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EXECUTIVE SUMMARY 
 
Regional Hydrogeology and Groundwater Management Areas 

The Project Site is located within the Mullaley Sub-basin, which is part of the Gunnedah Basin.  
In the western part of the Project Site, the Gunnedah Basin sequence is unconformably 
overlain by the Jurassic age Surat Basin sequence.  The Jurassic and Triassic sequences are 
overlain in northern and western parts of the Project Site by Quaternary sand and talus 
material.  These alluvial channel and overbank deposits of gravels, sand, silt and clay are 
associated with the Namoi River and can reach a thickness of up to 120m. 
 
The Triassic, Jurassic and Quaternary sequences contain differentiated aquifers which have 
been defined by the Department of Natural Resources as groundwater management areas 
(GWMAs).  These are described as follows. 
 

• Great Artesian Basin GWMA (601) which is defined by the easterly extent of the 
Surat Basin sequence.  The Surat Basin is a large intra-cratonic basin covering 
approximately 270 000km2 with the southern third of the basin occupying a large 
part of northern New South Wales. 

• Gunnedah GWMA (604) which is comprised of the Permo-Triassic Gunnedah 
Basin sequence and is found in the eastern part of the Project Site. 

 
Site Hydrogeology 

Within the two regional GWMA’s identified as occurring within the Project Site, the following 
geological formations have been identified.   

GWMA Formation Lithology  Distribution 
Pilliga Sandstone Coarse uniform 

sandstone 
Found in the northwestern part of Project 
Site. 

Purlawaugh 
Formation 

Fine grained sandstone 
and siltstone 

Thickens to the west to over 90 m, absent 
in east of Project Site.  

Garrawilla 
Volcanics 

Basalt Lava Flows 0 to 40 m thick, absent to east of Project 
Site  

Great 
Artesian 
Basin 

Napperby 
Formation  

Fine grained sandstone 
and sandstone / 
siltstone laminite 

60 m to 80 m thick found over most of 
Project Site.  

Basalt Sill Basalt Up to 26 m thick in the central Project Site 
absent in the north and south.  

Napperby 
Formation below 
Sill 

Siltstone and laminite 25 m to 45 m thick found over most of 
Project Site. 

Digby Formation Conglomerate 11 m to 22 m thick found over most of 
Project Site. 

Hoskissons Coal 
Seam 

Coal Seam thins to the east, in central Project 
Site typically in 5 m to 9 m thick. 

Arkarula 
Formation 

Quartzose sandstone 
and siltstone  

Typically around 10 m thick and 
continuous over Project Site below the 
Hoskissons Coal Seam. 

Brigalow 
Formation 

Coarse sandstone and 
conglomerate. 

Interbedded and grades laterally into the 
Arkarula Formation and thickens to the 
west across Project Site from 2m to 10m. 

Gunnedah 
Basin  

Pamboola 
Formation 

Lithic sandstone, 
siltstone, claystone and 
coals 

Continuous over Project Site and ranges 
from 55 m to 75 m thick. 
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The lower four formations of the Gunnedah Basin combined are referred to as the Black Jack 
Formation.  
In addition to the hydrogeology noted above, a shallow unconfined fractured rock aquifer 
intersects a range of geological formations which subcrop under the Quaternary sediments 
across the Project Site from west to east.  The Pilliga Sandstone is not saturated within the 
Project Site. 
 
Groundwater is typically intersected at depths of 20 m to 50 m but can be as shallow as 5 m in 
more permeable areas of the Garrawilla Volcanics.  Drilling information and hydraulic testing 
indicates the Garrawilla Volcanics and Napperby Formation above the basalt sill to have 
relatively high permeability where localised fracturing was encountered.  Permeability is, 
however, variable as fracture density is not consistent across the Project Site.  Monitoring of 
the shallow groundwater bores of the Project Site suggest a northeasterly flow direction 
towards the Namoi River.  This suggests recharge to the shallow local flow systems is in the 
elevated catchment areas to the west of the Project Site and discharge would be towards the 
lower regional drainage lines.   
 
Groundwater is also encountered in a deep fractured rock aquifer at depths of 70 m to 180 m. 
Borehole packer testing of the Gunnedah Basin formations below the sill, indicated variable but 
typically low aquifer permeability. The Digby Formation in particular was found to have very 
low permeability suggesting it acts more as an aquitard to the underlying Black Jack Group 
sediments.  Groundwater flow patterns in the deeper fractured rock aquifer are likely to be 
highly heterogeneous and depend on the nature and continuity of fracturing and jointing and 
the hydraulic properties of the aquifer.  The discontinuous and infrequent nature of the 
groundwater intersections found by drilling in the deeper aquifer would suggest that the 
fracturing does not provide extensive hydraulic connections over the area but may provide 
localised preferential flow paths.  
 
Groundwater chemistry data suggests that groundwater at the Project Site is generally saline 
in the 5 000 mg/L to 15 000 mg/L TDS range over most of the Project Site with a localised 
fresher groundwater zones present.   
 
Groundwater chemistry types can be assigned based on the predominant anion. The strongly 
bicarbonate groundwater is found in a range of formations from the Garrawilla Volcanics down 
to the Black Jack Group and groundwater samples from the Black Jack Group appear to be 
predominantly bicarbonate type groundwater.  The chloride type groundwater showed a 
greater range of salinity and is predominantly associated with the Jurassic sediments and 
Gunnedah Basin Formations down to the basalt sill.   
 
The Black Jack Group groundwater is generally saline at greater than 7 000 mg/L TDS 
although fresher groundwater at 1 300 mg/L TDS was sampled from the Hoskissons Coal 
Seam.   

 
Predicted Mine Inflows 

A numerical model was used to predict mine inflows and using the base case hydraulic 
conductivity values, groundwater inflows into the mine would gradually increase to 1 300 m3/d 
over the first 22 years, reach a maximum of 2 240 m3/d at Year 24 and then decline and 
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stabilise around 1 900 m3/d to Year 50.   An increase in the hydraulic conductivity of the 
Hoskissons Coal Seam by an order of magnitude to 2E-02 results in total inflows increasing by 
approximately 30%.  Initial inflows of 100 m3/d increase to a peak flow of approximately 2 900 
m3/d at 25 years and then decrease to 2 200 m3/d at the end of mining.   
 
An increase in the hydraulic conductivity of the Arkarula Formation by an order of magnitude to 
3E-02 results in total inflows increasing by approximately 7%.  Initial inflows of 160 m3/d 
increase to a peak flow of 2 100 m3/d at 25 years and then decreased to 2 100 m3/d at the end 
of mining. 
 
Given the heterogeneous nature of fractured rock aquifers, short-term higher inflows may 
occur through localised fractures that are intersected as the mine develops.   
  

 
Impact on Surrounding Groundwater System and Registered Users  

The greatest impact from the Stage 1 development is predicted to be in the Gunnedah Basin 
formations with groundwater drawdowns in the Hoskissons Coal Seam of greater than 100 m 
restricted to within 1 km to 2 km of the underground workings after 50 years.  Drawdown 
rapidly decreases to less than 10 m around 6 km to 7 km to the west, north and south of the 
underground workings.  The drawdown extent to the east is significantly less and is limited by 
the subcrop of the coal seam.  The area of greater than 1 m drawdown in the Hoskissons Coal 
Seam is predicted to extend approximately 10 km to the west and south and 8 km to the north 
after 50 years. 
 
Drawdown in the uppermost saturated model layer, which would represent drawdown in the 
Jurassic sediments including the Pilliga Sandstone to the west and northwest of the Project 
Site, is predicted to be less than 1 m and extend generally less than 5 km beyond the 
underground workings after 50 years.  The drawdown to the east of the underground workings 
in the shallow aquifer is predicted to be between 10 m and 1 m. The shallow aquifer in this 
location is comprised of stratigraphically lower formations which subcrop on the Boggabri 
Ridge and have greater hydraulic connection with the Hoskissons Coal Seam.  
 
Based on the minimal predicted drawdown in the uppermost saturated layer after 50 years, 
any impact on deep rooted vegetation should it occur, is considered unlikely.  
 
The drawdown impact in the uppermost layer does not extend to the Upper Namoi River 
GWMA and therefore groundwater levels in the river alluvium are not predicted to be affected 
by the Stage 1 development.   
 
The predicted decline in groundwater levels after completion of the Stage 1 development 
indicates that the available drawdown in the existing registered groundwater bores within the 
Project Site which screen the Gunnedah Basin sediments may decrease by more than the 
allowable 15% and remedial action may be required.  With the exception of bore GW000014, 
the 15% criterion is predicted to be exceeded between 26 to 47 years of mine development.   
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The numerical model could not predict the mining-related drawdown in the two shallow bores 
screened in the alluvium in the Project Site.  This suggests that these bores may be influenced 
by localised flow system which impact on the water levels and cannot be simulated with the 
larger scale model.  Monitoring of the water levels in these bores will be required to 
demonstrate the saturated thickness is not reduced by more than 15% over the mine life. 
 
Registered groundwater users outside the Project Site are not predicted to have their available 
drawdown reduced by greater than 15%.  
 
 
Groundwater Monitoring and Mitigation Measures  

Given the predicted impact at the completion of Stage 1 of the project on several of the 
existing bores within the Project Site, it is recommend that all the extraction bores within the 
Project Site are regularly monitored.  Monthly monitoring of the bores for 12 months prior to the 
commencement of mining of Stage 1 of the project and then quarterly monitoring will establish 
baseline data and actual impact on static and operational groundwater levels in the extraction 
bores.  These data can be used to review impact predictions and trigger remedial action if 
reductions in available drawdown at existing supply bores exceeds 15%. 
 
If on-going monitoring of the bores indicated that the 15% criteria is likely to be exceeded, 
remedial action should be undertaken.  The remedial actions that may be appropriate for the 
deeper bores includes lowering of the pump sets, installation of pumps with higher lift if casing 
diameter allow or possibly replacement of bores to accommodate deeper, high lift pumps. For 
the shallower alluvium bores, deepening of the bores to provide a greater saturated thickness 
may be required.  It is considered unlikely that sourcing an alternate groundwater supply would 
be required as the Stage 1 development is not expected to impact on the groundwater quality 
in the registered bores and the drawdown impact is not predicted to exceed 25 m after 
50 years. In the unlikely event that remedial action does not provide the required supply, 
sourcing an alternative water supply by temporary transfers from the Namoi River alluvium 
may be another option if a suitable quality groundwater supply in Gunnedah GWMA cannot be 
provided. 
 
A groundwater monitoring and sampling program is recommended to establish baseline 
groundwater chemistry, water level data and seasonal trends.   
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1. INTRODUCTION 
 

This report presents the results of the hydrogeological review of the proposed Narrabri Coal 
Project, focusing on Stage 1, undertaken by GHD Pty Ltd (GHD) for R.W. Corkery & Co Pty 
Ltd on behalf of Narrabri Coal Pty Ltd.  The proposed Narrabri Coal Project is located within 
the Exploration Licence (EL) 6243 and is approximately 30 km southeast of Narrabri 
(Figure 1).  The Project Site occupies the northern half of EL 6243, covers approximately 
5 900 hectares and is located in primarily cleared grazing land (Figure 2).  The topography of 
the Project Site generally slopes to the east and northeast from over 300 m AHD in the 
southwest of the site to 270 m AHD in the east.   
 
The Narrabri Coal Project has been planned to proceed in two stages with Stage 1 targeting 
the resource to be mined by continuous miner (Figure 2) and Stage 2 targeting the resource to 
be potentially mined through longwall mining.  The target resource is the Hoskissons Coal 
Seam which forms part of the Permian age Black Jack Formation and is found at depths 
ranging from 160 m to 300 m beneath the Project Site.  R.W. Corkery & Co. Pty Ltd is 
managing the preparation of the Narrabri Coal Project - Stage 1 Environmental Assessment 
and this report has been prepared to assist in the preparation of, and to accompany, the 
Environmental Assessment for the project. 
 
This report reviews and presents the available hydrogeological information on the existing 
groundwater environment and groundwater usage in the region.  The results of the recent field 
investigations and groundwater sampling are also summarised in this report.  The regional and 
site hydrogeological information and results of the site investigations were then used to 
develop a hydrogeological conceptual model for the Project Site.  
 
A numerical model of the Project Site was developed to predict the impact of Stage 1 of the 
project on the groundwater systems and users in the surrounding area and determine the likely 
groundwater quality and volume of mine inflows during the proposed Stage 1 mine 
development.  A summary of the NSW State legislative framework relating to groundwater 
protection and assessment is also presented in this report. 
 
 
1.1 Project Description  
 

Stage 1 of the Project would include the following components. 
 

• Establishment of the Pit Top Area incorporating the surface infrastructure related 
to offices, workshops, amenities, crushing, stockpiling and train loading.  

• Establishment of the main drift and conveyor drift to access to the Pit Bottom 
Area. 

• Establishment of the vertical ventilation shaft for the underground workings. 

• Development of the underground workings (Figure 2) by continuous miner 
including main drives and development of initial panel roadways. 

 
The mined coal will be transported to the ROM coal stockpile via conveyor. The ROM coal will 
then be crushed, sized and stockpiled for loading of the product coal onto trains via the load-
out bin for transport to the Port of Newcastle.  
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2. REGULATORY FRAMEWORK  
 

There are a number of guidance documents for groundwater protection and assessment in 
NSW.  The key policy document is the NSW State Groundwater Policy Framework Document 
released by the then Department of Land and Water Conservation (DLWC) in 1998.  This 
document outlines the policy objectives relating to groundwater management and 
implementation strategies.  The NSW State Groundwater Policy refers to three component 
policies. 
 

• The NSW Groundwater Quality Protection Policy produced by DLWC in 1998 
which outlines the beneficial use classification system applicable to all aquifer 
systems in NSW.  The policy states that all groundwater systems should be 
managed to maintain the most sensitive identified beneficial use.  The beneficial 
uses adopted in this policy include ecosystem protection, recreation and 
aesthetics, raw water for drinking water supplies, agricultural water and industrial 
water.  For new developments, the policy also outlines the scale and scope of 
work required to demonstrate adequate groundwater protection which shall be 
commensurate with the risk the development poses to a groundwater system and 
the value of the groundwater resource. 

• The NSW State Groundwater Dependent Ecosystem Policy (DLWC 2002) 
provides guidance on how to protect and manage ecosystems that rely on 
groundwater for their survival for the benefit of present and future generations.  
Groundwater dependent ecosystems (GDE) may include terrestrial vegetation 
supported by shallow groundwater such as red gum forests, wetlands, 
ecosystems in streams fed by groundwater discharge and aquifer and cave 
ecosystems.  

• The policy on Groundwater Quantity Management has not been released but the 
principles and objectives are outlined in State Groundwater Policy and include 
the efficient, equitable and sustainable use of the States groundwater resources.  
Groundwater access must be managed such that it does not cause unacceptable 
local impacts. 

 
The draft Aquifer Interference Policy is also not currently available and the Department of 
Natural Resources (DNR) have indicated that details of this policy will be provided at a later 
stage.  The policy is understood to require that all activities or works that intersect an aquifer 
and are not for the primary purpose of extracting groundwater need aquifer interference 
approval and if the work causes a decline in groundwater quantity, an access licence will be 
required as well as the aquifer interference approval. 
 
Water sharing plans are being developed for the groundwater managements areas (GWMA) 
and are designed to provide long term environmental protection and sustainability of the 
groundwater resources as well as directing how water will be allocated and shared among the 
different water users.  Water Sharing Plans are statutory instruments created under the Water 
Management Act 2000 and apply the goals and principles of the State Groundwater Policy at 
the regional and local level.  A risk assessment approach has been adopted to prioritise the 
implementation of the policy with water sharing plans being developed for the groundwater 
systems classified as being at high risk from over extraction or contamination.   
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The water sharing plans identify the recharge component to each groundwater source or zone 
and direct how the recharge component will be allocated and shared among different water 
users.  The water sharing plans also outline the management of local impacts including 
groundwater interference and list beneficial uses of the groundwater to be protected and 
occurrence of any groundwater dependent ecosystems within the groundwater source or zone. 
 
The water sharing plans refer to the National Health and Medical Research Council (NHMRC) 
1996 Drinking Water Guidelines for drinking water beneficial use.  Other beneficial uses are 
defined by the Australian and New Zealand Environment and Conservation Council (ANZECC) 
Water Quality Guidelines 2000.   
 
 
2.1 The Groundwater Management Areas and Water Sharing Plans 
 
Sediments of the Permio-Triassic Gunnedah Basin sequence and Jurassic Surat Basin 
sequence underlie the Project Site.  The approximately north-south trending boundary 
between the Surat Basin sequence to the west and Gunnedah Basin Sequence to the east is 
defined by the easterly extent of the Garrawilla Volcanics and is located in the centre of the 
Project Site.  In the western part of the Project Site, the Gunnedah Basin sequence is 
unconformably overlain by the Jurassic age Surat Basin sequence.  The Surat Basin is a sub 
basin of the Great Artesian Basin.  
 
Three groundwater management areas have been identified within 10 km of EL6243.  These 
are shown in Figure 3 and are: 
 

• the Gunnedah GWMA (604) which is comprised of the Permio-Triassic 
Gunnedah Basin sequence and is found in the eastern part of the Project Site; 

• the intake beds of the Great Artesian Basin GWMA (601) which cover the 
majority of the Project Site to the western boundary and is defined by the easterly 
extent of the Jurassic Surat Basin sediments; and 

• the Upper Namoi GWMA (004) which is found to the north and east of the Project 
Site.  The Upper Namoi groundwater source is contained in the unconsolidated 
sediments of the Namoi River and its tributaries and is divided into 11 zones, 
each to be managed as a separate groundwater source. Zone 5 of the Upper 
Namoi GWMA (004) is found to the east of the Project Site.   

 
The Upper Namoi GWMA and GAB intake beds GWMA have been identified by Department of 
Natural Resources (DNR) as high risk aquifers (DLWC 1998a).  A draft Water Sharing Plan for 
the Great Artesian Basin has been completed but is currently being reviewed and as such has 
not been released to the public.  In 2001, the Department of Land and Water Conservation 
declared an embargo in the Great Artesian Basin in New South Wales following 
recommendation from the Great Artesian Basin Advisory Committee (GABAC).  The embargo 
prevents the issuing of new high yield industrial and irrigation bore licences, but does not apply 
to new stock and domestic bore licences.   
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A Water Sharing Plan for the Upper and Lower Namoi Groundwater Sources was released in 
2003.  Due to the limited groundwater development in the Gunnedah GWMA, development of 
a water sharing plan for this GWMA is not a high priority.  Licensing of groundwater allocations 
up to the sustainable yield estimated by DNR is continuing for areas not covered by water 
sharing plans.  
 
The NSW EPA 2003 State of the Environment Report identified groundwater use in the Great 
Artesian Basin (GAB) GWMA as exceeding 100% of the sustainable yield.  In the Gunnedah 
GWMA, groundwater use is less than 30% of sustainable yield, whereas in the Upper Namoi 
GWMA, groundwater use is 70% to 100% of sustainable yield.  
 

 

3. SITE CHARACTERISTICS 
 

3.1 Regional Geology 
 
The Gunnedah Basin forms the central part of the north-south elongate Sydney-Gunnedah-
Bowen Basin system which extends along the eastern margin of Australia and comprises rocks 
of Permian and Triassic age.  The Gunnedah Basin covers an area of approximately 
15 000 square kilometres and is comprised of a series of sub-parallel approximately north-
south trending sub basins and ridges.  The Project Site is located in the Mullaley Sub basin 
formed by the basement Rocky Glen Ridge to the west which subcrops below the Jurassic 
sequence and bounds the western margin of the Permian sequence and the Boggabri Ridge to 
the east (Figure 4).  Tadros (1988) further delineated the Mullaley Sub basin into a series of 
troughs separated by west-southwest trending structural highs.  The Project Site is located in 
the Bohena Trough bounded to the north by the Narrabri High and Walla Walla Ridge to the 
south.  In the western part of the Project Site, the Gunnedah Basin sequence is unconformably 
overlain by the Jurassic age Surat Basin sequence.  The Surat Basin is a sub basin of the 
Great Artesian Basin and is a large intra-cratonic basin covering approximately 
270 000 square kilometres with the southern third of the basin occupying a large part of 
northern New South Wales.  The Surat Basin contains Jurassic to Cretaceous fluvial, 
lacustrine and margin marine sediments.  
 
A description of the regional stratigraphy in the Project Site as described in the 1:100 000 
Gunnedah Coalfields Regional Map (Pratt 1998) and in the 1:250 000 Narrabri Geological Map 
(Geological Survey of NSW 1971) can be summarised as follows. 
 
 
Undifferentiated Quaternary Sediments   

Quaternary sand and talus material has been mapped overlying the Jurassic and Triassic 
sediments in the Project Site.  Alluvial channel and overbank deposits of gravels, sand, silt and 
clay are found to the east and northeast of the Project Site associated with the Namoi River 
and can reach a thickness of up to 120 m.  
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Jurassic Surat Basin Sequence  

• The Pilliga Sandstone is a Jurassic age braided stream deposit consisting of very 
well sorted medium to very coarse grained, quartzose sandstone with very minor 
interbeds of mudstone and siltstone. This formation constitutes the major intake 
beds and aquifers for the Great Artesian Basin groundwater system and occurs 
on the northwestern part of the Project Site. 

• The Purlawaugh Formation consists of thinly bedded, lithic, fine to medium 
grained sandstone interbedded with siltstone and mudstone.  The argillaceous 
sediments weather readily and the sandstone is noted as having low porosity and 
permeability.  The formation is terrestrial in origin representing an aggradational 
plain or extensive valley infill environment with mainly marshy and lacustrine 
deposits. 

• The Garrawilla Volcanics consists of flows of basalt and trachyte and interbedded 
pyroclastics.  Individual flows range in thickness from 1 m to 8 m and range from 
extremely vesicular to non-vesicular. The volcanics are found subcropping under 
alluvium along a north-south alignment in the central Project Site.  

 
Gunnedah Basin Sequence  

• The Mid Triassic Deriah Formation was identified by Pratt (1998) in the central 
and eastern Project Site and was described as a lithic sandstone rich in volcanic 
fragments with common mudstone clasts deposited in a fluvial environment. 

• The Mid Triassic Napperby Formation is a thick, overall coarsening upwards 
sequence of siltstone/sandstone laminite overlain by sandstone and represents a 
major regressive sequence produced by a large lacustrine deltaic system.  This 
formation subcrops under alluvium/talus material in the eastern part of the Project 
Site. 

• The Early Triassic Digby Formation is a poorly sorted lithic conglomerate alluvial 
fan deposit.  This formation is thought to subcrop under alluvium in the mine entry 
area and to the east of the Project Site. 

• The Late Permian Black Jack Group consists of the Hoskissons Coal Seam with 
subordinate layers of fine grained sandstone, carbonaceous siltstone and 
claystone.  Below the Project Site the coal seam immediately overlies the 
Arkarula Formation which is a fining upwards sequence of quartzose sandstone 
and siltstone.  The Arkarula Formation grades laterally to the west and southwest 
into the quartz rich Brigalow Formation which is characterised by medium and 
coarse grained to pebbly quartzose sandstones.  The Pamboola Formation forms 
the base of the Black Jack Group and is comprised of lithic sandstone, siltstone, 
claystone and intercalated coals including the Melville’s Coal Member which 
occurs in the lower to middle part of the Pamboola Formation. 

• The Millie Group is comprised of the Late Permian marine sedimentary rocks 
(silty sandstones, siltstone/claystone laminite) of the Watermark Formation and 
the Porcupine Formation which is a basal conglomerate and silty sandstone with 
minor siltstone deposits.  The Millie Group extends over the entire area of the 
Mullaley Sub basin. 
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• The Early Permian Bellata Group unconformably overlies the basement volcanics 
and is comprised of colluvial and alluvial sediments of the Leard Formation 
(claystone, sandstone and siltstone) and alluvial plain deposits of the Maules 
Creek Formations (carbonaceous claystone, sandstone siltstone and coals). 

• Basement of the Gunnedah Basin sequence below the Project Site is comprised 
of Early Permian rhyolitic and dacitic lavas of the Boggabri Volcanics and basaltic 
lava of the Werrie Basalt.  The Boggabri Volcanics subcrops beneath Quaternary 
sediments to the east of the Project Site on the Boggabri Ridge (Figure 4).  

 

3.2 Project Site Geology 
 
Geological cross sections have been provided by the geological consultant (Belford Dome 
Resource Assessment) and the location of two of the east-west sections are shown in 
Figure 5.  The cross sections (Figures 6 and 7) show westerly to northwesterly dipping strata 
of the Gunnedah Basin overlain by the Jurassic Surat Basin sediments.  The approximately 
north-south trending boundary between the Surat Basin sequence to the west and Gunnedah 
Basin Sequence to the east is defined by the easterly extent of the Garrawilla Volcanics and is 
located in the centre of the Project Site.  A summary of the formations, lithological descriptions 
and distribution identified from the drilling programs is presented in Table 1.  Drilling to the 
northwest of the Project Site at bore NC119D is not covered by these cross sections has 
intersected 60 m of Pilliga Sandstone overlying the Purlawaugh Formation.   

Table 1 Description of Major Geological Formations Identified in Drilling Program 

Formation Lithology  Distribution 
Pilliga Sandstone Coarse uniform sandstone Found in the northwestern part of Project 

Site. 
Purlawaugh 
Formation 

Fine grained sandstone and 
siltstone 

Thickens to the west to over 90 m, absent 
in east of Project Site.  

Garrawilla Volcanics Basalt Lava Flows 0 to 40 m thick, absent to east of Project 
Site  

Napperby Formation  Fine grained sandstone and 
sandstone/siltstone laminite 

60 m to 80 m thick found over most of 
Project Site.  

Basalt Sill Basalt Up to 26 m thick in the central Project Site 
absent in the north and south.  

Napperby Formation 
below Sill 

Siltstone and laminite 25 m to 45 m thick found over most of 
Project Site. 

Digby Formation Conglomerate 11 m to 22 m thick found over most of 
Project Site. 

Hoskissons Coal 
Seam 

Coal Seam thins to the east, in central Project 
Site typically in 5 m to 9 m thick. 

Arkarula Formation Quartzose sandstone and 
siltstone  

Typically around 10 m thick and 
continuous over Project Site below the 
Hoskissons Coal Seam. 

Brigalow Formation Coarse sandstone and 
conglomerate. 

Interbedded and grades laterally into the 
Arkarula Formation and thickens to the 
west across Project Site from 2 m to 10 m. 

Pamboola Formation Lithic sandstone, siltstone, 
claystone and coals 

Continuous over Project Site and ranges 
from 55 m to 75 m thick. 
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The geological bore logs indicate unconsolidated material was typically found to depths of 5 m 
to 10 m and weathered rock encountered from 10 m to 30 m depth.  The Deriah Formation 
mapped by Pratt (1998) has not been extensively identified in the geological logs at the Project 
Site and the Napperby Formation is considered the uppermost formation of the Gunnedah 
Basin sequence. 
 
A basalt sill up to 25 m thick has been identified across the centre of the Project Site and 
separates the Napperby Formation into the predominantly siltstone and laminate below and 
the sandstone, sandstone/siltstone laminite above the sill.  The sill was found to be heavily 
fractured in several holes.  These drill holes are concentrated on, (but not confined to) the 
northern side of the thick intersection of the sill where it is thinning rapidly to the north.  The sill 
is not found to the north or south of the Project Site.   
 
The Digby Formation is described in the geological logs as a conglomerate with pebble to 
cobble size clasts supported by a fine to coarse cemented sandstone matrix. It has also been 
observed in some holes to have clay matrix.  
 
The Hoskissons Coal Seam thins to the east towards the Boggabri Ridge and is found at 
depths of 160 m in the east of the Project Site dipping down to over 300 m to the west.  The 
Arkarula Formation described as a fine to medium grained, high strength sandstone is 
identified in the geological logs as underlying the Hoskissons Coal Seam although siltstones 
are also identified in some logs as overlying and underlying the coal seam.  It is approximately 
10 m thick across the Project Site.   
 
The Brigalow Formation is described as a granule sized conglomerate and coarse sandstone 
in bores over the western side of the Project Site. The Brigalow Formation is interbedded and 
grades laterally with the Arkarula Formation and varies in thickness from 2 m on the eastern 
boundary of the EL to approximately 10 m on the western boundary.  The thickness of the 
Pamboola Formation is estimated to range between 55 m and 75 m across the Project Site. 
 
 
3.3 Published Maps and Hydrogeological Information  
 
Published hydrogeological maps that cover the Project Site include “1:1 000 000 Hydrogeology 
of the Darling River Drainage Basin” map published by Australian Geological Survey 
Organisation (AGSO, 1995), jointly produced by the then NSW Department of Land and Water 
Conservation and Queensland Department of Primary Industry, and the 1:250 000 Narrabri 
Hydrogeological Map published by NSW Department of Water Resources.   
 
The 1:1 000 000 hydrogeological map shows the groundwater quality in the Jurassic 
sandstones and shales of the Surat Basin in the western part of the Project Site as fresh at 
less than 500 mg/L total dissolved solids (TDS).  The potentiometric contours in the Jurassic 
sediments show the regional groundwater flow direction to the northwest towards the central 
part of the Surat Basin.  
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To the east of the Project Site, the groundwater quality in the Permio-Triassic consolidated 
sandstones and shales of the Gunnedah Basin sequence is saline in the range of 3 000 mg/L 
to 7 000 mg/L TDS.  The potentiometric contours show groundwater flow direction in the 
Permio-Triassic sediments is to the east towards the Namoi River.  The divide between the 
fresh and saline groundwater corresponds with the extent of the Pilliga Sandstone. 
 
The Narrabri Hydrogeological Sheet (1:250 000) published by the Department of Water 
Resources in 1988 provides better definition of the hydrogeology of the Project Site and shows 
the majority of the Project Site is mapped as Jurassic (Purlawaugh Formation) shale, siltstone, 
minor sandstone and coal and are rarely considered to be aquifers.  Groundwater salinity in 
the shales is in the range of 3 000 mg/L to 7 000 mg/L, and is noted as suitable for most 
livestock.  Groundwater yield in the Jurassic shales is generally less than 0.5 L/s.  A small area 
of Gunnedah Basin sequence is mapped in the southeast corner of the Project Site and has 
similar groundwater chemistry and yield as described above.   
 
On the western boundary of the Project Site, the elevated ridges are mapped as GAB 
sandstone aquifers (Pilliga Sandstone) with a groundwater salinity of less than 500 mg/L TDS 
and yields in the range of 0.5 L/s to 5 L/s.  The regional groundwater flow direction in the 
Pilliga Sandstone is to the northwest.  On the Project Site the sandstone aquifer is shown as 
restricted to the three elevated ridges that extend up to 3 km from the western boundary. The 
geological consultant suggests that the extent of the Pilliga Sandstone in the Project Site is 
only approximately half of what is shown in the regional geological maps with the boundary 
between the Pilliga and Purlawaugh Formations being located approximately 1 km to the west 
of what is shown in Pratt (1998) and Geological Survey of NSW (1971).   
 
 
3.4 Regional Hydrogeological Investigations 
 
The Murray Darling Basin Commission (MDBC) “Murray Darling Basin Status Report” 
produced by Ife & Skelt (2004) identified the Surat Basin Jurassic sediments in the Project Site 
as part of the Great Artesian Basin Southern Recharge Groundwater Management Unit which 
corresponds to the DNR GWMA 601 Intake beds of the GAB.  The Gunnedah Basin sediments 
were identified as local groundwater flow systems in fractured rock and not assessed in the 
MDBC report.   
 
Several groundwater investigations have been completed in the Gunnedah Basin sediments 
within and to the south of the Project Site. The most recent of these was completed by Water 
Resources Consulting Services (1997) and assessed the bicarbonate occurrence in 
groundwater in the Baan Baa area. The regional groundwater flow directions in the Permio-
Triassic units is described as recharging where the formation subcrop on the basement ridges 
and is likely to become part of a local drainage pattern with discharge to the land surface or 
overlying alluvials.  The water entering the Jurassic sandstone outcrops of the Surat Basin is 
described as moving down gradient, which will generally be down dip, towards various outlets 
in the Surat Basin and GAB.  The report concluded that the high bicarbonate groundwater was 
located along the outcrop of Permio-Triassic sedimentary rocks on the eastern margin of the 
Bohena Trough.  The report indicates that the likely source of the bicarbonate is the coal 
seams, particularly the presence of the mineral dawsonite filling minor vertical fractures in the 
coal.   
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An earlier groundwater investigation conducted by ICI in 1973 in the Baan Baa region 
described the Permian coal measures as heavily cemented and very low porosity and virtually 
no permeability except where fractures are developed. Fracturing in the coal was highly 
variable and the small quantities of mineralised groundwater the fractures contained, was of 
extremely poor quality and unsuitable for crop or stock use.  Four pumping tests were carried 
out as part of this investigation, one of which was on bore GW017215 at the “Greylands” 
property in the northeast of the Project Site. The results indicated an aquifer transmissivity of 
0.22 m2/d.  The bore tested was originally drilled to the Pamboola Formation but has since 
collapsed back to 50.9 m depth at the time of testing and the remaining open hole section is 
likely to intersect the Napperby Formation.  The results are likely to be indicative of this 
formation.  Bore GW038662 was also drilled on the “Greylands” property as part of this 
investigation and intersected flows of 0.95 L/s of stock quality groundwater from 19 m and 
0.13 L/s of sodium bicarbonate water at 128 m just above the Melvilles Coal Seam.  
 
Numerous oil and gas exploration wells have been drilled to the west of the Project Site in the 
thicker sequences of the Mullaley Sub basin. The open file well completion reports on the 
NSW Department of Primary Industries (Minerals) database were reviewed for relevant 
hydrogeological information. The 1983 Consolidated Petroleum Report contained structure 
contour plans and stratigraphic interpretations of numerous wells, some of which were used in 
defining groundwater model layers beyond the Project Site.  A summary of hydraulic testing 
results from the exploration wells are shown in Table 2. 
 

Table 2 Summary of Permeability Data from Petroleum Wells in the Region 

Exploration Wells Test Depth Formation Tested Permeability (m/d) 

Bohena 2 DST6* 580 m Digby Formation 6.34E-02 

Bohena 2 DST1* 671.4 m Hoskissons Coal Seam 2.09E-04 

Bohena 6 DST*** 671 m Hoskissons Coal Seam 1.67E-04 

Wilga Park 1 DST** 422 Black Jack Group (Sandstone) 
above Hoskissons Coal Seam 

1.38E-01 

Coonarah 1A DST*** 516 Hoskissons Coal Seam and 
Arkarula Formation 

2.50E-03 

Sources : * Forcenergy 1988, **Hartogen Energy 1985, *** Supplied by Eastern Star Gas 

 

3.5 Surface Water Information 
 
Several creeks are found on the Project Site and flow to the east and northeast towards the 
Namoi River.  Pine Creek is located in the northern part of the Project Site and Kurrajong 
Creek in the southern and central part.  Flow in the creeks is intermittent and no data on flow 
volumes or water quality is currently available for these creeks.  The elevated ridge to the west 
of the Project Site forms a local surface water divide with the catchments to the west of the 
divide draining to the west towards Jack Creek and north to the Namoi River.   
 
The Namoi River is between 3 km and 8 km to the east and northeast of the Project Site.  The 
Project Site is within the Namoi Catchment Management Authority Area. 
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The surface water consultant for the Narrabri Coal Project, W R M Water and Management, 
made the following observations after inspecting the Project Site after a rainfall event. 
 

• No evidence of baseflow in the creeks was observed.   

• Erosion in the creek beds was noted indicating significant flow velocities do 
occur.   

• No wetlands were observed within the Project Site during the inspection. 

• It was noted that there were numerous farm dams on the Project Site which 
collected surface runoff from rainfall events and could act as localised recharge 
sources to the water table. 

 
 
3.6 Project Site Groundwater Data 
 
3.6.1 Exploration Data Sets 
 
A review of 37 Earth Data bore logs provided by the geological consultant was conducted and 
six groundwater intersections were noted in the logs.  No information on the flow volumes was 
recorded.  In addition to the Earth Data logs, information on groundwater intersections from the 
remaining exploration holes was provided to GHD and showed that a total of 27 intersections 
were recorded generally with qualitative data on flow rates.  At several boreholes with 
significant groundwater intersections, airlifted groundwater flows over a V notch weir were 
recorded and the calculated flow rates ranged from 0.13 L/s to 0.78 L/s.  A significant inflow 
was noted as greater than 500 L/h (0.14 L/s) and therefore minor flows could be assumed at 
less than 0.1 L/s.  Only one moderate flow (>0.1 L/s, <0.14) was recorded.  Ten groundwater 
samples were collected from bores with significant inflows and the groundwater chemistry 
analysed.  This is further discussed in Section 4.3.  In total, 33 groundwater intersections were 
noted during the exploration drilling of approximately 98 boreholes and are shown in 
Appendix A.  Of these, 22 (67%) were struck between 5 m and 45 m depth, 4 (12%) between 
50 m to 75m depth and 7 (21%) at greater than 100 m depth.  Of the intersections with flow 
rates greater the 500 L/h, 72% were recorded at depths above 50 m.  The geological 
consultant has indicated that the groundwater intersections were typically associated with 
fracturing and the aquifers beneath the Project Site are laterally discontinuous (Belford Dome, 
2007).  The discontinuous nature of the groundwater inflows was demonstrated at NC95 which 
had significant inflow and the hole collapsed where as holes NC94 and NC96, approximately 
50 m to the north and south, were dry. 
 
A summary of the groundwater intersection data from the exploration drilling is contained in 
Table 3 and shows groundwater flows described as significant were intersected in all 
formations above the Digby Formation with the Napperby Formation (above the sill) having the 
most numerous significant intersections.   
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Table 3 Summary of Groundwater Information from Exploration Data 

Formation Groundwater 
Intersections in 

logs 

Description of Groundwater Inflow Rates* 

Purlawaugh 
Formation 

10 2 not recorded, 5 minor, 1 moderate, 2 significant 

Garrawilla Volcanics 6 1 minor, 1 moderate, 4 significant 

Napperby Formation  10 2 not recorded, 1 minor, 7 significant 

Basalt Sill 4 1 not recorded, 3 significant 

Napperby Formation  
(below Sill) 

3 1 not recorded, 2 significant 

Digby Formation 0 No inflows recorded 

Hoskissons Coal 
Seam 

0 No inflows recorded 

Arkarula / Brigalow  / 
Pamboola Formations 

0 No inflows recorded 

Note Saturated Pilliga Sandstone not struck, * Significant >0.14 L/s, Moderate 0.14 to 0.1L/s, Minor <0.1 L/s  

 
Figure 5 shows the location and qualitative flow data for the groundwater intersections and 
geological boundaries from 1:250 000 Narrabri Geological Map and shows the following. 
 

• Groundwater intersections in the Purlawaugh Formation are typically between 
30 m and 50 m and the significant inflows are in the vicinity of NC37 and 
groundwater monitoring bore GWB5S. 

• The groundwater inflows in the Garrawilla Volcanics ranged in depth from 4 m to 
42 m and three of the four significant inflows are in the drift area. 

• Six of the eight significant Upper Napperby Formation groundwater intersections 
occurred at less than 50 m depth along a distributed north-south alignment where 
the formation occurs at shallow depths.  

• Fewer intersections were recorded in the sill and are generally at greater depths 
with no trend in their distribution.    

• Only 3 intersections were recorded in the Napperby Formation (below the sill) two 
of which demonstrate high inflows measured at 0.45 L/s and 0.78 L/s at depths of 
32 m and 138 m respectively.   

• No saturated Pilliga Sandstone has been encountered in the Project Site.  This 
includes drilling along the western boundary in areas mapped as GAB sandstone 
aquifers (Pilliga Sandstone) on the 1 250 000 Narrabri Hydrogeological Map. 

 
No groundwater intersections were recorded in the Digby Formation, Hoskissons Coal Seam 
and Arkarula Formation but as the first significant flow encountered during drilling was in 
formations above these, deeper groundwater flows would be difficult to detected unless they 
increased the flow volume significantly.  It is therefore possible that minor flows in these 
formations may not have been detected.  
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3.6.2 DNR Groundwater Bores Data  
 
A search of the DNR groundwater bore database was completed for a 5 km distance from the 
Project Site boundary.  The bore construction details and groundwater data for the registered 
groundwater bores within 5 km of the Project Site boundary, excluding the Namoi River 
alluvium bores, are summarised in Table 4.  
 
The registered bores within 5 km of the Project Site fall into four categories. 
 

• Eleven groundwater bores are registered to the west and northwest of the Project 
Site for domestic, stock and general purposes of which, two are replacement for 
bores drilled in 1938.  These bores are likely to screen the Pilliga Sandstone and 
possibly other deeper Jurassic sediments.  The bore yields were between 0.1 L/s 
and 0.8 L/s and groundwater quality was consistently described as good.  The 
standing water levels varied between 50 m to 80 m below ground level close to 
the Project Site to typically between 30 m to 40 m depth further to the northeast.  

• Five groundwater bores are registered to the south of the Project Site for stock 
and domestic purposes and screen a range of formations down to the basement 
volcanics.  These bores have low yields of less than 0.25 L/s and standing water 
levels vary between 10 m and 40 m below surface.   

• Two bores are registered for stock and domestic purposes to the north of the 
Project Site and are likely to screen Gunnedah Basin sediments.  Groundwater 
quality is described a very salty and the only recorded yield is 0.63 L/s. 

• Numerous bores are registered in the Quaternary alluvium in the Namoi River 
valley as shown in Figure 8.  These bores are not presented in the Table 4 but 
are typically shallow bores screened over the Quaternary alluvium used for 
domestic, stock and irrigation purposes.  Some of the deeper irrigation bores are 
up to 80 m deep and have recorded yields of up to 90 L/s.  

 
Thirteen groundwater bores are registered within the Project Site, mainly for domestic and 
stock purposes, with three of these having been backfilled.  Two registered bores were drilled 
for groundwater exploration purposes as part of the ICI drilling program.  The DNR data shows 
groundwater quality to be saline between 7 000 mg/L and 10 000 mg/L TDS in those bores 
which intersected groundwater in the Pamboola Formation and up to 15 000 mg/L TDS in 
inflows from the Melvilles Coal Seam.  Two relatively shallow bores at the “Claremont” property 
within the Project Site screen the Garrawilla Volcanics.  Groundwater quality is described as 
good in one of these bores and a relatively high yield of 2.75 L/s and shallow standing water 
level of 5 m was recorded.  
 
DNR also provided bore hydrographic data and time series groundwater chemistry data for 
groundwater monitoring bores within 5 km of the Project Site.  However, all of the groundwater 
monitoring bores were located in the Namoi River alluvium and the data was not considered 
relevant for this report. 
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Table 4 DNR Registered Bores and Groundwater Data 
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4. SITE INVESTIGATIONS 
 
4.1 Groundwater Monitoring Bores 
 

Thirteen groundwater monitoring bores were constructed at nine locations within the Project 
Site as shown in Figure 9.  A summary of the bore construction details is shown in Table 5.  
Determination of formations screened at sites NC monitoring bores are based on geological 
logs provided by Earth Data.  The geological interpretations at GWB5, GWB4 and NC119 were 
provided by the geological consultant.  

Table 5 Groundwater Monitoring Bore Construction Details 

Bore ID Bore 
depth*  

Screen from Screen to Formation Screened 

NC100S 30 24 30 Garrawilla Volcanics 

NC100D 78 72 78 Napperby Formation above sill 

NC98S 30 24 30 Garrawilla Volc/Napperby Formation 

NC98D 90 84 90 Napperby Formation above sill 

NC30S 50 44 50 Napperby Formation (no sill at bore site) 

NC30D 130 118 130 Napperby Formation (no sill at bore site) 

GWB4S 63 57 63 Purlawaugh Formation 

GWB5S 30 24 30 Purlawaugh Formation 

NC119S 56 47 56 Purlawaugh Formation 

NC119D 146 137 146 Garrawilla Volcanics 

NC122 146 143 146 Hoskissons Coal Seam 

NC123R 187 184 187 Pamboola Formation  

NC127 162 159 162 Arkarula Formation 

* All depth in metres 

 
The six deep monitoring bores were installed in exploration boreholes. In bores NC30D and 
NC100D, the boreholes were to be grouted back to 5 m below the screen depth and a 
minimum of 5 m sand placed over the grout to adequately seal off the lower formations. In the 
case of NC100D when the casing was run the hole was found to have collapsed to 75 m 
depth.  Sampling at this site indicated grout had risen up into the screens probably in response 
to the collapsing formation.  This bore is no longer functional and it is recommended that it be 
decommissioned.  In the deeper NC122, NC123R and NC127 monitoring bores, PVC casing 
was cemented over the shallower formations and 50 mm PVC screens installed from the 
surface to the target depth.  
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Shallow bores monitoring the water table aquifer were drilled adjacent to four of the deeper 
bores to provide some information on the vertical hydraulic gradients and variations in 
groundwater chemistry. All monitoring bores were constructed with 50 mm, 0.5 mm factory 
slotted screw threaded class 18 PVC with quartz sand gravel pack extending a minimum of 
2 m above the top of the screen. A bentonite seal was then placed above the gravel pack in all 
the shallow bores. 
 
Groundwater standing water levels (SWL) in the monitoring bores have been measured prior 
to permeability testing and sampling.  Robert Carr and Associates (RCA) also monitored SWL 
levels in all bores as part of the February 2007 field investigations.  The reduced water levels 
(RWL) were calculated from the bore survey data.  The survey data, SWL and RWL data are 
shown in Appendix B.  Figure 10 shows the RWLs monitored since April 2006.  Bores 
NC119D and NC30D and to a lesser extent NC98D, show a significant rise in water levels after 
the initial reading suggested very slow recovery in these bores after installation.  Figure 11 
shows the RWLs in the shallow water table aquifer measured across the Project Site in 
February 2007 and Figure 12 shows the RWL for measured in the Black Jack Group 
groundwater monitoring bores and formation pressures measured in the Sigra testing. 

 

4.2 Hydraulic Testing at Site 
 
4.2.1 Monitoring Bore Permeability Testing 
 
GHD and RCA completed falling and rising head permeability tests on the groundwater 
observation bores constructed at the Project Site in March 2006 and February 2007 
respectively.  For the GHD testing, a solid bailer was inserted into the bore displacing the 
groundwater level and the falling heads recorded by a digital datalogger.  The results were 
analysed using the Bouwer Rice Method for unconfined aquifers for the shallow holes and the 
confined aquifer method for the deeper holes. 
 
The results are summarised in Table 6 and the bore test analysis shown in Appendix C.  The 
deep bore at NC100 was not tested due to suspected grout in the screens and the deep bore 
at NC30 was unable to be tested as the datalogger cables could not extend to the deeper than 
expected standing water level of 67m below ground level.  Subsequent RCA monitoring of this 
bore recorded SWL of 18 m indicating very slow recovery of water level that suggests a very 
low hydraulic conductivity of the screened formation.  Similarly, bore NC119D, which was not 
tested, displays a slow recovery indicating low hydraulic conductivity of the volcanics at this 
location.  RCA monitoring of NC100D showed water levels have remained below 57 m.  To 
assess if this bore is functioning it is recommended this bore be purged and the recovery in 
water levels monitored and a groundwater sample obtained and analysed.  
 
The results show the hydraulic conductivity of the Purlawaugh Formation to be variable 
ranging from 1.08E-03 m/d to 4.09E-01 m/d with a geometric mean of 1.1E-02 m/d. The higher 
results occurred in an area where several significant groundwater inflows were noted from the 
exploration boreholes, possibly suggesting this area to be more fractured than elsewhere in 
the formation.  The Napperby Formation typically had low hydraulic conductivity with a 
geometric mean of 1.06E-03 m/d.  The Garrawilla Volcanics has a mean hydraulic conductivity 
of 5.65E-02 m/d (assuming it is the major contributing formation at NC98S where the screens 
extend into the underlying Napperby Formation).   
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Table 6 Falling Head Test Results 

Bore ID Hydraulic Conductivity  (m/day) Formation 

NC100S 4.72E-02 Garrawilla Volcanics 

NC98D 1.60E-03 Napperby Formation above sill 

NC98S 6.77E-02 Garrawilla Volc/Napperby Fm (above sill) 

NC30S 7.00E-04 Napperby Formation (no sill at bore site) 

GWB4S 1.08E-03 Purlawaugh Formation 

GWB5S 4.09E-01 Purlawaugh Formation 

NC122 8.64E-03 Hoskissons Coal Seam 

NC123R 2.07E-03 Pamboola Formation 

NC127 1.21E-02 Arkarula Formation 
 
The results for the hydraulic testing completed by RCA in 2007 are shown in Appendix C and 
indicates that hydraulic conductivity varied by an order of magnitude with the Pamboola 
Formation showing the lowest hydraulic conductivity and Arkarula Formation the highest of the 
Black Jack Group tests. 
 
 
4.2.2 Sigra Permeability Testing 
 

Sigra conducted seventeen drill stem tests (DST) on eight core holes and the results contained 
in the Sigra 2006a and 2006b reports are shown in Table 7.  No groundwater inflows were 
recorded in the drilling of NC93, NC100, NC110, NC111, NC114 and NC115, and only minor 
shallow inflows assumed to be in the Purlawaugh Formation were encountered at NC99.  
Drilling at NC98 encountered significant inflows in the top part of the borehole and five tests 
were completed in various depths.  The core samples down to and including the sill at NC98 
were observed by Sigra to be highly weathered and fractured.   
 
The results of the four tests completed over the Hoskissons Coal Seam and Arkarula 
Formation show the units to have a permeability ranging from 1.26E-02 m/d to 3.67E-05 m/d 
with a geometric mean of 1.67E-03 m/d.  Four additional tests were completed spanning the 
coal seam, mine floor and a small section of the Digby Formation.  With the exception of NC 
111 DST with a permeability of 1.00E-02, the results of the four additional tests fell within the 
range described above.  The geometric mean calculated from all of the eight tests which 
spanned the Hoskissons Coal Seam was 2.43E-03 m/d. 
 
The discrete tests completed in the Arkarula and Brigalow Formations show significantly higher 
permeability for the Brigalow Formation at 1.0E-01 m/d compared to 1.17E-05 m/d for the 
Arkarula Formation.  
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Table 7  Summary of Sigra DST test results 

Test ID Bore ID Depth Formation K *       
(m/day) 

Comments 

DST 61 NC93 301.1 to 313.4 Hoskissons Coal 
Seam / Arkarula 
Formation 

4.21E-03 Formation Pressure RWL 
252.5 m AHD 

DST 65 NC99 179.8 to 210.3 Hoskissons Coal 
Seam / Arkarula 
Formation 

1.26E-02 Formation Pressure RWL 
250.2 m AHD 

DST 68 NC100 147.4 to 130.0 Dolerite Sill 9.17E-05 Negligible Inflow 
Formation Pressure RWL 
261.8 m AHD 

DST 71 NC100 147.5 to 177.3 Napperby Formation 
below sill  

8.34E-06 Negligible Inflow 
Formation Pressure RWL 
248.8 m AHD 

DST 73 NC100 174.6 to 195.0 Digby Formation 9.17E-05 Negligible Inflow 
Formation Pressure RWL 
266.9 m AHD 

DST 78 NC100 197.9 to 212.5 Hoskissons Coal 
Seam / Arkarula 
Formation 

4.00E-03 Formation Pressure RWL 
265.8 m AHD 

DST 80 NC 98 9.7 to 24.0 Garrawilla Volcanics Approx 
8.34E+00 

Fast Recovery very High 
permeability 

DST 82 NC 98 26.1 to 92.4 Sill / Napperby 
Formation /Garrawilla 
Volc 

8.01E-01 Fast Inflow High 
Permeability 

DST 84 NC 98 94.3 to 117.1 Dolerite Sill 8.34E-01 Fast Inflow, High 
Permeability  

DST 88 NC 98 147.8 to 165.5 Digby Formation 1.42E-04 Negligible inflow 
Formation Pressure RWL 
256.2 m  AHD 

DST 92 NC98 161.5 to 174.1 Hoskissons Coal 
Seam / Arkarula 
Formation 

3.67E-05 Approx Formation 
Pressure RWL 252.7m 
AHD 

DST 1 NC 110 310.1 to 327.1 Digby Formation 
/Hoskissons Coal 
Seam / Brigalow 
Formation 

1.92E-02 Formation Pressure RWL 
261.5 mAHD 

DST 1 NC 111 154.4 to 174.0 Digby Formation 
/Hoskissons Coal 
Seam / Arkarula 
Sandstone 

1.00E-02  Formation Pressure RWL 
262.4 mAHD 

DST 1 NC 114 356.3 to 368.5 Digby Formation 
/Hoskissons Coal 
Seam / Arkarula 
Sandstone 

4.09E-04 Formation Pressure RWL 
271.1 m AHD 

DST 2 NC114 368.0 to 372.2  Brigalow Formation 1.00 E-01 Formation Pressure RWL 
268.5 m AHD 

DST 1 NC 115 157.7 to 165.3 Digby Formation 
/Hoskissons Coal 
Seam / Arkarula 
Sandstone 

1.96E-03 Formation Pressure RWL 
258.0 m AHD 

DST 2 NC 115 166.3 to 171.3 Arkarula Formation 1.15E-05 Formation Pressure RWL 
258.9 m AHD 

* Note Sigra results adjusted to show permeability over tested section. 
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The two tests completed in the Digby Formation had negligible inflows with a geometric mean 
permeability of 1.14E-04 m/d.  This is consistent with Sigra descriptions of the core which 
described the conglomerate to be cemented with a clay or sand matrix.  One test was 
completed in the Napperby Formation below the sill at NC100 also had a negligible inflow 
indicating a very low permeability estimated to be less than 8.34E-06 m/d.   
 
Two tests were completed in the sill with the results ranging from 9.17E-05 m/d at NC100 to 
8.34E-01 m/d at NC98, where the sill was observed to be highly fractured and weathered.  
DST82 at NC98 tested a range of formations from the top metre of the sill, the whole of the 
overlying Napperby Formation to the lower 2m of the Garrawilla Volcanics.  The test results 
indicated a high permeability of 0.8 m/d but it is difficult to attribute this result to one particular 
formation due to the long test length. The highest permeability result was recorded for the 
Garrawilla Volcanics at 8.34 m/d at NC98.  
 
The GHD falling head test results at NC98 are significantly lower than the Sigra results and 
this is likely to be due to the groundwater monitoring bores only testing discrete 6 m lengths of 
the strata which appear not to have intersected the significant fractures which the much larger 
Sigra tests appears to have covered.   
 
 
 
4.2.3 Core Permeability Testing 
 
Core samples from Digby, Hoskissons Coal Seam, Arkarula, Brigalow and Pamboola 
Formations were collected from the recent drilling of bores NC123R, NC125, NC126 and 
NC127.  Samples were analysed by CSIRO for permeability to provide information on 
contrasts in permeability of matrix material for different formations.  It is recognised that core 
results underestimate the in-situ permeability of the formations as the influence of fractures 
and joints are not included and for this reason, the core permeability results were not included 
in assessing the hydraulic conductivity values used in the groundwater modelling.  The core 
results do however provide an indication on the relative permeability of the different formation 
material and along with the lithological description can assist in verifying the results of the 
hydraulic testing.   
 
The results contained in Appendix D show lowest average permeability of the formation 
material was recorded for the Digby Formation at 8.2E-07 m/d with the Hoskissons Coal 
Seam, Arkarula and Pamboola Formations also showing low permeability results in the range 
of 1.7 E-05 m/d to 1.7E-06 m/d.  The average Brigalow Formation permeability was several 
orders of magnitude higher at 1.1E-03 m/d.  This is consistent with the Sigra testing which 
found a relatively higher permeability for this formation compared to the other Black Jack 
Group sediments and the coarser grained nature of the formation.  In summary, the ranking of 
the core permeability results corresponds to the ranking of hydraulic testing data with the 
Digby Formation having the lowest permeability and Hoskissons Coal Seam and Arkarula 
Formation being similar and an order of magnitude higher and the permeability of the Brigalow 
Formation two orders of magnitude higher again. 
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4.3 Groundwater Chemistry from Exploration Boreholes and Other 
Investigations 

 
A total of 10 groundwater samples obtained during the exploration drilling program have been 
analysed for pH, electrical conductivity (EC), major ions and metals (As, Cd, Cr, Cu, Ni, Pb, 
Zn, Hg).  Two samples were also analysed for iron and manganese concentrations.  The 
complete exploration drill hole groundwater chemistry results are contained in Appendix E.  
 
Also shown in Appendix E are the results from the 1997 Water Resources Consulting 
Services New Ind report which sampled 6 existing supply bores within 5 km of the Project Site. 
BBH1 plots at the same location as bore GW966836 and BBH2 is likely to be from GW022595, 
both existing bores on the “Claremont” property.  The DNR data, which is limited to TDS 
results are also included. 
 
Groundwater quality data from the testing at Bohena 6 and Wilga Park 1 were provided by 
Eastern Star Gas and are included to provide an indication of regional groundwater quality in 
the Hoskissons Coal Seam to the west of the Project Site.  Similarly, groundwater analysis 
from the Hoskissons Coal Seam from the proposed Sunnyside Mine approximately 60 km 
south of the Project Site was provided by Whitehaven Coal Mining Pty Ltd and is also shown in 
Appendix E. 
 
 

4.4 Groundwater Sampling of Monitoring Bores 
 
Eight groundwater monitoring bores constructed within the Project Site were sampled and 
tested by GHD in March 2006. The groundwater samples were sent for analysis to ALS 
Environmental, a NATA registered laboratory.  All bores with the exception of NC30D were 
purged prior to sampling using a submersible Bennett Pump and the groundwater pH, EC, 
temperature and dissolved oxygen (DO) monitored during purging.  Once the field chemistry 
parameters stabilised, a groundwater sample was obtained and stored in a chilled esky until 
delivery to the laboratory.  A summary of the field chemistry results is shown below in Table 8.  
Due to the very deep standing water level of 67 m below ground level at NC30D and limitation 
of the sampling pump hose length, this bore was purged and sampled by bailing. 
 
Bore NC119D was sampled by RCA in September 2006 and bores NC122, NC123R, and 
NC127 were sampled and tested by RCA in early 2007.  The volume of groundwater removed 
from NC122 was restricted to approximately 150 L due to time limitations and it is considered 
by RCA that due to incomplete development and purging of this bore, the results may have 
been influenced by the water injected during drilling of the bore.  It is recommended that this 
bore be resampled after field chemistry parameters have stabilised to confirm groundwater 
chemistry.  It was also noted by RCA that considerably more groundwater was purged from 
bore NC127 prior to sampling on the 11 January and therefore the laboratory results presented 
in report ES0700503 are considered more representative of groundwater chemistry at this bore 
compared to the later results in report ES0702204 contained in Appendix F.  
 
The sample appearance and high pH and carbonate results from bore NC100D indicated it 
may have been affected by grout during bore construction and is not included in the analysis of 
the results discussed in Section 4.5.  The groundwater samples were analysed for EC, TDS, 
major ions and metals (As, Cd, Cr, Cu, Pb and Zn) concentrations. All groundwater sampling 
results are summarised in Appendix E and laboratory reports contained in Appendix F.   
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Table 8 Groundwater Level Monitoring data and Field Chemistry 

Bore ID pH EC (µS/cm) Temp (C) Dissolved Oxygen (%) 

NC100S 6.72 4 670 23.3 NA 

NC100D* 8.80 2 980 22.6 NA 

NC98S 6.85 1 229 23.0 3.08 

NC98D 7.32 2 630 22.7 0.17 

NC30S 6.65 3 490 22.4 0.22 

NC30D 7.77 2 290 21.5 2.29 

GWB4S 7.91 1 150 23.2 0.76 

GWB5S 6.25 22 580 24.4 1.60 

NC119D 8.46 2 380 19.2 3.58 

NC122 7.78 5 000 24.2 NA 

NC123R 6.59 10 800 24.5 0.3 

NC127 6.86 11 900 23.7 0.74 

* bore may have been affected by grout during installation 

 

The ALS quality control criteria are shown in Appendix F with the chain of custody 
documentation for the groundwater sampling.  The QA/QC program includes duplicates, 
method blanks and laboratory spikes.  All duplicates were within 30% Relative Percent 
Difference (RPD), with the exception of one cadmium and iron analyses where the high RPD 
was due to the very low concentrations detected and one hydroxide analysis which was close 
to the 30% criteria.  All method blanks were below detection limits and the spike recovery 
results within acceptable criteria of 70% to 130%.  The samples were analysed with the 
required sample holding time with the exception of pH which was monitored at the time of 
sampling using a multiprobe field instrument.  The ionic balance for each sample is shown in 
the laboratory reports and for 12 of the 13 samples was within 10%.  The ionic balance for the 
remaining sample form NC127 is 11.4%, marginally exceeding the typically adopted criteria of 
10%. 
 

4.5 Analysis of Groundwater Chemistry Results  
 
The results from the groundwater sampling in the Project Site show the groundwater pH to be 
in the neutral to slightly alkaline range.  Groundwater EC was recorded for exploration and 
New Ind groundwater samples and a total dissolved solids (TDS) calculated using a 
conversion factor of 0.6 for EC up to 20 000 EC and 0.65 for groundwater over 20 000 EC. 
Both TDS concentration and EC were analysed by ALS for the groundwater monitoring bores 
sampled in March 2006.  The results show the conversion factors for these samples ranged 
from 0.57 to 0.67 in six of the eight samples, which is typical of groundwater.  In the remaining 
two samples, the EC to TDS conversion ranged from 0.95 to over 1 indicating other factors are 
influencing the groundwater chemistry and therefore the typically adopted conversions may not 
be applicable in all cases.  It is therefore recommended TDS analyses are included in all future 



SPECIALIST CONSULTANT STUDIES 2 - 31 NARRABRI COAL PTY LTD 
Part 2:  Groundwater Assessment Narrabri Coal Project 
 Report No. 674/05  
 

GHD Pty Ltd 

sampling.  TDS concentrations were determined to allow a comparison to the beneficial uses 
of the aquifer of which TDS is typically a key parameter.  The range of groundwater pH and 
TDS results for each formation are shown in Table 9.  No saturated Pilliga Sandstone was 
intersected within the Project Site and therefore no groundwater chemistry data is available.   
 

Table 9 Summary of Groundwater Chemistry Data 

Formation Number of Samples Groundwater pH Groundwater TDS 
(mg/L) 

Purlawaugh Formation 4 6.25 – 8 1 140 – 16 250 

Garrawilla Volcanics 6 6.27- 8.1 684 – 11 400 

Napperby Formation 6 6.65 – 7.9 708 – 10 200 

Basalt Sill 3 7.4 – 8.7 1 860 – 16 250 

Napperby Formation     
(below Sill) 

1 7.8 8 310 

Digby Formation 0 - - 

Hoskissons Coal Seam 1 8.50 1 350 

Arkarula Formation 1 7.05 7 740 

Pamboola Formation 1 6.01 7 140 

Note No samples from the Pilliga Sandstone 

 

All available major ion analyses within 5 km of the Project Site were plotted on a Piper Trilinear 
plot (Figure 13).  Two groundwater types are evident based on the predominant anion.  Fifteen 
bores show chloride as the predominant anion.  The remaining bores show bicarbonate to be 
the predominant anions but also show a broader mix of anion percentages along the 
bicarbonate – chloride axis.  Seven bores are strongly bicarbonate and are found in a range of 
formations from the Garrawilla Volcanic down to the Black Jack Group.  Groundwater samples 
from the Black Jack Group appear to be predominantly bicarbonate type groundwater.   
 
Bicarbonate type groundwater was encountered at depths from 5 m to 184 m and the salinity 
ranged from 700 mg/L to 9 990 mg/L TDS with the shallower groundwater typically being 
fresher.  The chloride type groundwater showed a greater range of salinity from 1 200 mg/L to 
over 16 000 mg/L TDS and was encountered at depths ranging from 12 m to greater than 
140 m.  Chloride type groundwater is predominantly associated with the Jurassic sediments 
and Gunnedah Basin Formations down to the basalt sill.  Only one anomalous bore from the 
Black Jack Group (Pamboola Formation) shows chloride type groundwater.   
 
Variations in the groundwater chemistry from the three Black Jack Group bores sampled in the 
Project Site are evident.  The Arkarula Formation sample was a strongly bicarbonate type 
groundwater whereas the Pamboola Formation sample, although it had a similar salinity at 
greater than 7 000 mg/L TDS, showed chloride as the predominant anion.  The relatively lower 
salinity of the Hoskissons Coal Seam is consistent with the Sunnyside Hoskissons Coal Seam 
results and may suggest the shallower locations of these sites on the margin of the Boggabri 
Ridge are  closer to recharge areas compared to the more saline deeper bores sampled in the 
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thicker sequences of the Mullaley Sub basin to the west of the Project Site.  The difference in 
groundwater chemistry would also indicate poor vertical hydraulic connection between the 
Black Jack Group formations under natural conditions. 
 
In summary, the groundwater chemistry data suggests that groundwater of the Project Site is 
generally saline in the 5 000 to 15 000 mg/L TDS range over most of the Project Site with a 
localised fresher groundwater zones present especially in the areas where the Garrawilla 
Volcanics subcrop.  The Black Jack Group groundwater is generally saline at greater than 
7 000 mg/L TDS although fresher groundwater at 1 300 mg/L TDS was sampled from the 
Hoskissons Coal Seam.  Additional sampling will be required to confirm this result.   
 

 
4.6 Groundwater Beneficial Uses 
 
The possible beneficial uses of groundwater and the assessment criteria to determine if the 
use applies are summarised in Table 10.  As the TDS in the groundwater sampled from the 
Project Site generally exceeds 3 000 mg/L which is considered the maximum for potential 
drinking water supply (DEC 2004), the drinking water beneficial use is not considered relevant 
based on the current data. 
 

Table 10 Groundwater Beneficial Uses and Assessment Criteria 

Beneficial Use / 
Environmental Value 

Adopted Assessment Criteria 

Protection of Aquatic 
Ecosystems 

ANZECC (2000) Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality: Aquatic Ecosystems (Chapter 3).  

Receptor: Pine and Kurrajong Creek.  The local creeks traverse cleared 
livestock grazing land and are therefore considered to be a slightly to 
moderately disturbed ecosystem and a 95% level of disturbance has 
been applied. 

Potable Water Supply The NSW State Groundwater Protection Policy (DLWC, 1998) refers to 
those produced by NHMRC & ARMCANZ (1996). 

Agricultural: Irrigation ANZECC (2000) Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality: Irrigation criteria (Chapter 4.2). 

Agricultural: Livestock ANZECC (2000) Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality: livestock criteria (Chapter 4.3). 

Human Health (non-use) Primary Contact Recreation 

ANZECC (2000) Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality: Recreation and aesthetics (Chapter 5). 

Industrial 

Those specified for industrial use in the Australian Water Quality 
Guidelines for Fresh and Marine Waters. 
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The beneficial uses which are likely to apply in the Project Site include the following. 
 

• Agricultural Use as numerous stock bores are registered in the region.  The 
groundwater TDS generally exceeds the recommended limits for irrigation 
application but falls within some of the livestock watering tolerances and 
therefore this beneficial use is considered relevant. 

• The groundwater quality falls within the guidelines for recreational purposes and 
since it cannot be demonstrated with the available data that no groundwater 
discharge to surface water is occurring, this beneficial use is currently assumed 
to apply. 

• Although no groundwater dependent ecosystems (GDE) have been identified by 
DNR to date in the Gunnedah GWMA, the ecosystem protection beneficial use is 
included as GDEs may be identified in the future, and deep rooted vegetation is 
known to occur in the region.   

 
The hydrogeological maps indicate that the Pilliga Sandstone contains fresh groundwater with 
less than 500 mg/L TDS and therefore the drinking water supply beneficial use would apply.  
However, based on the drilling to date it is considered the Pilliga Sandstone is unlikely to be 
saturated in the Project Site.  The presence of numerous domestic and stock bores to the west 
and northwest of the Project Site would indicate that the drinking water criteria might apply in 
those areas.  
 

5. HYDROGEOLOGICAL CONCEPTUAL MODEL 
 
5.1 Depth to Groundwater  
 
The DNR and Project Site drilling data indicate that groundwater is encountered most 
commonly in the weathered and fractured strata at depths to 50 m and more rarely is 
associated with fractures encountered in the consolidated sedimentary rocks and volcanics at 
depths greater than 70 m.  Over 72% of all groundwater intersections and two thirds of the 
higher rate inflows (>0.14 L/s) from the exploration boreholes were at depths between 35 m 
and 55 m and all except one of the minor groundwater intersections were are depths less than 
43 m.  This would suggest that the shallow aquifer is comprised of a range of formations which 
occur at these depths extending from the Purlawaugh Formation in the west of the Project Site 
to the Napperby Formation in the east.   
 
The DNR data suggest that the shallow bores in the Project Site are likely to intersect the 
water table at depths of between 15 m to 30 m in weathered and fractured strata. Yields in the 
shallow bores varied from 0.4 L/s to 4 L/s.  Groundwater levels up to 5 m below surface have 
been recorded in the “Claremont” area associated with the locally fractured and high yielding 
Garrawilla Volcanics.  
 
Of the deeper DNR registered bores intersecting the confined to semi-confined fractured rock 
aquifer, the standing water levels were between 55 m to 75 m below surface and yields were 
lower at less than 0.6 L/s.  Deeper groundwater intersections encountered in the Project Site 
drilling program from 74 m to 144 m depth and were typically associated with the fractures in 
the sill and Napperby Formation below the sill.   



NARRABRI COAL PTY LTD 2 - 34  SPECIALIST CONSULTANT STUDIES  
Narrabri Coal Project Part 2:  Groundwater Assessment 
Report No. 674/05  
 

GHD Pty Ltd 

 

5.2 Aquifer and Aquitard Permeability 
 
Analysis of the hydraulic conductivity results shown in Tables 6 and 7 indicate several zones 
of permeability occur in the strata corresponding to the distribution of the various formations.  
Relatively high mean permeabilities ranging from 1 to 3 E-1 m/d are associated with the 
Napperby Formation (above the sill) and Garrawilla Volcanics respectively.  This is consistent 
with the number of significant inflows recorded and fractured nature of these formations 
described in some holes.   The mean permeability of the Purlawaugh Formation and Basalt Sill 
is one order of magnitude lower at 1 to 2 E-2 m/d.  Numerous groundwater intersections were 
recorded in Purlawaugh Formation and several significant inflows recorded in the sill indicating 
the presence of fractures.  The shallow aquifer is likely to range from unconfined to semi 
confined conditions and is encountered at depths of 5 m to 50 m depending on elevation and 
lithology.  
 
The Napperby Formation (below the sill) and Digby Formation form a low permeability zone 
separating the Black Jack Group sediments below from the overlying relatively higher 
permeability formations.  The mean permeability range from 1E-04 m/d to 8E-05 m/d with the 
low results consistent with the fine grained and laminated nature of the Napperby Formation 
(below the sill) and cemented and clayey matrix described in the Digby Formation.  Only 
3 groundwater intersections were recorded in the Napperby Formation (below the sill) two of 
which were struck at shallow depths where the formation subcrops and none were recorded in 
the Digby Formation in the drilling of over 100 explorations holes.   
 
The mean permeabilities for the Hoskissons Coal Seam, Arkarula and Pamboola Formations 
are similar in the range of 2 E-03 m/d to 3 E-03 m/d.  However it is noted that hydraulic testing 
indicates permeability ranged by several orders of magnitude reflecting the density and 
continuity of fracturing.  The mean Brigalow Formation permeability is an order of magnitude 
higher reflecting the coarser-grained and un-cemented nature of the sediments.  The high 
aquifer pressures recorded in Black Jack Group indicates these formations are confined by the 
overlying Digby Formation and Napperby Formation (below the sill) which forms an effective 
aquitard.    
 
 
5.3 Groundwater Flow Directions 
 
Groundwater flow systems typically range between shallow, localised flow systems which are 
influenced by topography and surface water features and regional flow systems which occur at 
depth and can be influenced by basin structure and stratigraphy.   
 
The westerly dip of the strata is intersected by a generally easterly to northeasterly dipping 
topography and results in a range of geological formations subcropping under Quaternary 
alluvium across the Project Site.  As discussed above, the shallow aquifer intersects a range of 
geological formations from the west to east. The groundwater chemistry results indicate a wide 
range of groundwater types. 
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Monitoring of the shallow groundwater bores on the Project Site indicates a northerly to 
northeasterly flow direction towards the Namoi River (Figure 11).  This suggests recharge to 
the shallow local flow systems is in the elevated catchment areas to the west and discharge 
would be towards the lower regional drainage lines.   
 
Groundwater flow patterns in the deeper fractured rock aquifer cannot be determined but show 
pressures in the on the eastern extent of the underground workings are similar in the range of 
253 m to 262 m AHD and slightly higher pressures are recorded . The hydraulic testing results 
show the deeper aquifer to be heterogeneous and the hydraulic properties of the aquifer vary 
depending on the nature and continuity of the fracturing and jointing.  The reduced water levels 
measured in the Black Jack Group shown in Figure 12 indicates aquifer pressures show a 
similar range over the Project Site between 250 m AHD to 270 m AHD shown in discontinuous 
and infrequent nature of the groundwater intersections in the deeper aquifer would suggest 
that the fracturing does not provide extensive hydraulic connections over the area.  The 
groundwater chemistry results which showed distinct groundwater chemistry at each for each 
of the three Black Jack Group formations sampled would suggest limited vertical connection. 
 
 
5.4 Surface Water Interactions 
 
With the exception of NC98S, the depth of the standing water levels in the shallow monitoring 
bores at 17 m to 50 m below surface and the predominantly downwards vertical gradients 
measured at the nested sites would suggest very low likelihood for groundwater to be 
discharging to the surface water systems within the Project Site.  However, in the area of 
NC98 where shallow groundwater levels were encountered there is potential for groundwater 
to discharge to the surface drainage lines depending on the depths of the local creeks.  
 
 
6. GROUNDWATER MODELLING  
 
6.1 MODFLOW Model  
 
A 3-dimensional 11-layer numerical model was developed to assess the impact of mine 
dewatering on surrounding groundwater levels and registered groundwater users in the area.  
The model was run to estimate the steady state, pre-mining conditions, and transient 
groundwater inflows into the underground workings.  Modelling was carried out using the 
United States Geological Survey (USGS) finite-difference groundwater flow modelling code 
MODFLOW 2000 (Harbaugh et al., 2000). 
 
 
6.2 Hydrostratigraphy 
 
The hydrostratigraphy of the model is summarised in Table 11 and differentiates between the 
Permio-Triassic Gunnedah Basin sequence and Jurassic Surat Basin formations which 
comprise the GAB intake beds GWMA.  Where a formation is absent, the model layer is 
assigned as either the overlying or underlying material and the total thickness of that material 
adjusted for the multiple layers. 
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Table 11 Conceptual Model Structure 

Model Layer Formation 

1 Alluvium 

2 Pilliga Sandstone  

3 Purlawaugh Formation 

4 Garrawilla Volcanics 

5 Napperby Formation (above Sill)

6 Basalt Sill 

7 Napperby Formation (below Sill) 

8 Digby Formation 

9 Hoskissons Coal Seam 

10 Arkarula / Brigalow Formations 

11 Pamboola Formation 

 

The stratigraphic data for the model included: 
 

• formation tops and stratigraphic logs from the Narrabri Coal NC series drilling 
provided by the geological consultant; 

• summary graphical logs for 40 of the DME Narrabri DDH drilling conducted in the 
1980s provided by the geological consultant; and 

• stratigraphic interpretations for 4 petroleum wells within model domain and 
structure contours from the Consolidated Petroleum 1983 report.  

 

The distribution and density of the bores used to build the geological model and the graphical 
key for the model hydrostratigraphic layers is presented in Figure 14.  Not all formations are 
present in all sections as shown in Figures 14 and 15. The morphologies of the various 
horizons were interpolated to the model grid using an ”nearest neighbour” method. No search 
ellipsoid anisotropy was used.  Layer 10 was set at 10 m below the base of the Hoskissons 
Coal Seam, or where absent the Digby Formation. The base of layer 11 was set 60 m below 
the base of layer 10 representing the base of the Black Jack Group (Pamboola Formation). All 
layers are capable of varying between confined and unconfined conditions, depending on 
groundwater levels. 
 
 
6.3 Adopted Aquifer Parameters 
 
The hydraulic conductivity results from the Project Site testing program as shown in Tables 6 
and 7 were analysed to determine the geometric mean for each formation as shown below in 
Table 12.  Several of the Sigra tests spanned sections of the formations above and below the 
Hoskissons Coal Seam and these results are included in the analyses shown below depending 
of the percentage of the formations tested.   
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Where no on-site data were available, regional data or values based on lithology were 
adopted.  With the exception of model layer 6, vertical conductivities for each layer have been 
set throughout the model as an order of magnitude less than horizontal hydraulic conductivity.  
This is commonly done in groundwater modelling where no vertical conductivity test data is 
available.  For Layer 6, the vertical and horizontal conductivities were equal to reflect the 
vertical fracturing observed in the sill.   

 
Table 12 Analysis of Hydraulic Conductivity Test Data.  

Model 
Layer 

Formation K Geometric Mean 
(m/d) 

No of 
tests 

Adopted K 
(m/d) 

3 Purlawaugh Formation 2.12 E-02 2 2 E -02 

4 Garrawilla Volcanics 2.99 E-01 3 3 E -01 

5 Napperby Formation (above Sill) 1.06 E-03 2 1 E-03 

6 Basalt Sill 8.75 E-03 2 1 E-02 

7 Napperby Formation (below Sill) 7.64 E-05 2 8 E-05 

8 Digby Formation 1.14 E-04 2 1 E-04 

9 Hoskissons Coal Seam (>50% Coal)  

Hoskissons Coal Seam (>70% Coal) 

2.38 E-03 

1.26 E-03 

8 

4 

2 E-03 

10 Arkarula Formation (>40% Floor)* 

Arkarula Formation tests only 

3.52 E-03 

3.76 E-04 

5 

2 

3 E-03 

10 Brigalow Formation* 6.91E-02 2 5 E-02 

11 Pamboola Formation 2.07 E-03 1 1 E-03 

* K values calculated from tests which span coal and floor assuming Coal K of 2 E-03. 

 
 

The hydraulic conductivity for Layer 10, which is composed of the Brigalow and Arkarula 
formation to the west of the Hoskissons Coal Seam subcrop and the Pamboola Formation to 
the east, was subdivided in to three north-south bands to the west of the Hoskissons Coal 
Seam subcrop to reflect the lateral distribution of each of these formations (see Figure 16).  
The distribution of the Brigalow Formation over the model domain was based on regional 
isopachs contained in Tadros (1993) and information on the lateral facies variations across the 
Project Site was provided by Belford Dome Resource Assessment.   
 
The adopted hydraulic conductivity parameters were used for the base case scenario and 
were increased by and order of magnitude in the key model layers to assess the sensitivity of 
the model to these parameters and provide a range of possible inflows. The adopted storage 
values are also shown in Table 13.  
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Table 13 Modelled Parameters 

Model 
Layer 

Formation Specific 
Storage 

(/m) 

Specific 
Yield  

Base Case  
adopted  
K (m/d) 

Sensitivity 
Testing K 

(m/d) 

1 Alluvium 5E-6 0.1 1  

2 Pilliga Sand  5E-6 0.1 5 E-01  

3 Purlawaugh Formation 5E-6 0.2 2 E-02  

4 Garrawilla Volcanics 5E-6 0.1 3 E-01  

5 Napperby Formation (above Sill) 5E-6 0.1 1 E-03  

6 Basalt Sill 5E-6 0.1 1 E-02  

7 Napperby Formation (below Sill) 5E-6 0.1 8 E-05  

8 Digby Formation 5E-6 0.15 1 E-04  

9 Hoskissons Coal Seam 5E-6 0.15 2 E-03 2 E-02 

10 Arkarula Formation 5E-6 0.1 3 E-03 3 E-02 

10 Mixed Arkarula and Brigalow Formation 5E-6 0.1 2 E-02  

10 Brigalow Formation 5E-6 0.1 5 E-02  

11 Pamboola Formation 5E-6 0.1 1 E-03  

 
 

6.4 Model Grid 
 
The model grid covers the Boggabri Ridge extending west of the Mullaley Sub basin and 
includes parts of the Gunnedah, Upper Namoi and GAB intake beds GWMAs. The model grid 
is aligned along grid north, to enable optimum discretisation along the proposed mine 
orientation, with coordinates in MGA 94 Zone 55.  The horizontal grid spacing ranges from 
50 m within the mine, to a maximum of 500 m.  The extent of the active cells in the model is 
shown in Figure 17.  Vertical cell dimensions are based on the interpolated hydrostratigraphic 
layer thicknesses, subdivided as outlined in Table 13.  The upper surface of the model 
corresponds to the ground surface, interpolated from bore collar elevations and digitised 
contours on the 1:250,000 topographic maps. The bottom of each layer is interpolated to the 
grid, truncated to 0.01m below the top of the overlying layer where layer overlaps occurred. 
 
 
6.5 Model Data 
 
Data collated for the model includes: 
 

• spot elevations derived from borehole collar elevations; 

• stratigraphic horizon elevations interpreted from bore logs. Borehole elevations 
were taken from historical survey data or depth related to borehole collar 
elevation estimated from the 1:50,000 topographical map, to Australian Height 
Datum (AHD); 
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• groundwater level data from limited monitoring bores and borehole packer tests;  

• the Mining Geotechnical Services Report (2007) which indicates sub-surface 
fracturing is expected to be restricted to minor fracturing in the immediate roof 
area in the worked section. No longwall panels are planned for the Stage 1 
development and therefore no enhanced fractures zones and drainage typically 
associated with longwall panels was required to be modelled; and; 

• hydraulic conductivity, storativity and porosity data derived from borehole packer 
tests and based on published data for similar geological areas in the region. 

 
 
6.6 Data Storage and Boundary Conditions 
 
Spatial data was loaded in to the US Army Corps of Engineers (USACE) Groundwater 
Modelling System (GMS) Ver 6.0. GMS provides storage and preparation of data for input to 
the MODFLOW numerical groundwater model software.  Datasets prepared includes the 
following. 
 

• Bore files with simplified bore logs with layers assigned as outlined in Table 11. 

• Aquifer parameters for each of the stratigraphic layers comprising. 

- Horizontal and vertical hydraulic conductivity (Kh, Kv); 
- Specific storage; and 
- Specific yield. 

• Background images (registered 1:100,000 geological map, mine layout and 
resource bore locations). 

• Groundwater level observation points. 

• Spatial location of the Namoi River (River cells) to simulate potential river 
recharge, with a river bed conductance or leakage set higher than the shallow 
aquifer hydraulic conductivity so that surface water inflow is controlled by the 
aquifer rather than the river bed. 

• Drain cells with elevations corresponding to the middle of the coal seam to 
simulate groundwater inflows to the mine.  . 

• Polygons of recharge Figure 18 based on values for similar GAB aquifers in 
Kellet and others (2002). 

• Polygons of MODFLOW boundary conditions Figure 17 including: 

– No Flow boundaries along regional flow lines and basement outcrop of the   Boggabri 
Ridge; 

– River boundaries along the Namoi River with bed levels and stage heights estimated 
from the 1:250000 topographic maps (Layer 1 only); and 

– Specified Head boundary set at regional groundwater level (230 m AHD)  representing 
the northwestern limit of the model (Layers 2 to 11). 
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6.7 Modelled Scenarios 
 
Given the lack of reliable groundwater level monitoring data, a formal statistical analysis of 
calibration was not carried out.  The model water balance error, which gives an indication of 
model stability, was 0.01% which is within the acceptable range.   
 
A series of steady-state calibration runs were carried out using various combinations of 
hydraulic conductivities based on the values for hydraulic conductivity shown in Table 13 and 
recharge to prepare the base model NAR104SS.  The model mass balance is summarised in 
Table 14. The steady state heads for the Hoskissons Coal Seam are shown in Figure 19. 
 

Table 14 Steady-State Flow Mass Balance Summary 

Source/Sink Volume m3/d 

Inflow: 

Recharge 7259.1431 

Constant Head Cells 0 

River Leakage 1541.0483 

TOTAL IN 8800.1914 

Outflow: 

Constant Head Cells 3004.9146 

River Leakage 5794.6748 

TOTAL OUT 8799.5898 

Discrepancy 0.6016 

Percent Discrepancy 0.01% 
 
 
6.8 Modelled Scenarios 
 
To simulate 50 years of mining (NAR104) the area of progressively mined coal was simulated 
using drain cells, with the elevation, initially set above ground level, switching to the equivalent 
of the mid-seam level for the mined block, at yearly intervals as the mine progressed. 
 
To test the sensitivity of the model to hydraulic conductivity, the hydraulic conductivity was 
increased by one order of magnitude in the Hoskissons Coal Seam (Nar104HKS0_02) and 
Arkarula Formation (Nar104arkhigh).  
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6.9 Model Results 
 
6.9.1 Base Case NAR104 
 
The predicted heads at the end of 50 years of mining in the Surat Basin sediments, Napperby 
Formation (above the sill) and Hoskissons Coal Seam are shown in Figures 20 to 22.  The 
water balance for the Stage 1 development is summarised in Table 14. 
 
The River leakage flow budget shows a steady leakage from groundwater to the Namoi River 
of approximately 5 800 m3/d and a steady leakage from the river to groundwater of 
approximately 1 500 m3/d as shown in Figure 23.  This indicates that the Namoi River has a 
net gain of groundwater, which is unchanged by mining operations, indicating there will be little 
impact on bores within the alluvium.  This is supported by the modelled drawdown plan 
showing drawdown beneath the alluvium is generally less than 0.1 m (Figure 20).  
 
Similarly, outflow to and inflow from the constant head boundary to the west remains constant, 
indicating there is no impact on discharges to the Surat Basin or Western Gunnedah basin 
over the life of the mine (Figure 24). 
 
Mine inflows under the base case scenario range from 60 m3/d after the initial road 
development, increasing to a peak of approximately 2 240 m3/d at year 25, declining to 
approximately 1 900 m3/d at the end of mining (year 50). 
 
A plot of mass balance error for each time stress period is shown at Figure 25. The plot 
indicates that the mass balance errors were generally less than 1% except for years 32 to 36, 
39 and 48 where the error exceeded 1%, with a peak error of 19% at year 32. As this is only 
for a short period, and taking in to account the wide range in heads at this time, the errors are 
acceptable. 
 
 

6.9.2 Hoskissons Coal Seam Sensitivity Nar104HKS0_02 
 
Increasing the hydraulic conductivity of the Hoskissons Coal Seam by an order of magnitude 
increases inflows by approximately 30%, with inflows ranging from an initial 100 m3/d, 
increasing to a peak of approximately 2900 m3/d at year 25 and decreasing to 2200 m3/d at the 
end of mining. 
 
Drawdowns in some bores is quicker in the middle of the mining period, but drawdowns in the 
later part of the mines life are similar. 
 
A plot of mass balance error for each time stress period is shown at Figure 25. The plot 
indicates that the mass balance errors were generally less than 1% except for the years 29, 
32, 33 and 48 to 50 where the error exceeded 1%, with a peak error of 21% at year 33. As this 
is only for a short period, and taking in to account the wide range in heads at this time, the 
errors are acceptable. 
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6.9.3 Arkarula Formation Sensitivity (Nar104arkhigh) 
 
Increasing the hydraulic conductivity of the Arkarula Formation by an order of magnitude 
increased peak inflows by approximately 7%, with inflows ranging from an initial 160 m3/d, 
increasing to a peak of approximately 2 400 m3/d at year 25 and decreasing to 2 100 m3/d at 
the end of mining. The impact on inflows is greatest in the first 10 years of mining, with inflows 
for the increased Arkarula Formation hydraulic conductivity being higher than those for the 
increased Hoskissons Coal Seam hydraulic conductivity. 
 
A plot of mass balance error for each time stress period is shown at Figure 25. The plot 
indicates that the mass balance errors were generally less than 1% except for the years 33 
and 47 to 50 where the error exceeded 1%, with a peak error of 2.7% at year 48. As this is 
only for a short period, and taking in to account the wide range in heads at this time, the errors 
are acceptable. 
 
 
7. PROJECT IMPACT ASSESSMENT 
 

7.1 Stage 1 Mining Impact Assessment 
 
7.1.1 Estimated Mine Inflows 
 

The numerical groundwater modelling results show the following. 
 

• The predicted mine inflows to the Stage 1 underground workings over the 50 year 
mine life are shown in Figure 26.  Using the base case hydraulic conductivity 
values, groundwater inflows gradually increase to 1 300 m3/d over the first 22 
years, reach a maximum of 2 240 m3/d at year 25 year and then decline and 
stabilise around 1 900 m3/d to year 50.   

• An increase in the hydraulic conductivity of the Hoskissons Coal Seam by an 
order of magnitude to 2E-02 m/d results in total inflows increasing approximately 
30% over the mine life.   

• An increase in the hydraulic conductivity of the Arkarula Formation by an order of 
magnitude to 3E-02 m/d results in total inflows 7% over the mine life.  

• If groundwater intersections are encountered in the drifts and ventilation shaft, 
they are assumed to be grouted and not contributing to mine inflow estimates. 

• The model does not address inflow through localised, naturally occurring 
fractured areas which may be orders of magnitude higher over the short-term. 

 
7.1.2 Groundwater Flow Systems 
 
The predicted drawdown in the uppermost saturated model layer (predominantly Surat Basin 
sediments), Napperby Formation (above the sill) and Hoskissons Coal Seam after 50 years 
using the base case hydraulic conductivities values are shown in Figures 20 to 22 
respectively.  Drawdown in the Hoskissons Coal Seam of greater than 100 m is restricted to 
1 km to 2 km to the west, north and south of the underground workings.  Drawdowns rapidly 
decrease to less than 10 m around 6 km to 7 km to the west, north and south of the 
underground workings.  The drawdown extent to the east is significantly less and is limited by 



SPECIALIST CONSULTANT STUDIES 2 - 43 NARRABRI COAL PTY LTD 
Part 2:  Groundwater Assessment Narrabri Coal Project 
 Report No. 674/05  
 

GHD Pty Ltd 

the subcrop of the coal seam.  The area of greater than 1 m drawdown in the Hoskissons Coal 
Seam extends approximately 10 km to the west and south and 8 km to the north.  Drawdowns 
between 0.1 m and 1 m extend another 1 km to 4 km beyond this. 
 
The predicted drawdowns in the Napperby Formation (above the sill) show mining impacts 
after 50 years at the top of the Gunnedah Basin sequence.  Figure 21 shows drawdown of 
greater than 10 m is largely limited to above the Project Site.  Drawdown greater than 1 m 
extends 5 km to the west and south and between 2 km to 4 km to the north and east of 
underground workings.  The impact between 0.1 m and 1.0 m extends another 1 km to 4 km 
beyond this  
 
Figure 20 shows the modelled impact after 50 years in the uppermost saturated model layer. 
From approximately mid way above the underground working and to the west, this would 
represent drawdown in the Jurassic sediments of the Surat Basin.  The Pilliga Sandstone to 
the west and northwest of the Project Site has been previously identified as a recharge area 
for this regional Surat Basin aquifer.  The model results indicate drawdown impacts to be less 
than 1 m and extend generally less than 5 km beyond the underground workings. 
 
From approximately midway above the underground working the uppermost saturated model is 
likely to represent the Garrawilla Volcanics and extending eastwards, a range of Gunnedah 
Basin Formations as they subcrop on the Boggabri Ridge.  The drawdown to the east of the 
underground workings is predicted to be between 10 m and 1 m with the deeper formations 
having a greater impact due to greater the hydraulic connection with the Hoskissons Coal 
Seam. 
 
The drawdown impact in the uppermost saturated model layer does not extend to the Upper 
Namoi River GWMA as shown in Figure 20 which is defined the extent of the Namoi River 
alluvium. Therefore groundwater levels in the Namoi River alluvium bores are not predicted to 
be affected by the Stage 1 development.  This conclusion is supported by the model River 
leakage water budget which indicates that the Namoi River has a net gain of groundwater and 
this volume is unchanged by mining operations, indicating there will be little impact on bores 
within the alluvium.   
 
 
7.1.3 Surrounding Groundwater Users 
 

DNR have advised that a 15% decrease in available drawdown is the criteria used to assess 
impacts on neighbouring registered bores.  Therefore, if the available drawdown for the 
existing groundwater users is reduced by over 15%, remedial action is recommended to be 
undertaken.   
 
The predicted drawdown after 50 years at the registered bores within and surrounding the 
Project Site are shown in Table 15 and compared to the saturated thickness recorded in the 
bore at the time of drilling.  Predicted model drawdown at these bores is shown in Figure 27.  
It is noted that several largely uncased bores in the Project Site were drilled prior to 1920 and 
the current depth and operational status of these bores is unknown.  The reduced saturated 
thickness of 41.6 m for bore GW017215 was adopted based on the ICI 1973 report which 
noted the hole had partially collapsed, compared to the 158 m recorded at the time of drilling.  
The backfilled and groundwater exploration bores within the Project Site are not included in 
Table 15.  
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Table 15 Impact Assessment on Registered Bores on  
and surrounding the Project Site after 50 years.  

Bore  Depth 
(m) 

SWL 
(m) 

Screened 
Formation 

Saturated 
Thickness 
(m) 

Estimated 
Drawdown 
(m)  

% Decline in 
Saturated 
thickness 

GW060976* 26.6 14.5 Alluvium 12.1 NA (12.9) NA 

GW000014 122.4 76.2 Napperby 
(above sill) 

46.2 17.1 37% (6 years to 
exceed 15%) 

GW000018 135.9 55.7 Napperby 
(above sill) 

80.2 13.9 17% (33 years to 
exceed 15%) 

GW022595 30.4 NA Garrawilla 
Volcanics 

NA (24.5)** 6.1 25% (26 years to 
exceed 15%) 

GW966836* 30.4 5.5 Garrawilla 
Volcanics 

24.5 NA (22.3) NA 

GW000013 128.3  Pamboola  102.4 25  25% (47 years to 
exceed 15%) 

GW017215 50.9 9.3 Napperby 
(above sill) 

41.6 13.7 33% (41 years to 
exceed 15%) 

GW043315* 30.1 25.9 Alluvium 4.2 NA (6.9m) NA 

Surrounding Project Site 

GW003604 128 121.9 Purlawaugh  6.1 0.6 10% 

GW003623 88 81.9 Pilliga 
Sandstone 

6.1 0.3 3% 

GW067626 88 47.5 Pilliga 
Sandstone 

40.5 0.4 1% 

GW005023 39.6 30.4 Purlawaugh / 
Alluvium 

9.2 0.6 11% 

GW005892 37.1 13.1 Purlawaugh  24 0.56 4% 

* Modelled as dry for this layer ** based on nearby GW966836 SWL 

 

Bore GW000014, GW000018 and GW017215 within the Project Site are screened over the 
Napperby Formation (above the sill) and predicted drawdown after 50 years range from 13 m 
to 17 m.  The predicted drawdown in these bores all exceed the 15% reduction in saturated 
thickness at various times ranging from Year 6 at GW000014 which is located over the West 
Main to Years 33 to 47  for GW00018 and GW017215 respectively.  Bore GW00013 screened 
in the Pamboola Formation is also predicted to exceed the 15% criteria after 47 years.  The 
remedial actions that may be appropriate at these bores includes lowering of the pump sets, 
installation of pumps with higher lift if casing diameter allow or possibly replacement of bores 
to accommodate deeper, high lift pumps. 



SPECIALIST CONSULTANT STUDIES 2 - 45 NARRABRI COAL PTY LTD 
Part 2:  Groundwater Assessment Narrabri Coal Project 
 Report No. 674/05  
 

GHD Pty Ltd 

 
The model was unable to predict drawdown in the bores screening the alluvium especially at 
GW043315 with only a saturated thickness of 4.2 m as the alluvium was modelled as 
unsaturated at these locations.  This suggests that these bores may be influenced by localised 
flow system which impact on the water levels and cannot be simulated with the larger scale 
model.  The drawdown in the underlying Napperby Formation (above the sill) at these bores is 
shown in Table 15 in brackets but is considered to overestimate the likely drawdown in the 
alluvium given the possible influence of the localised groundwater systems and reduced 
hydraulic connection with the underlying strata.   Possible remedial action for the registered 
bores screened in the alluvium could include deepening of the bores and pump settings. 
 
Similarly the high SWL recorded at bore GW966836 also suggest localised factors may be 
influencing the groundwater level in the Garrawilla Volcanics at this locations and the model 
was unable to predict mining related drawdown.  However given the similar geological setting 
the impact would be expected to be similar to that predicted in GW022595 also located on the 
“Claremont” property, which is owned by Narrabri Coal Pty Ltd.  
 
In addition to the registered users within the Project Site, the impact on groundwater users 
surrounding the Project Site was also assessed.  The existing registered groundwater users to 
the northwest of the Project Site, as shown in Figure 8, are modelled as obtaining 
groundwater from the Jurassic sediments.  The drawdown impacts at GW003604, GW003623 
and GW067626 range from 0.3 m to 0.6 m after 50 years, within the 15% criteria.  The model 
results for bores GW005023 and GW005892 to the south of the Project Site show drawdown 
of around 0.6 m after 50 years, again within the 15% criteria.  Based on the contours shown in 
Figures 20 and 21 drawdown at bores GW000016, GW005094, and GW022595 is predicted 
to be less than 1m and therefore less the than 15% impact criteria. The remaining bores within 
the 5 km radius are beyond the extent of drawdown for the relevant formation and no impact is 
predicted.  
 

7.1.4 Groundwater Dependent Ecosystems 
 
No groundwater dependent ecosystems have been identified within the Project Site to date 
although deep rooted vegetation with tap roots up to 25 m depth have been cited to occur in 
the region.  The predicted impact of the mine development on the groundwater systems shows 
the greatest impact is at depth in the Gunnedah Basin sediments in the vicinity of the 
underground workings and the impact on the shallow groundwater system is generally less 
than 1 m after 50 years as shown in Figure 20.  The area with predicted drawdown in the 
shallow aquifer of between 1 and 10 m after 50 years is limited to the east of the underground 
workings where the deeper Gunnedah Basin sediments subcrop on the Boggabri Ridge.  DNR 
data shows groundwater intersection in these formations is typically saline and deep with only 
one bore intersection groundwater above 25 m.  Based on the minimal predicted drawdown in 
the uppermost saturated layer after 50 years, any impact on deep rooted vegetation should it 
occur is considered unlikely.  
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7.1.5 Regulatory Compliance 
 
A summary of the Director-General’s Requirements (DGR), the relevant government agencies 
comments on the project and a summary of these requirements and work completed is shown 
in Table 16.  
 

Table 16  Summary of DGR and Agency Requirement and Work Completed to Address 
Requirement 

DGR / Agency Requirement Work Completed 

Identify potential groundwater impacts of project Site investigations, model development and impact 
assessment 

Describe measures to avoid, minimise, mitigate, 
offset, manage and monitor these impacts 

Mitigation measures identified and monitoring 
program recommended. Refer to section 8. 

Construct monitoring wells in discrete aquifers Thirteen bores constructed. Refer to section 4.1 and 
Table 5 

Groundwater policy documents listed Regulatory framework reviewed in section 2 and 
groundwater beneficial uses discussed. 

Identify hydraulic parameters of discrete aquifers Monitoring bore hydraulic testing and Sigra testing. 
Refer to sections 4.2.1 and 4.2.1 and Tables 6, 7 
and 12. 

Establish groundwater sampling on a regular 
basis 

Groundwater monitoring sampling commenced and 
regular program recommended. See sections 4.3 
and 9. 

It is recommended that continuous loggers be 
installed in each of the monitoring bores to assist 
with future calibration and predictive capability of 
the numerical model for stage 2. Ideally 
monitoring of groundwater near the proposed 
longwall trial will assist in the assessment of 
stage 2. 

Monitoring program recommended in section 9. Long 
wall trial not included in Stage 1 proposal and 
monitoring requirements to be regularly reviewed in 
future. 

A numerical model will be required for Stage 1 to 
model the current groundwater systems.  It is not 
expected that Stage 1 model will be a calibrated 
model but will be able to provide some 
predictions on what the likely make of 
groundwater and impact to groundwater that can 
be expected 

Numerical model developed as described in sections 
6 and 7 and mine inflows predicted over mine life 
(sections 8.1.1) 

Predicted impact on groundwater systems and 
registered users described in sections 8.1.2 and 
8.1.3 

Considerations in Stage 1 should be given to 
what contingency plans are available for existing 
users which may be impacted by the mine 
activities such as alternative water supplies. 

Predicted impact on registered used described 
section 8.1.2 to identify where remedial action may 
be required and contingency plans discussed in 
section 8.  

 

DNR also noted that interception of groundwater associated with the Stage 1 development is 
expected to require specific licencing and the details of the Aquifer Interference Policy will be 
provided at a later stage.  The issue of enhanced connection of aquifers impacting on 
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groundwater quality due to increased fracturing in response to mining is not expected to be a 
significant issue for Stage 1 of the project as mining induced fracturing is restricted to the 
immediate roof of the worked section and no longwall panels are included in the Stage 1 
project.  
 
 
7.2 Risk to Groundwater Resources from Stage 2 Development  
 
Preliminary estimates of fracturing associated with the Stage 2 longwall mining are contained 
in the Mining Geotechnical Services (2007) report.  The extent of continuous fracturing induced 
above the mined area, characterised by total loss of circulation varies from 106 m below 
surface where a longwall panel is at 180 m depth to 188 m below the surface where a longwall 
panel is at 300 m depth.  Based on the geological data, continuous fracturing would be 
contained within the Gunnedah Basin Permio-Triassic sediments extending approximately 
10 m to 20 m vertically into the Napperby Formation above the sill.  The continuous fracturing 
induced by longwall mining has the potential to significantly increase the rates of groundwater 
inflow into the underground workings from groundwater stored in the fractured rock aquifers 
above the mine.  The yields and available drawdown for any existing registered groundwater 
bores which are screened over the formation predicted to affected by continuous fracturing, 
would be likely to be significantly impacted and alternative supplies may be required.  
 
The extent of discontinuous fracturing associated with mining characterised by partial loss of 
circulation while drilling varies from 27 m below surface where a longwall panel is at 180 m 
depth to 54 m below the surface where a longwall panel is at 300 m depth.  Based on the 
geological data, discontinuous fracturing would extend through the Garrawilla Volcanics to 
approximately 5 m to 15 m into the Purlawaugh Formation.  The volume of drainage from the 
discontinuous fractures cannot currently be estimated, but as the on-site testing indicated the 
Garrawilla Volcanics to have the highest hydraulic conductivity, it has the potential to result in 
significant inflows into the mine and impacts on registered groundwater bores screened over 
the formations.  
 
Further work on identifying the impacts on local and regional aquifer systems associated with 
the Stage 2 development would be required. Additional groundwater monitoring data is 
expected to be obtained and used to improve the calibration of the numerical model.  A more 
detailed assessment of Stage 2 mining impacts would need to be modelled when further 
information on longwall design and potential fracturing induced changes to aquifer 
characteristics is available. 
 
 
 
8. MITIGATION MEASURES AND MONITORING PROGRAM  
 
The following recommendations are made in regard to the groundwater monitoring program. 
 

• Measure the standing water levels in the existing monitoring bores on a monthly 
basis for 12 months prior to commencement of mining to establish baseline data 
and seasonal trends in groundwater levels.  After 12 months of monitoring, 
quarterly groundwater monitoring would be required.  To provide a more detailed 
monitoring baseline dataset and continuous monitoring of the impact of the mine 
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development on groundwater levels, installation of loggers in the selected bores 
is recommended.  Suitable bores would be located in areas above and adjacent 
to the planned underground workings and may include bores NC98D, NC98S in 
the drift area and NC122, NC123R and NC127 depending on the monitoring 
period available and mining rates.  

• To assist in better defining the groundwater usage, a survey should be completed 
to determine the current status, depth, standing water levels and location of all 
licenced extraction bores within the Project Site. This survey is understood to 
have been partially completed by Narrabri Coal personnel. 

• Groundwater quality sampling from all bores in the Project Site should be 
completed at 4 monthly intervals in the first year to establish seasonal variations 
in groundwater quality and thereafter on an annual basis.  Bores should be 
purged prior to sampling until field chemistry parameters have stabilised and 
samples stored and transported appropriately under QA/QC procedures.  The 
samples should be analysis for pH, TDS, EC, major ions, heavy metals to 
determine Stage 1 mine development impact on groundwater chemistry. 

• Given the predicted impact at the completion of Stage 1 of the project on several 
of the existing bores within the Project Site, it is recommended that all the 
extraction bores within the Project Site are regularly monitored.  Monthly 
monitoring of the bores for 12 months prior to the commencement of mining of 
Stage 1 of the project and then quarterly monitoring will establish baseline data 
and actual impact on static and operational groundwater levels in the extraction 
bores.  These data can be used to review impact predictions and trigger remedial 
action if reductions in available drawdown at existing supply bores exceeds 15%. 

• Groundwater modelling predicted that available drawdown for the existing 
Gunnedah Basin groundwater users within the Project Site may be reduced by 
over 15% within the 50 year mine life.  If on-going monitoring of the bores 
indicated that the 15% criteria is likely be exceeded, remedial action should be 
undertaken.  The remedial actions that may be appropriate for the deeper bores 
includes lowering of the pump sets, installation of pumps with higher lift if casing 
diameter allow or possibly replacement of bores to accommodate deeper, high lift 
pumps. For the shallower alluvium bores, deepening of the bores to provide a 
greater saturated thickness may be required.  It is considered unlikely that 
sourcing an alternate groundwater supply would be required as the Stage 1 
development is not expected to impact on the groundwater quality in the 
registered bores and the drawdown impact is not predicted to exceed 25 m after 
50 years.  However if the proposed remedial actions did not provide the required 
supply, this option would need to be adopted.     

• Commission an annual review by a qualified hydrogeologist of the results and 
frequency of monitoring to determine the adequacy of monitoring program and to 
provide interim assessment of operational impacts on groundwater levels and 
identify data gaps in monitoring or impact assessment needs.  
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• It is planned that any groundwater intersected in the drifts and ventilation shaft 
will be grouted.  The high permeability of the Garrawilla Volcanics and Napperby 
Formation at NC98 and significant groundwater intersections struck at NC95 in 
the Garrawilla Volcanics suggests that if similar localised high yielding fracture 
zones are intersected by the drift and connected to the overlying formations, 
grouting is likely to be required and will minimise the impact on the registered 
users in the area.   

 

 

9. CONCLUSIONS 
 
The conclusion from the hydrogeological assessment are as follows. 
 

• A shallow unconfined fractured rock aquifer intersects a range of geological 
formations which subcrop under the Quaternary sediments across the Project 
Site from west to east.  Groundwater is typically intersected at depths of 20 m to 
50 m but can be as shallow as 5 m in more permeable areas of the Garrawilla 
Volcanics. 

• The Purlawaugh Formation and Napperby Formation (above the basalt sill) had 
the most numerous groundwater intersections and the borehole and packer 
testing indicated these formations to have relatively high permeability where 
localised fracturing was encountered.  The Pilliga Sandstone is not saturated 
within the Project Site. 

• The high permeability of the Garrawilla Volcanics and Napperby Formation at 
NC98 and significant groundwater intersections struck at NC95 in the Garrawilla 
Volcanics suggests that if similar localised high yielding fracture zones are 
intersected by the drifts, grouting is likely to be required to control groundwater 
inflows.  Permeability is, however, variable as fracture density is not consistent 
across the Project Site.  

• Monitoring of the shallow groundwater bores at the Project Site suggest a 
northeasterly flow direction towards the Namoi River.  This suggests recharge to 
the shallow local flow systems is in the elevated catchment areas to the west of 
the Project Site and discharge would be towards the lower regional drainage 
lines.   

• Groundwater was also encountered in a deep fractured rock aquifer at depths of 
70 m to 150 m.  The groundwater flow direction in the deeper aquifer could not be 
determined from the data and is likely to be influenced by the nature and 
continuity of fractures and joints.  

• Borehole and packer testing indicated variations in the mean permeability 
depending on the geological formations.  The upper formations extending from 
Purlawaugh Formation to Napperby Formation (above the sill) which typically 
comprise the shallow aquifer are generally more permeable than the underlying 
strata.  The Napperby Formation (below the sill) and Digby Formations in 
particular, was found to have low permeability suggesting it acts more as an 
aquitard separating the Black Jack Group sediment below from the overlying 
relatively higher permeability formations.   
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• The mean permeabilities for the Hoskissons Coal Seam, Arkarula and Pamboola 
Formations are similar in the range of 2 E-03 m/d to 3 E-03 m/d.  However it is 
noted that hydraulic testing indicates permeability ranged by several orders of 
magnitude reflecting the density and continuity of fracturing.  The mean Brigalow 
Formations permeability is an order of magnitude higher reflecting the coarser-
grained and un-cemented nature of the sediments.   

• Groundwater chemistry data suggests that groundwater at the Project Site is 
generally saline in the 5 000 mg/L to 15 000 mg/L TDS range over most of the 
Project Site with a localised fresher groundwater zones present.   

• Groundwater chemistry types can be assigned based on the predominant anion. 
The strongly bicarbonate groundwater is found in a range of formations from the 
Garrawilla Volcanic down to the Black Jack Group and groundwater samples 
from the Black Jack Group appear to be predominantly bicarbonate type 
groundwater.  The chloride type groundwater showed a greater range of salinity 
and is predominantly associated with the Jurassic sediments and Gunnedah 
Basin Formations down to the sill.  Only one anomalous bore from the Black Jack 
Group (Pamboola Formation) shows chloride type groundwater.   

• The Black Jack Group groundwater is generally saline at greater than 7 000 mg/L 
TDS although fresher groundwater at 1 300 mg/L TDS was sampled from the 
Hoskissons Coal Seam.  

 
The following are the key findings of the groundwater inflow modelling and Stage 1 impact 
assessment. 
 

• The numerical model was use to predict mine inflows and using the base case 
hydraulic conductivity values, groundwater inflows gradually increase to 
1 300 m3/d over the first 22 years, reach a maximum of 2 240 m3/d at 24 year and 
then decline and stabilise around 1 900 m3/d to year 50.   

• An increase in the hydraulic conductivity of the Hoskissons Coal Seam by an 
order of magnitude to 2E-02 results in total inflows increasing by approximately 
30%.  Initial inflows of 100 m3/d increase to a peak flow of approximately 
2 900 m3/d at 25 years and then decrease to 2 200 m3/d at the end of mining.   

• An increase in the hydraulic conductivity of the Arkarula Formation by an order of 
magnitude to 3E-02 results in total inflows increasing by approximately 7%.  Initial 
inflows of 160 m3/d increase to a peak flow of 2 100 m3/d at 25 years and then 
decreased to 2 100 m3/d at the end of mining. 

• Given the heterogeneous nature of fractured rock aquifers short-term higher 
inflows may occur through localised fractures that are intersected as the mine 
develops.   

• Drawdown in the Hoskissons Coal Seam of greater than 100 m is restricted to 
within 1 km to 2 km of the underground workings and drawdown rapidly 
decreases to less than 10 m around 6 km to 7 km to the west, north and south of 
the underground workings.  The drawdown extent to the east is significantly less 
and is limited by the subcrop of the coal seam.  The area of greater than 1 m 
drawdown in the Hoskissons Coal Seam extends approximately 10 km to the 
west and south and 8 km to the north. 
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• The predicted drawdown in the Napperby Formation (above the sill) show 
drawdown greater than 10 m is largely limited Project Site.  Drawdown greater 
than 1 m extends 5 km to the west and south and between 2 to 4 km to the north 
and east of underground workings.  The impact between 0.1 and 1.0 m extends 
another 1 to 4 km beyond this.  

• Drawdown in the uppermost saturated model layer which would represent 
drawdown in the Jurassic sediments including the Pilliga Sandstone to the west 
and northwest of the Project Site is predicted to be less than 1 m and extend 
generally less than 5 km beyond the underground workings after 50 years.  The 
drawdown to the east of the underground workings in the shallow aquifer is 
predicted to be between 10 m and 1 m. The shallow aquifer in this location is 
comprised of stratigraphically lower formations which subcrop on the Boggabri 
Ridge and have greater hydraulic connection with the Hoskissons Coal Seam. 

• Based on the minimal predicted drawdown in the uppermost saturated layer after 
50 years any impact on deep rooted vegetation should it occur is considered 
unlikely.  

• The drawdown impact in the uppermost layer does not extend to the Upper 
Namoi River GWMA defined the Namoi River alluvium and therefore groundwater 
levels in the river alluvium are not predicted to be affected by the Stage 1 
development.   

• The predicted decline in groundwater levels after completion of the Stage 1 
development indicates that the available drawdown in the existing registered 
groundwater bores which screen the Gunnedah Basin sediments may decrease 
by more than the allowable 15% and remedial action may be required.  With the 
exception of bore GW000014, the 15% criteria is predicted to be exceeded 
between 26 to 47 years of mine development.   

• The model could not predict the mining related drawdown in the two shallow 
bores screened in the alluvium in the Project Site.  This suggests that these 
bores may be influenced by localised flow system which impact on the water 
levels and cannot be simulated with the larger scale model.  Monitoring of the 
water levels in these bore will be required to demonstrate the saturated thickness 
is not reduced by more than 15% over the mine life. 

• On-site hydraulic testing and installation of groundwater monitoring bores has 
provided some hydrogeological information within the Project Site.  The lack of 
reliable standing water level (SWL) data for the individual aquifers throughout the 
model domain limited the model calibration process. Consequently, the level of 
confidence in the model results is reduced as there is limited data from which to 
determine seasonal groundwater recharge impacts and inter-aquifer responses. 
Additional water level data is required before attempting to further refine 
calibration of the model. 
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10. LIMITATIONS OF THIS REPORT 
 
This report presents the results of a desktop assessment of existing information, and was 
produced specifically for Narrabri Coal Pty Ltd and for the purposes of this commission.  GHD 
accepts no responsibility for other use of the data.  No warranties, expressed or implied, are 
offered to any third parties and no liability will be accepted for use of this report by any third 
party.  GHD has prepared this report on the basis of information provided by others.  GHD has 
not independently verified or checked the reports prepared by others and responsibility for 
those reports remains with the issuing companies. 
 
The report is based on information obtained from other consultants from restricted 
groundwater investigations across a large area and may not fully represent the conditions that 
may be encountered across the site at other than these locations.  It is emphasised that the 
actual characteristics of the sub-surface and surface materials may vary significantly between 
adjacent test points and sample intervals and at locations other than where observations, 
explorations and investigations have been made. 
 
It should be noted that because of the inherent uncertainties in sub-surface evaluations, 
changed or anticipated sub-surface conditions may occur.  GHD does not accept responsibility 
for the consequences of significant variations in the conditions.  
 
The work conducted by GHD under this commission has been to the standard that would 
normally be expected of a professional consulting firm practising in this field in the State of 
Victoria.  However, although strenuous effort has been made to assess the local hydrogeology 
as required by the brief we cannot guarantee that other issues outside of the scope of work 
undertaken by GHD do not remain. 
 
An understanding of the site conditions depends on the integration of many pieces of 
information, some regional, some site specific, some structure-specific and some experienced-
based.  Hence this report should not be altered, amended or abbreviated, issued in part or 
issued in any way incomplete without prior checking and approval by GHD.  GHD accepts no 
responsibility for any circumstances that arise from the issue of the report that has been 
modified other than by GHD. 
 
 
 
11. PEER REVIEW 
 
At the request of the Proponent, Coffey Geotechnics Pty Ltd were commissioned to complete a 
peer review of the groundwater modelling and assessment method and the final groundwater 
study.  The peer review is attached to this report as Appendix G. 
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