

W1 305196 6418144 183.00 88 176.80  

W101 305286 6418126 183.00 88 178.45 declining water levels since 1991 

W201 304136 6418104 252.00 106 180.70 Removed by mining 

W302 304739 6418781 218.00 90 183.50 Removed by mining 
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11.2 Calibration Results 
 
An objective method to evaluate the calibration of the model is to examine the statistical 
parameters associated with the calibration. One such method is by measurement of the error 
between the modelled and observed (measured) water levels. A root mean square (RMS) 
expressed as: 
 

[ ] 5.02
imo )hh(n/1RMS −∑=  

 
where: n = number of measurements  
 ho = observed water level 
 hm = simulated water level 

 
is considered to be the best measure of error, if errors are normally distributed. The differences 
between the median of the measured groundwater levels and the groundwater levels simulated 
by the calibrated steady-state model are listed in Table 7 below. 
 
 

Table 7: STEADY STATE CALIBRATION RESULTS 

Bore ID Median of Measured 
Water Level (mAHD) 

Simulated Water 
Level (mAHD) Difference (m) 

AGC1 187.36 185.49 -1.87 
AGC3 179.59 183.43 3.84 
BC102 186.26 186.93 0.67 
BC99 182.70 186.94 4.24 
F1057 183.90 180.44 -3.46 
F1154 177.25 182.27 5.02 
F1160 174.85 175.42 0.57 
F1167 190.54 187.37 -3.17 
F1168 194.40 189.09 -5.31 
F1171 175.47 174.53 -0.95 
R2277 184.60 184.02 -0.58 
R2282 178.94 186.59 7.65 
R2285 181.60 186.96 5.36 
R2293 179.65 181.79 2.14 
R2303 190.06 187.27 -2.79 
R2312 181.75 186.22 4.47 
R2325 181.61 186.96 5.35 
R2335 181.65 186.39 4.74 
R2338 175.38 182.06 6.68 
R2339 182.53 184.44 1.91 
R2342 183.89 183.60 -0.29 
R2350 183.65 184.95 1.30 
R2451 189.67 187.35 -2.32 
R2547 190.90 187.07 -3.83 
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Table 7: STEADY STATE CALIBRATION RESULTS 

Bore ID Median of Measured 
Water Level (mAHD) 

Simulated Water 
Level (mAHD) Difference (m) 

R2583 183.17 186.66 3.49 
R2820 193.26 187.19 -6.07 
R2951 180.06 183.81 3.75 
R2962 178.42 178.13 -0.29 
T105 176.70 184.63 7.93 
W1 176.80 184.55 7.75 

W101 178.45 183.88 5.43 
W201 180.70 186.98 6.28 
W302 183.50 186.90 3.40 

 
 
The RMS error calculated for the calibrated model is 4.34m with an error range between -6.1m 
at bore R2820 and 7.9m at bore T105.  
 
This error is considered to be acceptably small taking into account that the available 
hydrogeological data is quite heterogeneous and that measured water level oscillations of more 
than 10m are not unusual. Based on the above calibration analysis it is considered that 
calibration of the model is accomplished in that the simulated heads match field measured 
values within an acceptable range of error. 
 

11.3 Model Budget 
 
The mass balance error, that is the difference between calculated inflows and outflows to the 
model, at the completion of the calibration run, expressed as percent of discrepancy, was less 
than 1%. The steady state water balance of the calibrated model is shown in Table 8. As 
assumed for the conceptual model, groundwater recharge occurs almost exclusively by rainfall 
infiltration with the exception of a very small inflow of 0.1ML/day from leakage from the 
freshwater dam at Bayswater Power Station.  
 
 

Table 8: MODEL STEADY STATE WATER BUDGET 

Recharge/Discharge Source Flow Rate  (ML/day) 

Leakage to creeks and rivers and lakes -4.9 
Groundwater recharge by rainfall 4.8 
Water inflow from Bayswater Power Station Freshwater dam 0.1 
Difference between inflow and outflow from the model domain (m3/day) -0.03 
Discrepancy (%) 0.6 

 
 
Groundwater discharge takes place mainly along Muscle Creek in the north and to Plashett 
Reservoir in the south. The numerous tributaries of Muscle Creek also receive significant 
amounts of groundwater discharge.  
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Other significant groundwater receivers are the Hunter River in the north-west, the lower 
reaches of Ramrod Creek, Lake Liddell and Bayswater No. 2 Mine. The higher reaches of 
Saddlers Creek that are inside the model domain, lie above the modelled groundwater table and 
receive no groundwater discharge. Table 9 below provides a breakdown of the simulated losses 
to the different creeks, river and mine, that is, the main sinks for groundwater discharge in the 
model domain. 
 
 

Table 9: SIMULATED GROUNDWATER DISCHARGE TO SURFACE WATERS 

Creek / River 
Pre-mining Discharge 

(ML/day) 
Muscle Creek 0.9 

Plashett Reservoir  0.4 
Bayswater No. 2 Mine 0.6 

Lake Liddell  0.5 
Hunter River  0.4 

Ramrod Creek 0.15 
Maidswater Creek 0.2 
Saltwater Creek 0.1 

 
Within the Project Area both Bayswater and Saddlers Creek act as surface drainage features 
rather than sinks for the groundwater flow. This is typical for ephemeral water courses. Saddlers 
Creek may however receive groundwater discharge along its lower reaches, south-west of the 
Project Area. 
 
Based on the above analysis it is considered that the model is sufficiently well calibrated to 
undertake predictive simulations.  
 
 
12.0 PREDICTIVE SIMULATIONS 

12.1 Development of Mining 
 
The Project is discussed in Section 9.0 and the planned mining sequence for the Project is 
shown on Appendix A - Drawing No. 3. 
 

12.2 Modelling Strategy 
 
The response of the groundwater system to the Project has been assessed by running the 
model for a period of 24 years from year 1994 to the end of year 2017. This time range 
comprises the development of the mine up to the current situation and simulates the impact of 
the Project which is the subject of this study. Simulated steady state heads have been used as 
initial conditions, during the predictive simulation. 
 
Active open cut areas were simulated using constrained fixed head boundary conditions. The 
constrained fixed head conditions only remove water from the model domain, by drainage, if the 
hydraulic head at a node is above a nominated water level. The nominated water levels were 
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specified as the elevations of the pit floor. So-called constraint conditions guarantee that water 
can only be extracted, as infiltration is not allowed via a fixed head boundary condition. These 
boundary conditions were specified over the entire area of the Project and once the pit 
excavation reaches the natural groundwater table, drainage starts automatically. 
 
The elevation of the drain at each node varied with time in accordance with the mine plans, that 
is, with the elevation of the excavation surface. Once the pit was backfilled and the surface 
elevation rose above the level of the groundwater table, the drainage nodes within the pit 
footprint deactivated. 
 
A change from the hydraulic conductivity of the hard rock to hydraulic conductivity of the spoil 
permeability was not applied during simulation of the Project as even if it is technically possible 
to model this using the FEFLOW package, it would not produce realistic results. The reason for 
this is that spoil wetting and actual spoil seepage is a quite complex process of unsaturated and 
partially saturated flow within the pore matrix. It depends on many factors of heterogeneous 
characteristics such as grain size distribution within the spoils, spoil compaction, landscaping of 
the surface and rate and height of spoil placement. This cannot be simulated with a classical 
groundwater flow model for saturated aquifers. Therefore during mining the groundwater flow 
model computes the inflow rate from the coal seam aquifers only.  
 
For simulation of groundwater level recovery after mine closure, the spoil was incorporated into 
the model to take account of the long-term impact of seepage from the then saturated spoil 
body. The spoil material is represented by a hydraulic conductivity of 1 m/day and a storativity of 
20%. The effective recharge of the spoils was estimated at 30mm/year (MER, 20022).  
 
The final void geometry was imported into the groundwater model and an additional top layer 
was added to the model to represent the hydraulic parameters of the final void, that is, air. A 
hydraulic conductivity of 1m/s and a storativity value of 100% were assigned to this layer.  
 
Two scenarios were simulated. For Scenario 1 the final voids remain empty, while for Scenario 2 
the eastern final void is filled with fly ash deposits.  
 

12.3 Current Impact of Mining (Year 2005) 

12.3.1 Simulated Pit Inflows 
 
The current status of the impact of mining on the groundwater regime was obtained by running 
the model from 1994 to the end of 2005. The groundwater simulation shows that significant 
groundwater inflow takes place in the East Pit area. According to the groundwater modelling 
results groundwater discharge into the pits from the coal seam aquifers at the end of year 2005 
occurs at a rate of about 2.7ML/day (985ML/year).  
 
The bulk of the inflow of 1.7ML/day occurs in the East Pit, whereas at the end of 2005 the North 
Pit is just starting to have an impact on the groundwater table with an inflow of around 
0.4ML/day. Groundwater inflow to the completed West Pit, that is to the open void is around 
0.6ML/day.  
 
Infiltration to the water table from the Liddell Ash Dam to the immediate east of the East Pit is 
about 0.5ML/day, with about 0.3ML/day of this water is flowing towards the mine. 
 



Page 30 
 Project No. G1341 (Drayton Mine Extension) 

 
 

These values are plausible if compared with the water balance figures reported in the 2005 
AEMR. 
 

12.3.2 Simulated Drawdown 
 
The cone of depression created around the Project Area extends mostly towards the north and 
south. However for the year 2005 significant drawdown only occurs within the Project Area as 
shown in Appendix A - Drawing No. 9.  
 
East Pit Area 
To the east the groundwater table is controlled by the presence of the Liddell Ash Dam. The ash 
dam infiltrates water into the aquifers and creates a small groundwater mound between the East 
Pit and Lake Liddell (see Appendix A - Drawing No. 9). Towards the north and south the 
hydraulic conductivity of the coal seams decreases rapidly with increasing depth which slows the 
extension of the cone of depression. To the west the drawdown is minimal due to the assumed 
recovery of the Bayswater No. 2 tailings emplacement area and the Muswellbrook Anticline. 
 
West Pit Area 
In the West Pit area mining activities are completed and groundwater drawdown was only 
simulated for the area around the final void and a smaller pit to the north-east of the West Pit. 
The low hydraulic conductivity values of the coal seams, the recovery of the void of Bayswater 
No. 2 Mine, and the presence of the White Creek Thrust Fault combine to constrain the cone of 
depression to the immediate vicinity of the Project Area, however extending around 1.5km 
towards the south. The ongoing intensive mining in the East Pit area does not affect the West Pit 
significantly since the Muswellbrook Anticline which separates the pits, acts almost as a 
complete hydraulic barrier in the coal seam aquifers. 
 
A comparison between the simulated and measured drawdown is difficult as there is no 
information on the exact horizon from which groundwater levels are measured. Drayton however 
provided an assessment of the groundwater drawdown at year 2005 in the AEMR (2005)4, which 
describes a similar situation to the one simulated using the numerical modelling package.  
 
The ongoing drought has also caused a natural decline of the regional groundwater table of 
several metres when compared with the water levels prior to the commencement of mining. An 
example for this is bore F1167 which lies about 1km north of the Project Area and shows a 
current drawdown of more than 6m since 1982. 
 

12.4 Impact of Mine Extension 

12.4.1 Simulated Pit Inflows 
 
The numerical simulation indicates that the Project does not result in a much higher groundwater 
inflow than the current mining activities, probably because the current and past mining activities 
have already led to a stable depressurisation of the surrounding aquifer system. 
 
Northern Extension 
The Northern Extension shows a steady groundwater inflow of around 0.6ML/day during the first 
five years of the Project. With further deepening of the open pit and mine progress towards the 
north, groundwater inflow increases and stabilises at about 1.1ML/day at the Year 10 of the 
project, as shown in Table 10 below. 
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Eastern Extension 
The Eastern Extension shows a gradually increasing groundwater inflow with time after an initial 
decrease from current conditions at the start of the Project. The decrease from current inflow of 
1.7ML/day to 1.1ML/day at Year 1 of the Project can be explained by the reduced size of the 
surface of the open cut. The inflow rate then continuously rises to a value of about 1.3ML/day at 
Year 10.  
 
Southern Extension 
The Southern Extension has the lowest inflow rates since this area has been partially 
depressurised by the mining activities in the East Pit. Groundwater inflow rates lie in the range of 
0.4ML/day to 0.5ML/day over the proposed 10 year mining period. 
  
 

Table 10: PREDICTED AVERAGE INFLOWS TO THE PITS 

Project Year North Pit East Pit South Pit Average Inflows (ML/day) 

Year 1 0.55 1.10 0.45 2.1 

Year 5 0.66 1.18 0.39 2.2 

Year 10 1.07 1.27 0.35 2.7 
 

12.4.2 Simulated Drawdown 
 
With a progressive increase in the area mined during the Project phase, the cone of depression 
of the piezometric surface of the coal seam aquifers will extend further towards the north and the 
south as shown in Appendix A - Drawing Nos. 9 and 10. The impact of the Project in an easterly 
direction is constrained by the Liddell Ash Dam and Lake Liddell, and towards the west the 
impact of Bayswater No. 2 Mine overprints any influence from Drayton. Furthermore the 
Muswellbrook Anticline essentially separates the aquifer system into two units.  
 
At the end of Year 5 the cone of depression has extended about 3km to the north of the 
Northern Project Area along the Eastern flank of the Muswellbrook Anticline, but is still around 
2.5km south of the alluvial aquifer of Muscle Creek. To the south the 5m drawdown contour 
extends less than 1km south of the Project Area, while a drawdown of the groundwater table of 
up to 2m was simulated as reaching Plashett Reservoir. The simulated Year 5 drawdown is 
shown in Appendix A - Drawing No. 10. 
 
The cone of depression of the Project extends slowly laterally but deepens significantly with 
time. The elevation of the water table in the cone of depression is less than 30m AHD in the 
North Pit at Year 10 of the Project. The northern extent of the cone of depression however 
remains 1.5km south of Muscle Creek and more than 4.5km south-east of the Hunter River. 
 
In the area of the South Pit, the 5m drawdown contour of the cone of depression extends a 
further 500m towards the south, while the 2m drawdown stabilises at Plashett Reservoir. 
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12.5 Impact Post Mining - Final Voids 

12.5.1 Groundwater Recovery – Spoil Aquifer and Final Voids 
 
The consolidated Permian rock strata that occurs in the area of the open cut mine will be 
replaced by spoil, which will be a mixture of broken sandstone, siltstone, shale and minor coal. 
These materials will have their own unique hydrogeological characteristics.  
 
Post mining, dewatering of the pits will be discontinued and the void space (porosity) of the spoil 
of the backfilled open cut mine, will gradually fill with water until an equilibrium water table level 
establishes within the spoil material.  
 
The cone of depression in the potentiometric surface of the coal seam aquifer will continue to 
expand for some time after the mine closure, until a new steady state condition has established. 
Both the rate of groundwater recovery and the final extent of the cone of depression will depend 
on the recharge rates through the spoil in the mined out voids, and the size, location, rate of rise 
and the equilibrium elevation of the water level in the final open voids left after mining. The final 
voids will be sinks to groundwater seepage, will collect rainfall and runoff, and will loose water 
through evaporation. A bund will be constructed at the top of the highwall around the final voids 
both for safety and to divert runoff away from the void highwall to prevent erosion. 
 
Two scenarios have been simulated to assess the impact of the final voids. The scenarios are 
based on the usage of the final voids (pits), viz: 
 
• Scenario 1 describes the recovery of the water table under the assumption that all pits 

remain open voids and develop final void lakes; and 

• Scenario 2 assesses the long-term impact of the usage of the East final void for ash 
disposal from a Macquarie Generation Power Station. 

 

12.5.2 Scenario 1 – All Pits Remain as Voids 
 
Simulated Recovery 
At completion of the Project, three pit voids will be formed, a Northern void, an Eastern void and 
a Southern void, with the Northern void being the deepest and the Eastern void the largest. The 
geometry of the voids corresponds to the final pit geometry of the Project as shown in 
Appendix A - Drawing No. 3. The creation of the voids, rate of recovery of water in the voids and 
the final elevation of the water level of the void lakes will be governed by:  
 

• rate of evaporation from the surface of the void;  
• rate of recharge to the uncapped spoil;  
• rate of groundwater inflow from the coal seams; and  
• hydraulic conductivity of the spoil.  

 
The average annual rate of evaporation from the surface water body at Drayton was estimated 
at 1,121mm as discussed in Section 10.3.2. The assumed groundwater recharge of 30mm/year 
(5% of rainfall) is based on the value used by MER (2002)2. If the actual recharge rate is lower, 
final void recovery will be longer than predicted by the current modelling. 
 
Figure 8 provides an overview of the water table at mine closure at the beginning of the recovery 
in the final voids. The water table within the open voids commences to rise quite quickly due to 
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the high gradient of the groundwater table and input from the spoil, but slows with time as shown 
in Figure 9.  
 

 

Figure 8: 3D-View of the Water Table at Mine Closure  

Figure 9 below shows the rise of the water level with time. After 10 years of recovery the void 
water level is still more than 50m below the simulated steady state water level of the Northern 
Void, while in the Southern Void water levels have almost recovered to the final level. The water 
level of the Eastern Void is still 30m below the final water level after 10 years.  
 
The final steady state water level in the Northern Void will be at about 160m AHD, in the Eastern 
Void at 149m AHD and in the Southern Void at 157m AHD. The final steady state void lake 
water level is reached after more than 200 years and lies well below the pre-mining groundwater 
levels which are around RL170-180m AHD, as shown in Appendix  A - Drawing No. 2. Thus the 
open voids will act as groundwater sinks and no contamination of the surrounding aquifer is 
expected.  
 

Northern void 

Southern void 

Eastern void 

Liddell Ash dam 
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Simulated Final Void Inflow 
The rise of the open pit water level depends much on the actual inflow from the spoils. For this 
simulation it was assumed that the spoils are totally saturated to the height of the water level at 
mine closure. This may not be realistic in the short term but is a valid assumption for the 
assessment of the long-term impact and long-term steady state water level.  
 
Predictive modelling indicates that the inflow to the final voids is initially quite high due to the 
input from the spoil and stabilises after more than 100 years at 0.9ML/day for the Eastern Void, 
0.4ML/day for the Northern Void and 0.15ML/day for the Southern Void. 
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Figure 9: Rise of Water Table in Final Pit Voids 

 

12.5.3 Scenario 2 – Ash Disposal and Final Voids 
 
Scenario 2 analyses the impact of the disposal of ash from a Macquarie Generation Power 
Station in the Eastern final void of the Extension Project. Essentially the ash, produced as a by-
product during the combustion of coal by the Power Stations, consists of fly ash, which is 
collected from the air during combustion. However, a minor proportion consists of bottom ash 
which is collected at the bottom of the combustion chamber. The ash is mixed with water forming 
a slurry that is proposed to be pumped to the Eastern Void for disposal via pipeline.  
 
Woodward Clyde (1997)12 compared the hydraulic properties of fly ash to a silty sediment with a 
hydraulic conductivity of 1 x 10-7m/s to 1 x 10-9m/s and a total porosity of 23% to 27%.  
                                                 
12 Woodward Clyde (May 1997), "Investigation of Environmental Impact of Ash Disposal Facilities Stanwell Power 
Station." 
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An investigation carried out for fly ash disposal from Bayswater Power Station in the 
Ravensworth Mine void, south-east of Lake Liddell in 199313 rated the chemical properties of the 
ash as being similar to the mineral material of the coal seams, and the neighbouring hardrock.  
 
The Ravensworth Mine study indicated that the short-term quality of ash leachate is 
characterised by a pH of 10 to 12, salinity of around 5500mg/L, concentration of specific minor 
elements in the milligram per litre range, and others in the sub milligram per litre range. 
Leachate tests on weathered ash resulted in a pH of 6 to 7, a salinity of 2000mg/L and a 
concentration of fluoride in the milligram per litre range. Concentrations of minor elements were 
in the sub milligram per litre range. 
 
It is therefore concluded from a hydrochemical point of view, that the above data indicates that 
ash disposal may cause additional input of salt and of specific minor elements into the 
groundwater system. Furthermore the hydrochemical equilibrium in the surroundings of the ash 
disposal may be disturbed by the high alkalinity of the leachate. These conclusions are based on 
the assumption that the geological settings at Ravensworth Mine and the ash quality of 
Bayswater Power Station are similar to Drayton.  
  
A numerical groundwater flow simulation was conducted to analyse the long-term movement of 
leachate from the ash disposal into the surrounding groundwater system, independently of its 
actual hydrochemistry. It is assumed that the Eastern Void will be completely filled with ash and 
that the top of the fill will be sealed to avoid any additional seepage of rainwater and leaching of 
the disposed ash. Any transport of leachate products will take place by groundwater flow through 
the ash filled voids. To simulate a worst-case scenario it is assumed that the Northern and 
Southern final voids are filled with inert material of low hydraulic conductivity. For this scenario 
the Northern and Southern Voids cannot act as sinks for groundwater flow and leachate from the 
Eastern Void. 
 
Based on a long-term, steady state, post mining groundwater table, pathlines were simulated 
that track the movement of groundwater from the ash filled void to the nearest groundwater sink, 
as shown in Appendix A - Drawing No. 12. To estimate the travel time of the leachate it is 
assumed that the transport-effective porosity of the aquifer system is equal to the storativity 
assigned to the groundwater flow model. A porosity of 5% was assumed for the ash, which is 
higher than for typical silt sediment, since the ash has been disposed as a fully saturated slurry. 
 
The simulation results indicate that discharge of leachate from the Eastern Void flows partially 
towards Liddell Ash Dam and discharges into small unnamed creeks running towards the dam. 
However, as the Liddell Ash Dam itself infiltrates water into the ground it cannot act as a 
groundwater sink. In fact the groundwater mound that has developed beneath Liddell Ash Dam 
diverts the leachate outflow towards Lake Liddell. It is estimated the ash leachate from the dam 
will take around 50 to 100 years to reach Lake Liddell.  The simulated travel times assume that 
the cone of depression caused by the mining operation has already totally recovered. Thus the 
scenario described above starts at a time that may be more than 100 years after mine closure, 
as the results of the first final void scenario (Appendix A - Drawing No 11) suggest. As long as 
the cone of depression has not recovered around the mine and the water table within the 
Eastern final void remains below the surrounding groundwater level, no outflow of leachate is 
expected. 
 

                                                                                                                                                           
 
13 Pacific Power (August 1993), "Bayswater Power Station Fly Ash Disposal n Ravensworth No.2 Mine Void and Mine 
Rehabilitation." 
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13.0 POTENTIAL IMPACT OF THE PROJECT ON AQUIFER SYSTEMS 
AND MITIGATION OPTIONS 

13.1 Regional and Cumulative Impacts 
 
As discussed, extraction of groundwater during mine dewatering will lower the elevation of the 
groundwater table/potentiometric surface around the Project Area, that is, it will create a cone of 
depression around the mine. The Project will extend the cone of depression by more than 2km 
towards the north and up to 4.5km towards the south with respect to the current conditions.  
 
The extension towards the west is constrained by the Muswellbrook Anticline and overprinted by 
the impact of the Bayswater No. 2 Mine, where the water levels are assumed to be recovering 
since mine closure in 1998. To the east, the Liddell Ash Dam and Lake Liddell constrain the 
extent of the cone of depression on the groundwater system. 
 
The open pits of the Project will capture a maximum inflow of about 2.7ML/day from the 
surrounding aquifer during mining. This will not capture or impact on flow in the Hunter River or 
creeks and associated alluvial and colluvial aquifers. Approximately 0.8ML/day will be lost from 
the Liddell Ash Dam by infiltration to the water table towards the end of the life of the Project. 
Similarly infiltration from the Bayswater Power Station freshwater dam to the water table will 
double with respect to pre-mining conditions, to 0.2ML/day. 
 
Whereas the coal seams and the fractured hardrock aquifers will undergo further 
depressurisation during the Project, it is expected that the shallow bedrock aquifer will develop a 
perched water table in areas where there is extensive groundwater draw-down in the hardrock 
aquifers. Thus the shallow aquifer system is not affected to the same degree as that simulated 
for the hardrock aquifer and the coal seams.  
 

13.2 Impact on Creeks and Hunter River 
 
With regard to Saddlers Creek colluvium, simulation of the pre-mining groundwater table 
indicates the upper part of the creek which lies within the area of influence of the Project Area 
did not receive groundwater discharge from the fractured rock aquifer prior to mining. During the 
Project, Saddlers Creek colluvium will continue to receive direct recharge from rainfall and 
surface runoff and possibly minor groundwater discharge from the shallow bedrock aquifer. The 
creek should therefore not be impacted by the Project. 
 
Table 11 shows that the groundwater discharge to the major surface water features; Muscle 
Creek, Ramrod Creek and Hunter River in the north do not experience a reduction in 
groundwater discharge due to the Project. Lake Liddell receives 0.1ML/day more water than for 
pre-mining conditions which may be caused by the infiltration from Liddell Ash Dam, which has 
increased in height. Plashett Reservoir receives 0.1ML/day less than during pre-mining 
conditions at the end of mining. 
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Table 11 : SURFACE WATER DISCHARGE PRE-MINING AND END OF MINING 

Creek/River 
Pre-mining Discharge 

(ML/day) 
End of Mining Discharge

(ML/day) 
Difference 
(ML/day) 

Muscle Creek 0.9 0.9  0 
Plashett Reservoir  0.4 0.3  -0.1 

Bayswater No. 2 Mine 0.6 0.2 -0.4 
Lake Liddell  0.5 0.6 +0.1 
Hunter River  0.4 0.4 0 

Ramrod Creek 0.15 0.15 0 
Maidswater Creek 0.2 0.2 0 
Saltwater Creek 0.1 0.1 0 

 
There is also a 0.4ML/day reduction in groundwater discharge to Bayswater No. 2 Mine 
predicted by the groundwater flow model. 
 

13.3 Impact on Other Groundwater Users 
 
Regarding other groundwater users in the area, the cone depression in the potentiometric 
surface of the coal seam aquifer will extend outside the Project Area, as discussed. The 
registered bores summarised in Table 12 lie within the cone of depression, and hence may 
potentially be impacted. 
 
 

Table 12: REGISTERED BORES IMPACTED BY MINING 

Location Bore 
mE mN 

Depth 
(m) 

SWL 
(mbns) 

Yield 
(L/s) Salinity Aquifer 

GW060263* 301750 6415000 58.5 35 0.25 “fair” 
fractured 

rock 

GW047690 306440 6421915 6.70 2.4 0.02 
3000-7000 

(µS/cm) 
fractured 

rock 

GW055208 306620 6422340 53.0 13.0 1.32 N/A 
fractured 

rock 

GW080972 305328 6423975 24.0 15.0 1.0 N/A 
fractured 

rock 

Note: i) SWL = static water level 
ii) mbns = metres below natural surface 
*  Bore owned and used by Draton 

 
The location of the bores is shown in Appendix A - Drawing No. 1. The cone of depression at 
Year 10 shown in Appendix A - Drawing No. 10 indicates that substantial drawdown may occur 
at each bore location, but the amount of drawdown in the bore water level, if any, will depend on 
the degree of hydraulic connection between the coal seam that is depressurised by the Project, 
and the overlying fractured rock aquifer (overburden), in which the bores are located. It is likely 
that there will be no impact; however it is recommended that Drayton liaise with landowners of 
the bores cited in Table 12 above to establish the status of the DNR registered bores. If 
registered bores are identified and are utilised, it is recommended that Drayton implement a 
monitoring program of water levels and quality so that potential impacts can be managed. 
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14.0 MODEL LIMITATIONS 
 
Development, calibration and the results of predictive simulations from any groundwater model 
is based on available data characterising the groundwater system under investigation. It is not 
possible to collect all the data characterising the whole aquifer system in detail and therefore 
various assumptions have to be made during development of the groundwater model. A number 
of assumptions were made during development of the groundwater model described in this 
report and these assumptions together with their impact on the simulation results are discussed 
below.  
 
The western border of the groundwater model is the White Creek Thrust Fault. The geological 
interpretation of this fault indicates that that it displaces the coal seam aquifers and forms a 
hydraulic barrier. Even if there were a hydraulic connection through the fault, the Greta Coal 
Measures are assumed to be at such a great depth west of the White Creek Thrust Fault that 
they are practically impermeable. Coal mined to the west of the White Creek Thrust Fault is from 
stratigraphically higher coal measures that are hydraulically isolated from the Greta Coal 
Measures and therefore mines to the west cannot have a cumulative impact on the groundwater 
system discussed in this report. 
 
It is assumed that the shallow bedrock aquifers are hydraulically isolated from the deeper 
fractured rock and coal seam aquifers. Groundwater drawdown in the coal seams and fractured 
rock will trigger the development of perched water tables within the shallow bedrock aquifer, a 
process that cannot be modelled by a classical groundwater flow model.  
 
The forecast of the inflow into the final voids post mining during recovery of the groundwater 
levels is based on the assumption that the spoils are fully saturated. As explained this 
assumption is valid for the long-term inflow and recovery in the final voids, but may lead to a 
significant overestimation of the short-term flow rates. 
 
  
15.0 GROUNDWATER MANAGEMENT AND MONITORING 

15.1 Management of the Groundwater Resource 
 
The simulated groundwater inflows into the Project Area predict a peak inflow of 2.7ML/day 
(985ML/year), however not all of this water will be available for the mine operation or will collect 
in sumps for disposal. Water loss can be expected by evaporation from the pit floor and from the 
coal face. Based on the meteorological data presented in Section 10.3 of this report the mean 
evaporation rate from the pit floor may be as high as 3mm/day. This amounts to an average 
water loss through evaporation of about 300L/day from each 100m2 of exposed pit floor and wall 
area.  This loss however may be compensated to some degree by surface runoff and seepage 
from the spoil. 
 
According to the AEMR (2005)4 the water supply demand of Drayton is approximately 
1,070ML/year with an additional agreement to transfer around 600ML/year to MAC. The 
computed groundwater inflow is less than 1,000ML/year and therefore all groundwater inflow is 
likely to be completely utilised for the mine water supply and for water transfer to MAC. 



Page 39 
 Project No. G1341 (Drayton Mine Extension) 

 
 

15.2 Groundwater Monitoring System 
 
It is considered that for the present time, there is a sufficient number and distribution of 
observation bores in the current groundwater monitoring system shown in Appendix A - Drawing 
No. 2. However, as bores located in the pit extension areas will eventually be mined through, 
these should be replaced over time with new bores. At the East Pit the new bore should be 
located between the eastern extremity of the East pit and the Liddell Ash Dam. Also at the North 
pit one new bore should be installed. At the South Pit two new bores should be installed south of 
the existing bores R4164 and R4243. 
 
The groundwater level monitoring frequency of one month intervals, as described in the AEMR 
(2005)4, is considered adequate. The groundwater quality sampling program that commenced in 
2005 should be continued at three-monthly sampling intervals. Sampling should be undertaken 
at selected bores that monitor the groundwater system around the East Pit, including the Project 
Area to the north and south. Furthermore each new groundwater bore to be located between the 
East Pit of the Project Area and Liddell Ash Dam should be monitored regularly, not only for 
groundwater levels but also for groundwater quality, in order to estimate the amount of inflow 
from Liddell Ash Dam. 
 
It is recommended that a census of bores within the simulated cone of depression of the coal 
seam aquifer be undertaken. The objective of the census will be to ascertain the status of 
privately owned bores; current use, depth, yield, water quality etc, to provide baseline data 
against which potential impacts of mining can be monitored. Agreement should be reached with 
landowners to provide an alternative water supply or to deepen the existing bores (listed in Table 
12) if water level decline due to Drayton’s mining activities prevent the on-going use of the bore.  
 
During the filling of the Eastern Void with ash, regular groundwater monitoring and groundwater 
sampling is recommended at monitoring bores constructed near to the void on the simulated 
flowpaths shown in Appendix A - Drawing No. 12. These bores should be screened in the 
permeable coal seam aquifers to detect any outflow of leachate and to monitor the rise of the 
groundwater table around the voids.  
 
 
16.0 GLOSSARY 
 
Alluvium – Sediment (gravel, sand, silt, clay) transported by water (i.e. deposits in a stream 
channel or floodplain). 
 
Colluvium – Sediment (gravel, sand, silt, clay) transported by gravity (i.e. deposits at the base of 
a slope). 
 
Hydraulic Conductivity – A measure of the rate at which water moves through a soil/rock mass.  
It is the volume of water that moves within a unit of time under a unit hydraulic gradient through 
a unit cross-sectional area that is perpendicular to the direction of flow. 
 
Pumping Test – A test made by pumping a well for a period of time and observing the 
response/change in hydraulic head in the aquifer. 
 
Slug Test – A test made by the instantaneous addition, or removal, of a known volume of water 
to or from a well.  The subsequent well recovery is measured. 
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Storativity - The volume of water an aquifer releases from or takes into storage per unit surface 
area of the aquifer, per unit change in head. 
 
Transmissivity - A measure of the rate at which water moves through an aquifer of unit width 
under a unit hydraulic gradient.   
 
 
 
AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD 
 

   
 
ULRICH W. SCHOTT    ERROL H. BRIESE 
Groundwater Modeller   Principal Hydrogeologist 
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