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28 September 2017 
20173040.001A/Eagleton/MLB17R66258 

 

Eagleton Rock Syndicate Pty Ltd 
 

Attention: Darren Williams 

Email: darren@arbus.com.au 
 

Subject: Clarification for Eagleton Quarry Groundwater Modelling 
Eagleton Rock Quarry 
13 Barleigh Ranch Way, Eagleton NSW 

1. INTRODUCTION 

Kleinfelder Australia Pty Ltd (Kleinfelder) was commissioned by Eagleton Rock Syndicate Pty 
Ltd to clarify some of the findings of groundwater modelling conducted at the Eagleton Rock 
Quarry (site) in the report “Numerical Groundwater Model for Eagleton Quarry” (David, 2016), 
this report will be herein described as the ‘Groundwater Modelling Report’. The Groundwater 
Modelling Report was reviewed (SLR Consulting Australia Pty Ltd [SLR], 2016), and the review 
determined that the groundwater modelling and associated impact assessment were fit for 
purpose to address the requirements of the Secretary’s Environmental Assessment 
Requirements (SEARs) and requirements of the NSW Department of Primary Industries (DPI) 
and the NSW Aquifer Interference Policy (NSW AIP). However, several items raised by the 
NSW Department of Planning and Environment (DPE) still required closure. The purpose of 
this letter is to clarify these items and provide an overview of the current status of the 
groundwater modelling and impact assessment for the proposed development. 

2. SCOPE OF WORKS 
Utilising existing available information, this letter report details the following information: 

• Groundwater modelling background and current status of the various reports completed; 
• Modelled groundwater inflow and potential impacts to surrounding groundwater users 

(i.e. surrounding groundwater bores and surface water base flow); 
• Mitigation and monitoring; 
• Responses to items raised by DPE that requiring addressing. 

http://www.kleinfelder.com/australia
mailto:darren@arbus.com.au
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3. GROUNDWATER MODELLING AND PEER REVIEW 

The following reports concerning groundwater have been prepared for the Eagleton Quarry 
and have been utilised in this review. Further information where necessary can be acquired 
directly from these assessments. A summary of the key elements and status of each report is 
provided below: 

• URS Pty Ltd. Eagleton Quarry Hydrogeological Investigation (URS 2014). 
ο Background and numerical model completed now superseded by David, 2016. 

• SLR Consulting Australia Pty Ltd. Groundwater Assessment Peer Review. February 
2016a (SLR, 2016a). 
ο Review determined substantial revision of model setup and findings were required to 

meet requirements, this triggered the reports by Umwelt, 2016 and David, 2016. 
• Umwelt Pty Ltd. Eagleton Hard Rock Quarry Water Assessment – Final. October 2016 

(Umwelt, 2016). 
ο Operational elements of the water management system superseded by SLR, 2017. 
ο Information relating to statutory and regulatory requirements, existing surface water, 

flooding, erosion and sediment control methods and downstream user description 
remains current. 

ο Relevant groundwater elements effectively replaced by this letter. 
• David, K. Numerical Groundwater Model for Eagleton Quarry. October 2016 (David, 2016). 

ο Current numerical model for the proposed quarry, supersedes the URS Report and is 
provided in Appendix B. 

• SLR Consulting Australia Pty Ltd. Groundwater Assessment Peer Review. February 
2016b (SLR, 2016b). 
ο Determined David 2016 assessment fit for purpose to address the requirements of the 

SEARs and the NSW AIP. The peer review is provided in Appendix C.  
• SLR Consulting Australia Pty Ltd. Eagleton Quarry Revised Water Assessment. 4 August 

2017 (SLR, 2017). 
ο Current report addressing the proposed water management system. Refer to Table 2 

of that report for list of elements utilised from the previous Umwelt 2016 report. 

Further review by DPE identified several additional matters that are resolved in this letter 
report. The matters raised are summarised in Table 1 below with the location of information 
that clarifies these matters within this report provided. 
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Table 1: Summary of Issues and Location of Responses 

Issue Response Information 

• Clarification is needed regarding drawdown predictions in relation to the 
project boundary and property/site boundaries. Various sections of the 
report provide conflicting information. For example: 
o Section 6.1 of the Umwelt Report and Section 4.1 of Appendix 1a 

indicate that zero drawdown is predicted beyond the property 
boundaries. 

o Section 4.2 indicates that drawdown extends approximately 200 m 
west, north and south of the site boundary. This section also states 
that there would be zero drawdown at 300 m form the eastern and 
southern project boundaries. 

o Section 4.1 states that the maximum predicted drawdown within the 
project boundary is 20 m at the end extraction. Section 6.1 of the 
Umwelt Report states that the maximum predicted drawdown at the 
end of extraction is 15 m. 

Please provide a clear figure indicating the extent of drawdown relative to 
the property boundary, and ensure that the reports use a consistent 
reference point (i.e. property boundary) for all predicted impacts. 

Section 4.2 

• Paragraph 2 of Section 4.2 of the report states that the closest private 
bore is over 1 km from the site. However, elsewhere, is it stated that the 
closest bore is 400 m to the south-east. Please clarify. 

Section 4.3 

• Table 2 indicates that GW79737 is a monitoring bore. Is this associated 
with Boral’s Seaham Quarry? 

Section 4.3 

 

4. GROUNDWATER MODELLING RESULTS 

4.1 Groundwater Inflow 

Simulation of groundwater conditions and changes to the groundwater regime for the 30 year 
life of the quarry was undertaken using the Environmental Simulations, Inc. (ESI), Groundwater 
Vistas™ modelling platform (ESI, 2010) and the United States Geological Survey computer 
code MODFLOW-NWT (Niswonger et al., 2011). Model setup, calibration and sensitivity 
analysis is provided in the Groundwater Modelling Report (David, 2016).  

The predictive model simulated the groundwater levels in the period from 2016 to completion 
of material extraction I 2046. Inflow rates over the life of the quarry were estimated based on 
quarry development stage and recharge and evapotranspiration rates were maintained at 
values equal to steady state yearly average values (Table 2). 

Three model layers were constructed. Layer 1 was of variable thicknesses from 20 m to 92 m 
and represented the alluvium/colluvium/rhyolite/rhyodacite/conglomerate unconfined water 
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table aquifer. Layers 2 and 3 represented confined rhyolite/rhyodacite aquifers of 20 m 
thickness. 

Table 2: Modelled groundwater inflow during quarrying 

Year Inflow Rate (m3/day) Inflow Rate (ML/year) 

1 8.1 3.0 

2 13.3 4.9 

3 12.7 4.6 

4 18.7 6.8 

5 21.3 7.8 

6 19.8 7.2 

8 17.7 6.5 

10 18.6 6.8 

12 20.1 7.3 

14 20.7 7.6 

24 21.1 7.7 

30 20.6 7.5 

 
Notes: 
m3/day = cubic metres per day 
ML/year = million litres per year 
 

Groundwater inflow rates are predicted to range from 3.0 to 7.8 ML/year. This inflow is 
predicted to draw down the water table in the surrounding unconfined aquifer as defined in the 
following sections. 

4.2 Groundwater Drawdown 

The groundwater model was used to predict groundwater drawdown in the unconfined water 
table aquifer (alluvium/colluvium/rhyolite/rhyodacite/conglomerate – Layer 1) at 6 years, 
30 years (end of rock extraction), and 20 years post extraction. Groundwater drawdown 
contours were generated within the Groundwater Modelling Report and these have been 
placed on a site figure to illustrate the extent of groundwater drawdown in relation to the Project 
Footprint (quarry extraction area) and Property Boundary (cadastral lot boundary) (Figures 1 
to 3). 
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A summary of the predicted drawdown at different periods of the project life cycle is provided 
in Table 3 below. 

Table 3: Predicted Groundwater Drawdowns 

Time Project Footprint Property Boundary Maximum Predicted 
Drawdown (m) 

6 Years of 
Extraction 

No predicted drawdown 
≥ 1 metre outside of Project 

Footprint. 

No predicted drawdown 
≥ 1 m outside of Property 

Boundary. 
10 

30 Years (End 
of Extraction) 

The 1 m groundwater 
contour extends 

approximately 120 m south, 
100 m west and 150 m north 

outside of the Project 
Footprint. 

The 1 m groundwater 
contour extends 

approximately 100 m outside 
the western and 50 m 

outside the north eastern 
property boundaries. 

20 

20 Years Post 
Extraction 

The 1 metre predicted 
groundwater drawdown 

contour extends 
approximately 130 m to the 
south and 160 m to the west 

and north outside of the 
Project Footprint. 

The 1 m predicted 
groundwater drawdown 

contour extends 
approximately 150 m to the 
west and 80 m outside the 

north eastern property 
boundaries. 

20 

 

4.3 Impact on Groundwater Users 

Previous searches of groundwater users have yielded differing results. URS (2014) conducted 
a search within a 1.5 km radius of the site and identified 14 groundwater bores, however 
minimal information on their location or use was provided. A search of the NSW DPI Office of 
Water database and the Australian Groundwater Explorer for registered groundwater bores 
within a 5 km radius of the Project Area in the Groundwater Modelling Report (David, 2016) 
found two bores, GW66683 and GW79737. Bore GW79737 is located at Boral Seaham 
Quarry. A search of these two databases was repeated and identified four registered 
groundwater bores within a 5 km radius. No associated geological or hydrogeological 
information was found other than that presented in Table 4 below. The locations of these bores 
are presented on Figures 1 to 3 and show that these bores are located outside the area where 
1 m or more drawdown is expected from quarrying operations 6 years after commencement of 
extraction (Figure 1), at the end of extraction (Figure 2) and 20 years post extraction 
(Figure 3). 
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Table 4: Registered Groundwater Bores within 5 km radius of the Site 

Bore  

ID 
Lat. Long. Depth 

(m) 
Drilled 
Date 

Purpose Status Yield 
Dist. from 
Site (km) 

GW066683 -32.700917 151.783635 35 6/2/91 

Water 
Supply – 
Stock, 

domestic 

Functioning 0.9 1.8 

GW079737 -32.677164 151.784583 20 29/10/99 
Monitoring 

Bore 
Unknown - 1.3 

GW060834 -32.657028 151.792523 30.5 1/2/85 
Water 
Supply 

Unknown - 3.3 

GW060853 -32.657306 151.787523 24.3 1/2/85 
Water 
Supply 

Unknown - 3.3 

 
Sources:  

http://www.bom.gov.au/water/groundwater/explorer/map.shtml 

http://allwaterdata.water.nsw.gov.au/water.stm 

4.4 Impact on Surface Water Resources 

The groundwater modelling assessed the impact on base flow to Seven Mile Creek. Discharge 
to Seven Mile Creek was calculated for the following three segments in the groundwater model: 

• Seven Mile Creek upstream of the confluence with its southern tributary; 
• The southern tributary up to the confluence with Seven Mile Creek; and 
• The confluence of the Seven Mile Creek and its tributary to Grahamstown Dam. 

Seven Mile Creek is ephemeral that loses groundwater in its upper reaches and receives a 
groundwater base flow contribution in its lower reach. The results of the groundwater modelling 
undertaken indicated that base flow to Seven Mile Creek would decrease by 0.75 m3/day 
(0.27 ML/year) over the project duration of 30 years. 

5. GROUNDWATER MONITORING 

There are five groundwater monitoring bores at the site, GWB01, GWB03, GWB02, GWB04 
and GWB05 that have been monitored once (URS, 2014). Quarrying activities will disturb bores 
GWB03, GWB04 and GWB05 within approximately the first three years of operations. All bores 

http://www.bom.gov.au/water/groundwater/explorer/map.shtml
http://allwaterdata.water.nsw.gov.au/water.stm
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should continue to be monitored prior to disruption. GWB04 will be re-established once 
extraction in its area has ceased and GWB03 and GWB05 will not be replaced. 

The following groundwater parameters are proposed to be monitored at the indicated 
frequency: 

• Water Level (quarterly) 
• pH (bi-annually) 
• Conductivity (bi-annually) 
• Chloride (bi-annually) 
• Arsenic (bi-annually) 
• Total Phosphorus (bi-annually) 
• Total Nitrogen NOx, ammonia (bi-annually) 

Monitoring data should be compared to historical results as well as the groundwater model 
predictions. 

6. REFERENCES 

David, K. Numerical Groundwater Model for Eagleton Quarry. October 2016. 

Niswonger, R.G., S. Panday, and M. Ibaraki, 2011. MODFLOW-NWT, A Newton formulation 
for MODFLOW-2005: U.S. Geological Survey Techniques and Methods 6-A37, 44 p. 

SLR Consulting Australia Pty Ltd. Groundwater Assessment Peer Review. February 2016a. 

SLR Consulting Australia Pty Ltd. Groundwater Assessment Peer Review. February 2016b. 

SLR Consulting Australia Pty Ltd. Eagleton Quarry Revised Water Assessment. 4 August 
2017. 

Umwelt Pty Ltd. Eagleton Hard Rock Quarry Water Assessment – Final. October 2016. 

URS Pty Ltd. Eagleton Quarry Hydrogeological Investigation. 2014 
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If you require additional information or clarification, please contact the undersigned at 
(02) 4949 5200. 

 

Sincerely, 
Kleinfelder Australia Pty Ltd 

 

 

 
Dr Tim Robson Dr Jim Finegan, RPGeo 
Senior Hydrogeologist Principal Hydrogeologist 
 
 

ATTACHMENTS 

Figures 
Figure 1: Groundwater Drawdown End Year 6 

Figure 2: Groundwater Drawdown End of Extraction 

Figure 3: Groundwater Drawdown 20 Years Post 

 

Appendices 
Appendix A:  Limitations 

Appendix B: Groundwater Modelling Report 
Appendix C: Groundwater Modelling Report Peer Review 
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APPENDIX A:  LIMITATIONS 

  



 
 

LIMITATIONS 

The findings and conclusions contained within this report are made following a review of 
information, reports, correspondence and data previously reported by third parties.  Kleinfelder 
does not provide guarantees or assurances regarding the accuracy and validity of information 
and data obtained by third parties in previously commissioned investigations.  The conclusions 
presented in this report are relevant to the conditions of the site and the state of legislation 
currently enacted as at the date of this report. 

Kleinfelder has used a degree of skill and care ordinarily exercised by reputable members of 
our profession practicing in the same or similar locality. 

Kleinfelder does not make any representation or warranty that the conclusions in this report 
will be applicable in the future as there may be changes in the condition of the site, applicable 
legislation or other factors that would affect the conclusions contained in this report. 

This report has been prepared exclusively for use by Eagleton Rock Syndicate Pty Ltd.  This 
report cannot be reproduced without the written authorisation of Kleinfelder Australia Pty Ltd 
and then can only be reproduced in its entirety. 
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1 INTRODUCTION 

Eagleton Rock Syndicate is proposing to develop hard rock quarry at Eagleton, 30 km north of 
Newcastle, NSW. The surrounding area to the north, west and south of the proposed Eagleton quarry 
is covered by bushland and Boral operated Seaham Quarry is located approximately 600 m to the 
north.  

URS (URS, 2014) have originally prepared the groundwater assessment including the development of 
a groundwater numerical model for Eagleton quarry. Subsequently, Eagleton Rock Syndicate Pty Ltd 
have in 2016 engaged SLR to undertake the independent review of Eagleton Quarry Hydrogeological 
Investigation Report (URS,2014 ssment 
Requirements (SEAR). The review (SLR, 2016) found a number of deficiencies in the report and 
provided a series of recommendations to address those.   

This groundwater modelling report has been prepared to support the Groundwater assessment as part 
of the Environmental Impact Statement (EIS) for the development of the Eagleton Quarry, and to 
address the recommendations in the independent review (SLR, 2016). 

For the purpose of this report the Project Area represents the quarry footprint boundary which mainly 
represents the proposed extraction area, while Property Boundary includes wider area comprising 
other areas such as offices, parking and maintenance areas.  

1.2 Scope and objectives 

The scope of work for this numerical model is a combination of groundwater assessment requirements 
in support of EIS and a response to independent review. In particular this includes the following:

Model development and calibration providing the targets for calibration and documentation of 
evapotranspiration rates used in the model; 

Presentation of calibrated steady state and predicted transient mass balance for the model, 
calibration results, justification for transient model run; 

Undertaking sensitivity analysis to hydraulic conductivity and river conductance;   

Assessment of groundwater inflows into proposed quarry development during and post 
operation; 

Running prediction scenarios during and post operation; 

Identification of potential impacts due to proposed quarry activities on the environment and 
private groundwater users during the operation and post operation; and 

Development of the model within the geology and hydrogeology context, considering 
explanation on groundwater flow between different units. 

The objective of the model is to provide the information upon which the impact assessment can be 
undertaken and is based on the updated conceptual model developed by Umwelt.  



1.3 Historical background to model development

Previous study undertaken at the Project Area was undertaken in 2013 by URS, and it included 
installation of four observation bores and one test bore, pump testing and hydraulic testing. Hydraulic 
testing  data is not repored in the EA prepared by URS (URS, 2014) however a summary with a range 
of results is given.  

2 HYDROGEOLOGICAL SETTING AND CONCEPTUALISATION 

An overview of hydrogeological setting and an updated conceptual model are provided to support the 
model development as discussed in the following sections.  

2.1 Rainfall and evaporation 

The Williamtown station (SN061078) located 13 m from the Eagleton Quarry has long term 
meteorological data. The station has long term rainfall data since 1942 to present. The annual rainfall 
shows seasonal pattern with higher rainfall in summer and autumn and lower rainfall in winter.  

Evaporation data (Class A evaporation pan) from Williamtown station (SN061078) located 13 km 
from the Project Area has been collected over 42 years.  

Mean annual rainfall for all years on record is 1127 mm, while mean yearly evaporation is 1752 mm, 
indicating that on average there is an excess of evaporation over rainfall. Table 1 shows the 
comparison of rainfall and evaporation data.  

Table 1 Monthly rainfall and evaporation (SN61031 and SN61078) 

Rainfall (mm) Evaporation (mm)
Jan 101.7 207 
Feb 119.2 186 

Mar 118.2 150 
Apr 111.8 114 
May 112.2 81 
June 121.3 75 
July 72.5 78 
Aug 74.6 108 
Sept 60.5 141 
Oct 72.7 168 
Nov 83.4 189 
Dec 79.8 216 

Annual 1127 1752 

2.2 Topography and drainage 

The Project is located within the topographically elevated area dominated by a ridgeline at 130 
mAHD sloping gently to the north and east to elevation of 30 mAHD. The area within the Property
Boundary is drained by Seven Mile Creek which flows from the west to east with minor tributary 
joining at the southeast of the Project Area. The Seven Mile Creek ultimately drains to Grahamstown 
Dam further 2 km downstream.  

Seven Mile Creek has been classified as ephemeral (URS, 2014), however it is considered that it is a 
significant contributor to groundwater system. This is based on the review of satellite images which 



indicate the presence of up to 100 m wide vegetation zones coinciding with the creek lines (Figure 1). 
This indicates that at topographically elevated areas where groundwater is over 3 m below ground, 
creek is an important source of water for vegetation.   

Figure 1 Satellite image of Project Area and creek related vegetation zones  

2.3 Stratigraphy and lithology 

Based on Newcastle 1:250,000 geology map, geology within the Property Boundary comprises south-
easterly dipping reworked volcanoclastic and sedimentary strata.  

Locally the Eagleton quarry is situated on faulted and gently folded carboniferous conglomerate and 
lithic sandstone of the Kings Hill group (Newcastle 1:100,000 geology map, Gorbert and Chesnut, 
1975), underlain by volcanic rocks of the Gilmore volcanic group. The basement within the Propoerty 
Boundary comprises toscanite, rhyolite, pyroclastic and other volcanic rocks and these are part of the 
Eagleton volcanics. The rhyolite and rhyodacite subcrop at the northwest and west of the Project 
Area. Kings Hill Group which overlies Eagleton volcanics comprises Balickera Conglomerate 
(conglometrate, rhyolite, tuff and imbrignite) which subcrops elsewhere across the Project 
Area(Figure 2).  This unit is adjacent to the Italia Road Formation subcropping to the east of the 
Project Area and comprising lithic sandstone, shale and coal.   

Major structural feature to the west of the Project Area is the Williams River fault which strikes in the 
north-south direction. Locally across the Project Area, a number of parallel northwest-southeast 
striking faults cross cut the volcanic and sedimentary sequence.    



Figure 2 Geology map (based on Gorbert and Chesnut, 1975)  

2.4 Hydrogeology and conceptual model 

The conceptual model developed by Umwelt is a simplified representation of the real groundwater
system and identifies most important geological units and hydrogeological processes. A conceptual 
model summary of regional flow patterns and groundwater regime has been developed based on the 
review of existing hydrogeological data: 

Geological mapping (Newcastle NSW 1:100,000 Geological Sheet, Gorbert and Chesnut, 
1975); 

Geological data and logs contained within Qualtest Laboratory (NSW) Pty Ltd (2016); 

A previous hydrogeological assessment for the Project Area undertaken by URS Australia Pty 
Ltd (2013); and 

Private bores sourced from Australian Groundwater Explorer (BoM, 2016) and DPI Water 
database 

This conceptual model (Figure 3) forms the basis for the numerical groundwater flow model.  

The hydrogeological regime of the model area comprises two main systems: 



Alluvial/colluvial aquifer system mainly found in the west and low laying areas. This 
unconsolidated sediment also includes wind blown sand associated with the Stockton sand 
dunes to the east of the Property Boundary, and alluvial sediments associated with the 
Williams River to the west of the Property Boundary.; and 
Sedimentary and volcanic sequence although of different lithology, due to its low 
permeability and porosity (Qualtest, 2016) is considered in this model as one groundwater 
flow unit. 

Although groundwater levels are sustained by rainfall infiltration they are controlled by topography, 
geology and surface water levels in local creeks, rivers and dams.  Locally, groundwater tends to 
mound beneath hills with ultimate discharge to creeks and loss by evapotranspiration where the water 
table is near the ground surface (typically less than 2.5 m below ground surface). 

The groundwater dynamics is shown on a schematic cross section (Figure 3).  

Figure 3 Schematic cross section representing conceptual groundwater model 

2.4.1 Alluvial/Colluvial aquifer 

Groundwater flow patterns within the shallow alluvial/colluvial aquifer likely reflect topographic 
levels and coincide with main drainage pathways. Given relatively higher permeability of the alluvial 
aquifer compared to volcanic/sedimentary hydrostratigraphic unit, it is considered that alluvial aquifer 
is  mainly hydraulically independent from the sedimentary and volcanic sequence. However, where 
volcanic/sedimentary sequence is confined and underlies alluvium, the upward flow is expected. 
Similarly, where alluvium is in contact with weathered rock some hydraulic connection may exist. 



The information on this hydrostratigraphic unit is mainly based on the surface water expression, 
presence of a number of creeks and naturally ponded water. Given the absence of mapped Quaternary 
deposition within the proximity of the William River indicates that it is derived mainly from in situ 
weathering of the underlying volcanics rather than from deposition of unconsolidated material. To the 
east this unit comprises wind-blown sands associated with Stockton Sand dunes. 

2.4.2 Sedimentary and volcanic hydrostratigraphic unit 

 The Carboniferous sediments and volcanic units vary significantly in lithology and deposition,
however they are of low permeability and porosity and therefore for the purpose of this study 
considered as one hydrostratigraphic unit. Petrographic analysis on a number of samples indicated 
that both rhyodacite and rhyolite are non-porous and unweathered (Qualtest, 2016). Within this unit 
the hydraulic conductivity (K) ranges within several orders of magnitude (URS, 2014), which is 
typical for volcanic rocks. Conglomerate contains volcanogenic fragments and zeolite in matrix. 
Zeolite is chemically unstable and due to surface exposure results in weathering ultimately reducing
the permeability of conglomerate.  

On the contact between conglomerate and rhyolite mapping has indicated a series of lava flows with 
prevailing sedimentary rock. Due to porous characteristics of lava flow, this zone is expected to 
weather more easily than rhyolite resulting in lower permeability.  

Hydraulic conductivity of the rock generally decreases with depth of burial as the joints close and 
become less frequent. However in volcanic rocks the weathering on the surface will result in an 
increase in clay content and therefore lower hydraulic conductivity, compared to subcropping rocks.

Where this unit outcrops, it is unconfined. The piezometeric surface was obtained from four site bores
installed in shallow unconfined zone. The piezometeric surface appears to reflect the topography with 
depth to water greatest at the elevated areas and closer to surface in low laying areas. This is 
supported by the fact that seeps and swamps are present in the low laying areas and intensely green 
patches are observed at the toe of the slopes indicating groundwater discharge (as observed on Figure 
1).    

2.5 Baseline groundwater data 

There is a network of five installed monitoring bores within the Property Boundary, installed at 
different depths from 34.9 m to 69.8 m below ground level. One set of groundwater level data was 
taken in 2013, and indicates that the water level measured in MW3 (URS, 2013) is incorrect possibly 
due to surface water seeping in the monitoring bore. This bore was therefore excluded from further
analysis. Further information on installation of these bores is provided in URS (2013).  

2.5.1. Private groundwater bores 

Based on the search of NSW DPI Office of Water database and the Australian Groundwater Explorer 
(Bureau of Meteorology) databases, within 5 km radius from the Project Area, two registered 
groundwater bores were identified (Figure 4). There is very limited information available for these 
two bores as presented in Table 2. It must be noted that previous groundwater search (URS, 2014) 
reported 14 groundwater bores within 1.5 km radius, however only one had information which was 
reported. None of the reported bores (URS, 2014) are shown on any of the maps nor is there further 
information on their location.  



Table 2 Registered private groundwater bore summary (within 5 km radius) 

Bore Distance from the Project 
Area (m) Purpose Total depth 

(m) 
Yield (L/s)

GW66683 1300 Stock/domestic 35 0.9 
GW79737 650 Monitoring 20  

Figure 4 Private registered groundwater bores within 5 km radius from the Project Area 



3 NUMERICAL GROUNDWATER MODEL  

3.1 Choice of modelling software 

The numerical groundwater flow model was developed using Groundwater Vista (Rambaugh 2010). 
Groundwater Vista is based on the MODFLOW code developed by the United States Geological 
Survey (McDonald and Harbaugh, 1988) and includes several modifications to address recognised 
limitations of MODFLOW. Of particular relevance to Eagleton Quarry is the ability of MODFLOW-
NWT to account for unsaturated zone processes by solving equations based on the Newton-Raphson 
method (NWT). This program is intended for solving problems involving drying and rewetting 
nonlinearities of the unconfined groundwater-flow.    

The initial data files, model grid and layers were prepared by Umwelt using Visual MODFLOW 
package. Such prepared model was calibrated and scenarios simulated using the Groundwater Vistas 
graphical user interface.      

A numerical groundwater model was prepared in accordance with industry best practice and the 
Australian Groundwater Modelling Guidelines (Barnett, 2012). The model is classified as having a 
Class 1 confidence level due to the lack of data in the area of interest. 

3.2 Model structure 

The model grid is oriented with a y-axis pointing north; with a total domain of 9 km by 10 km. Model 
cells have a horizontal discretisation of 100 m throughout the model area. The calibrated model solves 
for a steady state distribution of piezometric heads indicative of the period when groundwater levels 
were recorded in early 2013. There are no transient groundwater level data available for this Project. 

During steady state simulation each parameter and boundary condition are held constant. This steady 
state solution (piezometeric heads) is used as the initial condition for the predictive transient solution 
over the period 2016 to 2046 during which the excavation will proceed.  This is the transient 
prediction period. It was considered that the rainfall and evapotranspiration had most influence on the 
site water balance and therefore using long term average rainfall and evapotranspiration data would 
assist in running the realistic prediction scenarios. Finally, a predictive simulation was run post 
operation for the period from 2046 for 20 years.   

Each transient solution is divided into yearly stress periods for the first six years within which each 
parameter and boundary condition is held constant. After six years two-yearly stress periods are used 
as the detailed excavation progress was not available.  

3.3 Model layers 

The model domain and hydrostratigraphy were based upon the stratigraphy provided in the updated 
conceptual model and the initial data files, model grid and layers prepared by Umwelt.  The domain 
encompasses a region around the Eagleton quarry, extending approximately 4 km to the north and 
south, and 6 km west to Williams River and 2 km to the east to Grahamstown dam. The model 
domain was chosen such that natural boundaries were used wherever possible.  

Three layers were used to represent the stratigraphy from the surficial alluvium/colluvium , rhyolite 
and conglomerate to the deepest rhyolite-rhyodacite (Table 1).  The topography of the grid (the 
elevation at the top of layer 1) was derived from topographic contours with 10 m resolution, and 
geologic mapping at 1:100,000 scale and local site mapping (Qualtest, 2016) provided surface 
lithology.  The top of rhyolite/rhyodacite (Layer 2) was interpolated based on limited historical 



borelogs in the quarry region and extrapolated elsewhere.  Rhyolite/rhyodacite hydrostratigraphic unit 
was represented by two layers to allow more flexibility for calibration.  The base of the model was set 
40 m deeper than base of Layer 1 following its elevation contours. Intermediate layer conforms to the 
shape of the base of Layer 1, with typical thicknesses given in Table 3. 

Table 3 Hydrostratigraphic layers 

Layer Lithology Hydrostratigraphic 
Unit Thickness

1 Alluivum/colluvium/Rhyolite/Rhyodacite/
Conglomerate 

Unconfined aquifer Variable  20 m to 92 m

2 Rhyolite/Rhyodacite Confined aquifer 20 
3 Rhyolite/Rhyodacite Confined aquifer 20 

3.4 Parameterisation 

Material properties (hydraulic conductivity) are assumed to be constant in each layer.  The field 
parameter data measured at the Eagleton quarry and literature values are given as a range of values 
only (URS, 2014); therefore starting hydraulic conductivity values were obtained from this range.

The final calibrated model parameters are further described in Section 3.6.2. A map showing the 
spatial distribution of K zones in layer 1 and a west-east cross-section through the proposed Quarry 
with K zones are given in Figures 5 and 6.  

Table 4 Initial hydraulic conductivity 

Lithology
Initial hydraulic conductivity  

(URS, 2014) 
m/day

Alluvium/colluvium 0.1 -10 
Rhyolite 0.0004-0.2 
Rhyodacite 0.0004-0.2 
Conglomerate 0.02-0.2 



Figure 5 Map of hydraulic conductivity distribution in numerical model (Layer1) 

Figure 6 West-east cross section with hydraulic conductivity distribution through the proposed Quarry  

3.5 Boundary conditions  

3.5.1 Recharge and evapotranspiration 

Recharge to groundwater is conceptualised as a constant fraction of annual rainfall.  This fraction can 
vary as a function of soil type and land use. Within the model area the landuse is predominantly rural, 
either low laying vegetated plains or bushland. Following this assumption uniform fraction of annual 
rainfall was assigned within the groundwater model domain. The recharge was applied to the 
uppermost active layer. 



For this study, average recharge as a fraction of rainfall was assumed to be within 5% to 10%. These 
percentages of rainfall were used for both the steady state and predictive transient conditions.

Transient recharge during the period of 2016 to 2046 uses the same total yearly rainfall at the Bureau 
of Meteorology Station Williamtown RAAF (Station 061078). For the post operational prediction 
period, same yearly rainfall was used. 

Evapotranspiration is conceptualised to occur at a maximum rate if the water table is at the land 
surface and to occur at a rate that declines linearly with depth to water table to a value of zero at an 
extinction depth determined by the soil type and vegetation.  It has been assumed that the maximal 
evaporation rate is 1,752 mm/yr. This value is based on data from the Williamtown RAAF (Station 
061078) and represents the Pan A evaporation rate. Corrected evaporation rate for evaporation from 
natural body of water and shallow groundwater is estimated at 1314 mm (McMahon et al, 2013; 
Linacre, 2002). Evapotranspiration was set to a constant value over the model domain during the 
whole simulation period Evaporation extinction depth has been applied to the top of the model. One 
zone was created with 2.5 m extinction depth. The extinction depth was applied from model surface. 

Recharge and evapotranspiration were not applied along the constant head boundaries.  

3.5.2 Regional boundaries 

Figure 7 presents boundary conditions setup in the model.  

Constant Head boundary (CHB) conditions were developed from the known elevations of physical 
features  Williams River and Grahamstown Dam (see Figure 7) obtained from topographic map and 
applied in the model.  CHBs head elevations were applied in Layer 1 as follows: 

Along the western boundary, CHB head elevation is 1 mAHD based on the topography map; 

Along the eastern and southern boundary coinciding with the extent of Grahamstown Dam, 
CHB head elevations are 4 mAHD based on the topography map. 

In Layers 2 and 3, a no flow boundary was set at all sides of the model, due to lack of groundwater
information and in the absence of known physical boundaries. The size of the model is large enough 
such that the distance to no flow boundaries is not impacted by the proposed Quarry area.  

3.5.3 River  

The location of the Seven Mile Creek and its extent was derived from the topographic map and 
applied using the RIV package of MODFLOW.  River boundary condition was  applied in the top 
layer which was in agreement with the elevation of the river stage.  

Both Seven Mile Creek and its southern tributary were represented with river bottom set below the 
river stage -set 0.5 m below the river stage. Seven Mile Creek has been reported as ephemeral (URS, 
2014) however it appears to support wide vegetation corridor (Figure 1), and receive baseflow further 
downstream. Therefore the river stage was not set equal to river bottom elevation. 

River conductance depends upon the length and width of the river geometry passing through a 
computational cell, the thickness of the river bed, as well as the hydraulic conductivity. Therefore, the
conductance value varies between 25 m2/day to 70 m2/day. 



Figure 7 Groundwater model boundary conditions 

3.6 Calibration 

Model calibration involves changing model parameters within expected bounds until the model results 
fit historical measurements, such that the model can be accepted as a reasonable representation of the 
physical system of interest.   

The historical measurements used as calibration targets were limited to local piezometric head 
measurements (one data point for each location) across the Project area that are indicative of the 
system in 2013. The model calibration was undertaken manually.  

All hydraulic conductivity and recharge parameters were calibrated to obtain the lowest error between 
the modelling and observed calibration targets. 

3.6.1 Calibration targets 

Within the model domain, 5 head measurements are available to calibrate the steady state model
however 4 were used as previously described in Section 3.2.  Four of those are monitored bores: 
MW1, MW2, MW4 and MW5.   All targets are located in layer 1. 

Table 5 Steady state calibration targets 

Name Type Water level (mAHD) 
MW1 Monitoring Bore 55.48 

MW2 Monitoring Bore 56.75 

MW4 Monitoring Bore 35.63 

MW5 Monitoring Bore 47.51 



3.6.2. Calibration results 

The final calibrated values of hydraulic conductivity, for the model layers are provided in Table 6.  
The final calibrated value for recharge was 7% of average yearly rainfall. Figure 8 shows steady state 
groundwater head contours simulated in layer 1. 

Final calibrated Kh for rhyodacite is lower than for rhyolite and this coincides with the mapped 
rhyodacite outcrop (Qualtest, 2016) where lava flow was identified intruded with sedimentary rocks. 
Higher lava porosity probably resulted in increased weathering, higher clay content therefore lower 
hydraulic conductivity. Underlying rhyodacite/rhyolite calibrated Kh is slightly higher than the 
outcropping unit, and this is attributed to presence of fractures in the subcropping volcanic rocks. This 
is expected as volcanic rocks relax with the pressure release resulting in jointing and fracturing. At the 
surface however the weathering will result in clay infilling the fractures and decreased hydraulic 
conductivity.   

The values of specific storage (Freeze and Cherry, 1979) and specific yield (Morris and Johnson, 
1967) were obtained from the literature as there was no field data available from the Eagleton Quarry. 

Table 6 Calibrated parameters 

Layer Formation Kh (m/day) Kv (m/day)  Specific yield 
% 

Specific storage 
(m-1) 

1 Alluvium/colluvium 5  5 0.1  
1 Rhyolite  2 x 10-2 1 x 10-2 0.1  
1 Rhyodacite 1 x 10-3 1 x 10-3 0.1  
1 Conglomerate 8 x 10-3 8 x 10-4 0.1  
2 Rhyolite/Rhyodacite 4 x 10-3 4 x 10-4  1E-05
3 Rhyolite/Rhyodacite 2 x 10-3 2 x 10-4  1E-0.5 

Table 7 Calibrated recharge and ET extinction depth  

Recharge and ET Zones Steady state Recharge 
Rate

 (mm/yr)

Extinction depth (m) 
for ET 1300 mm/year 

Uniform recharge 79.9
Extinction depth  2.5 



Figure 8 Steady state groundwater head (mAHD) in Layer1 

Figure 9 presents the results for the steady state model calibration. A root mean square (RMS) error 
of 1.6 m was obtained with a scaled RMS of 7.7%. This level of error is considered acceptable given 
the range of error and assumptions in the study 

Figure 9 Steady state calibration: observed versus computed hea 



3.6.3. Water balance
Groundwater discharge and recharge within the modelled groundwater system is implemented in the 
model through the following: 

Leakage from the Seven Mile Creek and baseflow contribution (represented by River 
package); 

Inflow/outflow through the constant head boundary from Williams River and Grahamstown 
Dam; 

Recharge; and  

Evapotranspiration 

Table 8 presents the water balance for the steady state model. The total inflow to the aquifer system is 
approximately 24 ML/day, comprising predominantly of rainfall recharge (approximately 70%), and
leakage from Williams River and Grahamstown Dam (23%) and Seven Mile Creek (7%). Outflow 
from the groundwater system is mainly via evapotranspiration (90%) and to a lesser extent laterally to 
Williams River and Grahamstown Dam (9%). This is as expected with a significant part of the model 
being located in the low laying area.  

Table 8 Modelled water balance in steady state 

Description Inflow (m3/day) Outflow (m3/day) 

Recharge 16836  
ET  21649 
Constant Head 5545 2330 
River 1649 51 
TOTAL 24030 24030 
ERROR (%) 0.00003 

3.7 Sensitivity analysis 

An auto sensitivity analysis was carried out in order to examine the sensitivity of the overall model to 
variations in horizontal and vertical hydraulic conductivity, and river conductance in each of the 
model zones and reaches. In addition, sensitivity analysis was undertaken to variation in recharge and 
evapotranspiration, given they are the major components of the water balance.   

The sensitivity analysis involves comparison of the base case model to parameter changes for all 
zones of horizontal (Kh ) and vertical (Kv) hydraulic conductivity and river conductance with 
multipliers of calibrated values of 0.1, 0.5, 2 and 10. For recharge and evapotranspiration the 
parameter changes comparison to base case model was undertaken using the following multipliers 0.3, 
0.5, 0.8, 1.2 and 1.5. Summary graphs of the sensitivity results for the steady state model are provided 
in Figures 10 to 14. 



Sensitivity analysis found the following: 

The model was generally insensitive to decreasing and increasing Kh , however it was found 
very sensitive to Kh of the underlying rhyolite/rhyodacite. Decreasing Kh by multiplier of 0.5 
was relatively close to calibrated value however increasing Kh of this zone resulted in 
excessively high residual sum of squares ; 

Model was generally insensitive to decreasing and increasing Kv , but it was found very 
sensitive to Kv in the outcropping rhyodacite in particular to an increase in Kv

The model is not very sensitive to a change in river conductance , with most sensitive reach 
being the Seven Mile Creek upstream of confluence with west-east running tributary 

The model is sensitive to recharge rate, in particular to lower recharge rate (using multiplier 
of 0.5 and 0.8), with decreasing sensitivity for higher recharge rate compared to base case

Similarly model was sensitive to lower evaporation rates, using 0.5 and 0.8 multiplier, 
however not sensitive at higher rates. The improvement could be achieved in calibration with 
multiplier of 1.2, however this is not significant. 

Overall the model is most sensitive to vertical and horizontal conductivity of the underlying 
rhyolite/rhyodacite and outcropping rhyodacite, and lower recharge and evaporation rates.  

Figure 10 Sensitivity comparison to horizontal hydraulic conductivity 



Figure 11 Sensitivity comparison to vertical hydraulic conductivity 

Figure 12 Sensitivity to river conductance 



Figure 13 Sensitivity to recharge  

Figure 14 Model sensitivity to evaporation rate 

3.8 Predictive simulations 

3.8.1 Predictive simulation during operation 

The predictive model simulates the groundwater levels in the period from 2016 to completion of 
material extraction in 2046.  This covers the period of 30 years.  

Quarry development is represented at yearly periods from Year 1 to Year 6 and followed by 2 year 
periods after this time, detailed development progress is provided in main report (Umwelt, 2016). The 
lower time resolution following 6 years of extraction is due to lack of detailed quarry layout and 
sequencing after this time period. Extraction of quarry material was represented in the model by DRN 
package. The drain elevation was set at 45 mAHD to coincide with the proposed base of quarry 



development. The conductance was set at 1000 m2/day to allow unrestricted outflow. A transient 
predictive run is performed where progressively more drain cells (used to represent the excavated 
material) are applied in accordance with the quarry development schedule (Umwelt, 2016).   

During the predictive simulation period the Recharge and EVT rates are maintained at values equal to 
the steady state yearly average recharge and EVT rates.  EVT extinction depth for the predictive run 
has been set up at 2.5 m below the Quarry floor, once the particular area was excavated. All other 
boundary conditions are maintained at the calibrated values.  

The impacts of the extraction are the focus of the current investigation and only the impacts arising 
from this period and location are described here.   

Table 9 lists the simulated groundwater inflow rates during the predictive model period.  The inflow 
increases with increasing area of extraction and peaks at a rate of 21.1 m3/day (7.7 ML/year) in Year 
24 of the extraction.

Table 9 Predicted inflow during simulation 

Period Inflow Rate (m3/day)
Year1 8.1 
Year2 13.3 
Year 3 12.7 
Year 4 18.7 
Year 5 21.3 
Year 6 19.8 
Year 8 17.7 
Year 10 18.6 
Year 12  20.1 
Year 14 20.7 
Year 24 21.1 
Year 30 20.6 

Table 10 presents the total water balance at the end of the extraction in Year 30.  

Table 10 Modelled water balance at the end extraction (Year 30) 

Description Inflow (m3/day) Outflow (m3/day) 

Storage 9.1 2.6 
Recharge 16827  
ET  22579 
Constant Head 6905 2889 
River 1821 73 
Quarry inflow  20.65 
TOTAL 25562.9 25562.9 
ERROR (%) 0.00001 

Groundwater levels across the Project Area in Layer 1 after six years of extraction and at the end of 
extraction are shown in Figure 15 and 16, respectively.  The drawdown that occurs during extraction 
in Layer 1 is shown in Figures 17 and 18. Depressurisation within layer 2 at the end of extraction is 
given in Figure 19. A maximum of 1 m drawdown is predicted to extend about 200 m west, north and 



south of the Project Area boundary. Maximum extent of drawdown occurs at 300 m from the eastern, 
southern and western boundary.   

The uncertainty in the predictive scenario has not been assessed, however based on the calibration fit,
it is expected that 10% uncertainty exists in calibrated results. In addition, with the large area 
modelled and very limited data available the uncertainty in predictions will increase to moderate. 

Figure 15 Groundwater heads in relation to Project Area boundary in Layer 1 at the end of Year 6

Figure 16 Groundwater heads in relation to Project Area boundary in Layer 1 at the end of extraction 
(Year 30) 



Figure 17 Drawdown in the Layer 1 at the end of Year 6 

Figure 18 Drawdown in Layer 1 at the end of extraction period 



Figure 19 Depressurisation in Layer 2 at the end of extraction period 

3.8.2. Predictive simulation post operation 

Following the completion of extraction in Year 30 of operation, the quarry floor within the excavated 
area will be free draining sloping at approximately 1% to the southeast east. Any groundwater that 
drains from the final landform benches in the west will be flowing to the dams.  The final landform 
will be rehabilitated with native vegetation which will be progressively established as the final floor 
level is achieved. Further detail on final landform is provided in the (Umwelt, 2016). 

Post operation period was simulated for 20 years following the completion of extraction, by keeping
the drain package active to simulate the extracted material. Effectively, final gently sloping and free 
draining landform will allow any groundwater seepage to flow through the shallow topsoil, and in the 
case of full saturation provide overland flow to the dam.  

Predictive simulation for the next 20 years results in the groundwater inflow to the excavated area of 
19.9 m3/day (7.2 ML/year).  Figure 20 shows the groundwater heads at the end of 20 years post 
operation and Figure 21 shows the drawdown contours at the end of 20 years post operation.  

Following 20 years post operation the model predictions have reached equilibrium and no further 
drawdown is expected. This is demonstrated by review of the storage fluxes within the last transient 
period with inflow from the storage of 4.7 m3/day and outflow of 1.5 m3/day. The net change is minor 
and the groundwater system is considered to be in quasi-equilibrium state.  



Figure 20 Groundwater heads at the Project Area in Layer 1 20 years post operation 

Figure 21 Drawdown map for the Project Area after 20 years post operation 



3.9 Model assumptions and limitations 

The following are the assumptions and limitations of the numerical model: 

The data used to calibrate the model comprised one set of groundwater level readings (five 
monitoring bores) of which four could be used with confidence. 

Hydraulic parameters were not available from testing program undertaken in 2013, only a 
summary of field and literature data was combined and summarised; therefore it may not be 
accurate; 

Specific storage and specific yield data was not available, therefore for transient model runs 
these parameters were estimated from literature; 

The surface water elevation of Williams River and Grahamstown Dam were obtained from 
topographic map, the accuracy of data is within 5 mAHD; 

The faults and other geology structures were not included in the groundwater model, as their 
exact location and the impact they have on the groundwater system is not well understood;

Numerical model predictions results in this study are given as best estimate. A range of 
uncertainty exists in the model prediction and this uncertainty has not been assessed; 

Cumulative impact from the Boral quarry located 600 m to the north of the Proposal has not 
been assessed as there was no data in the public domain to include in the model.  

4 IMPACT ASSESSMENT 

4.1 Impact on groundwater levels  

The proposal is for excavation within the Project Area boundary down to 45 mAHD, resulting in 
groundwater above this elevation to seep to the floor of the excavation. The groundwater inflow
manifests as drawdown within the connected groundwater source. The main impact from the Proposal 
on the water levels will occur in the central area of the Project Area. Maximum predicted drawdown 
within the Project Area boundary is 20 m at the end of 30 years of extraction, and 5 m at the Project 
Area boundary. Relatively slow extraction progress over 30 years (considering the area) reduces the 
impact of drawdown significantly.  

There is limited impact of drawdown outside of the Project Area boundary with a maximum impact 
on the southwestern Project Area boundary. Drawdown extends to approximately 200 m outside of 
the Project Area boundary however within the Property Boundary limit. Underlying 
rhyolite/rhyodacite remain confined, however 0.5 m depressurisation is predicted to extend to within 
500 m northwest from the Project Area boundary.  

The impact of other nearby projects (such as Boral quarry) and cumulative assessment have been 
addressed in this report through the use of most recent topographic map.  

4.2 Impact on nearby groundwater bores 

Figure 4 shows the location of the bores in the vicinity of the Property Boundary. Groundwater Atlas 
(BoM, 2016) and DPI Water database indicate the closest private bore is located about 400 m to the 
southeast of the Project Area (GW79737). The bore is installed at 20 m depth however no other 



information is available. Next closest private bore is located approximately 1.4 km southwest of the 
Project Area, installed in fractured rock aquifer and used for stock and domestic purpose (GW66683). 

The prediction simulation (Figure 18) indicates that drawdown at the end of extraction period extends 
to about 200 m west, north and south outside of the Site boundary with zero drawdown at around 300 
m distance from the eastern and southern Project Area boundary. Based on the distance to the closest 
private bore of over 1 km negligible impact is predicted at any of the private bores.   

4.3 Impact on baseflow  

Discharge to river was calculated for three segments in the groundwater model: 

The first segment includes Seven Mile creek upstream to the confluence with its southern 
tributary; and  

The second segment consists of the southern tributary up to the confluence with Seven Mile 
creek; 

The third segment starts at the confluence of the Seven Mile Creek and its tributary to 
Grahamstown Dam.  

Figure 5 shows Seven Mile creek represented in the model. 

The overall change in combined flow to these three segments is presented in Figure 22. Although 
Seven Mile Creek is mainly ephemeral and losing in its upper reaches, it also receives minor baseflow 
contribution from groundwater, mainly in its lower reach. Results from predictive simulations show 
that there is minor baseflow loss to Seven Mile Creek from the Project with a decrease of 0.75 m3/day 
(273 m3/year) over the period of 30 years of Project. 

Figure 22 Baseflow to creek during transient predictive simulation 



5 GROUNDWATER POLICY AND LICENSING 

Groundwater within the Property Boundary is managed by Water Sharing Plan for the North Coast 
Fractured and Porous Rock Groundwater Sources under the Water Management Act (2000). The plan 
commenced in July 2016; it establishes rules for sharing water between different types of water and 
provides users with opportunities to trade water through separation of land and water.  

During the proposed Eagleton Quarry development the predicted groundwater inflow is estimated to 
increase from 2.9 ML/year in Year 1 to 7.5 ML/year in Year 30 of extraction. Following cessation of 
extraction, the estimated groundwater inflow will continue at a steady 7.2 ML/year rate for the next 
20 years. During the operation, predicted groundwater inflow will be sourced from 
volcanic/sedimentary (fractured rock/porous rock) source only. No interaction is predicted with 
alluvium/colluvium located over 1.9 km to the east and west of the Project boundary.  

The total predicted volume of inflow during excavation will need to be licensed for take of 
groundwater from fractured/porous rock water sources, and water licences purchased on the open 
market.  

In accordance with the aquifer interference policy (AIP) the take of water from any aquifer needs to 
be accounted for, licences obtained and any potential impact considered. AIP assessment requires that 

Based on the bore yield (GW66683) this 
aquifer is considered to be less productive, and therefore minimal impact considerations have been 
developed accordingly. The AIP requires that no more than 10% cumulative variation in water table is 
exceeded at 40 m distance from high priority groundwater dependent ecosystems (GDEs) and/or 2 m 
cumulative decline at any water supply work. There is no high priority GDE or water supply work 
within 40 m from the Project and within the area where predicted drawdown will exceed 2 m. The 
policy also requires that cumulative pressure head decline does not exceed 2 m at any water supply 
work. This condition is also satisfied as the depressurisation within the confined fractured rock is 
predicted to be a maximum of 0.5 m after 30 years of material extraction within 500 m from the 
Project Area boundary, and zero at the closest water supply work (GW79737).   

6 CONCLUSION 

This groundwater modelling report represents an update on the existing groundwater modelling 
undertaken for the groundwater assessment for the development of the Eagleton Quarry (URS, 2014).
The conceptual model was updated and the geometry of the numerical groundwater model was setup 
by Umwelt, with model calibration, sensitivity analysis and predictive analysis undertaken further to 
address the SEARs and comments provided in the independent review.  The findings of the 
groundwater system analysis and numerical modelling are: 

Geology of the study area comprises Devonian volcanic and sedimentary rocks which outcrop 
over the Project area and also form the basement in this study. To the east and west of the 
Project Area, alluvial/colluvial sediments are identified. The volcanic and sedimentary 
sequence dips to the east. Several NW SE trending lineaments are present in the study area 
however their surface expression is not evident on the satellite images.  

Two main hydrostratigraphic units exist in the study area: volcanic/sedimentary rock and 
alluvium/colluvium. Volcanic and sedimentary units are geologically different however in 



terms of hydrogeological properties they are considered as one unit. This is based on low 
porosity, low matrix component and relatively low hydraulic conductivity. Alluvial/colluvial 
system is not considered to be in hydraulic connection with the volcanic/sedimentary unit. At 
the surface the volcanic/sedimentary hydrostratigraphic unit is unconfined with regional 
groundwater flow in the southeast direction across the Project area. At depth this unit is 
confined. 

Five groundwater bores were installed within the Property Boundary in 2013, with one water 
level reading undertaken from each of the bores in 2013. Groundwater level reading in MW3 
is not considered accurate and is believed to be high due to surface water flow into the bore. It 
was therefore not considered further in modelling.   

Hydraulic testing was undertaken in 2013 by URS (2013) however this data was not 
available, only a summary of combined field and literature value data was provided. This data 
was used as a starting point in model calibration.  

Predicted groundwater inflow into the quarry is predicted to increase from 2.9 ML/year in 
Year 1 to 7.5 ML/year at the end of the extraction in Year 30. The source of groundwater is 
from volcanic/sedimentary hydrostratigraphic unit.  

Drawdown in the upper surficial unconfined layer is predicted to be a maximum 20 m within 
the Project boundary at the end of extraction in Year 30, reducing to 1 m at 200 m distance (to 
the north, west and south) outside of this boundary. Zero drawdown is predicted at 300 m 
from the eastern and southern boundary.  Depressurisation within the underlying confined 
volcanic/sedimentary unit is 0.5 m at 500 m distance from the Project Area boundary.  

The impact of the final extraction on groundwater systems, private bores and baseflow has 
been assessed. Limited impact is predicted on Seven Miles Creek baseflow with a reduction 
of a maximum of 0.27 ML/year after about 25 years of extraction.  Given that the creek is 
ephemeral and losing in the upper reach, the baseflow reduction will occur only in the lower 
reaches.  

The Project will need to purchase groundwater licences in accordance with Water Sharing 
Plan (Water Management Act (2000)) to cover long term interception of groundwater. 

The uncertainty in the predictive scenario has not been assessed, however based on the 
calibration fit 10% uncertainty exists in the calibrated results. With large area modelled and
very limited data available, it is expected uncertainty in the predicted results will increase to 
moderate. 

AIP policy was considered, and Project assessed as being in the less productive groundwater 
source. The Project will not exceed thresholds for minimal impact, as both drawdown and 
depressurisation are below the limits set by the policy.  
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Eagleton Rock Syndicate Pty Ltd 
PO Box  898 
Newcastle 2300 

Attention: Murray Towndrow 

Dear Murray 

Groundwater Assessment Peer Review 

SLR Consulting Australia Pty Ltd (SLR) have been commissioned by Eagleton Rock Syndicate Pty Ltd 
(Eagleton) to conduct an independent peer review of the Eagleton Quarry Hydrogeological 
Investigation Report prepared by URS (11 February 2014, URS) (report). The independent peer 

NSW Department of Primary Industries (DPI).  DPI Water have requested that the SEARs, dated 

The primary objective of the peer review is to evaluate the fit for purpose to meet the 
SEARs. A summary of the key SEARs, as they pertain to a groundwater assessment, is provided in 
Table 1, along with comments based upon the peer review regarding the adequacy of the assessment 
to meet the requirements. 

Table 1 Summary of SEARs for groundwater impact assessment 

SEAR  Peer Review Comments 

Annual volumes of groundwater proposed to be taken 
by the activity from each groundwater source. 

The report provides an estimate of between 43 and 48 
m3/day of water would be pumped from the quarry. 
This should be converted to an annual volume to be 
consistent with the request and consistent with 
standard licensing requirements. 

There is some question as to whether this is the full 
amount of take from groundwater, as evaporative 
losses are not discussed. The estimated take should 
account for annual evaporative losses during and after 
operations in addition to water pumping. 

Assessment of any volumetric water licensing 
requirements (including those for ongoing water take 
following completion of the project). 

The report recognises the need for licensing under the 
Water Management Act 2000 but does not provide a 
description on the availability of licensing, nor does it 
provide any method on how these licenses will be 
obtained. The report is also silent on the issue of 
ongoing water take following the completion of the 
project e.g. final void.  
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A detailed assessment against the NSW Aquifer 
Interference Policy 
assessment framework. 

The report indicates that it has considered the NSW 
Aquifer Interference Policy (pg7) however at no stage 
later in the document is there a reference to how it was 
considered or assessed according to the assessment 
framework. Alternatively, it does not make mention why 
the Interference Policy and associated assessment 
framework are not applicable.  It is important to 
explicitly make references to the assessment 
framework if used, or to make a comprehensive 
statement\justification why it is not applicable.  

Assessment of impacts on surface and ground water 
sources (both water quality and quantity), related 
infrastructure, adjacent licensed water users, basic 
landholder rights, watercourses, riparian land, and 
groundwater dependent ecosystems, and measures 
proposed to reduce and mitigate these impacts. 

The sole focus of the impact assessment section is on 
the potential impact to watercourses. These 
assessments are founded upon the validity of the 
model. The assessment indicates that a surface water 
management plan could potentially mitigate the 
estimated impacts to the creeks.  

The report states that a bore search indicated 14 
registered bores within a 1.5km radius of the site. 
However, there is no discussion on the potential for 
impact (e.g. drawdown) within this search radius. There 
is no drawdown map provided for assessment.  

Although details were only available for 1 of the 14 
registered bores, there is no discussion as to likelihood 
of the others existing and\or any need for further work 
to assess their location, use, etc.  

The report makes a brief mention of a swamp in the 
vicinity of the project but no assessment as to the 
potential for impact. The impact assessment does not 
make specific reference to risk of impacts to GDEs. 

Full technical details and data of all surface and 
groundwater modelling, and an independent peer 
review. 

Please refer to Modelling Review section following 
Table 1. 

Proposed surface and groundwater monitoring 
activities and methodologies. 

No groundwater monitoring or methodologies are 
proposed. Surface water monitoring and studies are 
recommended within the report. 

Details of the final landform of the site, including final 
void management (where relevant) and rehabilitation 
measures. 

The report makes no mention of final void management
or rehabilitation measures.  

Assessment of any potential cumulative impacts on 
water resources, and any proposed options to manage 
the cumulative impacts. 

The report should make specific reference to the risk of 
cumulative impacts, even if it is to justify why the risk is 
minimal and not considered any further.  
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Modelling Review 

The overall level of reporting is insufficient for a proper assessment of the adequacy of the numerical 
model. The reporting deficiencies fall within three broad categories: 

 Conceptual Model 

 Risk of Project 

 Numerical model 

Conceptual Model 

The conceptual model is the most fundamental aspect of a groundwater impact assessment. It is the 
foundation upon which all other aspects rely, such as the risk of impact of the project, numerical model 
setup, calibration and justification, as well as the proposed mitigation and monitoring. Specific areas of 
concern are: 

 No presentation of a published geology map; 

 There is limited to no discussion of how each geologic unit acts as a water bearing unit nor is 
there discussion about the interconnectivity of geologic units. This is of particular importance 
since the model is set-up in a manner where each unit is setup in a vertical column as 
opposed to horizontal planes. Therefore, horizontal flow must cross geologic units.  

 The cross-section (Figure 4) provides a number of conceptual questions that should be 
explained: 

o The highest topographic area is unconsolidated material, while the low-lying areas are 
hard rock, even to the same depths (mAHD) below ground surface. There is no 
explanation as to the evolution of how this has come to be in a 
geological/geomorphological sense. 

o How does the variation in expected hydraulic conductivities between consolidated and 
unconsolidated sediments at this site affect the flow of groundwater? 

o The water levels are a reflection of topography, as discussed in the report, however 
there is no explanation why they remain below ground surface as depicted in the 
cross-section. Are there surface expressions of water, i.e. springs, seeps, swamps, 
etc.? Alternatively, is there evaporation\evapotranspiration that is shaping the water 
levels according to topography?  

 There is no discussion on evaporation or evapotranspiration (ET). ET is typically one of, if not 
the largest discharge component for groundwater in water table aquifers. 

 The National Water Commission Groundwater Modelling Guidelines (2013) and the 
Framework for Assessing Local and Cumulative Effects on Groundwater Resources (2011) 
should be consulted as guidelines on what is required for a conceptual model.  
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Risk of Project 

As outlined in the National Water Commission Groundwater Modelling Guidelines (2013) and the 
Framework for Assessing Local and Cumulative Effects on Groundwater Resources (2011), a risk 
assessment based upon the conceptual understanding of the system and project should be 
conducted. This risk assessment results in the justification of the level of effort required for the impact 
assessment, including but not limited to numerical modelling. In most cases it focusses the 
assessment on the highest areas of risk, and at the same time brings the intended audience for report 
(e.g. stakeholders) in line with the technical specialist conducting the assessment. From a numerical 
modelling standpoint, the risk assessment should define the levels of effort required for the model to 
be considered fit for purpose.  

Numerical Model 

It is not possible to provide a full evaluation of the numerical model and its adequacy to meet the 
SEARs for the reasons listed above, as well as the limited reporting of the numerical model, 
specifically: 

 Evapotranspiration is not mentioned. It is unknown if it is used or not in the model. This should 
be fully documented and justified; 

 There is no discussion on the target objectives for calibration; 

 Justification should be made for using a steady state calibrated model to predict transient 
impacts during mining; 

 There is no presentation of: 

o Calibrated mass balance of the model; 

o Predictive mass balance of the model; 

o Calibration criteria and matching; 

o Prediction of final voids; and 

o Drawdown maps and\or radius of impact. 

 The sensitivity assessment seems to only assess predictive sensitivity to the Drain 
conductance. However there is no discussion on how sensitive calibration is to drain 
conductance. It is noted that the author indicates that the model calibration is essentially 
unconstrained as it relates to hydraulic conductivity and recharge, 
explanation or method used to justify why the model should be accepted as is. The 
sensitivities of conductivities and recharge are not then later explained or explored in 
predictive sensitivity.  

 The report provides maps of calibrated recharge and hydraulic conductivities zones. 
Hydrogeologic justification needs to be provided for the varying zones other than it helped fit 
calibration.  

Summary 

In summary, it is my professional opinion that the report, in its current format, does not meet the 
conditions in the SEARs, nor does the assessment meet current industry practice for numerical 
modelling and the assessment of impacts to groundwater. At this stage I recommend that Eagleton 
commission URS or another consultant to complete the work following the guidance of: 
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 National Water Commission Groundwater Modelling Guidelines (2013) 

 National Water Commission Framework for Assessing Local and Cumulative Effects on 
Groundwater Resources (2011) 

Primary Industries (DPI) 

 Other references as noted in the report. 

Thank you for this opportunity to work with Eagleton and I look forward to working with you in the 
future. Should you have questions or require additional clarifications on the matters raised herein, 
please do not hesitate to contact me. 

Yours sincerely 

BRIAN RASK 
Principal Hydrogeologist 

Checked/
Authorised by: DL 
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Water quality monitoring – Hunter 

Water Corporation – Seven Mile Creek 
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APPENDIX 3
Project-specific water quality monitoring –

Seven Mile Creek
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Eagleton Rock Syndicate Pty Ltd 
PO Box 898 
Newcastle 2300 

Attention: Murray Towndrow 

Dear Murray 

Groundwater Assessment Peer Review 

SLR Consulting Australia Pty Ltd (SLR) were commissioned by Eagleton Rock Syndicate Pty Ltd 
(Eagleton) in January 2016 to conduct an independent peer review of the Eagleton Quarry 
Hydrogeological Investigation Report prepared by URS (11 February 2014, URS). The independent 
peer review was required to meet the Secretary’s Environmental Assessment Requirements (SEARs) 
of the NSW Department of Primary Industries (DPI).  DPI Water requested that the SEARs, dated 
30/10/2015, include “Full technical details and data of all surface and groundwater modelling, and an 
independent peer review.” SLR provided a peer review report (SLR, 9 February 2016) in which 
recommendations for further work were highlighted to meet the SEARs.  

Eagleton engaged Umwelt to revise the groundwater impact assessment and associated modelling to 
meet the SEARs, specifically addressing the comments provided by SLR (9 February 2016). SLR has 
worked in consultation with Eagleton, and by extension Umwelt, on the revised impact assessment. 
Eagleton provided SLR with a final Water Assessment Report prepared by Umwelt (Umwelt, October 
2016) (report) on the 13

th
 of October 2016, which includes a groundwater impact assessment and the 

associated modelling report as an appendix.  

This letter report herein is a documentation of the peer review of the Umwelt 2016 report, as it pertains 
to the groundwater impact assessment and the assessment’s fit for purpose to meet the SEARs. 

The primary objective of the peer review is to evaluate the assessment’s fit for purpose to meet the 
SEARs. A summary of the key SEARs, as they pertain to a groundwater assessment, is provided in 
Table 1, along with comments based upon the peer review regarding the adequacy of the assessment 
to meet the requirements. 
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Table 1 Summary of SEARs for groundwater impact assessment 

SEAR  Peer Review Comments 

Annual volumes of groundwater proposed to be taken 
by the activity from each groundwater source. 

The report provides an estimate of between 3.0 and 
7.7 ML/year of water would be pumped from the 
quarry.  

Assessment of any volumetric water licensing 
requirements (including those for ongoing water take 
following completion of the project). 

Section 4.3 (Umwelt, 2016) provides a discussion and 
assessment of water licensing and requirements under 
the Water Sharing Plan for the Sydney Basin – North 
Coast Fractured and Porous Rock Groundwater 
Sources. The discussion is adequate and provides a 
recommendation for the acquisition of appropriate 
licenses.  

A detailed assessment against the NSW Aquifer 
Interference Policy (2012) (NSW AIP) using DPI 
Water’s assessment framework. 

Section 4.4 (Umwelt, 2016) provides a summary of the 
groundwater impact assessment as it pertains to the 
NSW AIP. The summary is well presented and 
specifically addressed each point. The reader is 
referred to other sections for further details on how the 
conclusions are reached.  

Assessment of impacts on surface and ground water 
sources (both water quality and quantity), related 
infrastructure, adjacent licensed water users, basic 
landholder rights, watercourses, riparian land, and 
groundwater dependent ecosystems, and measures 
proposed to reduce and mitigate these impacts. 

The Umwelt 2016 report addresses all relevant matters 
listed in its impact assessment. Some comments are 
provided after Table 1 regarding some reporting 
comments found during the peer review.  

Full technical details and data of all surface and 
groundwater modelling, and an independent peer 
review. 

Umwelt 2016 Appendix 1a provides a summary of the 
groundwater modelling. Please refer to comments after 
Table 1 for peer review comments.   

Proposed surface and groundwater monitoring 
activities and methodologies. 

Section 7.3 (Umwelt, 2016) provides an overview of the 
proposed groundwater monitoring. Overall it is 
adequate. However the report could benefit from a 
description on how the proposed monitoring network 
addresses\monitors for the impacts predicted.  

Details of the final landform of the site, including final 
void management (where relevant) and rehabilitation 
measures. 

Section 3.3.5 and Section 6.9 (Umwelt, 2016) address 
final landform including final void management and 
rehabilitation measures adequately. 

Assessment of any potential cumulative impacts on 
water resources, and any proposed options to manage 
the cumulative impacts. 

Section 6.11 and Appendix 1a address cumulative 
impacts adequately.  

Overall, the report addresses the SEARs for groundwater impact assessment. The information is 
presented in a reasonable manner for the reader to follow the assessment criteria and conclusions 
drawn from the assessment. However, a review of the report has resulted in the following comments: 

 Table 4.1 – the response column that directs the reader to the sections where the issues are 
addressed should be updated.  

 Section 4.2, pg 58, second paragraph, first sentence – The first sentence refers the reader to 
Figure 3 of Appendix 1a. I believe this should be Figure 4 of Appendix 1a. 



Eagleton Rock Syndicate Pty Ltd 
Groundwater Assessment Peer Review   
   
 

24 October 2016 
620.11517.0000-L01-v1.0.docx 

Page 3 

 

SLR Consulting Australia Pty Ltd 

 Section 4.2 and Section 6.1 – with each section it stated that modelling predicts zero 
drawdown outside of the Site boundary. This is not consistent with the modelling results 
presented in Appendix 1a, which specifically states there is drawdown outside the Project 
area. If there is a difference between the Site boundary and Project area this distinction should 
be made more clear to the reader.  

 Section 4.2, last sentence – there appears to be a font size issue in text.  

 Section 6.1.1 - The first sentence refers the reader to Figure 3 of Appendix 1a. I believe this 
should be Figure 4 of Appendix 1a. 

 Section 6.1.2, pg 79 - The first sentence refers the reader to Figure 5 of Appendix 1a. I believe 
this should be Figure 7 of Appendix 1a. 

 Section 6.1.2, pg 79, second paragraph - The first sentence refers the reader to Figure 16 of 
Appendix 1a. I believe this should be Figure 22 of Appendix 1a. 

 Section 6.1 – this section would benefit from a summary of the impact assessment according 
to the NSW AIP previously assessed in section 4.4. 

 Appendix 1a, Figures 15 and 16 – The figures and supporting text refer to groundwater head. 
Head is a measurement with reference to specific datum, typically a measurement of head 
pressure above a datum. It is assumed that the values presented are actually water levels in 
m AHD but this is not clear. 

Appendix 1a provides sufficient detail on the conceptualisation, model setup, calibration, sensitivity 
analyses and predictive simulations for the reader to have a sufficient understanding the methodology 
used and the modelling results. The methods used are appropriate for the level of risk associated with 
the project as well as the hydrogeologic conceptualisation of the site and surrounding area.  

While the peer review has provided some comments herein which would assist with the reporting of 
the groundwater impact assessment (above), the overall conclusion of the peer review is that the 
groundwater modelling, and associated impact assessment, is fit for purpose to address the 
requirements of the SEARs and NSW AIP.   

Yours sincerely 

 

BRIAN RASK 
Principal Hydrogeologist 
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