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1. INTRODUCTION 

This report details the results of the Stages 1 and 2 geotechnical investigations undertaken by Coffey 

Geosciences Pty Ltd (Coffey) for a proposed Prison Hospital development and drainage works in Areas B & D 

of the Long Bay Correctional Centre, Malabar.   

The Stage 1 investigation work was undertaken for the NSW Department of Commerce generally in 

accordance with our proposal (Reference No: E12723/2-AE), dated 26 May 2004 while the Stage 2 

investigation was carried out in general accordance with our proposal (Reference No: E12723/4-AE), dated 2 

May 2005.   

The current preliminary geotechnical investigation was undertaken concurrently with a Stage 2 Environmental 

Site Assessment, also by Coffey.  For details of the environmental site assessment, reference should be made 

to the Stage 2 Environmental Site Assessment Report E12723.3- AS. 

The objectives of the study were to provide information on subsurface conditions, a geotechnical model, 

discussion and recommendations on relevant geotechnical aspects including: 

• A general description of the geology and geomorphology; 

• Advice from local authorities on susceptibility to 100 year ARI flooding; 

• Preliminary subsurface data; 

• Suitability of excavated materials for re-use as fill for engineering and landscaping purposes; 

• Preliminary recommendations on footing type, bearing capacities of foundation, earthworks and 

pavement design; and 

• Advice on the need to line a stormwater detention basin. 

Our overview of the relevant geotechnical investigation reports for Areas B and D that were prepared by 

others, is included in this report.  Responses to Tasks 3, 4, 5, 6, 7 and 9 that were requested by the 

Contractors who are bidding for the construction works are also provided (Note that details of the tasks 

requested in presented in Section 6 of this report).    

2. DETAILS OF PROPOSED DEVELOPMENT 

It is understood that the new development will comprise: 

• A new Long Bay Prison Hospital in Area B for the Department of Corrective Services (DCS).  The 

hospital will comprise a mix of one and two storey buildings and yards set within a 6m high wall.  The 

development will involve the relocation of the existing maintenance and storage facilities, which 

currently occupy the site of the proposed hospital. 

• A new Forensic Hospital in Area D for the Corrections Health Services (CHS).  The forensic hospital, 

like the prison hospital, will comprise a mix of one and two storey buildings and yards set within a 6m 

high wall.  The development will also include a new building to house administration, stores and a 

pharmacy. 

• A combined stormwater detention basin / playing field to be located in the southern part of Area D. 

• Two stormwater detention basins in Area D. 
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• Construction of new roads and a car park. 

At the time of the investigation and preparation of this report, the precise location and nature of the 

development had not been finalised.  Area B covers an area of approximately 2.6Ha and Area D covers an 

area of approximately 7.9Ha.  The location of these areas within the Long Bay Correctional Complex and a 

site locality plan is provided on Figure 1. 

3. FIELD INVESTIGATIONS 

3.1 Stage 1 Investigation 

The Stage 1 field investigation was undertaken as a combined geotechnical and environmental assessment 

and comprised: 

• Drilling of 17 boreholes (identified as CBH8, CBH25 to CBH32, CBH58 to CBH64 and CBH71) in Area B 

with the aid of a truck mounted drilling rig (see Figure 2);  

• Collection of soil samples from eight hand auger holes (identified as HA14 to HA21) in Area D (see Figure 

3); 

• Drilling of 17 boreholes (identified as CBH9, CBH10, CBH12, CBH13 to CBH24, CBH65) in Area D with 

the aid of a truck mounted drilling rig; and 

• Installation of groundwater wells into 5 of the boreholes (identified as CBH10/MW1, CBH11/MW2, 

CBH13/MW3, CBH14/MW4, CBH19/MW5) in Area D. 

For the boreholes drilled using a truck mounted drill rig, Standard Penetration tests (SPT’s) were undertaken 

at regular depth intervals to assess the engineering properties of the soils and to obtain samples.  Disturbed 

auger samples were also obtained for laboratory testing purposes.  

As part of the preliminary geotechnical investigation, coring of the bedrock was undertaken following the 

drilling, sampling and in-situ testing of the soil profile, in three of the boreholes.  One of the geotechnical 

boreholes was located in Area B, with the other two located in Area D.  The depth of the geotechnical 

boreholes ranged from 6m to 8.1m. 

For the environmental assessment, the boreholes were generally taken 0.5m into natural soil or earlier V-bit 

refusal.  Selected boreholes were extended to V-bit refusal to assess deeper subsurface condition and the 

presence of groundwater.  These boreholes were also used in the geotechnical assessment.  The depth of 

the environmental boreholes ranged from 0.1m to 6.5m. 

The truck mounted drilling was undertaken between 25 October and 3 November 2004.  The hand auger 

boreholes were drilled on 12 October 2004.  The fieldwork was undertaken in the full time presence of a staff 

member from Coffey, who located the holes, nominated the sampling and testing and prepared field logs of 

the materials encountered.  Ground surface levels at the test locations have been interpolated from survey 

data provided by NSW Department of Commerce. 

Engineering borehole logs are included in Appendix A, along with Explanation Sheets defining the terms and 

symbols used in their preparation. 

3.2 Stage 2 Investigation 

The Stage 2 investigation was carried between 10 and 18 March 2005 and comprised the extension of four 

environmental borehole locations in Area B (refer to CBH76, CBH91, CBH94 and CBH122 on Figure 2) and 
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five locations in Area D (refer to CBH99, CBH100, CBH105, CBH108 and CBH109) to bedrock and the coring 

of the bedrock for approximately 2m to 3m.  Geotechnical logging of the boreholes and rock cores obtained 

was subsequently carried out.  

Drilling in soils was carried out using solid flight augers to the refusal depth of a tungsten carbide bit and then 

rock was cored using a triple tube core barrel.   

Standard Penetration Tests were carried out at selected depth intervals as drilling progressed in soils for 

strength assessment and for obtaining samples for logging purposes.   

Rock cores obtained from the borehole drilling were photographed and the photographs are with the borehole 

logs.  Upon completion of the fieldwork the boreholes were backfilled with cuttings.   

The field investigation was observed by a Coffey geotechnical engineer who located the boreholes by 

measuring from existing site features and logged the boreholes.  Ground surface levels at the test locations 

have been interpolated from survey data provided by NSW Department of Commerce. 

The engineering borehole logs of the boreholes are presented in Appendix A, along with Explanation Sheets 

defining the terms and symbols used in their preparation. 

4. LABORATORY TESTING 

Samples obtained during the Stage 1 investigation were taken to our NATA registered laboratory for testing.  

The following range of tests were undertaken:  

• Soaked California bearing Ratio (CBR) – 2 tests 

• Soil chemistry agressivity  (pH, sulphate and chloride) – 2 tests 

• Soil pre-planting assessment suite of tests – 2 suites 

The results or the laboratory testing are presented in Appendix C. 

Representative rock core samples obtained during the borehole drilling in the Stage 2 Investigation were 

designated for Point Load Strength Index (PLI) testing for estimates of rock strength.  The results of the PLI 

testing are presented in the borehole logs and in Appendix C. 

5. OVERVIEW OF RELEVANT GEOTECHNICAL INFORMATION 

Overview of the existing geotechnical investigation reports for Areas B and D that were prepared by others 

was carried out.   

The relevant documents for Area B that were overviewed are as follows: 

• Report dated 19 June 1987 on geotechnical investigation at Katingal area  (Reference No: 5070JS); 

• Report dated 25 August 1987 on further geotechnical investigations at the special purposes prison area 

(Reference No: 5212JS); 

• Report dated January 1990 on geotechnical investigation at the industries building and warehouse area 

(Reference No: 89241); 

• Report dated July 1986 on foundation investigation for Tower No. 10 (Reference No: L86016); and  

• Report dated January 1981 on site investigation for Secure Oval (Reference No: 412 113). 
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The relevant documents for Area D that were overviewed include the following: 

• Report dated 19 June 1987 on geotechnical investigation at Katingal area (Reference No: 5070JS); 

• Report dated March 1986 on site investigation for the entrance roads and car park (Reference No: 

SSI/9508); 

• Report dated 19 December 1991 on geotechnical investigations for the stormwater drainage works 

(Reference No: 01-GG982A); 

• Report dated February 2002 on geotechnical investigation for Halfway House (Reference No: 02-

GH22A); 

• Report dated June 1981 on supplementary foundation investigation for the ward and administration 

blocks (Reference No: 31181); 

• Report dated October 1979 on foundation investigation for the ward and administration blocks (Reference 

No: 39241-1); and 

• Report dated December 1979 on supplementary foundation investigation for the ward and administration 

blocks.  

Relevant geotechnical information from the reports was used in the preparation of this report as 

supplementary data to the Stages 1 and 2 investigations.  Our overview results are presented in Section 7.  

Boreholes from previous investigations, by other consultants, were referenced in preparation of this report and 

copies of the engineering logs are provided in Appendix B. 

6. TASKS REQUESTED BY PROPONENTS 

The contractors who are bidding for the construction works at Areas B and B (referred to as “Proponents”) 

have requested a series of additional tasks to be carried out, as summarised below: 

Task 1. All environmental boreholes within the site boundary of the proposed Forensic Hospital to be 

assessed for geotechnical purposes as well. 

Task 2. A portion of samples to be analysed for PCBs in areas where TPH and PAHs have previously been 

found.   

Task 3. Provide recommendations on allowable bearing pressures of the soil layers above the bedrock and 

estimates of likely settlements. 

Task 4. Provide advice on depth and detail of engineered fill which may be used to bridge over filled ground 

and provide 100 kPa allowable bearing capacity for raft slabs / strip footings. 

Task 5. Provide CBR values in the areas of proposed roadways, together with recommendations on design 

parameters for rigid and flexible pavements. 

Task 6. Provide recommendations on design parameters for rigid and flexible retaining walls. 

Task 7. Provide recommendation on Earthquake Site Factor. 

Task 8. Provide recommendation on erosion potential soil parameters. 

Task 9. Carry out CBR tests at similar locations to those proposed for the boreholes and test pits over the 

whole site, including the site of the proposed Forensic Hospital. 
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Clarifications of Tasks 1 and 2 are provided as part of the Stage 2 Environmental Site Assessment (refer to 

our Report E12723.3- AS, dated 23 February 2005) and our responses to Tasks 3 to 9 (except Task 8) are 

provided in Sections 9.4 and 9.7 to 9.11.  Response to Task 8 will be provided in an addendum letter upon the 

completion of the Emerson Class Number testing (which is still in progress at the time of the reporting).   

7. RESULTS OF INVESTIGATION 

7.1 Site Description 

The site is located at Long Bay Correctional Complex, Malabar.  Area B is located towards the south-eastern 

corner of the site.  Area D is located near the south-western boundary of the site and includes the maximum 

security hospital and front of Long Bay Correctional Complex which faces Anzac Parade.  These areas are 

identified in Figure 1. 

The site generally slopes upwards towards the east, with Area D being the lowest lying part of the site.  The 

level of the site at the site boundaries is typically consistent with the levels of surrounding land.  

7.1.1 Area B 

Area B is rectangular in shape with an area of approximately 2.6Ha.  The main features of Area B at the time 

of the investigation are shown on Figure 2 and included: 

• A workshop for maintenance of vehicles and plant in the centre of Area B. 

• A plant nursery with a number of greenhouses in the south-eastern corner of Area B;  

• A fenced area for the temporary storage of waste located between the maintenance stores and nursery; 

• A number of concrete lined storage bays located towards the south-eastern corner of Area B for storage 

of dry material such as aggregate, sand, woodchip, bricks etc; and 

• A number of other workshop / storage buildings.  

7.1.2 Area D 

Area D is irregular in shape with an area of approximately 7.9Ha.  The main features of Area D at the time of 

the investigation are shown on Figure 3 and included: 

• A playing field in the south eastern corner of Area D. This area is relatively flat and appears to be used as 

a soccer field; 

• The Long Bay Correctional Centre Hospital, located to the north-west of the soccer field.  The hospital 

comprises a number of hospital buildings, a paved recreation area  and some landscaped areas.  The 

area is surrounded by a wall; and 

• The remainder of the Area D was vacant and grass covered.  A vegetated fill stockpile is located to the 

immediate south-west of the hospital.  The fill appeared to comprise soil and building rubble.  A small 

pond is located to  south-west of the stockpile.  Some sandstone bedrock outcrops were observed near 

the pond. 
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7.2 Geological Setting 

Reference to the Sydney 1:100,000 Geological Series Sheet 9130 (Edition 1) 1983, indicates that the site is 

underlain by Botany Basin Quaternary deposits and then Triassic Period Hawkesbury Sandstone.  The 

quaternary deposits are described as comprising medium to fine grained sand with podsols.  The Hawkesbury 

Sandstone generally comprises fine to coarse grained quartzose sandstone deposited in 1m to 3m thick beds 

and lenses.  There are two dykes orientated west-northwest to east-southeast in the area.  Previous 

geotechnical investigations carried out by others have identified the presence of the dykes within the site area. 

7.3 Subsurface Conditions 

For details of the conditions encountered in the boreholes, reference should be made to the engineering logs.  

Areas B and D are not adjacent and encountered differing subsurface conditions and are therefore discussed 

separately in the following sections. 

7.3.1 Area B 

Seventeen boreholes were carried out during the Stage 1 investigation within Area B, while another four cored 

boreholes were drilled during the Stage 2 investigation.  Another twelve boreholes, from previous 

investigations by other consultants were also located within the area.  Figure 2 shows the locations of the 

geotechnical tests carried out by Coffey and others in Area B. 

In summary, the boreholes encountered pavement materials, fill, dune deposits, and minor depths of residual 

soils over sandstone bedrock.  A summary of the Area B subsurface strata units encountered is provided in 

Table 1. 

The top of sandstone levels is highest in the north-eastern corner at approximately RL42m AHD.  The rock 

levels fall in a southerly direction to approximately RL39m AHD over a length of about 110m.  A sharper drop-

off in the rock levels was observed in a south-easterly direction which falls from RL42m AHD to RL39m AHD 

over a length of about 70m and in a south-westerly direction over a length of 50m.  Inferred top of sandstone 

contours based on the borehole data are shown on Figure 2A.  However, it should be noted that the 

sandstone bedrock surface could possibly include cliffs and benches. 

TABLE 1: SUMMARY OF AREA B SUBSURFACE STRATA UNITS 

Strata Unit Description 

Pavement Materials A flexible pavement with total thickness was encountered in CBH8.  No pavement 

materials were encountered in CBH25, CBH26, CBH32, CBH61 or CBH71.  Concrete 

pavements 150mm to 200mm thick were encountered at the remaining borehole 

locations.   

Pavement was also observed at CBH76, CBH94 and CBH122.  

Ranges in thickness from 0.2m to 0.6m. 

Fill  Sand, coke, building rubble, sandstone rubble, and gravely sand.   

Ranges in thickness from 0m to 2.1m. 

Dune Deposits Sand – fine to medium grained, loose to medium dense, becoming medium dense to 

dense near the soil / rock interface.   

Ranges in thickness from 0m to 2.4m. 

Residual Soil Silty clay – hard.  Only encountered in two boreholes.   

Ranges in thickness from 0m to 1.5m. 
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TABLE 1: SUMMARY OF AREA B SUBSURFACE STRATA UNITS (CONTINUED) 

Strata Unit Description 

Bedrock Sandstone was cored in CBH8, CBH76, CBH91, CBH94 and CBH122, and was 

inferred from V bit refusal in nine of the remaining sixteen current investigation 

boreholes.   

Encountered at depths ranging from 0.2m to 1.45m.   

The sandstone in CBH8 was low strength in the upper 1m and then high strength.  

The sandstone in the other cored boreholes (CBH76, CBH91, CBH94 and CBH122) 

was observed to be generally of medium strength with bands of low and high strength 

rock.  In previous boreholes, the sandstone was highly to moderately weathered in 

the upper 0.4m to 2.5m of the strata unit. 

Our current investigation did not detect the presence of dykes on Area B; however, an igneous dyke was 

encountered during the previous site investigations carried out by other consultants at the special purposes 

prison area (refer to Report Reference No: 5212JS, dated 25 August 1987) and at Katingal Area (refer to 

Report Reference No: 5070S, dated 19 June 1987).  The prison is located adjacent to Area B to the southwest 

and the Katingal area is located to the west.  The dyke in the prison area was described to comprise medium 

to high plasticity, white clay, which extends to depths of up to 10.5m while the dyke in Katingal area was 

described to consist of medium plasticity, white to pale grey clay.      

Groundwater was encountered within the boreholes during auger drilling at depths ranging from 0.8m to 2.4m 

below existing surface levels.  The groundwater levels range from RL38.5 to RL41.5m AHD.  Groundwater 

seepage was observed at RL38.9m AHD in CBH91. 

7.3.2 Area D 

Seventeen boreholes and eight hand auger holes were drilled within Area D during the Stage 1 investigation.  

Drilling of another five cored boreholes (refer to CBH99, CBH100, CBH105, CBH108 and CBH109 on Figure 

3) was carried out during the Stage 2 investigation.  Another eighty boreholes, from the previous 

investigations by other consultants were also located within the area.  Figure 3 shows the locations of the 

geotechnical tests carried out by Coffey and others in Area D.   

The results of the boreholes indicate the presence of an in-filled channel in the sandstone, commonly referred 

to as a Paleochannel.  There are shallow depths to rock on either side of the Paleochannel with up to 

approximately 20m of fill, dune deposits and alluvium (along the southern area boundary) near the centre of 

the Paleochannel. 

The sandstone levels range from approximately RL34m AHD away from the Paleochannel to approximately 

RL18m near the centre of the Paleochannel.  Inferred top of sandstone contours are shown on Figure 3A. 

A summary of the Area D subsurface strata units encountered is provided in Table 2. 
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TABLE 2: SUMMARY OF AREA D SUBSURFACE STRATA UNITS 

Strata Unit Description 

Fill Clayey sand, building rubble, silty sand, sandstone rubble, ash, plastic, cloth, 

organics, grass, brick pats, furniture, sandstone boulders, concrete slabs, timber, 

bricks and metal pipes.  Ranges in thickness from 0m to 7.5m.   

Described in parts as being very loose, uncompacted and with many voids.  The 

greatest depth of fill was encountered along the alignment of the Paleochannel, and 

deepened towards the south.   

A layer of topsoil in the order of 0.1m thick was observed at CBH105 and CBH109.  

Dune Deposits Sand – fine to medium grained, loose to medium dense.  Noted as being very loose 

above the water table, in parts.   

Contains some cemented sand layers, noted as being very dense, or described as 

“Waterloo rock”, “Coffee rock” or Indurated Sand.    

Ranges in thickness from 0m to 7.5m, with the greatest depths encountered along 

the Paleachannel alignment. 

Peat / Alluvium Sand, silty sand, sandy clay and silty clay with organics.  With a variable consistency 

ranging from soft to hard and very loose to medium dense.   

With peat and clay layers.   

Ranges in thickness from 0m to 7.5m. 

Residual Soil Clay – stiff and very stiff, up to 3m thick.  Only encountered at six locations in the 

current investigations and generally not differentiated from the alluvium on the 

previous investigation boreholes. 

Bedrock Sandstone was exposed on the surface in parts and was as deep as 20m or so near 

the alignment of the Paleochannel and the southern area boundary.  The thickness of 

extremely to highly weathered sandstone varied from 0m in parts where exposed on 

the surface to greater than 5.5m.   

Medium to high strength, moderately weathered sandstone was noted in some of the 

cored boreholes below the upper extremely to highly weathered sandstone.  Highly 

fractured to fragmented sandstone was observed in CBH99.  Observations of the 

cores obtained from the Stage 2 investigation indicate that the strength of the 

sandstone is variable between the cored boreholes.   

Weaker and more fractured rock was observed in CBH99 and CBH105 within the 

Paleochannel while stronger rock was observed in the remaining cored boreholes.  

The current geotechnical investigations carried out by Coffey and the previous investigations by others have 

not detected any intrusion rock in Area D; however, this does not preclude the presence of dykes on the site 

area.    

Groundwater within the boreholes during auger drilling in the current boreholes at depths ranging from 2.0m to 

3.6m below existing surface levels, where encountered.  The groundwater levels range from RL28.9m AHD to 

RL33.8m AHD.  Groundwater seepage was observed at depths ranging from RL30m AHD in CBH99 to 



E12723.3-BC 

4 July 2005 

 

9 

 

RL31.7m AHD in CBH100.  

8. LABORATORY TEST RESULTS 

For details of the laboratory test results, reference should be made to the test results certificates provided in 

Appendix C.  The results, excluding the pre-planting assessment are summarised in Table 3. 

TABLE 3: SUMMARY OF LABORATORY TEST RESULTS 
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CBH8 0.6-1.6 (SP) Sand 5.6 11.0 1.81 20 - - - 

CBH9 0.6-1.8 (SP) Sand 9.7 13.3 1.71 20 - - - 

CBH8 1.0 (SP) Sand - - - - 5.5 0.002 0.001 

CBH9 1.0 (SP) Sand - - - - 7.3 0.002 0.002 

Note: 

FMC Field Moisture Content 

SOMC Optimum Moisture Content 

SMDD Standard Maximum Dry Density 

CBR California Bearing Ratio - 4 day soaked, 100%SMDD, SOMC, 4.5kg surcharge 

pH Acididity 

 

The pH results indicate that the soils are near neutral to slightly acidic.  The sulphate and chloride test results 

indicate that the soil conditions are mild to non-aggressive to steel and concrete piles. 

The results of the pre-planting assessment together with a summary and recommendations are provided on 

the report sheets by Sydney Environmental and Soil Laboratory, also included in Appendix C. 

9. DISCUSSION AND RECOMMENDATIONS 

9.1 Geological Model for Area B 

Based on the results of the current preliminary investigation and the available boreholes from previous 

investigations, the geological model for Area B is presented in Table 4. 

TABLE 4: GEOLOGICAL MODEL FOR AREA B 

Strata Unit Description 
Approximate Unit 

Thickness (m) 

Depth to Base 

of Unit (m) 

1. Fill Sand and rubble fill. 0 to 2.5 0 to 2.5 

2. Dune 

Deposits 

Sand – fine to medium grained, loose to medium 

dense, possible very loose and dense layers. 
0 to 2.4 0 to 3 
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TABLE 4: GEOLOGICAL MODEL FOR AREA B (CONTINUED) 

Strata Unit Description 
Approximate Unit 

Thickness (m) 

Depth to Base 

of Unit (m) 

3. Residual 

Soil 

Clay – hard.  Located in isolated pockets. 
0 to 3 3.5 

4. Bedrock Sandstone – variable degree of weathering and 

generally can be divided into two sub-units: 

• Unit 4A – Low to Medium Strength, Highly to 

Moderately Weathered, Highly Fractured    

Sandstone (Class IV Sandstone*)  

• Unit 4B -  Medium to High Strength, 

Moderately to Slightly Weathered, Slightly 

Fractured Sandstone (Class III Sandstone*) 

- 

Drilled to 

depths of up to 

6m 

Note:   

∗ Rock class assessed in accordance with Pells et all (1998) “Foundations on Sandstone and Shale in the Sydney 

Region” Aust. Geomech. Jnl. Dec 1998. 

Groundwater level – at or near the soil / rock interface but subject to fluctuations in response to seasonal 

effects and periods of wet weather. 

9.2 Geological Model for Area D 

Based on the results of the current preliminary investigation and the available boreholes from previous 

investigations, the geological model for Area D is dominated by the presence of an in-filled Paleochannel. 

During the formation of the Paleochannel, there may have been a series of water falls along the alignment 

and the sides of the Paleochannel could have been steep, with a series of ledges, overhangs and detached 

boulders.  Coarse sand, cobbles and boulders may be expected at the base of former water falls.  With a rise 

of water levels the water in the lower sections of the gorge would stagnate and vegetation would form and be 

deposited to form peat layers.  Alluvium would also be deposited.  Subsequently, wind blown dune deposits, 

which are present on the site, would have also been deposited over the peat and alluvial layers, further in-

filling the Paleochannel.  Finally, building rubble and general fill would have been placed to complete the filling 

of the Paleochannel and to provide a near level surface. 

The geological model for Area D is provided in Table 5. 

TABLE 5: GEOLOGICAL MODEL FOR AREA D 

Strata Unit Description 
Approximate Unit 

Thickness (m) 

Depth to Base 

of Unit (m) 

1. Fill Uncontrolled sand, building rubble and domestic 

waste.  The greatest thickness would be expected 

along the alignment of the Paleochannel, which is 

shown on Figure 3A.  Expected to be poorly 

compacted and highly variable in composition. 

0 to 7.5 0 to 7.5 
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TABLE 5: GEOLOGICAL MODEL FOR AREA D (CONTINUED) 

Strata Unit Description 
Approximate Unit 

Thickness (m) 

Depth to Base 

of Unit (m) 

2. Dune 

Deposits 

Sand – fine to medium grained, loose to medium 

dense, possible very loose and dense layers. 
0 to 7.5 0 to 12 

3. Peat / 

Alluvium 

Sand, silty sand, sandy clay and silty clay with 

organics.  With a variable consistency ranging 

from soft to hard and very loose to medium dense.  

With peat and clay layers. 

0 to 7.5 Up to >20 

4. Residual 

Soil 

Clay – stiff and very stiff. 
0 to 0.9 Up to >20 

5. Bedrock Sandstone – variable degree of weathering and 

strength and can be divided into three sub-units: 

• Unit 5A – Very Low to Low Strength, Highly 

Weathered, Fragmented to Highly Fractured 

Sandstone (Class V Sandstone*) 

• Unit 5B – Low to Medium Strength, 

Moderately Weathered, Highly Fractured 

Sandstone (Class IV Sandstone*) 

• Unit 5C – Medium to High Strength, 

Moderately to Slightly Weathered,  Slightly 

Fractured Sandstone (Class III Sandstone*) 

- 

Drilled to 

depths of up to 

15.1m 

Note:   

∗ Rock class assessed in accordance with Pells et all (1998) “Foundations on Sandstone and Shale in the Sydney 

Region” Aust. Geomech. Jnl. Dec 1998. 

Perched groundwater may be expected at or near the soil rock interface.  The Paleochannel could act as a 

local drainage line and may be expected to fluctuate in response to seasonal effects and periods of wet 

weather.  Within the Paleochannel water may be expected within 3m of the current ground surface. 

9.3 Proposed Development 

At the time of the investigation and preparation of this report, the final details and position of the developments 

were not known and hence preliminary comments are provided herein. 

9.4 Earthworks 

Recommendations related to treatment of existing fill provided in this section would not apply if a piled 

foundation were selected. 

The fill and residual soil should be able to be excavated using hydraulic excavators and tracked loaders.    

Large hydraulic excavators with the assistance with rock breakers will be required to excavate the sandstone.  

If vibration sensitive structures are within close proximity to the excavations it may be necessary to restrict the 

use of rock breakers, or use rock saws or milling heads to limit vibrations. 
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The Proponents have requested that advice on depth and detail of engineered fill, which may be used to 

bridge over filled ground and is capable of supporting an allowable bearing pressure of 100kPa for shallow 

footings or rafts (refer to Task 4).  Our response to this request is provided in the paragraph below.  Should 

raft slabs / strip footings not be adopted then the recommendation provided below is not applicable.  

Furthermore, if the required bearing pressure is less than 100kPa then the thickness of compacted fill may be 

less than 2m.  

Due to the variability and uncontrolled nature of the existing filling on the site, should shallow footings or rafts 

are considered, it is recommended that the fill below the proposed buildings in Area B be removed since the 

fill extends to relatively shallow depths.  Fill, loose sediments and alluvium extend to considerable depth within 

the Paleochannel in Area D.  It is not considered feasible to remove the entire fill from all locations.  A 

compacted fill layer not less than 2m thick could be formed to bridge over filled ground in areas where fill 

exists at depth to support pavements and floor slabs.  It may be difficult to compact the lower layers of fill, 

although we anticipate that these layers would eventually form a bridging layer, which would enable the 

placement and compaction of the subsequent fill layers in accordance with an engineering specification.  The 

compaction specification should be met after placing not more than 0.5m thickness of fill.  If excessive 

heaving occurs, a tensile geofabric may be required prior to placing the bridging material.  In Area D, where 

present in shallow depths, the fill should be excavated and re-compacted or replaced. 

The fill materials in Area B may generally be suitable for re-use as structural fill although unsuitable materials 

such as organics and oversize materials would require separation and removal prior to reuse.  The use of 

Area B fill materials will also depend on its environmental classification. 

The fill materials in Area D appear to contain a high proportion of unsuitable and oversize materials, which 

would require separation and removal prior to reuse.  It is recommended that reference be made to the 

individual logs in areas where reuse of the fill is being considered.  The use of Area D fill materials will also 

depend on its contamination classification. 

Where natural soils are proposed to be exposed, subgrade preparation of natural soils for foundation or 

pavement construction should include the following: 

• Strip all fill and stockpile suitable materials for re-use, if required.  Proof roll the exposed surface of 

natural material.  Excavate localised soft spots and replace with suitable fill, compacted to a 

minimum dry density ratio of 98% Standard Compaction at a moisture content within ± 2% of 

Standard Optimum Moisture Content. If fill with low fines (< 5% silt and clay) is used it should be 

compacted to a minimum Density Index of 70%. 

• Compact the exposed subgrade soils to a minimum dry density ratio of 98% Standard Compaction 

(or 70% Density Index). 

In areas where fill is intended to be left in place (because removal of the fill is either not practicable or not 

desired by the proponent), other options could be considered such as partial removal of fill and replacement 

with compacted fill, modification of the in-situ soil or piled foundations. For the non-piling options consideration 

would need to be given to likely differential settlement. 

Any new filling should be placed in layers (not exceeding 300 mm loose thickness) and compacted to a 

minimum dry density ratio of 98% Standard Compaction at a moisture content within ± 2% of Optimum 

Moisture Content or 70% Density Index for low fines material.   

9.5 Dewatering 

Groundwater levels were observed in Area B at depths ranging from 0.8m to 2.4m below the existing site 
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grade while relatively deeper groundwater levels at depths ranging from 2m to 3.6m were observed in Area D.   

It is not known whether the proposed developments will involve any basement excavations.  Dewatering may 

be able to be achieved using excavated sumps; however, the saturated sands may prove to be unstable and 

in relatively deep excavations, it may be necessary to use spears points instead of sumps and submersible 

pumps. 

9.6 Slope Stability Issues 

Permanent batter slope angles within controlled filling or natural sands should be no steeper than 2H:1V for 

batter heights up to 3m.  Fill batters should be overfilled and trimmed back to profile.  Soil batters should be 

vegetated (or covered by shotcrete, stone pitching or similar) to reduce the risk of erosion.  Sandstone batters 

could be cut near vertical but should be inspected by a suitably qualified engineer to assess whether flatter 

angles or support measures such as shotcrete or rock bolts are required.  

9.7 Retaining Walls 

In Task 6, the Proponents have requested that recommendations on design parameters for rigid and flexible 

retaining walls be provided.  Where retaining walls are required to be constructed, the structures could be 

designed assuming the preliminary geotechnical design parameters provided in Table 6.      

TABLE 6: PRELIMINARY GEOTECHNICAL DESIGN PARAMETERS FOR RETAINING STRUCTURES 

Strata Unit 

Unit 

Weight, γγγγ 

(kN/m3) 

Effective 

Cohesion, 

c’ (kPa) 

Friction 

Angle, φφφφ’ 

(degrees) 

Elastic 

Modulus, 

E’ (MPa) 

Poisson’s 

Ratio, νννν 

Active 

Earth 

Pressure 

Coefficient, 

Ka1 

‘At Rest’ 

Earth 

Pressure 

Coefficient2, 

Ko 

Compacted 

Fill and 

Residual 

Soils  

20 0 32 20 0.35 0.3 0.5 

Class V 

Sandstone* 

22 30 35 100 0.3 0.27 0.5 

Class IV 

Sandstone* 

22 200 35 1,000 0.3 0.27 3 - 3 

Class III 

Sandstone* 

24 500 35 4,000 0.2 0.27 3 - 3 

Note:   

∗ Rock class assessed in accordance with Pells et all (1998) “Foundations on Sandstone and Shale in the Sydney 

Region” Aust. Geomech. Jnl. Dec 1998. 

1. Assume no wall friction. 

2. Values provided assume a lateral movement of the wall of about 0.2% of the wall height is allowed to occur.   

3. Values for better quality rock unit are dependent on the global effects of defects.  Variability also occurs due to the 

in-situ stress environment and geometry of the excavation.  For design parameters use should be made of the 

cohesion and friction angle parameters.             



E12723.3-BC 

4 July 2005 

 

14 

 

9.8 Foundations 

9.8.1 Shallow Footings and Rafts 

Our comments provided below serve as responses to Task 3 that was requested by the Proponents.  

It is understood that the existing fill has not been placed in a controlled manner.  Therefore, we consider that 

the fill will not be suitable as a bearing stratum to support the proposed building loads.  

For lightly loaded structures, it may be possible to adopt shallow footings or a raft.  However, with such 

foundations there is a greater potential for differential settlements, compared to rock foundations, which would 

require careful detailing of joints.  To reduce the risk of adverse impacts from differential settlement it may be 

possible to adopt measures such as over-excavating the rock to a minimum of 0.6m below the footing level 

and replacing with compacted fill won from excavated sand or sandstone. 

Shallow footings or edge and internal beams of a raft bearing on natural soils that are at least medium dense 

or compacted fill could be designed assuming an allowable bearing pressure of: 

60B + 80D (kPa) 

Where: 

• B is the footing width in metres and the minimum footing width is 0.4m 

• D is the depth of embedment in metres and the minimum embedment is 0.3m. 

An elastic modulus of 20MPa should be assumed for estimates of settlements in medium dense sand or 

compacted fill and a lower elastic modulus of 5MPa should be adopted for very loose to loose sand.       

9.8.2 Footings to Rock 

In areas of shallow sandstone, strip and pad footings or bored piles should be suitable to support structural 

loads.  Open bored piles should be feasible, however, cohesionless sands could be encountered and/or 

seepage could occur and provision for measures such as temporary liners, dewatering and cleaning of open 

bored piers will be required.  Alternatively, continuous flight auger (CFA) piles or driven piles could be 

adopted, which do not require cleaning and dewatering. 

Within the vicinity of the Paleochannel in Area D, where compressible alluvium occurs at depth and/or 

uncontrolled fill is left in-situ, it is recommended that all floor slabs be suspended and that all loads be taken to 

the sandstone bedrock using either driven or CFA piles.  Note that the depths to rock may be highly variable 

and possibly in excess of 20m in places.  Consideration may be given to relocation of buildings proposed over 

the Paleochannel, particularly the deeper sections.   Where piling foundation is not preferred then other 

options could be considered such as complete or partial removal of fill and replacement with compacted fill or 

modification of the in-situ soil. However, for the non-piling options consideration will need to be given to likely 

differential settlement.  

Table 7 presents parameters for the preliminary design of footings bearing on controlled fill, residual soil and 

sandstone.  Note that the parameters for controlled fill are applicable only when all underlying fill is first 

removed.  If a shallow foundation system is to be adopted within variable foundation strata, consideration will 

need to be given to likely differential settlement.  As a guide to likely settlements it could be assumed that 

footings founding in sands or fill (and not underlain by highly compressible soils), with a working load of 

100kPa, will settle approximately 1% of the minimum footing dimension (eg approximately 10mm for a 1m 

wide footing) while footing founding on sandstone with working load of 100kPa would have negligible 

settlement. 
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TABLE 7: PRELIMINARY ALLOWABLE FOOTING DESIGN PARAMETERS 

Geotechnical Unit Rock Class Allowable End Bearing 

Pressure (kPa) (1) 

Allowable Shaft 

Adhesion (kPa) (2) 

Controlled Filling, 

Residual Sands 

- 100 Nil 

Class V 1,000 100 

Class IV 2,000  150 

Sandstone 

Class III 3,500 350  

Notes:  

(1) Allowable bearing pressures assume a minimum embedment of 0.3m into the relevant material.  The 

recommended end bearing pressures should result in settlement of <1% of minimum footing dimension. 

(2) Shaft adhesion should only be assigned where piles are socketed at least 3 diameters into rock. 

 

Where footings are designed to bear directly onto bedrock, the footing inspection and assessment 

requirements are provided in Table 8.  Where the serviceability end-bearing pressure is greater than 2MPa, 

footing assessment should also include spoon testing (or cored boreholes) to assess whether defects below 

the base of the footing are within tolerable limits for the respective rock class.  

TABLE 8: FOOTING INSPECTION AND ASSESSMENT REQUIREMENTS  

Rock Unit Testing Requirements 

Class V and Class IV Sandstone 

Class III Sandstone with serviceability bearing 

pressures up to 2MPa 

• Visual inspection of pad footings 

• Observation of piling and correlation with borehole 

information 

Class III Sandstone with serviceability bearing 

pressures greater than 2MPa 

• Visual inspection; and 

• Initial allowance for spoon testing 1/3 of all pad footings 

or coring of pier locations. 

• May be reduced if consistent conditions are exposed in 

early testing or if rock below founding levels can be 

inspected in lift shaft excavations. 

9.9 Aggression to Concrete and Steel 

The results of the chemical testing on the samples from 1.0m depth in CBH8 and CBH9 and reference to 

Tables 6.1 and 6.3 of the Australian Standard AS 2159-1995 “Piling – Design and Installation” indicates the 

samples tested can be considered mild to non-aggressive to concrete and steel. 

9.10 Pavements 

This section serves to provide responses to Tasks 5 and 9 that were requested by the Proponents. 

A subgrade CBR of 14% was recommended by others where the sands observed in the industries building 

and warehouse area forms the pavement subgrade (refer to Report Reference No: 89241, dated January 

1990).  The sands were described as fine to medium grained, brown to grey brown sand, classified as “SP” 

under the Unified Soil Classification System.  An estimated CBR of 14% was provided for fine grained sands 

observed in the ward and administration blocks (refer to Report Reference No: 39241-1 dated October 1979), 

compacted to 100% Standard Maximum Dry Density Ratio (SMDD).   

As part of the Stage 2 investigation, two sand samples from CBH8 in Area B and CBH9 in Area D were tested 
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for compaction and CBR.  The sands observed in CBH8 and CBH9 were of fine to medium grained and grey 

brown in colour, containing minor low plasticity fines, also classified as “SP” under the USCS.  The test results 

indicated that the sands have a soaked CBR value of 20%.     

Our visual assessment of the available soil samples obtained from the Stages 1 and 2 investigations indicates 

that the natural sands are variable in nature.  Variable particle sizes, colour and proportion of fines were 

observed in the sands.  Due to the variability in the grain size and fines content in the sands, we would expect 

that the CBR of the sands to be variable.  On the basis of our observations of the sand samples the available 

laboratory test results, we estimate that the CBR would range from 10% to 20%.  Provided earthworks are 

undertaken as indicated in Sectio 9.4 of this report, pavements could be designed assuming a CBR value of 

10%, subject to confirmation by a geotechnical engineer during construction. 

9.11 Earthquake Loading Factors 

This section is to respond to Task 7 that was requested by the Proponents. 

Australian Standard AS 1170.4-1993, Minimum Design Loads on Structures – Part 4: Earthquake Loads, 

indicates the site lies within a region with a combined acceleration coefficient and site factor (aS) of 0.08.  

9.12 Soil Dispersion Potential 

For assessment of soil dispersion potential, six disturbed samples from Area B and seven disturbed samples 

from Area D has been designated for Emerson Class Number testing.  At the time of reporting, the testing is 

currently underway.  An addendum letter will be issued to address Task 8 regarding soil dispersion potential. 

9.13 Soil Pre-planting Assessment 

For details of the results and recommendations for soil planting reference should be made to the soil pre-

planting assessment results by Sydney Environmental and Soil Laboratory, which are provided in Appendix C.  

In summary the soils are suitable for planting provided treatment and additives as recommended on the test 

results sheets are followed. 

10. LIMITATIONS AND FURTHER INVESTIGATION 

The recommendations presented in this report are based on limited subsurface investigations.  Ground 

conditions can change over relatively short distances and additional geotechnical advice may be required 

during construction to assess whether conditions are consistent with design assumptions.  Coffey would be 

pleased to provide additional advice and construction stage services, if required. 

The attached document entitled “Important Information about your Coffey Report” provides additional 

information on the uses and limitations of this report. 

This report provides the results of a preliminary geotechnical investigation, which has been undertaken prior 

to the development location and details being finalised.  Review of this report and further investigation is 

recommended once the final development details are known. 



E12723.3-BC 

4 July 2005 

 

17 

 

Complex subsurface geological conditions are present in Area D, related to the presence of a Paleochannel.  

Further investigation may be required depending on the proposed development, to assess piling conditions for 

driven or CFA piles, the quality of the sandstone, which is indicated to be highly variably, and to more 

accurately define the top of rock.  Recommended additional investigation may include drilling and coring of the 

bedrock under proposed buildings, geophysical traverse lines to obtain continuous bedrock profiles along 

selected section lines. 

 

For and on behalf of 

COFFEY GEOSCIENCES PTY LTD 

 

MULIADI MERRY 

Senior Geotechnical Engineer 
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ENGINEERING LOGS – AREA B 
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OTHER CONSULTANTS ENGINEERING LOGS 
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APPENDIX C 

LABORATORY TEST RESULTS 

 

 

 






































