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EXECUTIVE SUMMARY
The proposed Stage 2 Extension of the Austen Quarry involves increasing the size and depth
of the Stage 1 extraction area by 17.7ha and overburden emplacement by 5.8ha. With the
exception of increasing the size and depth of the extraction area, activities at the Quarry would
remain largely unchanged from those currently approved under development consent
DA 103/94.
An assessment of available data indicates that groundwater is present beneath the existing
extraction area at a depth of approximately 730m AHD, which is the approximately elevation of
the existing extraction area floor. The proposed extension would see the extraction area
extended laterally to the east and to a maximum depth of 685m AHD, some 45m below the
water table.
Groundwater would have to be removed from the extraction area as it extends below the water
table, resulting in a lowering of the water table below the Site. Approximately 45m of
drawdown would occur within the footprint of the extended extraction area, however,
drawdown is not expected to propagate a significant distance from the extraction area due to
the topographic setting of the extraction area and low permeability nature of the fractured rock
surrounding the extraction area.
Potential groundwater losses associated with the Stage 2 Extension were estimated using
analytical methods. It is estimated that proposed Quarrying activities would result in less than
10ML/yr of groundwater take from the Coxs River Fractured Rock groundwater management
unit of the Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011
(the WSP). This would be comprised of losses associated with physical removal of rock from
below the pre-development water table and ongoing seepage losses to the Quarry.
As the Stage 2 Extension would intercept the water table, the annual rate of extraction of water
should be estimated and allocated against a WAL for reporting this use. The Applicant should
ensure discharge of surface water and groundwater from the Quarry is appropriately licenced
with the NSW Office of Water. It is understood the Applicant has made application for a zero
discharge WAL and intends on making an application for a controlled allocation of water from
the Coxs River Fractured Rock groundwater management unit in accordance with Controlled
Allocation Order (various Groundwater Sources) (No 1) 2014 (NSW Government, 2014).
The Stage 2 Extension is classified as an aquifer interference activity and is therefore subject
to the provisions of the NSW Aquifer Interference Policy. A semi-quantitative groundwater
impact assessment has found that potential aquifer drawdown and water quality impacts
associated with the Stage 2 Extension would be minimal as defined by the NSW Aquifer
Interference Policy. The Quarry floor would remain above the nearby Coxs River at all times
and as a consequence would not alter the surface water and groundwater interaction affecting
the Coxs River. Groundwater users have not been identified within the maximum possible
extent of drawdown impacts.
There are no high priority groundwater dependant ecosystems or culturally significant
groundwater receptors, as identified by the WSP, within the Study Area. Drawdown from the
Stage 2 Extension may result in a small reduction in the discharge of groundwater to the
gullies between the Quarry and the Coxs River. These impacts would be restricted to the
slopes immediately surrounding the extraction area only and would be very minor given the
majority of surface flows within these gullies is a result of surface runoff of rainfall, not
groundwater discharge. Further, as the vegetation occurring within these gullies are not
considered to be groundwater dependent (Niche, 2014), no adverse impact on vegetation is
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expected. In addition, accumulated groundwater in the base of the Quarry (if present) will be
redirected to the Coxs River, replicating pre-development natural processes at the Site.
The proposed activities present little opportunity for contaminants to enter groundwater. With
the exception of fuel, hydraulic fluids, automotive chemicals and explosives, no chemicals
would be introduced into the extraction area as part of the Stage 2 Extension. Risks posed by
the presence of chemicals in the Quarry can be adequately addressed through implementation
of an appropriate environmental management plan for activities that have potential to result in
contamination of water. Processing of extracted rhyolite is restricted to crushing and screening
only. Rock within and surrounding the extraction area has low sulphur content and therefore
has little or no potential to generate acid upon oxidation. Existing water quality data for water
accumulated in the extraction area indicates pH consistent with the in surrounding
environment, supporting the conclusion that acid generation is not, and would not occur.
Continued monitoring of surface water at the site would allow for implementation of
contingency measures to address unforeseen water quality impacts.
In general, the Stage 2 Extension complies with the principles of relevant NSW water
management policies and guidelines. The Quarry is located in a topographically isolated
environment, which would limit the lateral extent of groundwater impacts. The Stage 2
Extension is not expected to reduce the quantity of groundwater available to other groundwater
users located within the Coxs River Fractured Rock groundwater management unit. Whilst
water processes at the Site would change as a result of extraction, provided water that falls or
discharges into the extraction area is routed into the Coxs River, no significant changes to the
site water balance are expected to occur.
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INTRODUCTION

This report presents the findings of a groundwater assessment of a proposal to extend the
extraction area and overburden emplacement of the existing Austen Quarry (“the Quarry”).
The Quarry is located on Lot 1 DP1005511, owned by the Hartley Pastoral Corporation Pty Ltd
(HPC), approximately 3.5km south-southwest of the village of Hartley and 10km south of
Lithgow (see Figure 1 of Annex A). The Quarry is currently operating under Development
Consent No. 103/94 (DA 103/94), which is based on the current Quarry design and operations
(“Stage 1”), is approved until March 2020.
Hy-Tec proposes an extension of the extraction area and overburden emplacement covering
approximately 25.5ha within Lots 1 and 2, DP1005511 and Lot 31, DP1009967 (“Stage 2
Extension”). All existing and proposed extraction, processing, stockpiling and transportation
operations are located in an area leased by Hy-Tec from HPC and referred to throughout this
document as “the Site”
The report was prepared for R.W. Corkery and Co. Pty. Limited (RWC) on behalf of Hy-Tec to
accompany an Environmental Impact Statement for the Stage 2 Extension.

1.1

STUDY AREA

The area that is the subject of this groundwater assessment (“the Study Area”) is the area
within an approximate 5km radius from the Site.

1.2

GROUNDWATER ASSESSMENT OBJECTIVES

The objectives of this assessment were to:


identify and describe legislation and guidelines that are relevant to the protection of
groundwater resources in NSW;



identify and describe the groundwater resources within the Study Area;



assess existing groundwater data to establish baseline conditions within the Study Area;



identify and assess activities associated with the proposed development that have
potential to impact on the quality and/or quantity of groundwater available within the
Study Area; and



estimate groundwater losses that may result from the proposed development.

1.3

SCOPE OF WORK

In order to meet the project objectives, Ground Doctor Pty Ltd (Ground Doctor) completed the
following.


Completed a review of legislation relevant to groundwater management at the Quarry to
identify potential constraints on the Stage 2 Extension.



Completed a review of available groundwater bore data and geological information to
assess the location and characteristics of the fractured rock aquifers located beneath
the Study Area, and to establish a conceptual model of groundwater processes within
the Study Area.



Identified existing groundwater users located within the Study Area from available
groundwater bore data.



Assessed the potential beneficial uses of groundwater within the Study Area.

Ground Doctor Pty Ltd
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Estimated the volume of groundwater that may be lost from the extraction area as a
result of the Stage 2 Extension using an analytical model.



Conducted a qualitative assessment of the potential impacts on the availability of
groundwater to other groundwater users posed by the Stage 2 Extension.



Conducted a qualitative assessment of potential impacts to groundwater dependant
ecosystems posed by the Stage 2 Extension.



Conducted a qualitative assessment of the potential impacts to groundwater quality
posed by the Stage 2 Extension.

1.4

LIMITATIONS OF THIS REPORT

The findings of this report are based on the Scope of Work outlined in Section 1.2. Ground
Doctor performed the services in a manner consistent with the normal level of care and
expertise exercised by members of the environmental consulting profession. No warranties,
express or implied are made.
The results of this assessment are based upon the information documented and presented in
this report. All conclusions and recommendations regarding the site are the professional
opinions of Ground Doctor personnel involved, subject to the qualifications made above. While
normal assessments of data reliability have been made, Ground Doctor assumes no
responsibility or liability for errors in any data obtained from regulatory agencies, statements
from sources outside of Ground Doctor, or developments resulting from situations outside the
scope of the Stage 2 Extension.
The results of this assessment are based on the conditions of the Site identified at the time of
the assessment and the Stage 2 Extension as described in Section 2. Ground Doctor will not
be liable to revise this report to account for any changes in site characteristics, regulatory
requirements, assessment criteria or the availability of additional information, subsequent to
the issue date of this report. Changes to the subsurface conditions may occur subsequent to
the assessment described herein, through natural processes or through human intervention.
The conclusions reached in this report are based on the information obtained at the time of the
assessment.
This report, including the data, findings and conclusions contained within it remains the
intellectual property Ground Doctor Pty Ltd. A licence to use the report for the specific purpose
identified is granted to RWC and Hy-Tec subject to full payment of the agreed project fees.
Ground Doctor Pty Ltd accepts no liability for use or interpretation by any person or body other
than RWC and Hy-Tec. The report should not be amended in any way without prior approval
by Ground Doctor Pty Ltd. The report should not be relied upon by other parties, who should
make their own enquires.
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THE STAGE 2 EXTENSION

2.1

THE SITE
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As noted in Section 1, the Site is located within private land owned by the Hartley Pastoral
Corporation Pty Ltd (HPC) which is leased to Hy-Tec. The extent of HPC owned land and the
boundary of the Quarry Site is shown in Figure 1 of Annex A. The extent of the HPC property
provides a large buffer around the Site.
The Site incorporates the following component areas:


An extraction area and associated overburden emplacement.



A primary crushing station (within the extraction area).



A secondary processing area and associated product stockpiling areas.



A product stockpile area referred to as “Yorkeys Creek stockpile area”.



Associated infrastructure including administration offices, amenities and weighbridges.



Structures associated with sediment and erosion control.

These components of the existing Quarry are shown in Figure 2 of Annex A.
The Quarry Access Road provides access to the Site via Jenolan Caves Road. The Quarry
Access Road is a purpose built sealed road and is the sole access to and from the Site for
personnel and product transportation.

2.2

EXISTING OPERATION OF THE QUARRY

The existing approval (DA 103/94) permits the following activities:


stripping of overburden and placement in an overburden emplacement adjoining the
extraction area;



extraction of rhyolite, an extrusive, volcanic rock, from the Stage 1 extraction area to a
maximum depth of 730m AHD;



primary crushing of extracted rhyolite in the northwest portion of the extraction area at
an elevation of approximately 750m AHD;



transfer of the primary crushed rhyolite by conveyor to a surge pile and secondary
processing area which adjoins the Coxs River;



secondary and tertiary crushing, screening and further processing of the rhyolite to
produce high quality aggregates and road base products;



stockpiling of processed and sorted product; and



operation of administration and maintenance facilities at the Site.

2.3

PROPOSED STAGE 2 EXTENSION

The Stage 2 Extension involves increasing the size and depth of the Stage 1 extraction area
by 17.7ha and overburden emplacement by 5.8ha. The footprint of the approved Stage 1
operations and Stage 2 Extension are shown in Figure 3 of Annex A. The primary aim of the
extension is to allow access to additional rhyolite (45 million tonnes), which will extend the life
of the Quarry by approximately 30 years.
Rhyolite extracted from the Quarry will continue to be crushed at the in-pit crushing station,
conveyed to the secondary processing area and processed here by crushing, screening and
blending. Operation of the processing areas, stockpiling areas and administration areas of the

Ground Doctor Pty Ltd
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Site are not expected to change as the Quarry transitions into Stage 2.
stockpiling activities are approved under the existing development consent.

Processing and

The assessment focusses primarily on the extension of the Quarry as no major changes to
processing, stockpiling or transportation operations are proposed.

2.4

VERTICAL EXTENT OF EXTRACTION

The existing development consent allows extraction to a depth of 730m AHD. The Stage 2
Extension proposes to increase the maximum depth of the extraction area to approximately
685m AHD.

2.5

WATER SUPPLY

The Applicant obtains water for operational purposes from a combination of surface water and
groundwater sources. Surface water is collected in designated water storages located over
the Quarry, as well as that which collects within the base of the extraction area. Water that
collects in the base of the extraction area and within a sump located adjacent to the primary
crushing station is believed to be comprised of both surface water and groundwater seepage.
Given the elevated positioning of the extraction area above the surrounding valleys, any
groundwater seepage to the excavation is from the infiltration of precipitation falling in close
proximity to the extraction area (on the ridgelines immediately adjacent), rather than draining of
a regional groundwater resource, or nearby surface water features. This concept is discussed
in more detail in Section 5.
The Applicant holds Water Access Licence (WAL) 25616 which allows them to extract water
from the Coxs River (up to 20 units per year). In addition, the Quarry lease area
(approximately 200 ha) allows for harvestable rights of up to 16ML/yr of surface water
(0.08ML/ha from Farm Dams Calculator http://www.farmdamscalculator.dnr.nsw.gov.au,
18 December 2013). The Applicant also purchases up to 10ML of water annually for the
purpose of drinking, ablutions and dust suppression. This water is used for dust suppression
on the conveyors and screens when surface runoff may have a high concentration of
suspended sediment which could clog spray nozzles.
The Applicant does not hold a WAL allowing use of groundwater within the Coxs River
Fractured Rock groundwater management unit, however, has made application for a zero
allocation WAL. In total there are eight WALs held within the Coxs River Fractured Rock
groundwater management unit of the WSP, with total entitlement of 81.5 units. The WSP
indicates that the long-term average annual extraction limit (LTAAEL) for the Coxs River
Fractured Rock management unit is 6,806ML/yr. In recognition of the very small proportion of
the LTAAEL currently allocated, the Minister for Water recently issued Controlled Allocation
Order (various Groundwater Sources) (No 1) 2014 (NSW Government, 2014) which provides
for the release of an additional 327 units within the Coxs River Fractured Rock groundwater
management unit of the WSP. The Applicant has indicated it will apply for a portion of this
controlled allocation equivalent to that which may be taken from the aquifer on an annual
basis.
The Applicant does not monitor current water usage from the Quarry and primary processing
area but it is estimated to be approximately 35ML/yr (pers. Comm., Malcom McDonnell, 2013).
Based on annual water consumption, and availability of water from harvested surface runoff
and the Coxs River (under WAL 25616) there is likely to be more than sufficient water
available to operate the Quarry. All water will continue to be accessed from the extraction area
sumps and surface water storages located on the Site. It is considered reasonable to assume
that the Applicant will be successful in obtaining an allocation for groundwater from the
Minister in accordance with NSW Government (2014) to account for any groundwater taken as
a result of the deepening of the extraction area.
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Ground Doctor completed an evaluation of legislation and regulatory instruments that may be
relevant to the proposed development. These are as follows.


















Water Management Act 2000. The object of the Water Management Act 2000 is the
sustainable and integrated management of the state's water for the benefit of both
present and future generations. Under this Act a WAL is required to extract or interfere
with groundwater in areas where a Water Sharing Plan (WSP) is in place. The Quarry is
located in an area covered by a WSP.
Water Sharing Plan (WSP). At the time this report was prepared the Site was located
within an area covered by the Water Sharing Plan for the Greater Metropolitan Area
Groundwater Sources 2011 (the WSP). The Site is located within the Coxs River
Fractured Rock groundwater management unit. The WSP outlines rules for the
equitable distribution of available water resources amongst WAL holders and the
environment. The WSP sets rules for the determination of water allocations and trading
of water within the Coxs River Fractured Rock groundwater management unit. The
WSP details high value groundwater dependant ecosystems and groundwater
dependant culturally sensitive sites located within the management area.
Guidelines for Groundwater Protection in Australia (ARMCANZ and ANZECC 1995).
This guideline provides a framework for preventing groundwater contamination in
Australia.
NSW State Groundwater Policy and Framework Document (NSW Department of Land
and Water Conservation 1997). The Framework document sets out the overall direction
of groundwater management in NSW and provides broad objectives and principles to
guide groundwater management. The document refers to the specific policy documents
listed below which outline the objectives and principles of minimising impacts to
groundwater quality and quantity, and impacts to groundwater dependant ecosystems.
NSW State Groundwater Quantity Protection Policy (NSW Department of Land and
Water Conservation 1998). Builds on the concepts outlined in the framework document
(see above) and provides more detail and guidance on how to manage and protect
groundwater quantity.
NSW State Groundwater Quality Protection Policy (NSW Department of Land and Water
Conservation 1998). Builds on the concepts outlined in the framework document (see
above) and provides more detail and guidance on how to manage and protect
groundwater quality.
NSW State Groundwater Dependant Ecosystems Policy (NSW Department of Land and
Water Conservation 2002). This policy is specifically designed to protect valuable
ecosystems which rely on groundwater for survival. It aims to maintain or restore the
ecological processes and biodiversity of groundwater dependent ecosystems for the
benefit of present and future generations.
Guidelines for Fresh and Marine Water Quality (ANZECC 2000). These guidelines
would be relevant in assessing groundwater quality, potential beneficial use of
groundwater at the Project Site, and to assess potential impacts to groundwater quality
from operation of the Quarry.
NSW Aquifer Interference Policy (Department of Primary Industries, 2012). This policy
aims to ensure that all activities which interfere with aquifers are properly assessed with
respect to potential groundwater and surface water impacts. The policy also aims to
ensure that the direct or indirect take of water resulting from an aquifer interference
activity is licenced appropriately for as long as the water is removed from an aquifer or
connected surface water body. The policy outlines project impact considerations that
should be considered when determining the level of detail required by an environmental
assessment for a proposed aquifer interference activity.

Ground Doctor Pty Ltd
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The Site is located within the Central Tablelands of NSW. Based on information published in
the “Sydney, 1:250,000 Geological Series Sheet S1 56-5 (1966)” the Site is situated on
volcanics of the Lower to Middle Devonian to Lower Carboniferous Period. These include
“rhyolite and rhyo-dacites”, “adamellite, granite and granodiorite”, “gabbro and diorite” and
“quartzite, sandstone, siltstone and claystone”.
The main rhyolitic assemblage consists of rhyolite flows interbedded with minor beds of
rhyolitic tuff, volcanic breccias and felsites. The rhyolitic stratigraphy is also cross cut by two
northeasterly trending intermediate to basic dykes.
To the east and west of the proposed quarry, metasediments that form part of the Lambie
Group outcrop. These rocks consist of quartzite, sandstone, siltstone and claystone and all
generally dip to the northeast. The Devonian Lambie Group and rhyolite sequence are
surrounded by Lower Carboniferous granite and granodiorite. Permian sediments from the
Berry Formation, consisting of sandstone, shale and conglomerate crop-out to the east and
west of the proposed quarry.
The rhyolite is a feldspar/silica rich rock which contains 65% feldspar (both alkali feldspar and
plagioclase feldspar), and 30% quartz all of which are geochemically inert materials. Minor
minerals encountered in the investigative drilling, geological mapping and extensive
petrological studies include biotite 1-2%, sericite 1%, carbonate 1%, along with trace levels of
sphene, muscovite, leucoxene and magnetite.
Nil to a trace amount of pyrite is also recognised in the rock mass, although this volume of
pyrite is not sufficient to cause any significant degree of acid generating potential, and is
further buffered by the clays and the presence of calcium carbonate.
Based on the results of more than 600 water absorption tests (undertaken for quality
compliance purposes on quarried produced) rhyolite source rock rocks typically have effective
porosity of 0.4%. Based on assessment of exploration drilling cores, voids (fractures) account
for approximately 0.7% of the overall rock volume.
The Site is characterised by steep terrain with outcropping rock and little or no topsoil. Further
information on local soils can be reviewed in the Soils and Land Capability Assessment
completed for the Stage 2 Extension (SEEC, 2014). The Site is bordered by the Coxs River to
the north and east. Given the upland environment the Coxs River features large cobble and
boulders and has little or no floodplain. Lower gullies at the Site appeared to feature
accumulations of colluvium from the upper slopes. The gullies typically became wider and
flatter further down slope.

4.2

TOPOGRAPHY

The Site is characterised by a series of ridges with general south west to north east
orientation. Ridges typically reach an elevation of approximately 800m AHD. The surrounding
gullies typically flatten out at an elevation of approximately 700mAHD, but continue to drain
into the Coxs River, which has an elevation of approximately 660m AHD to the north of the
extraction area and approximately 630m AHD to the east of the extraction area.
Areas along the Jenolan Caves Road to the west of the Site reach elevations in excess of
900m AHD. Slopes at the Site typically range between 20 and 30 degrees.
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DRAINAGE

The Coxs River is the primary surface water drainage adjacent to the Site. With the exception
of the Coxs River, Yorkeys Creek is the only substantial drainage close to the Site. Yorkeys
Creek stretches over a distance of approximately 4km which is significant when compared to
most gullies adjacent to the Site, which typically discharge surface water to the Coxs River
within 1km of their headwaters. Yorkeys Creek runs in a southwest to northeast direction from
Jenolan Caves Road to the Coxs River. Yorkeys Creek discharges into the Coxs River to the
west of the administration area and product sorting and stockpiling area. Yorkeys Creek
drains the elevated ridges along Jenolan Caves Road (in excess of 900m), however, in the
vicinity of the Site, has an elevation less than 700m AHD. The Yorkeys Creek valley is a
physical boundary which keeps surface water from the elevated western portion of the HPC
property from the area immediately adjacent to the Quarry.
The elevated areas adjacent to the Quarry typically drain into surrounding gullies which
typically discharge into the Coxs River in distances less than 1km from the ridge tops.
Gullies are typically too steep near the upper slopes to contain permanent water. Permanent
water is present in the flatter gullies of the lower slopes adjacent to the Quarry Site, where
colluvium is present.
Water falling within the existing Quarry is captured in a depression in the base of the Quarry
where it is stored for later use. Excess water is pumped from the Quarry to several surface
water polishing ponds located between the Quarry and the Coxs River. Water is discharged
periodically into the Coxs River from the polishing ponds in accordance with Environment
Protection Licence (EPL) 12323.
Surface water and groundwater seepage which accumulates in the depression adjacent to the
primary crusher is periodically discharged to polishing ponds for settlement before being
discharged to the Coxs River in accordance with EPL 12323.

4.4

CLIMATE

The Quarry is located on the Central Tablelands of NSW. Key climate statistics for Lithgow
(Birdwood Street) the closest Bureau of Meteorology weather station to the Site, are presented
in Table 1 and are summarised below. The temperature data presented is mean data for the
period 1912 to 2006. Mean rainfall data is for the period 1889 to 2006.
Evaporation data is not measured by the Bureau of Meteorology in Lithgow. Evaporation is
measured at the Bathurst Agricultural Station. The Quarry sits approximately 55km east of
Bathurst. Bathurst is at a similar elevation and a similar geographical location to the Site and
is inferred to provide the most indicative evaporation data for the Site. The evaporation data is
mean data for the period 1966 to 2013.
Table 1: Climate Statistics – Quarry Site
Measurement

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Year

Mean Max Temp

(oC)

25.5

24.7

22.4

18.4

14.3

11.1

10.4

12

15.4

18.7

21.5

24.5

18.2

Mean Min Temp

(oC)

11.9

12.1

10.1

6.7

3.9

1.8

0.7

1.3

3.4

6

8.1

10.4

6.4

Mean Month Rain (mm)

94.3

83.8

83.9

62.7

63

67.6

67.6

63.4

58.9

67.7

70

76.1

859

Daily Evap – Bathurst (mm)

6.8

5.7

4.5

2.9

1.7

1.1

1.2

1.8

2.8

4

5.2

6.5

1351
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Key climate indicators are summarised below:


Mean daily maximum temperatures range from 10.4 to 25.5oC.



Mean daily minimum temperatures range from 0.7 to 12.1oC.



Mean monthly rainfall totals range from 59mm to 94mm.



Mean annual rainfall is 859mm.



Mean annual evaporation is 1351mm (Bathurst Data).

All data quoted above was obtained
(www.bom.gov.au, 9 August 2013).

from

the

Bureau

of

Meteorology

website

The Site has slightly summer dominant rainfall. The average annual rainfall at the Quarry is
approximately 859mm/yr. The estimated annual evaporation rate at the site is 1,351mm/yr.
This means there is an annual moisture deficit at the site of approximately 492mm.

4.5

SURROUNDING LAND USES

Land surrounding the Site is used predominantly for dryland grazing. Elevated rocky ridges in
the vicinity of the Quarry retain remnant native vegetation and do not appear to be used for
any commercial purpose.
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HYDROGEOLOGY

Ground Doctor Pty Ltd completed a review of available groundwater information for the area
located within a 5km radius of the Quarry. This included:


a review of the geological setting;



a review of the registered groundwater bore database maintained by NOW;



an inspection of the Site;



an assessment of Site topography; and



an interview with the Applicant’s personnel regarding observations of groundwater
behaviour at the Quarry.

5.1

NSW OFFICE OF WATER REGISTERED BORE DATABASE

Ground Doctor conducted a search of the NSW Government Natural Resource Atlas
(www.nratlas.nsw.gov.au, 8 August 2013) for registered groundwater works located within 5km
of the approximate centre of the proposed Stage 2 Extension.
A total of 30 registered groundwater works were identified within the search area. Table B1 of
Annex B provides a summary of the information available on the groundwater work summary
forms for the identified bores. A copy of the Groundwater Work Summary forms for the
identified bores is presented as Annex C. The locations of registered groundwater bores
relative to the Quarry are shown in Figure 5 of Annex A.
Bore details are summarised as follows.


Only one registered groundwater bore was located within 3km of the Quarry. The
nearest registered bore to the Site was GW112395, which was located approximately
2.8km south of the Stage 2 Extension.



The majority of the identified bores were located more than 4km from the Stage 2
Extension.



Recorded bore depths ranged from 7m to 180m below ground level but most bores were
between 30m and 70m deep.



Recorded Standing Water Levels ranged from 3.6m to 70m below ground level. Using
estimates of surface elevation at each bore location recorded standing water levels
ranged from approximately 580m AHD and 930m AHD.



Recorded bore yields ranged from 0.06L/s to 17.8L/s but were typically less than 0.5L/s.



All identified bores encountered groundwater in either weathered rock or within fractured
bedrock. Groundwater was encountered in granite, shale and sandstone.



Where a description was provided groundwater quality was described as “good” or
“fresh”.



The identified bores were registered for stock, domestic and/or monitoring purposes.

Driller’s logs indicate that basement rocks to the west of the site consist of granite from near
the surface. In the eastern portion of the search area some bores encountered sedimentary
sandstone, shale and siltstone above underlying granite.
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SITE INSPECTION

The Site was inspected by Mr James Morrow of Ground Doctor on Thursday 18 July 2013. Mr
Morrow was accompanied by a representative of the Applicant, Mr Malcolm McDonnell.
There is limited groundwater data available from the existing Quarry operations. Several
exploration boreholes had been drilled at the site to delineate the extent of the rhyolite
resource. One of the recently drilled exploration holes was drilled vertically. During the site
inspection the vertical borehole was gauged for the presence of water. Water was
encountered at a depth of approximately 50m below ground level. The exploration borehole
was drilled at an elevation of approximately 780m above ground level. The standing water
level within the exploration hole was at a relative elevation of approximately 730m AHD.
The existing Quarry was located approximately 200m from the open exploration borehole. The
base of the existing Quarry was estimated to be at an elevation of approximately 730m AHD
(pers. comm. Malcolm McDonnell, 2013). Water was present in a depression in the base of
the existing Quarry. Mr McDonnell indicated that the depression was used to catch rainfall that
fell within the Quarry for future use and controlled release. Mr McDonnell indicated that the
water level within the depression remained fairly constant as a result of inflow from
surrounding disturbed rock. The extraction area floor was comprised of approximately 5m of
compacted crushed rock from other parts of the Quarry.
Based on the observed water level within the open exploration borehole and the persistence of
water in the base of the existing Quarry Ground Doctor believes that groundwater is likely to be
present at a depth of approximately 730m AHD within the footprint of the existing Quarry and
the Stage 2 Quarry.
Groundwater seepage was observed in a rock cutting adjacent to the primary crusher. Mr
McDonnell indicated that water seeped from the rock at most times. The seepage point within
the rock cutting was at an elevation of approximately 720m AHD. This observation provides
further evidence that groundwater elevation in the vicinity of the Stage 2 Quarry is at an
elevation of approximately 730m AHD. The groundwater elevation would be expected to
decrease away from the Quarry corresponding to changes in surface elevation.
Ground Doctor inspected the main gullies located to the north of the Site. Water was present
in colluvium along the drainage line within the main gully. It is likely that that groundwater
within the fractured rock aquifer discharges to the surface in places along the lower slopes.
Based on the observed low rate of seepage adjacent to the primary crusher the transmissivity
of the fractured rock is likely to be low. This inference is supported by the NOW registered
bore data which indicates that groundwater yields in volcanic strata were usually less than
0.5L/s.
Rock outcrops on the walls of the extraction area were observed to be fractured, occurring in a
range of directions without any bias.

5.3

STANDING WATER LEVELS

As outlined in Section 5.1 and Section 5.2 of this report the standing water level within the
Stage 2 Extension is approximately 730m AHD.
Whilst there is little formal data available for the Site, standing water levels and the direction of
groundwater flow can be inferred based on the topography of the surrounding landscape. The
Coxs River is considered indicative of groundwater elevation to the north and east of the
extraction area. The Coxs River has an elevation of approximately 660m AHD to the north of
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the extraction area and approximately 630m AHD to the east of the extraction area. Yorkeys
Creek is at an elevation of approximately 700m AHD to the west of the extraction area, so the
standing water level in this location would be expected to be 700m AHD or less.
Similarly, an unnamed gully to the south of the proposed extraction area is predominantly less
than 700m AHD, indicating the standing water level in this location is less than 700m AHD.
The presence of standing water at elevations above those of the surrounding gullies and river
valley indicates that groundwater in hard rock adjacent to the extraction area is present as a
direct result of infiltration of precipitation which falls on the elevated hilltops and ridges
surrounding the extraction area, and is topographically isolated. The observations also
indicate that the direction of groundwater flow is likely to be consistent with surface
topography. That is, groundwater would flow from beneath the most elevated parts of the
ridgeline toward the nearest gully, an ultimately to the Coxs River.
Estimates of relative standing water levels from information within borelogs for registered
groundwater works located within 5km of the extraction area (refer to Section 5.1) ranged from
580m AHD to 930m AHD.
The large variation in standing water levels across the Study Area indicates the following:


Standing water levels appear to correlate with changes in surface elevation. That is,
they are higher in more elevated areas and lower in low points within the landscape.



The bores identified are likely to be intersecting localised aquifers only with limited
lateral connectivity. For example the estimated standing water level at the site (730m
AHD) is higher than the surrounding valleys. This indicates that groundwater beneath
the site is from recharge which occurs on the elevated ridges immediately surrounding
the Site. Conversely some bores are installed in low points along gullies and appear to
target water seepage at the base of weathered strata in gullies and valleys.
Groundwater of this nature is unlikely to have any connection to the regional water
sources in fractured bedrock.



Water bearing fractures in rock have relatively low permeability which allows steep
groundwater gradients within the subsurface. There appears to be mounding beneath
ridgelines with steep gradient to discharge points in the adjacent valleys. At the Site the
observed standing water level (730m AHD) is approximately 70m to 100m above the
Coxs River, which is less than 500m from the Quarry at its closest point. Similarly
groundwater elevations along Jenolan Caves Road (approximately 4km west of the Site
are as much as 190m above the standing water level within the Quarry. These
observations demonstrate that the fractured rock supports relatively steep hydraulic
gradients. For example, groundwater seepage was observed at an elevation of
approximately 720m AHD adjacent to the primary crusher. The Coxs River is located
approximately 400m to the north of the primary crusher at an elevation of approximately
660m AHD. This equates to an average hydraulic gradient of at least 15%. Similarly,
the Coxs River is located approximately 500m to the east of the extraction area at an
elevation of approximately 630m AHD. This equates to an average hydraulic gradient of
approximately 20%.

5.4

AQUIFER PROPERTIES

As outlined above the large variation in observed groundwater elevation across the Study Area
suggests that the fractured rock aquifers have low average permeability. This inference is
supported by the relatively low groundwater yields (typically less than 0.5L/s) recorded for the
identified registered groundwater bores within the Study Area.

Ground Doctor Pty Ltd

3 - 17

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

5.5

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

AQUIFER BOUNDARIES

When comparing the elevation of the observed standing water level surrounding the extraction
area and the valleys and gullies within the vicinity of the Site, it can be concluded that these
valleys and gullies act as aquifer boundaries.
The Coxs River is the lowest part of the landscape in the vicinity of the Site. It is inferred that
groundwater may discharge into the Coxs River from fractured rock aquifers located either side
of the River. It is possible that the Coxs River may also recharge deeper groundwater bearing
strata in some locations, however, these (if present) are not relevant to the assessment as the
Quarry floor would remain 25m to 55m above the Coxs River.
Valleys and gullies within the vicinity of the Site are inferred to be groundwater discharge
points. Based on available standing water level data, the valleys and gullies surrounding the
Site are typically much lower than observed groundwater levels in adjacent fractured rock.
This means that the valleys and gullies form a physical boundary which would limit the lateral
movement of groundwater, and would be physical boundaries beyond which drawdown would
not be observed.
The presence of the Coxs River to the north and west of the Site will mean that changes to the
groundwater regime at the Site would not have an impact on groundwater resources on the
northern and eastern side of the River. Similarly the presence of valleys such as the one
occupied by Yorkeys Creek means that changes to groundwater which occur to the east of
Yorkeys Creek are unlikely to have any impact on groundwater resources to the west of
Yorkeys Creek.

5.6

SURFACE WATER / GROUNDWATER INTERACTION

Based on the observed standing water level and topography of the Site, groundwater in the
vicinity of the extraction area is part of what is an isolated or closed system. Recharge to the
ground occurs as a result of infiltration of precipitation from the immediate surrounds only.
Groundwater discharges close to the area in which it fell as precipitation. Both surface water
and groundwater discharge to the Coxs River.
Recharge (infiltration of precipitation to the subsurface) is likely to be a very small portion of
precipitation due to the steep nature of the Site and the presence of shallow soils, or total
absence of soil cover. A conservative estimate of recharge is less than 1% of precipitation.
However, the actual percentage is of little relevance in evaluating the Site water balance, as
both surface water and groundwater discharge to the Coxs River in close proximity to where
precipitation falls.
Groundwater recharge occurs in elevated areas surrounding the Site and may discharge to the
surface on the lower slopes and in particular near drainage lines. Groundwater is also likely to
discharge into the adjacent Coxs River, which is the lowest point in the landscape within the
vicinity of the Site.
Infiltration of rainfall on the elevated areas surrounding the Site results in mounding of
groundwater beneath the elevated area. This storage of groundwater is isolated from adjacent
aquifers due to the presence of low valleys (below the standing water level observed in the
Quarry) in all directions from the Site. That is, the groundwater elevation beneath the existing
Quarry (approximately 730m AHD) is above the surrounding valleys of Yorkeys Creek to the
west (typically less than 700m AHD), the Coxs River to the north and east (typically less than
660m AHD), and an unnamed drainage to the south (typically less than 700m AHD).
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Based on the conceptual understanding of water bearing strata beneath the existing Quarry
and basic hydrogeological principles, over the long term groundwater discharge equals
groundwater recharge. That is, in the equilibrium condition recharge equals discharge and
standing water levels are unchanged. In reality, groundwater levels would be expected to
fluctuate due to seasonal conditions. In wet periods, increased recharge would result in higher
standing water levels, and subsequent increased discharge until conditions become dry. In dry
periods, standing water levels would be lower and discharge would also be lower as a
consequence. Standing water levels would continue to fall until recharge increased due to the
return of wetter climatic conditions.

5.7

WATER QUALITY

Groundwater quality at the Site has not been assessed. Data provided in logs for registered
groundwater bores (refer to Section 5.1) indicates that groundwater quality is “good” or “fresh”.
Given the Site location within an elevated area of the Central Tablelands (an upland
environment) surface water and groundwater quality in the vicinity of the Site is expected to be
good, with water suitable for all potential beneficial uses, with respect to dissolved salt
concentrations. That is electrical conductivity (EC) is expected to be below 1,400uS/cm.
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6

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

6.1

CONCEPTUAL SITE MODELS

6.1.1 Existing Environment
A schematic cross section of the Study Area illustrating Ground Doctors conceptual
interpretation of the groundwater environment and groundwater behaviour is presented as
Figure 6 of Annex A.
Groundwater beneath the existing Quarry is mounded as a result of recharge which occurs on
the elevated areas adjacent to the Quarry. This water discharges into the surrounding valleys.
This pattern is likely to occur across the Study Area, with local mounding of groundwater
beneath elevated areas and discharge along drainage gullies and valleys.
The Study Area is also likely to feature perched groundwater units where favourable
architecture in bedrock allows local accumulations of rainwater infiltration above the regional
water table.
As discussed in Section 5.5 and 5.6, the valleys between elevated areas form boundaries
which limit lateral movement of groundwater.
At the time of reporting groundwater was encountered in the base of the existing Quarry, at an
elevation of approximately 730m AHD.
The Site is comprised of steep rocky slopes and rocky plateaus of limited area. It is inferred
that most rain falling within the extraction area would be lost to evaporation or would flow into
surrounding gullies as surface runoff. Only a small portion of rainfall (less than 1%) would
infiltrate the underlying fractured rock and become groundwater. The volume of rainfall
infiltrating the subsurface would be offset by the volume of groundwater discharge occurring
from the lower slopes or into the extraction area. Groundwater discharge from the vicinity of
the site is inferred to drain into Coxs River either directly or indirectly.
With the exception of evapotranspiration losses, precipitation falling on the Site flows to the
Coxs River, mostly overland with a small portion flowing through underlying fractured rock.
The portion flowing through the subsurface is insignificant when compared to overland flow.

6.2

STAGE 2 QUARRY EXTENSION

A schematic cross section of the Study Area illustrating Ground Doctors conceptual
interpretation of the groundwater environment and groundwater behaviour after the Stage 2
Extension is presented as Figure 7 of Annex A.
The main changes to the groundwater regime at the Site would occur as a result of:


the physical removal of the aquifer (i.e. the extracted rhyolite); and



groundwater drainage from surrounding fractured rock during excavation and from the
post quarrying landscape.
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The Stage 2 Extension would result in extraction to a depth of approximately 685m AHD (some
45m below the current groundwater elevation). The base of the final extraction area would
remain well above the elevation of the Coxs River, which is below 660m AHD in the vicinity of
the Site.
Once rhyolite and overburden / waste rock is removed from the extraction area, this section of
the aquifer is removed and replaced by a void. Groundwater (in the form of moisture within the
pore space of the quarried rock) would be lost during this process. Quarrying of aquifer
material would therefore result in a one-off loss of this groundwater (i.e. groundwater that was
formerly stored within the quarried rhyolite).
During and at the completion of extraction, the extraction area would act in a similar manner to
natural drainages at and surrounding the Site. The extraction area would convey surface
water and any groundwater seepage to the Coxs River, via a series of temporary storage and
polishing ponds. This would result in a lowering of the water table in the vicinity of the
extraction area.
Based on the conceptual Site model, drainage of groundwater into the extraction area would
result in the establishment of a new post-extraction standing water level around the perimeter
of the extraction area floor (at an elevation of approximately 685m AHD). This would result in
permanent (one-off) draining of water from the aquifer within the surrounding zone of influence
(cone of depression).
During and post Stage 2 extraction, the overall impacts on the Site water balance would be
minimal, as groundwater draining into the extraction area would be allowed to drain to the
Coxs River, as occurred in the pre-Stage 2 environment. The only major change being that
some water that formerly flowed to the Coxs River as groundwater, would flow to the Coxs
River on the surface. Some water would be lost to evaporation at the surface from temporary
storage within the extraction area or within polishing ponds.
Elevated areas would remain around the periphery of the extraction area. Groundwater
recharge would still occur in these areas as it does at present. Groundwater mounding is
expected to occur in the undisturbed areas adjacent to the extraction area. Groundwater
within the fractured rock adjacent to the extraction area would be expected to continue to seep
into the extraction area and into surrounding valleys.
The lateral spread of any drawdown impacts would be limited by the low average permeability
of the aquifer, which has been observed to support hydraulic gradients of at least 20% (refer to
Section 5.4). Using these hydraulic gradients as a guide to what would establish at the
completion of Stage 2, groundwater mounding is expected to occur between the excavation
and surrounding gullies. In particular, groundwater would continue to flow toward Yorkeys
Creek as a result of groundwater recharge occurring in the undisturbed area between the
excavation and the Creek (see Figure 7).
In the worst case, drawdown impacts would be limited by the presence of physical
topographical aquifer boundaries which include (Yorkeys Creek to the west, the Coxs River to
the north and east, and an unnamed drainage south of the Site).
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GROUNDWATER QUANTITY

6.3.1 Extractive and Drawdown Losses
There would be a one off loss of groundwater resulting from the removal of aquifer material
(quarried rock) and drainage of groundwater from adjacent fractured rock. The volume lost
would be equivalent to the saturated pore volume within the dewatered fractured rock.
In the absence of measured aquifer properties, Ground Doctor has used an analytical
approach to estimate potential groundwater losses that would result from draining groundwater
from the base of the excavation. This analytical approach has adopted conservative
assumptions and is likely to overstate the indirect take of groundwater associated with the
Stage 2 Extension.
The analytical model is based on the following assumptions.


All water contained in quarried rhyolite and waste rock is considered a groundwater loss.



The base of the final extraction area would be at an elevation of 685m AHD.



The existing (pre-Stage 2) standing water level is 730m AHD and extends at this
elevation away from the excavation. That is, the surface topography adjacent to the
extraction area (which is likely to limit the extent of drawdown impacts in some
directions) is ignored.



It is assumed that 45m of drawdown would occur across the footprint of the extraction
area.



The base of the final extraction area has been approximated as a circle with a diameter
of 350m.



Drawdown would propagate away from the extraction area. In the absence of measured
aquifer properties Ground Doctor has assumed that aquifer material would support an
average hydraulic gradient of 20%. This is based on the minimum possible hydraulic
gradient between the existing extraction area and the Coxs River, approximately 500m
to the east. For ease of calculation and conservatism it is assumed that the hydraulic
gradient would be linear away from the excavation. Assuming 45m drawdown, the cone
of depression would propagate approximately 225m away from the outer walls of the
extraction area.



The average void space in rhyolite at the Site is 0.7% (i.e. fractures) and the rhyolite
matrix has porosity of approximately 0.4% (refer to Section 4.1). It is assumed that
rhyolite contains 1.1% water on average.



Average rainfall at the site is 859mm/yr.



Groundwater recharge is approximately 1% of total rainfall.

The volume of rock within the cone of depression can be estimated by calculating the volume
of a conical cylinder with base diameter of 350m, upper diameter of 800m (estimated width of
the cone of depression) and depth of 45m. This equates to a volume of 11,685,252m3.
Assuming the total saturated porosity is 1.1% the volume of water removed from the aquifer is
estimated to be 128,538m3, which equates to 128.5ML of water.
This loss would occur over the 35 year operating period of the Stage 2 Extension. The
average yearly loss of groundwater attributable to removal of aquifer and drawdown would be
3.7ML/yr.
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6.3.2 Seepage Losses
In addition to the one off drawdown losses, groundwater would continue to be lost from the
aquifer as a result of seepage into the open extraction area. The average annual loss due to
seepage would be equivalent to the amount of recharge which occurs within the cone of
depression surrounding the excavation.
Based on an average hydraulic gradient of 20%, the cone of depression would extend
approximately 225m from the outer walls of the excavation. The area over which recharge
would be captured is estimated assuming the cone of depression is a circle with diameter of
800m (area of 502,655m2). Total average rainfall falling above the cone of depression would
be 431,781m3 (assuming average rainfall is 859mm/yr).
Recharge is assumed to be approximately 1% of annual rainfall. So the average estimated
annual recharge within the cone of depression would be 4,318m3, or 4.3ML/yr.
It should be noted that this estimate of seepage is based on the inferred maximum extent of
drawdown associated with the Stage 2 Extension. In reality the cone of depression would
increase in size gradually proportional to increased depth of the Quarry.

6.3.3 Evaporative Losses
Evaporative losses of groundwater are expected to occur from the extraction area during and
following the completion of the Stage 2 Extension.
During operation, groundwater that seeps into the extraction area would drain to a sump in the
lowest part of the extraction area where it would be stored temporarily prior to release to a
series of downgradient polishing ponds. Evaporative losses would occur as a result of
exposure of standing water to the elements.
Evaporative losses could be minimised by keeping the sump as small as possible. That is, by
constructing a deeper sump with smaller exposed surface area, rather than a shallow sump
with large exposed surface area.
Any loss of groundwater from evaporation would occur from accumulated seepage in the base
of the excavation. That is, evaporative losses would be a portion of seepage losses estimated
in Section 6.2.2. It is not necessary to account for evaporative losses separately.

6.3.4 Groundwater Use
The Applicant currently uses some water from the base of the existing extraction area, a
mixture of surface run-off and groundwater seepage. The primary use of water at the Quarry
is for dust suppression, of which an estimated 10ML/yr is drawn from extraction area sumps
(pers. comm. Malcolm McDonald). As the extraction area is extended it is expected that this
water would continue to be comprised of groundwater and rainwater.
Based on estimates of groundwater losses outlined in Section 6.2.1 and Section 6.2.2 a WAL
licencing use of up to 10ML of groundwater from the Coxs River Fractured Rock management
unit would be appropriate to account for direct and indirect take of groundwater. In recognition
of this small volume of groundwater that would be removed, the Applicant has made an
application for a zero share Water Access Licence. Appropriate allocation will be sought on
the commercial market, either from existing WALs or from a future controlled allocation of
water from the Coxs River Fractured Rock groundwater management unit. It is noted that the
NSW Government has issued a controlled allocation order for up to 327 units within the Coxs
River Fractured Rock groundwater management unit (NSW Government, 2014). This
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represents approximately 5% of the LTAAEL for the Coxs River Fractured Rock management
unit (6,806ML/yr) identified in the WSP.
The removal of groundwater would be approved for commercial or industrial use by virtue of
the development consent issued under Division 4.1 of the EP&A Act (for State Significant
Development).

6.3.5 Potential for Drawdown Impacts
Approximately 45m of drawdown would occur within the footprint of the extraction area
extension, however, the base of the final extraction area would remain well above the Coxs
River and most surrounding natural drainage gullies. Drawdown is not expected to propagate
a significant distance from the extraction area due to the low permeability nature of the
fractured rock and the presence of aquifer boundaries in all directions from the extraction area
(see Section 5.5). This is explained further as follows.
The lateral spread of any drawdown impacts adjacent to the excavation would be limited by the
low average permeability of the aquifer, which has been observed to support hydraulic
gradients of at least 20% (refer to Section 5.4).
Based on this observation drawdown impacts would be expected to be negligible a distance of
approximately 225m from all sides of the extraction area. This is based on establishment of a
hydraulic gradient of 20% adjacent to the extraction area and assuming pre-development
standing water level of 730m AHD.
Groundwater recharge would continue to occur in the undisturbed areas surrounding the
extraction area, resulting in mounding of groundwater between the extraction area and
surrounding gullies, which are inferred to be potential groundwater discharge points (see
Figure 7).
Based on observations from the Site standing water levels between the extraction area and
surrounding gullies (which include Yorkeys Creek), the standing water level would remain
more elevated than the gullies. A hydraulic gradient would therefore be maintained toward
gullies, with potential for groundwater to continue to discharge, or to maintain pre-development
conditions.
In the worst case, the presence of deep gullies in all directions from the proposed extraction
area would limit the lateral spread of drawdown. No registered groundwater users have been
identified within the maximum possible extent of drawdown impacts around the Site.
Groundwater dependent ecosystems have also not been identified within the maximum
possible extent of drawdown impacts (refer also to Section 6.4).

6.4

GROUNDWATER QUALITY

The Quarrying process involves blasting of rock and removal of rock with excavators and
loaders and hauling with trucks.
The plant and equipment used consume diesel fuel, hydraulic oils, lubricants and common
automotive chemicals. The risk of chemical spill and/or the consequences of a spill could be
adequately managed by maintaining plant and equipment outside of the extraction area.
Quarry vehicles could be refuelled beyond the active limit of the extraction area. If plant
requires refuelling within the active extraction area, this could be completed away from any
exposed groundwater, with appropriate controls on standby to contain and remove spills as
soon as possible. In the event that a spill occurred within the extraction area, earth moving
equipment could be used to contain impacts and to remove any impacted media for treatment.
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Explosives are and would continue to be used within the extraction area. Explosives typically
contain nitrate, which could potentially impact on groundwater quality. Based on the
conceptual Site model for the Site, groundwater would seep into the extraction area at a slow
rate, as opposed to flow from the extraction area to the surrounding groundwater. Any nitrate
contamination would leave the extraction area within surface water. Surface water discharge
quality would be managed in accordance with the existing Site Soil and Water Management
Plan (RWC, 2006). If explosives are handled and used correctly at the site the risk of
groundwater impacts are likely to be negligible and acceptable.
There is potential for salt to concentrate in water that accumulates in the base of the extraction
area as a result of evaporation. This risk would be controlled by limiting accumulation of
standing water within the extraction area. The extraction area would be maintained in a form
which encourages drainage of water from the base of the extraction area, limiting potential for
dissolved salts to accumulate to levels which could impact on aquatic ecosystems.
It should be noted that the Quarrying process does not introduce salt to the environment. Any
increase in salt concentrations would only occur due to evaporative loss of water. The total
mass of salt within water would not change.
Acid generation from oxidisation of sulphur is not of concern at the Site as the sulphur content
of the targeted rhyolite is very low (trace) to absent.
The potentially contaminating activities described above have been occurring at the Site as
part of the existing approved Quarry operation. The Stage 2 Extension poses no significant
additional risk to groundwater quality at the Site.

6.5

GROUNDWATER DEPENDANT ECOSYSTEMS

Schedule 4 of the WSP lists Groundwater Dependant Ecosystems (GDEs) located within the
Greater Metropolitan Area Groundwater Sources. The WSP does not list any sites located
within the Study Area.
A Terrestrial Ecology Assessment for the Austen Quarry Stage 2 Extension was completed by
Niche Environment and Heritage (Niche, 2014). With respect to GDEs, Niche (2014) found:
“Of the vegetation units mapped by Niche, only the River Oak riparian forest along Coxs River
is reliant on water availability for survival. In this respect, it is considered that, in such a steep
landscape, seasonal flows and storm surges during high rainfall events are far more
deterministic of the condition of this vegetation, rather than groundwater as defined in the
statements above (for example river base flows). The River Oak riparian forest is dependent
on the intermittently flowing Coxs River, is tolerant of a regular cycle of wetting and drying and
does not constitute forested wetland or swamp in semi-permanent standing or sub-surface
water.”
Based on the WSP and the findings of Niche (2014) there are no GDEs within the area that
may be impacted by direct or indirect take of groundwater associated with the Stage 2
Extension.

6.6

CULTURALLY SIGNIFICANT GROUNDWATER SITES

The WSP does not identify any culturally significant groundwater sites within the Greater
Metropolitan Area Groundwater Sources area.
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SURFACE WATER QUALITY

Groundwater that seeps into the extraction area, other than that which evaporates, would
eventually drain to the Coxs River. This process would replicate pre-development conditions
in which groundwater discharges into the Coxs River both directly and indirectly from adjacent
gullies.
The Stage 2 Extension is not expected to result in significant impacts to groundwater quality.
As such, discharge of groundwater from the Quarry into the Coxs River catchment is not
expected to result in unacceptable surface water quality impacts. Surface water discharge
quality would continue to be managed in accordance with the existing Site Soil and Water
Management Plan (RWC, 2006).

6.8

SEPARATION DISTANCES

The extraction area would intersect the water table. While Section 89J of the EP&A Act
excludes the requirement for the extraction area to be licensed as a water management work
or water supply (under Sections 89 and 90 of the WM Act), consideration as to the relevant
separation distances referenced in the WSP for such works is provided in Sections 6.7.1 to
6.7.4.

6.8.1 Existing Licenced Groundwater Works
The WSP states that no water supply works are to be granted or amended within the following
instances of existing bores:


400m from an aquifer access licence bore extracting greater than 20ML/yr on another
landholding, or



200m from an aquifer access licence bore extracting less than 20ML/yr on another
landholding, or



200m from a basic landholder rights bore on another landholding, or



100m from a property boundary (unless written consent from neighbour), or



500m from a local or major water utility bore, or



400m from a NSW Office of Water monitoring bore (unless written consent from NSW
Office of Water).

The nearest registered groundwater work is located approximately 2.8km from the extraction
area.

6.8.2 Groundwater Dependant Ecosystems
The WSP states that no water supply works are to be granted or amended within the following
distances of high priority GDEs (non Karst) as identified within the WSP:


100m for bores used solely for extracting basic landholder rights, or



200m for bores used for all other access licences.

The above distance restrictions for the location of works from high priority GDEs do not apply
where the GDE is a high priority endangered ecological vegetation community and the work is
constructed and maintained using an impermeable pressure cement plug from the surface of
the land to a minimum depth of 30m.

3 - 26

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

No water supply works (bores) to be granted or amended within the following distances from
these identified features:


500m of high priority karst environment GDEs, or



a distance greater than 500m of a high priority karst environment GDE if the Minister is
satisfied that the work is likely to cause drawdown at the perimeter of the high priority
karst GDE, or



40m of a river or stream or lagoon (3rd order or above),



40m of a 1st or 2nd order stream, unless drilled into underlying parent material and slotted
intervals commence deeper than 30m (30m may be amended if demonstrate minimal
impact on base flows in the stream), or



100m from the top of an escarpment.

The WSP does not list any GDEs within the Study Area.

6.8.3 Groundwater Dependant Culturally Significant Sites
The WSP states that no water supply works are to be granted or amended within the following
distances of groundwater dependent cultural significant sites as identified within the plan:


100m for bores used for extracting for basic landholder rights, or



200m for bores used for all other aquifer access licences

The WSP does not identify any groundwater dependant culturally significant sites within the
Study Area.

6.8.4 Contaminated Areas
The WSP states that to protect users from contamination, water supply works are not to be
granted or amended within:


250m of contamination as identified within the WSP, or



250m to 500m of contamination as identified within the WSP unless no drawdown of
water will occur within 250m of the contamination source,



a distance greater than 500m of contamination as identified within the WSP if necessary
to protect the water source, the environment or public health and safety.

Contaminated land as defined in the WSP has not been identified within 500m of the Site.

6.9

AQUIFER INTERFERENCE CONSIDERATIONS

The proposed extraction area extension would intersect the water table and as such would be
regarded as an aquifer interference activity under the NSW Aquifer Interference Policy (NSW
DPI, 2012). Section 3.2.3 of this policy outlines a number of considerations which need to be
addressed by proponents of aquifer interference activities. These considerations are outlined
in Table 2.
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Table 2: Aquifer Interference Considerations
Aquifer Interference
Consideration

Assessment of Consideration

Establish baseline
groundwater conditions
at the site.

Baseline groundwater conditions at the Site and within the study area are detailed in
Section 5.

Strategy for compliance
with WSP.

The Applicant would obtain groundwater entitlement to cover its use or indirect take of
groundwater from the extraction area. The WSP indicates that there is water
entitlement available for commercial or industrial uses within the Coxs River Fractured
Rock groundwater source, however, Ministerial approval (“controlled allocation”) is likely
to be required.

Details of potential
drawdown impacts on
other water users and
separation distances.

A semi-quantitative assessment of potential drawdown impacts has been presented in
Section 6.2.4. An assessment of separation distance is presented in Section 6.7.
This semi-quantitative assessment of impacts indicates that detailed analysis based on
aquifer testing was not necessary as part of this assessment. This is in keeping with
the NSW Aquifer Interference Policy which states:
“A risk management approach to assessing the potential impacts of aquifer
interference activities will be adopted, where the level of detail required to be provided
by the proponent is proportional to a combination of the likelihood of impacts occurring
on water sources, users and dependent ecosystems and the potential consequences of
these impacts.”

Groundwater
dependant ecosystems

Groundwater dependant ecosystems have not been identified in the WSP within the
Study Area.
Niche (2014) has not identified any GDE’s within the areas that could potentially be
impacted by drawdown resulting from the proposed Stage 2 Extension. Niche (2014)
indicates that the only potential GDEs within the vicinity of the site occur along the Coxs
River corridor and are more reliant on surface water flows within the Coxs River, which
would not be impacted by changes to groundwater processes at the Site.

Potential to impact on
water quality in aquifers
and surface water.

The potential for the Stage 2 Extension to impact on groundwater and surface water
quality has been assessed in Section 6.3.

Potential to cause or
enhance hydraulic
connection between
aquifers.

The extraction area would intersect fractured rock located within the Coxs River
catchment. No other aquifers or groundwater management units have been identified
within the vicinity of the Quarry. As such, the Stage 2 Extension would not cause or
enhance hydraulic connection between different aquifers or groundwater management
units.

Potential to cause river
bank instability.

The strata underlying the Coxs River is bedrock. As such, the Stage 2 Extension is not
expected to cause river bank instability. In addition, the Stage 2 Extension remains a
significant distance from, and elevation above, the nearest surface water features.

Details of the method of
disposing of extracted
water.

Water would be removed from the base of the extraction area as required. Water would
be discharged to the Coxs River via existing sediment dams under EPL 12323.
The amount of groundwater inflow to the extraction area, additional to that contained
within the extracted rock, has been estimated at 4.3ML/yr.
Given groundwater recharge represents a small portion of total rainfall (estimated to be
approximately 1% of rainfall), surface water inflow is expected to dominate water inflow
to the extraction area and the requirement for discharge to the Coxs River.

The NSW Aquifer Interference Policy characterises aquifers as “highly productive” or “less
productive”. “Highly productive” aquifers are those capable of yielding in excess of 5L/s and
that have a total dissolved solids concentration less than 1500mg/L. Based on this definition
the fractured rock aquifer at the site would be classed as “less productive” as a bore advanced
within the rock would not yield in excess of 5L/s.
Table 1 of the NSW Aquifer Interference Policy (NSW DPI, 2012) outlines “Minimal Impact
Considerations” which need to be considered when determining the level of assessment
required for an aquifer interference activity occurring within a “less productive” fractured rock
aquifer. Where the minimal impact triggers are exceeded a greater level of detail is required in
the groundwater assessment.
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Ground Doctor assessed the likely impacts of the Stage 2 Extension against the
considerations in Table 1 of the NSW Aquifer Interference Policy. The assessment is
summarised in Table 3.
Table 3: Minimal Impact Considerations
Impact

Impact Consideration

Water Table and Water Pressure

Drawdown impacts are not expected in identified
registered groundwater supply works due to a
large separation distance (more than 2.8km) and
the presence of aquifer boundaries between the
Site and all identified groundwater supply works.

Less than or equal to 10% cumulative variation in the
water table, allowing for typical climatic “post-water
sharing plan” variations, 40m from any:
(a) high priority groundwater dependent ecosystem; or
(b) high priority culturally significant site;
listed in the schedule of the relevant water sharing plan.
A maximum of a 2m decline cumulatively at any water
supply work.
If more than 10% cumulative variation in the water
table, allowing for typical climatic “post-water sharing
plan” variations, 40m from any:
(a) high priority groundwater dependent ecosystem; or
(b) high priority culturally significant site;
listed in the schedule of the relevant water sharing plan
if appropriate studies demonstrate to the Minister’s
satisfaction that the variation will not prevent the longterm viability of the dependent ecosystem or significant
site.
If more than a 2m decline cumulatively at any water
supply work then make good provisions should apply.
Water Quality
Any change in the groundwater quality should not lower
the beneficial use category of the groundwater source
beyond 40m from the activity.
If the above condition is not met then appropriate
studies will need to demonstrate to the Minister’s
satisfaction that the change in groundwater quality will
not prevent the long-term viability of the dependent
ecosystem, significant site or affected water supply
works.

Changes to groundwater quality at the Site are not
expected to occur. The Stage 2 Extension would
not introduce contaminants or salt to the aquifer.
The rhyolite at the Site contains low sulphur and
therefore has very little potential to generate acid
when it is exposed to oxygen.
In the event that water quality impacts did occur
the potential for impacts to spread away from the
excavation would be low, as drawdown in
surrounding rock is expected to maintain an
inward (i.e. towards the excavation) gradient.

Based on a qualitative assessment of potential impacts to groundwater quantity and quality
more detailed studies are considered unnecessary.
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GROUNDWATER MANAGEMENT PLAN

The key steps of a Groundwater Management Plan are:


identify potential hazards;



assess the risk;



implement controls to reduce risk to acceptable level; and



monitor and evaluate to ensure risk is managed appropriately and that unforeseen
hazards do not exist.

The two primary groundwater hazards of concern are potential impacts to water quantity
(drawdown) and water quality. These hazards are assessed in Sections 7.1 and 7.2.

7.1

DRAWDOWN

Risks posed by drawdown are negligible due to the absence of receptors (other groundwater
users, GDEs, culturally significant sites etc.) within the area likely to be impacted. Therefore,
implementation of controls to manage drawdown impacts are not warranted.
Monitoring and evaluation would be undertaken to ensure there are no unforeseen drawdown
impacts. If the Stage 2 Extension is approved the Applicant would install piezometers between
Yorkeys Creek and Coxs River. The piezometers would be installed with the aim of verifying
the conceptual groundwater model and/or better characterising groundwater levels prior to the
commencement and during operation of Stage 2.
Piezometers would be arranged in a fashion which allows estimation of the extent of the cone
of depression around the extraction area and allows monitoring of potential drawdown impacts
adjacent to surface water.
Estimates of groundwater seepage would be revised based on the observed extent of the cone
of depression around the Quarry.

7.2

WATER QUALITY

As outlined in Section 6, proposed quarrying activities pose little risk to groundwater quality,
as the process is limited to blasting, excavation, crushing and screening of rock. The risk of
chemical contamination to groundwater would be managed by employing industry standard
environmental controls to eliminate, substitute and/or isolate, groundwater quality impacts.
The targeted rock has low sulphur content and has little potential to generate acid upon
exposure to oxygen.
Monitoring and evaluation would be undertaken to ensure groundwater quality impacts remain
acceptable throughout the operation of the Quarry.
Potential impacts to water quality would be best monitored by assessing surface water within
the extraction area, and within down gradient surface water infrastructure for the following
reasons.
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Groundwater seepage would be expected to occur within the proposed extraction area
creating a flow gradient toward the extraction area.



Any groundwater that seeps into the extraction area would either evaporate or would be
treated with surface water in down gradient treatment ponds. Groundwater seepage is
expected to be a small component of the water captured within the extraction area,
which would be comprised almost entirely of rainfall.



The ultimate receptor of groundwater from the Site is the Coxs River, which is a surface
water receptor.

The existing surface water monitoring protocols outlined in the “Soil and Water Management
Plan for the Austen Quarry” (RWC, 2006) would be suitable for ongoing assessment of
potential impacts to groundwater quality. If water quality impacts were identified, appropriate
controls would be implemented to reduce risk to an acceptable level.
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CONCLUSIONS AND RECOMMENDATIONS

The Stage 2 Extension is an extension of an existing extraction area for which development
consent is held (DA 103/94). Activities at the Site would remain largely unchanged with the
exception of increasing the size and depth of the extraction area.
An assessment of available data indicates that groundwater is present beneath the existing
extraction area at a depth of approximately 730m AHD, which is the approximately elevation of
the existing extraction area floor. The proposed extension would see the extraction area
extended laterally to the east and to a maximum depth of 685m AHD, some 45m below the
water table.
Groundwater would have to be removed from the extraction area as it extends below the water
table, resulting in a lowering of the water table below the Site. Approximately 45m of
drawdown would occur within the footprint of the extended extraction area. Drawdown is not
expected to propagate a significant distance from to extraction area due to the low permeability
nature of the fractured rock and the presence of aquifer boundaries in all directions from the
Site.
It is estimated that the Stage 2 Extension would result in the loss of approximately 3.7ML/yr of
groundwater on average as a result of excavation of rock below the water table. It is estimated
that approximately 4.3ML/yr of groundwater on average would be lost as a result of ongoing
seepage into the final extraction area void.
The Stage 2 Extension is classified as an aquifer interference activity, is therefore subject to
the provisions of the NSW Aquifer Interference Policy (NSW DPI, 2012), and has been
assessed accordingly. A semi-quantitative groundwater impact assessment has found that
potential aquifer drawdown and water quality impacts associated with the Stage 2 Extension
would be minimal, as defined by the NSW Aquifer Interference Policy (NSW DPI, 2012).
The proposed activities present little opportunity for contaminants to enter groundwater. With
the exception of fuel, hydraulic fluids, automotive chemicals and explosives, no chemicals
would be introduced into the Quarry as part of the Stage 2 Extension. Risks posed by the
presence of these chemicals in the Quarry could be adequately addressed through
implementation of an appropriate environmental controls. Processing of extracted rhyolite is
restricted to crushing and screening only.
Groundwater dependant ecosystems and culturally significant groundwater receptors have not
been identified within the Study Area.
In general, the Stage 2 Extension complies with the principles of relevant NSW water
management policies and guidelines. The Quarry is located in a topographically isolated
environment, which would limit the lateral extent of groundwater impacts. The Stage 2
Extension is not expected to reduce the quantity of groundwater available to other groundwater
users located within the Coxs River Fractured Rock groundwater management unit. Whilst
water processes at the Site would change as a result of extraction, no significant changes to
the site water balance are expected to occur. The Applicant has made application for a zero
discharge WAL and there is opportunity to obtain sufficient allocation for the predicted indirect
take of groundwater from the Coxs River Fracture Rock groundwater management unit
through a controlled allocation order issued by the Minister for Water in September 2014 (NSW
Government, 2014).
The Stage 2 Extension would intercept the water table, however, Section 89J of the EP&A Act
excludes the requirement for the extraction area to be licensed as a water management or
water supply work (under Sections 89 and 90 of the WM Act). The annual rate of extraction of
water from the Quarry for use on site should be estimated and allocated against a WAL for
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reporting this use. The Applicant should ensure discharge of surface water and groundwater
from the Quarry is appropriately licenced with the NSW Office of Water.
Ground Doctor recommends establishment of piezometer network that would allow monitoring
of water levels around the extraction area, re-evaluation of drawdown risks and re-evaluation
of ongoing groundwater losses associated with the Stage 2 Extension.
Further, surface water monitoring should continue in accordance with the “Soil and Water
Management Plan for the Austen Quarry” (R. W. Corkery, 2006) to allow for identification, reevaluation and control of any unforeseen water quality impacts associated with the Stage 2
Extension.

Ground Doctor Pty Ltd

3 - 33

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

9

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

REFERENCES

Agricultural and Resource Management Council of Australia, Australia and New Zealand Environment
and Conservation Council, Guidelines for Groundwater Protection in Australia, September 1995.
Australian and New Zealand Environment and Conservation Council, and Agriculture and Resource
Management Council of Australia and New Zealand, Australian and New Zealand Guidelines for Fresh
and Marine Water Quality, 2000.
Australian Government, Bureau of Meteorology Website, www.bom.gov.au, Weather Observation Data
for Lithgow and Bathurst, 9 August 2013.
Farm Dams Calculator http://www.farmdamscalculator.dnr.nsw.gov.au, 18 December 2013.
Malcolm McDonnell, (2013), Personal Communication, 18 July 2013.
Niche Environment and Heritage (Niche, 2014) “Terrestrial Ecology Assessment for the Austen Quarry
Stage 2 Extension”, September 2014.
NSW Government and Commonwealth of Australia (1966) “Sydney 1:250,000 Geological Series Sheet
SI 56-5”, Third Edition, 1966.
NSW Office of Water, Natural Resource Atlas Website, www.nratlas.nsw.gov.au, Registered
Groundwater Bore Database, viewed on 8 August 2013.
NSW Department of Land and Water Conservation (1997), NSW State Groundwater Policy and
Framework Document.
NSW Department of Land and Water Conservation (1997), NSW State Groundwater Quantity Protection
Policy.
NSW Department of Land and Water Conservation (1997), NSW State Groundwater Quality Protection
Policy.
NSW Department of Land and Water Conservation (1997), NSW State Groundwater Dependant
Ecosystems Policy.
NSW Department of Primary Industries / NSW Office of Water (2012), NSW Aquifer Interference Policy,
September 2012.
NSW Department of Primary Industries / NSW Office of Water (2011), Water Sharing Plan for the
Greater Metropolitan Region Groundwater Sources-Guide, July 2011.
NSW Department of Primary Industries / NSW Office of Water (2011), Water Sharing Plan for the
Greater Metropolitan Region Groundwater Sources-Background Document, July 2011.
NSW Government (2011) Water Sharing Plan for the Greater Metropolitan Region Groundwater
Sources 2011, as at 1 October 2011.
NSW Government (2014) “Controlled Allocation Order (various Groundwater Sources) (No 1) 2014”. 4
September 2014.
R. W. Corkery and Co. Pty. Limited in conjunction with GSS Environmental (2006) “Soil and Water
Management Plan for the Austen Quarry, Hartley”. July 2006.

3 - 34

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

ANNEXURES
(Total No. of pages including blank pages = 78)

Annex A

Figures

Annex B

Registered Groundwater Bore Summary
Table*

Annex C

Groundwater Work Summary Forms*

*Note: This Annexure is only available on the Project CD

Ground Doctor Pty Ltd

3 - 35

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

This page has intentionally been left blank

3 - 36

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

Annex A
Figures
(Total No. of pages including blank pages = 10)

Ground Doctor Pty Ltd

3 - 37

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

This page has intentionally been left blank

3 - 38

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 39

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 40

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 41

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 42

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 43

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 44

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 45

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

This page has intentionally been left blank

3 - 46

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

Annex B
Registered Groundwater
Bore Summary Table*
(Total No. of pages including blank pages = 4)

*Note: This Annexure is only available on the Project CD

Ground Doctor Pty Ltd

3 - 47

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

This page has intentionally been left blank

3 - 48

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 49

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

3 - 50

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Ground Doctor Pty Ltd

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

HY-TEC INDUSTRIES PTY LIMITED
Austen Quarry – Stage 2 Extension Project
Report No. 652/19

Annex C
Groundwater Work
Summary Forms*
(Total No. of pages including blank pages = 62)

*Note: This Annexure is only available on the Project CD
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