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Report on 

Historical Groundwater Review and Assessment 

Austar Coal Mine
 

 Introduction and background  1

Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) have been commissioned by 
Austar Coal Mine Pty Ltd to assess observed groundwater conditions in comparison to predicted 
ÐÏÔÅÎÔÉÁÌ ÉÍÐÁÃÔÓ ÁÔ 9ÁÎÃÏÁÌȭÓ !ÕÓÔÁÒ Coal Mine (ACM). The review is required by condition 12A 
(Schedule 3) of the MOD7 development consent for DA29/95. 

 Scope and methodology 1.1

!ÕÓÔÁÒȭÓ -/$χ ×ÁÓ ÁÐÐÒÏÖÅÄ ÉÎ !ÕÇÕÓÔ ςπρχȟ ×ÉÔÈ ÔÈÅ ÃÏÎÄÉÔÉÏÎ ÔÈÁÔ ÁÎ ÁÓÓÅÓÓÍÅÎÔ ÂÅ ÕÎÄÅÒÔÁËÅÎ ÔÏ 
review observed groundwater conditions compared to predicted potential impacts. The condition 
reads: 

12A. By the end of February 2018, the Applicant must review the groundwater impacts of the 
development. This review must:  

(a) validate the impact predictions in EA (MOD 6) and EA (MOD 7) against measured 
groundwater impacts, including a comparison of:  

¶ groundwater levels and quality in both alluvial and non-alluvial aquifers; and  

¶ mine water inflow sources and volumes; and  

(b) evaluate the effectiveness of the existing groundwater model for use in current and 
future mining operations; and  

(c)  evaluate the continued effectiveness of any approved Extraction Plan or Water 
Management Plan for the development and provide recommendations for any 
appropriate amendments to these plans.  

The review must be undertaken in consultation with DPI-Water and reported and 
implemented to the satisfaction of the Secretary. If the review identifies a material 
departure from the predictions in EA (MOD 6) and EA (MOD 7), the Applicant must 
prepare a revised groundwater assessment for the development, in consultation with 
$0)Ȥ7ÁÔÅÒȟ ÔÏ ÔÈÅ ÓÁÔÉÓÆÁÃÔÉÏÎ ÏÆ ÔÈÅ 3ÅÃÒÅÔÁÒÙȢ 4ÈÅ ÁÓÓÅÓÓÍÅÎÔ ÍÕÓÔ ÉÎÃÌÕÄÅ ÕÐÄÁÔÅÄ 
predictions of potential groundwater impacts from the development, based on 
quantitative surface and groundwater modelling, incorporating all available 
groundwater data. 
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AGE has undertaken the assessment through the following tasks: 

¶ a one day site visit by two Principal Hydrogeologists to review underground and surface water 
management, and site specific conditions; 

¶ review and summarise three groundwater assessment reports:  

o Connell Wagner, 2007. Ȱ!ÐÐÅÎÄÉØ υψȢ &ÕÔÕÒÅ -ÉÎÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÒÏÕÎÄ×ÁÔÅÒ )ÍÐÁÃÔ 
!ÓÓÅÓÓÍÅÎÔ !ÕÓÔÁÒ #ÏÁÌ -ÉÎÅȢ /ÃÔÏÂÅÒ φττϋȢȱ  

o Dundon Consulting, 2015. ȰAustar Coal Mine ɀ LWB1-LWB3 Modification ɀ Groundwater 
!ÓÓÅÓÓÍÅÎÔȟ /ÃÔÏÂÅÒ φτυωȢȱ 

o Dundon Consulting, 2017. Ȱ!ÕÓÔÁÒ #ÏÁÌ -ÉÎÅ ɀ LWB4-LWB7 Modification ɀ Groundwater 
Assessment, May 2017.ȱ 

¶ review and summarise seven additional publications: 

o !ÕÒÅÃÏÎȟ ςπρσȢ ȰGroundwater review after LWA5, Austar groundwater project, Austar 
MineȱȢ $ÒÁÆÔȟ 2ÅÖÉÓÉÏÎ .ÏȢρȟ -ÁÒÃÈ ςπρσȢ 

o Australasian Groundwater and Environmental Consultants Pty Ltd (AGE), 2017a. 
Ȱ-ÏÎÉÔÏÒÉÎÇ ÏÆ !ÕÓÔÁÒ #ÏÌÌÉÅÒÙ 670 )ÎÓÔÁÌÌÁÔÉÏÎ - EX01H. Project G1828C, September 
ςπρχȢȱ  

o Australasian Groundwater and Environmental Consultants Pty Ltd (AGE), 2017b. 
Ȱ3ÅÐÔÅÍÂÅÒ φτυϋ 'ÒÏÕÎÄ×ÁÔÅÒ -ÏÎÉÔÏÒÉÎÇȢ 0ÒÏÊÅÃÔ 'υόφό#ȟ 3ÅÐÔÅÍÂÅÒ φτυϋȢȱ  

o Australasian Groundwater and Environmental Consultants Pty Ltd (AGE), 2017c. 
ȰDecember 2017 Groundwater Monitoring. Project G1828C, December φτυϋȢȱ  

o Yancoal Austar Coal Mine, 2017a. ȰSite Water Management Plan. April ςπρχȱȢ 

o Yancoal Austar Coal Mine, 2017b. Ȱ!ÎÎÕÁÌ %ÎÖÉÒÏÎÍÅÎÔÁÌ -ÁÎÁÇÅÍÅÎÔ 2ÅÐÏÒÔȟ *ÕÌÙ 
2016 ɀ *ÕÎÅ ςπρχȢ 3ÅÐÔÅÍÂÅÒ ςπρχȱȢ 

o Yancoal Austar Coal Mine, 2017c. ȰAustar Coal Mine Longwalls B4 to B7 Extraction Plan 
September 2017.ȱ 

¶ consider all groundwater level and quality data at the site; 

¶ summarise groundwater impact predictions versus observed impacts; and 

¶ summarise groundwater inflows to, and pumping from, the mine in relation to mining 
activities and potential subsidence. 

 Structure of this report 1.2

To address the scope of work presented in Section 1.1, the report is structured as follows: 

Item Task Section 

Setting Summary of mining and hydrogeology 2 

Background 
data review 

Review of publications 3.1 

Review of groundwater data 4.1.2 

Analysis 

Verification of Measured Groundwater Impacts vs Impact Predictions 4.1 

Assessment of the effectiveness of the existing groundwater model for current and 
future mining 

4.2 

Assessment of the effectiveness of the approved Extraction Plan Water Management 
Plan for the development. 

4.3 

Conclusions  0 
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 Summary of mining and hydrogeology 2

A summary is provided here, based on Austar (2017b) and AGE (2017a, b and c). 

 Overview of the mining operations at Austar 2.1

ACM is an underground coal mine located approximately 10 km south west of Cessnock in the South 
Maitland Coalfields of New South Wales (Figure 2.1). The mine is an aggregate of the former Ellalong, 
Pelton, Cessnock No.1 and Bellbird South Collieries. The operations, including coal extraction, 
handling, processing and transport, collectively form the Austar Coal Mine Complex, wholly owned and 
operated by Yancoal who purchased the mine in December 2004. 

Underground mining commenced in 1916 at Pelton Colliery and continued until 1992. Kalingo Colliery 
began as an underground mine in 1921 and ceased operations in 1961. In the late 1960s the Kalingo 
Colliery was amalgamated into the Pelton Colliery. Longwall production commenced at the Pelton 
Colliery in 1983 and continued until the mine, then known as Ellalong Colliery, was closed in May 1998 
by Oakbridge.  

Southland Coal then acquired the assets of Ellalong and Pelton Collieries and amalgamated those with 
Bellbird South, which was also owned by Southland Coal. In December 2003, spontaneous combustion 
in longwall panel SL4 resulted in Southland Coal ceasing mining activities. The site of the underground 
fire was sealed and the mine was placed in care and maintenance for 18 months.  

Yancoal purchased the mine in December 2004 and changed the name to Austar Coal Mine.  
ACM commenced mining operations in the Stage 1 mining area in April 2005 under development 
consent Bellbird South DA29/95. Modifications to the development consent DA29/95 allowed the use 
of Longwall Top Coal Caving (LTCC) method in the Bellbird South Stage 2 mining area. 
Longwall mining in the Stage 2 area commenced in February 2009 and was completed in 
February 2013.  

Project approval (PA08_0111) for the Stage 3 area was granted on 6 September 2009, which approved 
LTCC technology in the Stage 3 area and construction of new surface facilities. Modifications to 
PA08_0111 were approved in May 2010, March 2012, and December 2013, primarily to allow more 
efficient and safer extraction of coal through reorientation of the longwall panels and to optimise the 
length of the longwalls. The Stage 3 project includes longwall panels A7 to A19. 

Mining in the second Stage 3 panel (Longwall A8) commenced on 16 June 2014 and was completed on 
24 June 2015. Austar relocated development operations to the Bellbird South and Ellalong Colliery 
areas in 2015 with the aim to return to mining in the Stage 3 area in the medium term, with mining in 
this area approved until 2030. 

Mining within the Bellbird South and Ellalong Colliery recommenced in June 2015 with development 
of first workings of existing approved coal reserves to allow future extraction of longwall panels LWB1 
to LWB3 (Figure 2.1). A modification to DA 29/95 extending the area and life of the consent and 
permitting transfer and processing of coal from longwall panels LWB1 to LWB3 was approved under 
delegation of the Minister for Planning on 29 January 2016. The modified consent contemporised 
subsidence management conditions requiring an approved Extraction Plan to be in place prior to 
extraction of longwall panels LWB1 to LWB3. Longwall extraction of LWB2 commenced 7 July 2016. 

Austar was granted approval to modify the DA29/95 on 25 August 2017 under Section 75W of the 
Environmental Planning and Assessment Act 1979 to permit the transfer and processing of coal from 
four proposed longwall panels (LWB4 to LWB7) via the existing Bellbird South main. 

The Austar Site Water Management Plan (SWMP) has been prepared in accordance with the 
requirements of development consent DA29/95 and project approval PA08_0111. The conditions from 
DA29/95 and PA08_0111 are outlined within the SWMP dated April 2017. The location of approved 
operations is shown in Figure 2.1.  
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Figure 2.1 Austar approved mining operation (Austar, 2017b)  
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 Conceptual hydrogeology 2.2

The summary of hydrogeology, provided here, is based on Connell Wagner (2007) and Dundon 
Consulting (2015 and 2017). 

ACM is located the lower Hunter Valley. The climate is warm temperate, with seasonal variations from 
hot wet summers to mild dry winters. The average rainfall (from BOM Nulkaba O'Connors Road 
weather station ID 61295) of 785 mm/year, is generally summer dominant, and rainfall is less than 
potential evaporation for most months of the year. 

The Quorrobolong Creek / Cony Creek drainage system flows in a westerly direction across the mine 
area, eventually flowing into Wollombi Brook which in turn flows into the Hunter River. The main 
drainages of the Quorrobolong Valley are Quorrobolong Creek, Cony Creek and Sandy Creek. 
These creeks are largely ephemeral and are often present as a series of disconnected pools during the 
dry season.  

The surface elevations within the valley floor are around 130 mAHD, while the elevation rises to 
around 440 mAHD at the Myall Range to the south and to around 200 mAHD at the Broken Back Range 
to the north. 

2.2.1 Geology 

ACM extracts coal from the Greta Coal Seam (GS) of the late Permian aged Greta Coal Measures (GCM). 
The GCM comprises the Neath Sandstone, Kurri Kurri Conglomerate, Kitchener Formation 
(including the GS) and the Paxton Formation, and all units are predominantly sandstone, 
conglomerate and coal (Table 2.1).  

The GCM is overlain by a thick sequence of sedimentary rock including conglomerate, sandstone and 
siltstone of the Branxton Formation (and other higher units of the Maitland Group). The Permian 
stratigraphy is summarised in Table 2.1 and the surface geology of the area is presented in Figure 2.2. 

Table 2.1 Stratigraphy (Dundon Consulting [2015] after Hawley and Brunton 
[1995]) 

Age Stratigraphy  Lithology 

Late 
Permian 

Maitland Group 

Mulbring Siltstone Siltstone with minor claystone and sandstone lenses. 

Muree Sandstone Sandstone with minor conglomerate and siltstone 

Branxton Formation 
Conglomerate and sandstone towards base, siltstone 

becoming more common towards top 

Greta Coal 
Measures 

Paxton Formation 
Conglomerate and micaceous sandstone with minor 

claystone and siltstone beds. Coal (Pelton Coal 
Member) and coaly shale. 

Kitchener Formation 
(including the Greta 

Seam) 
Coal with minor claystone, siltstone and sandstone 

Kurri Kurri 
Conglomerate 

Orthoconglomerate, minor sandstone, siltstone, 
claystone and coal near base. 

Neath Sandstone 
Sandstone, minor conglomerate siltstone and 

claystone 
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Age Stratigraphy  Lithology 

Early 
Permian 

Dalwood Group 

Farley Formation Fossiliferous silty sandstone 

Rutherford Formation 
Siltstone and minor sandstone, with thin limestone 

and marl horizons (Pokolbin area) 

Allandale Formation 
Lithic sandstone and conglomerate containing 

abundant invertebrate fossils 

Lochinvar Formation 
Poorly fossiliferous siltstone, claystone and sandstone 

and interbedded basalt flows. 

 

 

Figure 2.2 Surface geology (after Dundon Consulting, 2017) 

Structurally, the mine is situated on the south-eastern limb of the Lochinvar Anticline. The GCM 
outcrop to the north near Cessnock, and dip variably to the south-east with a general dip of around  
5 to 6 degrees. Within the current mining area, the seam occurs at depths ranging up to 740 m below 
ground level (mbgl). Seam thickness generally increases eastward with thicknesses of up to 7 m in the 
Stage 3 mining area. Extensive faulting and deformation is associated with the Lochinvar Anticline, 
with a number of prominent fault zones controlling the longwall panel layouts, notably the Swamp 
Fault Zone, Quorrobolong Fault and the Abernethy Fault Zone (Figure 2.3). 
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Figure 2.3 Fault zones (after Connell Wagner, 2007) 

2.2.2 Hydrostratigraphy 

Within the ACM area, two aquifer systems have been identified, the unconsolidated surficial material 
that includes alluvium, colluvium and weathered bedrock, and secondly the Permian hard rock aquifer 
system. A third potential source of water is the water stored in surrounding abandoned mine voids.  

2.2.3 Quaternary alluvium 

Potentially, the most important natural groundwater resource in the Newcastle/Cessnock area is 
found in the alluvial sediments, which cover the low-lying areas, and fill the broad valleys of the creeks 
that form the tributaries of the Hunter River. Numerous bores and wells draw water from these 
sediments, which usually comprise a fine-grained surface layer underlain by sand and gravel deposits. 
Flows from these wells mostly range from 0.1 L/s to 9 L/s, and water quality is generally reasonable.  

Quorrobolong Creek and its tributaries flow in a general westerly direction across the Austar lease 
area. The tributaries that cross the Austar lease, including Sandy Creek and Cony Creek, are second or 
third order streams, and comprise a series of intermittent creeks, which only flow after consistent or 
heavy rainfall. These creeks have shallow alluvium-filled valleys ranging in width up to 400 m. 
They flow ultimately to the west of the Austar lease area into the Wollombi Brook, a tributary of the 
Hunter River that contains a significant alluvial aquifer. 

The groundwater in the alluvium is derived largely from infiltration of rainfall and runoff, although 
some is derived from lateral infiltration during high flows in the adjacent creeks. Normally, 
the groundwater discharges into the creeks during periods of low surface water flows. There is also a 
general, gradual movement of groundwater in a downstream direction within the alluvium, 
which contributes to the alluvial aquifers further downstream. Due to the very low vertical hydraulic 
conductivity (Connell Wagner, 2007) of the underlying Permian rock strata, there is very little 
potential for vertical leakage of groundwater from the alluvium under natural gradients. 
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2.2.4 Permian fractured rock units  

2.2.4.1 Branxton Formation 

The Branxton Formation is part of the non-coal bearing marine sequence of the Maitland Group which 
overlies the GCM. The sandstone is generally strong and massive contains few if any major water 
bearing zones and is not likely to provide a viable source of groundwater (Connell Wagner, 2007). 
Nevertheless, zones of jointing or fracturing associated with major faults may form localised aquifers. 
The sequence has very low vertical hydraulic conductivity, and there is very little potential for leakage 
between any water-bearing zones or aquifers. 

Drilling at ACM indicates potential water-bearing zones in the Branxton Formation at a depth of 
around 100 mbgl to 130 mbgl and at 170 mbgl at bore locations across the mine area. Connell Wagner 
(2007) concluded that the importance of these water bearing zones as a water resource is likely to be 
minimal, since the water quality is poor (with electrical conductivity [EC] generally greater than 
ρπȟπππ ʈ3ȾÃÍɊ ÁÎÄ ÔÈÅ ÙÉÅÌÄ ÉÓ ÌÏ× ɉÇÅÎÅÒÁÌÌÙ ÌÅÓÓ ÔÈÁÎ ρ ,ȾÓɊȢ 

2.2.4.2. Greta Coal Measures 

The GCM also have low rock mass hydraulic conductivity (<10-3 m/d), but they contain coal seams and 
occasional cleats and fracture or bedding plane features which have slightly higher hydraulic 
conductivity.  

The coal seams are more permeable than the interburden, and are therefore the main water-bearing 
zones in the GCM due to the presence of cleats and fractures in the coal. For this reason, the coal seams 
represent the aquifer units purely by comparison with the much less permeable interburden strata. 
As per the Branxton Formation, the importance of the coal seams within the GCM as an aquifer is 
generally minimal due to the poor quality groundwater as well as limited yield potential. 

2.2.5 Recharge and discharge 

Recharge/discharge is interpreted to occur as follows: 

¶ The groundwater in the alluvium is derived largely from infiltration of rainfall and runoff, 
although some is derived from lateral infiltration during high flows in the adjacent creeks. 
Normally, the alluvial groundwater discharges into the creeks during periods of low flows.  

¶ Recharge may also occur from infiltration of rainfall, and downward percolation into and 
through the alluvium/colluvium and weathered rock into the underlying Branxton Formation. 
Recharge to relatively more permeable zones within the Branxton Formation and the GCM 
likely occurs at some distance up-dip from the mine area, where those particular zones occur 
in subcrop beneath the surficial lithologies (Dundon Consulting, 2015).  

2.2.6 Groundwater flow 

The groundwater impact assessment reports (Connell Wagner, 2007; and Dundon Consulting, 2015 
and 2017) and groundwater review report (Aurecon 2013) do not contain groundwater 
head/elevation contour maps, presumably because of the lack of such information and underlying 
data. Groundwater elevations, both proximal to, and surrounding ACM, appear to be heavily influenced 
by groundwater in the surrounding abandoned workings and indicate compartmentalisation.  

Groundwater heads, in the vertical sense, are shown for multi-piezometer sites AQD 1077 
(Connell Wagner, 2007 and Dundon Consulting, 2015) and AQD1121 (now called EX01H; Dundon 
Consulting, 2015 and 2017). These figures indicate significant depressurisation due to mining in the 
GS, with gradually decreasing depressurisation effects through the lower Branxton Formation; and 
insignificant changes in the upper Branxton Formation.  
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3 Background data review 

3.1 Summary of publications 

Within this section, summaries of selected publications are presented in chronological order. General 
comments about each publication are presented, followed by a tabular presentation of predictions 
(if applicable) and actual impacts (if applicable) to the following: 

¶ key environmental values/receptors; 

¶ drawdown in the alluvium, Branxton Formation and the GCM; and  

¶ inflows to the underground mine. 

3.1.1 Connell Wagner (2007) ɀ Groundwater impact assessment 

Connell Wagner, 2007. Ȱ!ÐÐÅÎÄÉØ υψȢ &ÕÔÕÒÅ -ÉÎÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÒÏÕÎÄ×ÁÔÅÒ )ÍÐÁÃÔ !ÓÓÅÓÓÍÅÎÔ !ÕÓÔÁÒ 
Coal Mine. October 2007.ȱ  

This ÉÓ ÔÈÅ ȬÏÒÉÇÉÎÁÌȭ ACM groundwater impact assessment and developed the existing conceptual 
hydrogeology, including the location, extents and characteristics of the alluvium and fractured rock 
aquifers, including hydrogeological parameters applicable to the site coal, coal measures and 
overburden. The report also discussed the concept of groundwater-surface interaction and hydraulic 
isolation of the coal measures and overlying geology. 

The report also makes an important statement about hydraulic gradients and recharge of groundwater 
from adjacent abandoned mines: Section 5.3 - ȰThe hydraulic head in these collieries is significantly 
higher (~160m) than the level of the existing Austar workings, and this is responsible for most of the 
groundwater inflow to the mineȢ ȣ4ÈÉÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÏÕÒÃÅ ×ÉÌÌ ÃÏÎtinue to provide the bulk of the 
groundwater inflow to the Austar workings into the future, and this needs to be taken into account in 
determining the likely future water inflows.ȱ  

The report presents the concept that the hydraulic conductivity of the Branxton Formation, that 
separates the alluvium from the GS, is low and hence impact at the surface is likely to be low.  

Section 8 describes the assessment of groundwater inflow to the mineȢ ȰCurrently most of the 
groundwater entering the Austar mine originates from the water in the adjacent abandoned mine 
workings. Without this contribution to the mine water inflows, the groundwater inflow would be 
minimal, and in line with most other mines in the Newcastle Coalfield, which are generally reasonably 
dry.ȱ Using groundwater inflows to the A2 panel, and assuming that most of the flow comes from the 
abandoned workings (nearby Kalingo, Bellbird and Aberdare Central collieries), Connell Wagner 
(2007) estimated the hydraulic conductivity for the GS as approximately 0.1 m/d. Note that the figure 
of 0.9 m/d in page 25 of Connell Wagner (2007) should have been 0.09 m/d. The 0.1 m/day hydraulic 
conductivity at 400 m depth was further assumed to decrease to 0.001 m/day at 700 m depth. 
This assumption of reducing hydraulic conductivity with depth is valid. 

A summary of the impact assessment findings is shown in Table 3.1. 
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Table 3.1 Summary of impact assessment by Connell Wagner (2007) 

Environment Predicted impact Notes 

Subsidence 

Assumes a fractured zone height/extraction thickness 
ratio of 33 that produces a fractured zone height 
between 165 m and 231 m (with an extraction 
thickness of 5 m to 7 m). 

A conservative figure of about 231 m should be 
assumed for the fracture zone height above the stage 2 
and 3 longwall panels. As a result, the fractured zone is 
likely to be restricted to the upper part of the Greta 
Coal Measures and the lower part of the Branxton 
Formation. Large scale surface cracking will be 
unlikely over the longwall panels, given the low level 
of tensile strain predicted to occur and no impacts 
from valley bulging effects will be observed. 

Section 6. 

Alluvium 
Ȱ-ÉÎÉÍÁÌȟ ÓÉÎÃÅ ÔÈÅ ÆÒÁÃÔÕÒÅÄ ÚÏÎÅ ÁÂÏÖÅ ÔÈÅ ÍÉÎÅ ÉÓ ÎÏÔ 
expected to reach the ground surface and hence vertical 
ÄÒÁÉÎÁÇÅ ÓÈÏÕÌÄ ÎÏÔ ÏÃÃÕÒȢȱ 

 

Branxton 
Formation 

Any water-bearing zones which occur within the 
fractured zone above the GS will most likely drain into 
the mine opening during extraction of the longwalls. 
The impact of the proposed mining on the water-
bearing zone at a depth of 70 m to 100 m will be 
negligible since it is located well above the zone of 
interconnected fracturing. 

 

 

Greta Coal Seam 

Ȱ%ØÔÒÁÃÔÉÏÎ ÏÆ ÔÈÅ 'ÒÅÔÁ 3ÅÁÍ ×ÉÌÌ ÄÒÁÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ 
from the seam into the mine and lower the hydraulic 
head in the seam in the area to the south of the 
development. Since the incremental drawdown will be 
minimal, the groundwater quality is poor, the seam is 
very deep, and there are no known users of the resource, 
ÔÈÅ ÉÍÐÁÃÔ ÉÓ ÊÕÄÇÅÄ ÔÏ ÂÅ ÎÅÇÌÉÇÉÂÌÅȢȱ 

Section 7.1.3. 

Mine Inflows 

1.1 ML/d to 1.3 ML/d for Stage 2 (A3 - A5) 
 
0.54 ML/d for A6 
 
1.74 ML/d to 2.47 ML/d for Stage 3 (A7-A17) 

Section 8.2.1, using Walton 
(1983) formulae but does not 
provide input parameter values; 
hence the analysis and re-
creation of the 2007 calculations 
is not traceable. 
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