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SECTION 1 Introduction 

 
1 Introduction 

1.1 Background 

The Department of Defence (Defence), as part of the approval process for the groundwater supply to the 
proposed Headquarters Joint Operations Command (HQJOC), requested URS Australia Pty Ltd (URS) to 
document technical information detailing the hydrogeological characteristics of the chosen site for the 
HQJOC facility.  Previous studies and assessments addressed an area encompassing all the optional sites 
for the facility.  This study is more specific to the selected site. 

In particular, this document addresses expected community comments and inquiries regarding the 
potential impacts of groundwater usage by the HQJOC. 

This report is in accordance with our proposal dated 6 September 2005, to provide: 

• A technical literature review of current groundwater information relevant to the site and the region; 

• A broader search of the existing groundwater extraction licences and a summary of this information 
including placing the HQJOC Facility in context; 

• Provision of a simple diagrammatical representation of the groundwater dynamics at the HQJOC site; 
and  

• A question and answer guide for issues that the may arise regarding groundwater. 
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2 Documentation 

2.1 Technical Literature Review 

The area where the HQJOC is located has been the subject of mineral exploration in the past.  URS 
conducted a search of the database of the Department of Primary Industry and obtained summaries of 12 
reports indicating drilling activities in the area.  Two reports related to geophysical investigations carried 
out in the Bungendore area, with one specifically aimed at investigating the alluvium sequence for the 
water supply development of the town. 

No additional useful groundwater information was obtained from this search.  Appendix A presents the 
report summaries described above.  The main sources of geological and hydrogeological information are 
as follows: 

• W.R.Evans, “Hydrogeology of the Australian Capital Territory and Environs” Bureau of Mineral 
Resources, Geology and Geophysics, Report 263, Canberra 1987; 

• Robert S.Abell, “Geology of the Canberra 1:100 000 Sheet Area, New South Wales and Australian 
Capital Territory”, Bureau of Mineral Resources, Geology and Geophysics, Bulletin 233, Canberra 
1991; 

• ACT Government, “Water Resources Management Plan” Environment ACT, 16 August 1999; 

• Water Studies Pty Ltd, “Headquarters Australian Strategic Theatre, Kings Highway via 
Bungendore, NSW. Groundwater investigations 2003” in GHD: “Headquarters Australian Theatre 
Engineering Services Report, 30 January 2004”; and 

• NSW Department of Natural Resources (DNR), previously Department of Planning, Infrastructure 
and Natural Resources (DIPNR) Bore Records. 

2.2 Department of Natural Resources Bore Records 

URS conducted a licensed bore records search from the Department of Natural Resources (DNR) for an 
area centred on ‘Woodlands’ where the potential groundwater extraction sites for the HQJOC Facility are 
located.  The closest bores located in the DNR registered bore database are seven shallow monitoring 
bores (less than 9m in depth) established in 1991.  No additional information is available about the 
purpose of the bores (possibly a sand mining/quarrying project). 

A broader search was carried out for an area of four kilometres around the HQJOC site.  The additional 
search has confirmed that there are no licensed extraction bores within the expected cone of depression 
generated by the pumping from the HQJOC area.  No outside impacts are, therefore, expected. 

Appendix B presents a summary table of the available bore information from Department of Natural 
Resources (DNR) records for a radius of up to 13 km from the HQJOC site. 
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2.3 Aquifer Mapping 

2.3.1 Geological description 

Figure 1 presents a geology map at the scale 1:25 000 adapted from the 1:100 000 Canberra geology 
map.  The map shows that the HQJOC site is divided in almost equal parts by the presence of the 
Whiskers Fault, which separates the Cullarin Block to the west from the Captains Flat Block to the east. 

West of the fault, the geology is represented by the Pittman Formation, of Ordovician age, and by 
massive porphyritic intrusives of Late Silurian age.  The latter are visible at the western boundary of the 
site along Dairy Station Creek. 

The Pittman Formation is described as consisting of interbedded sandstone, siltstone, shale and minor 
black shale, chert and impure calcareous sandstone.  Dark grey siltstone and shale are visible in the drill 
cuttings collected around Bore5B. The Pittman Formation is estimated to have an average width of 15 km 
(extending to the west towards Queanbeyan) and a geological depth of between 800 and 1200 metres. 

East of the fault, the geology is represented by the Carwoola Formation, of Silurian age.  The formation is 
described as consisting of sandstone, siltstone and shale.  Further to the east, a band of sandstone (Sur1) 
separates the Carwoola Formation from the Captains Flat Formation, also of Silurian age and described as 
consisting of shale, siltstone, acid and basic volcanic flows and tuff. The Carwoola Formation is less 
extensive over the same geological map sheet, having an average width of between 6 and 8 km, with a 
geological depth between 230 and 1200 metres. 

The Captains Flat Block is limited to the east by the Lake George Fault.  The Whiskers Fault and the 
Lake George Fault converge north of Bungendore with the Ballallaba Fault, to form a major structural 
feature that defines the western margin of Lake George. 

The Whiskers Fault is a reverse fault, i.e. a fault that over geological times has pushed upwards the older 
Pittman Formation to be laterally juxtaposed with the younger Carwoola Formation.  The fault dips 
approximately 80 degrees to the west, but has virtually no surface expression.  Dairy Station Creek 
appears to be aligned, and possibly initially controlled by this fault. 

The Whiskers Fault is considered as a permeable structure rather than a barrier to groundwater flow (on 
the basis of the results of the groundwater drilling and testing at Bore5B, which delivered an above 
average flow rate for the area).  The estimate of the average flow rate for the area is based on existing 
records, often incomplete and, generally, at some considerable distance from the site, as shown in the 
summary table of Appendix B (DNR Bore Results). 

Both the two major formations under the site have considerable vertical and lateral extent over the 
Canberra 1:100 000 geological map.   
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2.3.2 Hydrogeology 

The presentation of the geology of the site indicated that different geological formations underlie the site 
and the area where the site is located.  Based on the results of the investigative drilling and of the 
pumping tests carried out at the site, the Pittman and Carwoola geological formations represent aquifers 
that are in hydraulic interconnection across the Whiskers Fault Line.  Thus, it can be stated that the 
broader area where the HQJOC site is located is underlain by two very extensive aquifers in hydraulic 
connection that can receive, store and release groundwater.  Figure 2 presents an east-west cross-section 
through the centre of the site. 

The nature of the geological formations is such that groundwater is stored in fractures, defects, bedding 
planes, etc. giving the rockmass secondary permeability.  Two test bores were sunk as part of the site 
selection process in 2003.  Bore5B is the on-site test bore and Bore4A is located approximately 500 
metres south east of the rail underpass.  The location of both bores is shown in Figure 1.  The log of 
Bore5B, the on site bore, indicates that two major fracture zones were intersected below 56 m, where the 
airlifted yield during air drilling increased to 10 L/sec.  Similar geological conditions were encountered in 
Bore4A below 58 m, which is located at a higher elevation. 

The aquifers, that are generally unconfined to semiconfined, receive direct rainfall infiltration to maintain 
and sustain the water table.  Rainfall infiltration (aquifer recharge) appears to occur readily over the 
region, as indicated by the low salinity of the groundwater, as discussed later. 

Aquifer parameters and hydraulic gradients, calculated from the results of the pumping tests carried out at 
the site, are discussed below (Section 2.3.3). Both aquifers (Pittman and Carwoola formation) have 
considerable vertical and areal extent and, as a result, store considerable volumes of groundwater.  On the 
basis of the existing DNR records, it appears that there are no significant competing extraction demands 
on the groundwater surrounding the site. 

2.3.3 Water table 

The water table is expected to be a subdued expression of the surface topography, with the only control 
point at the site represented by the water level in Bore5B, measured at 1.82 m below the surface on the 
23rd September 2005. 

The cross-section of Figure 2 shows that groundwater flows towards the site from west and east and 
converges towards Dairy Station Creek.  In these conditions, the creek baseflow is likely to receive some 
contribution from groundwater inflows.  Although there is no accurate elevation data available for 
Bore5B, it appears that the water table at the bore site is at a similar elevation to the level in Dairy Station 
Creek.   

Aquifer transmissivity (the ability of the aquifer to store and release groundwater through its saturated 
thickness), has been measured by earlier investigations (Water Studies) at between 10 (Bore4A) and 15 
(Bore5B) m3/day.  The aquifer storativity (the volume of water an aquifer releases or takes into storage per 
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unit surface area per unit change in head) has been estimated at 0.03 on the basis of the pumping tests results 
and the nature of the aquifer. 

Using a value of 0.04 as the hydraulic gradient (based on the local topography), it is estimated that the 
aquifer underflow is in the order of between 400 m3/day/km and 600 m3/day/km of aquifer length.  This 
value is significantly higher than the water supply requirement of 86 m3/day, indicating that the aquifer is 
able to supply the HQJOC water supply requirements with only minimal local disturbance to the aquifer 
hydrogeological equilibrium.  

On the 23rd September 2005, URS carried out the first round of the quarterly groundwater and surface 
water sampling and monitoring.  Surface water was sampled along Dairy Station Creek at two sites, one 
approximately 1 km upstream close to the northern boundary of the site and another 100 m downstream 
of Bore5B.  The field measured parameters and the preliminary laboratory results indicate that the 
Electrical Conductivity (EC), an indirect indication of salinity, was 370µS/cm (227 mg/L) upstream and 
620 µS/cm (395 mg/L) downstream of Bore5B, with the bore recording an EC of 910 µS/cm (625 mg/L). 

These values suggest that the creek receives some contribution of slightly more saline groundwater along 
its course.  This condition is suggested by the elevation of the water table in the cross-section of Figure 2, 
by the direction of the groundwater flow and by the possible groundwater contribution to the creek’s 
baseflow, as discussed earlier (Water table section, page 2-3).   

A comparable EC value to that in Bore5B was measured by Water Studies in Bore4A (790 µS/cm) during 
the 2003 investigations.  Bore4A was not available for sampling on 23rd September 2005.  

The preliminary results for Bore5B show that the groundwater is generally of potable quality according to 
the guidelines set in the 2004 Australian Drinking Water Guidelines (ADWG). 

The ADWG are not mandatory and recommend levels that are based on aesthetic and health values.  On 
the basis of the September 2005 first full analysis, the groundwater sampled and analysed in Bore5B does 
not exceed the health-based values and only exceeds the aesthetic Total Dissolved Solids value of 
500 mg/L (625 mg/L).  The 500 mg/L value is based on the perceived taste of the water.  The guidelines 
suggest that above 1000 mg/L TDS the water is unacceptable to taste.  The taste of water in most cases 
depends upon its chemical composition and is not necessarily related to salinity. 

2.4 Effects upon surrounding users 

Figure 3 shows a diagrammatic extent of the cone of depression generated by pumping for the HQJOC 
groundwater supply.  Based on the hydrogeological parameters obtained during earlier investigations by 
Water Studies, it is estimated that the cone of depression will extend over an area of approximately 600 m 
radius from the pumping bore, a distance that will maintain a broad safety buffer zone between the site 
and any other groundwater users.  The summary table presented in Appendix B shows that the nearest 
groundwater user is located approximately 4.5 km from Bore5B. 

The records of licensed bores obtained from DNR indicate that there are no other groundwater users 
within the likely extent of the cone of depression (approximately 600m).  No adverse effects upstream or 
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downstream of the site are expected upon neighbouring properties or upon the township of Bungendore 
water supply bores. The Bungendore supply bores are a considerable distance from the HQJOC site, 
approximately 10 kilometres and in a different hydrogeological environment.  The aquifer supplying 
groundwater to Bungendore is made of an alluvial sequence of sand, silt and clays with significantly 
different characteristics from the aquifer underlying the site.  The extent of an interconnection, if any, 
between the two hydrogeological environments, is not known.  Based on studies to date, it is assumed that 
that groundwater flows generally mirror surface water flows, i.e. the Bungendore groundwater flows in a 
northerly direction towards Lake George (study commissioned by Palerang Council – report of late 2005) 
whereas the groundwater that would supply the HQJOC Facility flows southward toward the Molonglo 
River (See Section 2.3.3).  

2.5 Question and Answer Guide 

Appendix C presents a Question and Answer Guide which provides additional information to specific 
questions in relation to the groundwater supply for the HQJOC Facility. 

2.6 Glossary  

A glossary of hydrogeological terms used in this report is presented in Appendix D. 
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3 Limitations 

3.1 Ownership of Report 

Readers are advised that this Report has been produced under contractual arrangements such that the 
Consultant grants to Defence a permanent, irrevocable, royalty free, non-exclusive licence (including the 
right to grant a sub-licence) to use, reproduce, adapt and exploit the intellectual property rights in the 
Report anywhere in the world. Notwithstanding Part VII of the Copyright Act (1968), publication of the 
Report in accordance with this licence shall not affect such ownership. 

3.2 Limitations 

URS Australia Pty Ltd (URS) has prepared this report for the use of Department of Defence in 
accordance with the usual care and thoroughness of the consulting profession. It is based on generally 
accepted practices and standards at the time it was prepared. No other warranty, expressed or implied, is 
made as to the professional advice included in this report. It is prepared in accordance with the scope of 
work and for the purpose outlined in the URS Proposal dated 6 September 2005. 

The methodology adopted and sources of information used by URS are outlined in this report. URS has 
made no independent verification of this information beyond the agreed scope of works and URS assumes 
no responsibility for any inaccuracies or omissions. No indications were found during our investigations 
that information contained in this report as provided to URS was false. 

This report was prepared between September 2005 and January 2006 and is based on the conditions 
encountered and the information reviewed at the time of preparation.  URS disclaims responsibility for 
any changes that may have occurred after this time. 

This report should be read in full.  This report does not purport to give legal advice. Legal advice can only 
be given by qualified legal practitioners. 

This report contains information obtained by inspection, sampling, testing or other means of 
investigation.  This information is directly relevant only to the points in the ground where they were 
obtained at the time of the assessment. The borehole logs indicate the inferred ground conditions only at 
the specific locations tested.  The precision with which conditions are indicated depends largely on the 
frequency and method of sampling, and the uniformity of conditions as constrained by the project budget 
limitations.  The behaviour of groundwater is complex.  Our conclusions are based upon the analytical 
data presented in this report and our experience.   
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