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MJT/FM:jlb

Project 37916 

2 June 2005 

REPORT ON GEOLOGICAL AND GROUNDWATER ASSESSMENT 

REGIONAL DISTRIBUTION CENTRE 

READYMIX SITE, KELLOGG ROAD, ROOTY HILL 

1. INTRODUCTION 

This report presents the results of a geological and groundwater assessment undertaken on  

Lot 1, DP582388 and Lot 5, DP255515, Kellogg Road, Rooty Hill.  The work was carried out at 

the request of NECS, on behalf of Readymix.  

It is understood that the construction of a Regional Distribution Centre including a concrete 

batching plant and associated infrastructure is planned for the site.  The geological assessment 

was required to provide information on the soils, rocks and groundwater for an Environmental 

Impact Study which is being prepared for the site. 

The assessment comprised the review of available information, including previous 

investigations, drilling of four deep test bores on the main area of the site, together with 

measurement and sampling of groundwater.  In addition five shallow bores were drilled on the 

small portion of the site between Kellogg Road and Woodstock Road to obtain samples for 

laboratory testing.  Details are given in the report, together with comments on the findings of the 

investigation. 
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2. SITE DESCRIPTION AND PREVIOUS INVESTIGATIONS 

The site comprises an irregular shaped area located to the north and east of Kellogg Road, 

Rooty Hill.  It is bounded to the north by Woodstock Avenue, the Nurragingy Reserve and 

Eastern Creek to the east, a local access road (North Parade) and the main western railway line 

to the south, and Onesteel's Mini Mill to the west.   

The site is situated in gently undulating terrain sloping towards a small creek or drainage 

channel which passes across the southern half of the site, flowing in a north-easterly direction 

towards Eastern Creek.  The natural surface levels fall from a high point on Woodstock Road 

(Lot 1), to a low point in the drainage channel midway along the eastern boundary of Lot 5. 

At the time of the geotechnical investigation in 2003, the site was clear of structures and mostly 

covered by grass with some relatively dense vegetation along the drainage channel.  On the 

central portion of the site there were some large mounds of filling, typically 3-4 m high.  It is 

understood that this filling came from excavations undertaken on the adjacent Onesteel site. 

Two previous investigations have been undertaken on the site.  In February 2000, Coffey 

Geosciences Pty Ltd (CG) carried out a site appraisal of Lot 5 to assess the geotechnical 

aspects of the site for industrial redevelopment.  In the report (Ref No. S20339/1-AD, dated 28 

February 2000) CG presented the results of 15 test pits excavated across the site and 

laboratory testing of soils, and gave general recommendations for site classification and design 

of footings and pavements. 

In February 2000, CH2MHill undertook a Phase 1 Environmental Assessment of Lot 5 (Ref No. 

110127).  This assessment comprised an inspection of the site, a review of the site history and a 

review of the site geology and groundwater. 
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3. REGIONAL GEOLOGY AND SOILS 

The site is mapped on the Penrith 1:100 000 Geological Series Sheet as being underlain by 

Bringelly Shale (Rwb) of Triassic Age, however the map indicates that there are also some 

alluvial deposits (Qal) along Eastern Creek and its tributaries.  The alluvial soils have been 

deposited on top of the Bringelly Shale and the geological map indicates the alluvial soils are 

probably present beneath the southern section of the site.  An extract from the regional 

geological map is given on Drawing 1 in Appendix A. 

Bringelly Shale typically comprises beds of dark grey to black siltstone, claystone, finely 

interlaminated siltstone and sandstone (laminite), shale and fine grained sandstone.  These 

rocks, particularly the claystones, usually weather to form moderately to highly reactive clay 

soils.

The alluvial soils have been deposited in a fluvial environment and include clays, silts and fine 

grained sands. 

The only structural feature shown on the geological map in the area is the Penrith Basin 

Syncline.  This feature indicates that the site is located close to the centre of the Penrith Basin 

within a very gentle fold in the sedimentary rocks. 

The Penrith 1:100,000 Soils Landscapes Series map prepared by the Soil Conservation Service 

of NSW indicates that the northern half of the site is underlain by soils of the Blacktown 

landscape group (bt), while the southern half of the site is underlain by soils of the South Creek 

landscape group (sc).  An extract of the soils landscapes map is given on Drawing 2 in 

Appendix A. 

The Blacktown soil landscape group usually occurs on gently undulating rises over Wianamatta 

Group shales.  The ground slopes are usually less than 5% and the vegetation typically 

comprises partly cleared eucalypt, woodlands and tall open forests.  The soils range from 

shallow to moderately deep (less than 1m thick) and are hard setting, mottled textured clay soils.  

The soils are typically moderately reactive with a highly plastic subsoil, have a low soil fertility 

and poor soil drainage. 
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The South Creek soil landscape group occurs in flood plains, valley flats and drainage 

depressions or channels on the Cumberland Plain.  The soils are often deep, layered sediments 

overlying bedrock or relict soils.  The main limitations of this soil landscape are the risk of 

erosion and frequent flooding. 

4. FIELD WORK METHODS 

A truck-mounted drilling rig was used to drill four bores (Bores 1 to 4) in February 2003 to 

depths of 8 m.  The bores were drilled using spiral flight augers through the soils and were then 

continued using rotary drilling techniques in the underlying rock.  Standard penetration tests 

were carried out at depths of 0.5 m and 2 m within the soils. 

The locations of these bores are shown on Drawing 3 in Appendix A.  The locations were 

measured using a tape from existing site features and the levels of the tests were measured 

using a dumpy level relative to a permanent survey mark located at the intersection of 

Glendenning Road and Woodstock Avenue. 

A further five shallow bores (Bores 101 to 105) were drilled in May 2005 on the small section of 

the site between Kellogg Road and Woodstock Road.  These bores were drilled using an auger 

attached to a bobcat and were drilled to depths of 1.8 m to 3.0 m.  Samples of the soils from 

these bores were submitted to a laboratory for testing for hydrocarbons.  The locations of these 

bores are shown on Drawing 4 in Appendix A. 

5. FIELD WORK RESULTS 

Details of the conditions encountered in the test bores are given in the test report sheets in 

Appendix B, together with notes defining the terms used to classify the strata. 

The bores on the main part of the site intersected relatively uniform conditions across the site 

with depths to rock generally increasing on the lower parts of the site.  In summary the 

subsurface conditions encountered by the bores comprised: 
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 TOPSOIL - 0.1-0.6 m dark brown clay topsoil 

 CLAY - stiff to very stiff clays to depths of 2 m to 3.9 m.  In Bores 2, 3 and 4 the clays 

included some silt and/or sand, indicating that they might be alluvial in origin. 

 SHALE - weathered brown and grey shale 

The bores on the smaller portion of the site between Kellogg Road and Woodstock Road 

intersected natural silty clays or clay and sand filling over the natural silty clays. 

6. GROUNDWATER 

No free groundwater was observed during drilling of the bores but standpipe piezometers were 

installed in all four of the deep bores.  Measurements were taken of water levels following the 

completion of drilling and also after development of the bores, that is after the bores were 

pumped dry and allowed to recover.  The measured water levels are given in Table 1 below. 

Table 1 - Groundwater levels 

Bore Surface RL Water level (m) 

 (m) 25/3/03 9/4/03 

1 39.38 32.58 32.55 

2 34.02 32.61 32.23 

3 32.87 31.65 31.22 

4 33.93 31.52 31.15 

These levels indicate that there is a gradual fall in the level of the water table to the east and 

south-east, towards the drainage channel.  This is consistent with expectations that the 

groundwater table is a subdued reflection of the surface topography. 
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7. LABORATORY TESTING 

Samples of the near surface soils were collected from each of the bores on the main part of the 

site and tested for a standard suite of anions and cations to assess the salinity of the soils.  The 

detailed laboratory results are given in Appendix C and are summarised in Table 2 below. 

Table 2 - Chemical Analysis of Soil Samples 

Bore/Depth EC Ca++ Na+ K+ SO- -
4 Cl-

(m) ( S/cm) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1/0.1 96 720 410 1100 88 38 

1/0.5 270 550 700 900 170 270 

2/0.1 67 330 190 320 25 48 

2/0.5 380 130 1000 360 93 490 

3/0.1 750 10000 1500 1500 510 490 

3/0.5 470 180 1800 630 210 540 

4/0.1 39 2400 200 430 8.1 15 

4/0.5 140 1600 780 600 38 130 

EC = Electrical Conductivity 

Samples of the groundwater were collected from each of the deep bores and were tested for a 

standard suite of possible contaminants.  The detailed laboratory test results are given in 

Appendix D and are summarised in Tables 3, 4 and 5 below. 

Table 3 - Heavy Metals in Water Samples 

Bore As Cd Ch Cu Pb Ni Zn Hg

 (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

1 <0.005 <0.0002 <0.005 0.002 <0.001 <0.005 0.015 <0.0001

2 <0.005 <0.0002 <0.005 0.004 <0.001 0.01 0.048 <0.0001

3 <0.005 <0.0002 <0.005 0.002 <0.001 0.01 0.047 <0.0001

4 <0.005 <0.0002 <0.005 0.002 0.002 0.006 0.064 <0.0001

Trigger values for 
freshwater aquatic 
ecosystems - 95% 

protection 

0.013 0.0002 0.001 0.0014 0.0034 0.011 0.008 0.0006 
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These results indicate that there are elevated levels of zinc in the existing groundwater and 

slightly elevated levels of copper. 

Table 4 - Hydrocarbons in Water Samples 
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 (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

1 <0.04 <0.1 <0.2 <0.2 <0.001 <0.001 <0.001 <0.003 

2 <0.04 <0.1 <0.2 <0.2 <0.001 <0.001 <0.001 <0.003 

3 <0.04 <0.1 <0.2 <0.2 <0.001 <0.001 <0.001 <0.003 

4 <0.04 <0.1 <0.2 <0.2 <0.001 <0.001 <0.001 <0.003 

The results indicate that there were no discernible hydrocarbons in the water samples tested. 

Table 5 - pH, EC and TDS of Water Samples 

Bore pH EC TDS 

  ( S/cm) (mg/l) 

1 7.0 4500 3200 

2 7.1 16000 11000 

3 6.9 10000 6000 

4 7.2 10000 6100 

The results indicate that the samples of groundwater had neutral pH values but were highly 

saline.

In addition soil samples from the shallow bores on the small portion of the site between Kellogg 

Road and Woodstock were tested for hydrocarbons.  The detailed results of the testing are 

given in Appendix D and are summarised in Table 6 below. 
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Table 6 - Hydrocarbons in Soil Samples 
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 (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

101 0.2-0.5 <20 <20 <50 <50 <0.5 <0.5 <0.5 <1.5 

102 0.2-0.5 <20 <20 <50 <50 <0.5 <0.5 <0.5 <1.5 

103 0.2-0.5 <20 <20 <50 <50 <0.5 <0.5 <0.5 <1.5 

104 0.2-0.5 <20 <20 <50 <50 <0.5 <0.5 <0.5 <1.5 

104 1.0-1.5 <20 <20 <50 <50 <0.5 <0.5 <0.5 <1.5 

105 0.2-0.5 <20 <20 140 260 <0.5 <0.5 <0.5 <1.5 

Only two fractions from one sample were measured above the detection limits, and both of 

these are well below the acceptance criteria from the relevant guidelines. 

8. PROPOSED DEVELOPMENT 

It is understood that the proposed development for the site is to include: 

 an office building with a concrete testing laboratory 

 a concrete batching plant; 

 a rail siding for aggregate unloading; 

 storage bins and load out facilities; 

 a conveyor system linking the unloading station and the storage bins; 

 blending plant; 

 workshop, stores, weighbridge and truck maintenance facilities 

 two bridges over Angus Creek; and 

 realignment of North Parade. 
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9. GEOLOGICAL AND GROUNDWATER ASSESSMENT 

9.1 Geological Model 

The site is mostly located on a gently sloping hillside which falls towards the south-east where a 

local drainage channel crosses the site, flowing in a north-easterly direction towards Eastern 

Creek.

The whole of the site is underlain by weathered rocks of the Bringelly Shale formation, the upper 

member of the Wianamatta Group of sedimentary rocks laid down during the Triassic period.  

These rocks typically comprise beds of dark grey to black siltstone, claystone, finely 

interlaminated siltstone and sandstone (laminite), shale and fine grained sandstone.  Based on 

information from other sites in the area it is expected that the bedrock will be typically highly to 

moderately weathered at the surface but that it will be typically slightly weathered or fresh within 

a few metres of the top of the bedrock surface. 

Clay soils overlie the shale bedrock over all of the site.  While it is difficult to distinguish between 

the different clays, it is expected that most of the clays on the lower, southern part of the site are 

alluvial in origin and contain lenses of sand and silt, while the clays on the higher, northern part 

of the site are residual, that is, they are derived from in-situ weathering of the underlying shale 

bedrock.

The thickness of the clay soils typically ranged from 2.0 m to 3.9 m and the soils were 

consistently stiff to very stiff.  Observations of the soils on the site and laboratory testing carried 

out during the Coffey investigation indicates that the clays are typically highly reactive. 

At the time of the investigation there were large mounds of filling present on the northern half of 

Lot 5.  These mounds were up to 4 m high and it is understood that the filling was derived from 

excavations undertaken on the adjacent Onesteel site.  It is therefore anticipated that the filling 

probably mostly comprises clay soils and weathered shale and sandstone.  It is not known 

whether the filling was compacted, but visual observations suggest not. 
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9.2 Groundwater 

The regional drainage pattern comprises a series of major drainage channels, including Eastern 

Creek, which flow in a northerly direction across the Cumberland Plain.  The site is located just 

to the west of Eastern Creek, and is bisected by a local drainage channel or tributary of Eastern 

Creek which flows in a north-easterly direction across the site towards Eastern Creek. 

Measured groundwater levels in the bores indicate that the groundwater levels are a subdued 

reflection of the surface topography, with the depths to groundwater typically 1-2 m on the lower 

parts of the site and up to about 7 m below the higher parts of the site.  The direction of flow of 

the groundwater is to the south-east and east, towards the local drainage channel and then 

towards Eastern Creek. 

Chemical tests on samples of the groundwater indicate that the groundwater is highly saline, as 

is typical of groundwater within the Wianamatta Group of rocks, and the groundwater also 

contains slightly elevated levels of zinc and copper.  

Numerous investigations by Douglas Partners in the western parts of Sydney underlain by 

Bringelly Shale and Ashfield Shale have found degraded water quality due to naturally occurring 

factors relating to the marine environment which prevailed during much of the Triassic period.  

Salt deposited in the interstitial pore spaces of the shale beds during formation has not been 

fully leached owing to the low permeability of these materials and the fact that the major cations 

are bonded to the clay mineral structure by electrostatic forces.  The saline depositional 

conditions have caused the high salinity measured in the soil and groundwater over the entire 

western area of Sydney. 

In 1942 A N Old published a paper in the Agricultural Gazette which studied the salt content of 

groundwater in the Wianamatta Shale.  This study collected information from groundwater bores 

dating back to 1894 and found that the total dissolved solids in the water varied from 47,600 

mg/l at Toongabbie down to 11,500 mg/l at Riverstone with the overall trend showing an 

increase towards the centre of the basin around Merrylands/Wetherill Park/Toongabbie. 

The overall salinity of the groundwater in the western suburbs of Sydney is well established with 

few water bores located east of the Nepean River.  The low rate of leaching of the high salt 
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concentrations will ensure that without treatment the groundwater in this region remains 

unsuitable for agricultural, horticultural or farming use into the foreseeable future. 

9.3 Soil Salinity 

Laboratory testing of soil samples for conductivity and a range of anions and cations gave 

variable results ranging from slightly to moderately saline.  The level of salinity in the soil is 

consistent with the concentration of total dissolved solids recorded in groundwater samples 

taken from this site and other sites in the region.   

The salinity of the soil in western Sydney has been recognized for a long time with some 

reference to soil salinity given in historical documents from the early 1800s.  The fact that there 

are many salt tolerant native plants suggests that the salty soils and groundwater are naturally 

occurring, although it is recognised that urban development and land clearing can exacerbate 

the problem.  Work published by the Department of Lands and Water Conservation in 1997 

identified 4500 hectares of land affected by salinity with a further 19,000 hectares potentially 

affected.

The model for dryland salinity which has received the most recognition in recent times 

postulates that the removal of vegetation from hillsides has been accompanied by a rising water 

table on the lower slopes due to lower evapotranspiration.  The rising groundwater has brought 

salt to the surface which has then caused dieback of the remaining native vegetation and results 

in increased soil erosion.  Salinity can also be evident where deep excavations take place 

through the B soil horizon so that seepage emanates from the cutting face.  This seepage 

carries with high salt concentrations which are deposited by evaporation in the groundwater 

discharge zone. 

Salinity has been recognised as a regional problem in western Sydney and a Draft Salinity Code 

of Practice has been published by the Western Sydney Regional Organisation of Councils 

(WSROC).  The Code of Practice deals with development assessment and control measures.  It 

also recommends a level of site investigation to make a proper assessment of sites.  This 

includes determining the geology, soils, climate, hydrology, soil water and hydrogeology.  The 

current investigation has satisfied these recommendations in so far as it has reviewed all the 
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previous investigations together with the current investigation and has established existing soil 

and groundwater conditions as a baseline for future monitoring. 

The soil management principles outlined in the Draft Code of Practice identify a number of 

important areas which require consideration.  These are: 

 identify hazard areas and processes on the site 

 reduce water input and maintain the natural water balance that limits groundwater rise and 

soil water through flow 

 maintain good drainage and reduce water logging 

 retain or increase vegetation in strategic areas, and 

 implement building controls and/or engineering responses where appropriate. 

When the final design of the facilities is being completed, these principles will need to be 

incorporated into the site management regime. 

9.4 Acid Sulphate Soils 

Based on observations of the soils encountered in the bores and the elevation of the site it is 

considered that there is a very low risk of acid sulphate soils being found on the site.   

Acid sulphate soils are typically formed in coastal areas below about RL 5, along estuaries and 

rivers.  Recently there has been evidence to suggest that pyrite, which can potentially become 

oxidised during disturbance to form acid sulphate soils, may be present at elevations as high as 

RL 12.  The subject site, however, is above RL 30 which means that it is well above all the 

previous areas where acid sulphate soils have been found. 

The Department of Land and Water Conservation has prepared a series of Acid Sulphate Soil 

Risk Maps for the Sydney Metropolitan and Suburban Areas.  The maps, however, do not 

extend further west than Prospect/Parramatta indicating that the risk is confined to the main river 

systems and coastal regions. 
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9.5 Development of the Site 

It is considered that, from a geotechnical viewpoint, the site can be developed as proposed.  It is 

recommended, however, that the following comments be considered during design and 

construction: 

 the clay soils are highly reactive and will be subject to significant shrink and swell 

movements when there are changes in the moisture content of the soils, and footings of 

structures will need to be designed to withstand any such movements; 

 the low lying nature of the site means that there may be frequent flooding of lower areas of 

the site which could lead to erosion of soils as well as periodically increasing the moisture 

content of the soils if and when vegetative cover is removed; 

 the filling mounds on the site are unlikely to have been compacted or placed at the optimum 

moisture content, so it is likely that these materials will have to be reworked, 

 the moisture content of any filling using the clay soils from this site or adjacent sites will need 

to be carefully controlled. 

Site specific investigations will be needed for each individual structure when engineering 

designs are being prepared. 

DOUGLAS PARTNERS PTY LTD 

     Reviewed by 

Fiona MacGregor    Michael J Thom 
Principal    Principal 
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