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Report on Geotechnical and Salinity Investigation 
Proposed Industrial Development 
3 Johnston Cresent, Horsley Park 

1. Introduction 

This report, prepared by Douglas Partners Pty Ltd (Douglas), presents the results of a geotechnical 
and salinity investigation undertaken for a proposed industrial development at 3 Johnston 
Cresent, Horsley Park (the site).  The investigation was commissioned by David Mollerstrom of 
ESR Australia and was undertaken in accordance with Douglas’ proposal 86826.09.P.001.Rev0 
dated 4 July 2024. 

It is understood that the proposed development includes the construction of two new warehouse 
buildings that will occupy most of the site, covering a total gross floor area (GFA) of 55,900 m2.  
The buildings will be separated by loading docks and hardstand pavements and will include 
mezzanine and two storey office facilities.  On-grade open and under-croft parking areas will be 
positioned along the northern side of Warehouse A and eastern side of Warehouse B.  Perimeter 
landscaping is also proposed.  Access to the site for light vehicles and trucks will be on the eastern 
side of the site directly from Johnston Cresent.  The proposed site layout is shown on Drawing No. 
14902_DA011 Issue 7, dated 27 August 2024, presented in Appendix B. 

The investigation was carried out to provide information on the subsurface conditions for design 
and planning purposes and included the drilling of boreholes, cone penetration tests (CPTs), 
laboratory testing and engineering assessment.  Details of the field work and comments relevant 
to design and construction practice as given herein. 

This report must be read in conjunction with all appendices including the notes provided in 
Appendix A. 

2. Project SEARs 

The Secretary’s Environmental Assessment Requirements (SEARs), specifically Item 12 relating to 
ground and water conditions are addressed in the following report sections: 

• Sections 7.1, 7.2, 9.1, 9.3 and 9.11 – Soil Erosion 

• Sections 4.4, 7.1, 7.2 and 9.8 – Soil Salinity 

• Section 4.3 – Acid Sulphate Soils 

• Sections 6.2, 6.3 and 8.0 – Surface and Groundwater Impacts 

3. Site Description 

The site is located at 3 Johnston Cresent, Horsley Park (previously known as Lot 301 Johnston 
Cresent).  Johnston Cresent borders the site on the northern, eastern and western sides with the 
southern side sharing a common boundary with an adjoining industrial site.  The property 
occupies and area of approximately 8.7 hectares and is essentially rectangular with dimensions 
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in the order of 443 m north to south and 196 m east to west.  The site is a newly developed lot over 
a previous brick quarry and manufacturing plant. 

The existing ground surface is relatively flat and unsealed and includes two small detention basins 
in its northern part.  Existing ground surface levels fall gently to the north from typical reduced 
levels of RL83 to RL80, relative to Australian height datum (AHD).  The site has been raised above 
the surrounding ground levels through the placement of controlled fill, which is supported by 
reinforced block retaining walls along the northern, eastern and western site boundaries.  The 
retaining walls vary in height from approximately 3 m to 7.5 m.  Land use on the adjoining lots is 
industrial on all sides. 

4. Published Data 

4.1 Geology 

Reference to the Penrith 1:100,000 Geological Series Sheet indicates that the site is underlain by 
the Bringelly Shale formation which comprises shale, carbonaceous claystone, claystone, 
laminite, fine to medium-grained lithic sandstone, rare coal and tuff. 

4.2 Soil Landscape 

Reference to the Penrith 1:100,000 Soil landscape mapping indicates that the site is underlain by 
soils of the Blacktown group.  The soil is described as shallow to moderately deep, red and brown 
podzolic soils on crests, upper slopes and well drained areas and yellow podzolic soils and soloths 
on lower slopes and areas of poor drainage. 

The soils are generally moderately reactive, have low to very low fertility and have moderate 
erodibility. 

This soil landscape generally occurs on gently undulating rises on the Wianamatta Shales, of 
which Bringelly Shale is a subgroup, with local relief of 10 – 30 m.  Crests are broad and rounded 
with convex upper slopes grading into concave lower slopes.  Rock outcrops are generally absent. 

The extent of quarrying and subsequent earthworks on the site are likely to have removed or 
covered over a significant part of the natural soil profile. 

4.3 Acid Sulfate Soils 

The site is located within an area of no known acid sulphate soils. 

4.4 Salinity 

The site is located within an area identified as having a moderate salinity potential.  The extent of 
quarrying and subsequent earthworks on the site are likely to have removed or covered over a 
significant part of the natural soil profile and thus the salinity potential would be based on the 
condition of the controlled fill placed on the site. 
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5. Previous Investigations 

A previous investigation was undertaken by Douglas on the site in February 2023 following the 
completion of the bulk earthworks.  The investigation included 24 CPTs on a relatively even 
spaced test grid (eight rows of three tests spread along the site from north to south).  The CPTs 
extended to depths of between 3.6 m and 10.8 m.  The work was undertaken for the property 
developer and the results were provided for information purposes as part of the property’s pre-
purchase due diligence documentation. 

A review of the CPT results indicates that at the 24 CPT locations the thickness of the controlled 
fill placed on the site varies between 2.6 m and 10.4 m.  These numbers are spot measurements 
at the CPT locations only. 

From the bulk earthworks plan, provided as part of the pre-purchase due diligence 
documentation, it is apparent that the controlled fill thicknesses range between about 3 m and 
14 m, indicating a reasonable correlation between the two data sets when considering that the 
deeper fill thicknesses indicated on the bulk earthworks plan relate to the controlled backfilling 
of a previous quarry pit that straddles the common boundary with the southern lot.  Considering 
both data sets, it is estimated that the controlled fill thickness will be about 12 m deep below the 
southern warehouse and slightly deeper below the southern loading dock and hardstand. 

The results of the CPTs indicate the fill is well compacted, which is supported by the earthworks 
report and accompanying summary of density tests included within the pre-purchase due 
diligence documentation. 

Natural soils on the site are inferred from the CPT results to comprise clay and silty clay.  Where 
present, they are between 0.4 m and 2.7 m thick.  Experience suggests the soils are likely to be of 
medium and high plasticity. 

The underlying rock surface was inferred in some of the CPTs and is possibly present from depths 
of between 4.8 m and 10.4 m, although this will increase further to the south where fill thicknesses 
are deeper.  In such areas, the fill will directly overlie the rock surface due to previous quarrying 
activities. 

6. Field Work 

6.1 Field Work Methods 

The field work for the current geotechnical and salinity investigation was conducted on 
12 July 2024 and 16 July 2024 and included: 

• Electronic scanning for buried services at the proposed test locations. 

• CPTs at 15 locations (CPT101, CPT102 and CPT104 to CPT116) to refusal at depths of between 
4.7 m and 14 m.  During CPT testing, a ballasted truck-mounted test rig is used to push a 
35 mm diameter instrumented cone-tipped probe into the soil using a hydraulic ram system.  
Continuous measurements are made of the end-bearing pressure on the cone tip and the 
friction on a 135 mm long sleeve located immediately behind the cone.  The cone resistance 
and friction readings are displayed on a digit monitor and stored on a computer for 
subsequent plotting of results and interpretation.  Further information on the test methods 
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and interpretation of CPT results is provided in the notes included with the results in 
Appendix C. 

• Drilling of six boreholes (BH101 to BH106) using a track-mounted drilling rig.  The boreholes 
were drilled with solid flight augers fitted with a tungsten carbide (TC) bit to a depth of 
approximately 5 m. 

• Standard penetration tests (SPTs) were undertaken at regular depth intervals within each of 
the boreholes to determine the in-situ consistency of the subsurface soils encountered. 

• Logging of the encountered subsurface conditions was undertaken by a geotechnical 
engineer who also collected samples of the soil profiles for subsequent laboratory testing. 

• Sampling of soils and rock to assist in logging and to provide specimens for laboratory 
testing. 

All test locations were backfilled with drilling spoil upon completion and were made safe.  The 
ground surface levels at the CPT and borehole locations were measured relative to AHD using a 
differential global positioning system (dGPS) receiver, which is generally accurate to within 
±0.2 m.  Coordinates for each CPT and borehole location are with reference to Map Grid of 
Australia MGA2020, Zone 56 and have a similar accuracy.  Coordinates and ground surface levels 
are recorded on the CPT plots and borehole logs included in Appendix C. 

6.2 Field Work Results 

The general sequency of subsurface materials encountered at the CPT and borehole locations are 
summarised in increasing depth order in Table 1. 

Table 1: Summary of Subsurface Profile 

Material 

Depth 
Range to 

Top of 
Unit (m) 

RL Range 
to Top of 

Unit         
(m AHD) 

Thickness 
Range    

(m) 
Description 

Controlled 
Fill 

0.0 79.7 – 83.3 3.2 – 13.8 

All boreholes and CPTs encountered 
generally well compacted gravelly clay 

fill.  The upper approximately 0.5 m 
appeared moderately compacted and 
contained a higher moisture content. 

Residual 
Clay 

3.2 – 13.8 71.3 – 79.4 0.5 – 4.0 

Observed at eight CPT and one 
borehole locations.  Generally 

consisting of very stiff to hard clay with 
some ironstone gravel. 

Weathered 
Siltstone 

4.3 – 12.3 68.4 – 77.5 N.O. 
Encountered at all CPT locations 

(except for CPT116). 
Notes:  N.O. = not observed due to discontinuation of Boreholes and CPTs. 

6.3 Groundwater 

Groundwater was not encountered in any of the boreholes during auger drilling or after the 
withdrawal of the CPT rods.  Groundwater monitoring wells were not installed during the 
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investigation, as the site levels are raised above the surrounding ground surface levels on all sides 
of the site.  Significant groundwater is unlikely to be encountered within the zone of influence of 
the development.  It should be noted, however that groundwater levels and seepage flows can 
vary considerably with changes in climate and other factors, although such levels lie well below 
the site’s surface level. 

7. Laboratory Testing 

7.1 Laboratory Methods 

Geotechnical and chemical laboratory testing was carried out on selected representative soil 
samples collected during the field investigation.  The following tests were undertaken: 

• Six Atterberg limit tests to assess soil plasticity and reactivity. 

• Six linear shrinkage tests to assess soil plasticity and reactivity. 

• Six California bearing ratio (CBR) tests (Standard compaction, 4 day soak) for preliminary 
pavement design parameters. 

• Fifteen aggressivity tests (chloride, sulphates, electrical conductivity (EC1:5), and pH1:5) for 
exposure classification. 

• Fifteen salinity tests (electrical conductivity corrected for texture (ECe) and textural 
classification. 

• Fifteen exchangeable sodium percentage (ESP) tests to assess soil erosion potential. 

7.2 Laboratory Results 

Detailed laboratory test results are presented in Appendix D and are summarised in Table 2 to 4. 

Table 2: Summary of Atterberg Limits, Shrink-Swell Index and CBR Test Results 

Test 
Location 

Depth 
(m) 

Soil 
Description 

LL     
(%) 

PL    
(%) 

PI     
(%) 

Linear 
Shrinkage 

(%) 

CBR 
(%) 

Swell 
(%) 

BH101 0.5-1.5 
FILL/Gravelly 

CLAY 
34 18 16 9.5 6 3.0 

BH102 0.5-1.5 
FILL/Gravelly 

CLAY 
38 16 22 11.5 4.5 2.5 

BH103 0.5-1.5 
FILL/Gravelly 

CLAY 
38 18 20 11.0 3.0 2.5 

BH104 0.5-1.5 
FILL/Gravelly 

CLAY 
35 17 18 10.0 6 2.0 

BH105 0.5-1.5 
FILL/Gravelly 

CLAY 
35 17 18 10.5 3.5 2.0 

BH106 0.5-1.5 
FILL/Gravelly 

CLAY 
36 17 19 10.5 4.5 2.5 

Where: LL = Liquid Limit PL = Plastic Limit PI = Plastic Index 
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Table 3: Summary of Chemical Test Results (Salinity Potential) 

Test 
Location 

Depth 
(m) 

pHw 
(1:5) 

Cl 
(mg/kg) 

SO4 
(mg/kg) 

EC 
(µS/cm) 

Texture 
ECe 

(dS/m) 
Saline Class 

BH101 0.4-0.5 9.1 230 130 390 9 3.5 
Slightly 
Saline 

BH101 2.5-2.95 8.5 170 190 320 7 2.2 
Slightly 
Saline 

BH101 4.0-4.45 9.4 130 120 330 7 2.3 
Slightly 
Saline 

BH102 0.4-0.5 8.3 240 310 420 7 2.9 
Slightly 
Saline 

BH102 2.5-2.95 8.3 370 270 480 7 3.4 
Slightly 
Saline 

BH102 4.0-4.45 7.7 290 130 290 7 2.1 
Slightly 
Saline 

BH103 0.4-0.5 8.3 210 260 460 7 3.2 
Slightly 
Saline 

BH103 2.5-2.95 7.1 250 150 280 7 <2 Non Saline 

BH103 4.0-4.45 8.8 250 120 330 7 2.3 
Slightly 
Saline 

BH104 0.4-0.5 8.5 210 180 350 9 3.2 
Slightly 
Saline 

BH104 2.5-2.95 9.3 130 290 430 6 2.6 
Slightly 
Saline 

BH104 4.0-4.45 9.4 190 290 460 6 2.7 
Slightly 
Saline 

BH105 0.4-0.5 8.4 230 150 290 9 2.6 
Slightly 
Saline 

BH105 2.5-2.95 9.3 150 250 360 6 2.2 
Slightly 
Saline 

BH105 4.0-4.45 8.8 190 280 440 9 3.9 
Slightly 
Saline 

Where: pHw = pH in water  Cl = Chloride  SO4 = Sulphate  EC = Electrical Conductivity 
  Ece = Electrical Conductivity corrected for texture 
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Table 4: Summary of Chemical Test Results (Erosion Potential) 

Test Location Depth (m) 
Exchangeable Sodium 
Percentage – ESP (%) 

Sodicity Rating 

BH101 0.4-0.5 13 Sodic 

BH101 2.5-2.95 22 Highly Sodic 

BH101 4.0-4.45 8 Sodic 

BH102 0.4-0.5 8 Sodic 

BH102 2.5-2.95 18 Highly Sodic 

BH102 4.0-4.45 23 Highly Sodic 

BH103 0.4-0.5 10 Sodic 

BH103 2.5-2.95 29 Highly Sodic 

BH103 4.0-4.45 25 Highly Sodic 

BH104 0.4-0.5 17 Highly Sodic 

BH104 2.5-2.95 14 Sodic 

BH104 4.0-4.45 15 Sodic 

BH105 0.4-0.5 27 Highly Sodic 

BH105 2.5-2.95 22 Highly Sodic 

BH105 4.0-4.45 16 Highly Sodic 

8. Proposed Development 

The master plan for the site indicates two new warehouse buildings with a total GFA of 55,900 m2 
within an industrial lot of approximately 8.7 hectares.  The buildings will be separated by loading 
docks and hardstand pavements and will include mezzanine and two storey office facilities.  On-
grade open and under-croft parking areas will be positioned along the northern side of 
Warehouse A and the eastern side of Warehouse B.  Perimeter landscaping is also proposed.  
Access to the site for light vehicles and trucks will be on the eastern side of the site directly from 
Johnston Crescent.  The proposed site layout is shown on Drawing No. 14902_DA011 Issue 7, dated 
27 August 2024, presented in Appendix B. 

It is understood that the warehouses will include steel portal frames and internal columns that 
will be supported by pad footings founding at shallow depth within the controlled fill.  Other 
structures will include concrete warehouse floor slabs and external pavements, short retaining 
walls along loading docks, inground services and isolated lighting and signage.  No significant 
depths of excavation are proposed for the development. 

The proposed finished floor levels for the warehouses and external pavements indicate minor cut 
and fill earthworks will be required to regrade the site.  Cut depths and fill thicknesses of up to 
2 m are anticipated.  Service trenches may extend slightly deeper.  Earthworks may necessitate 
minor additional perimeter retaining walls, or construction of landscaped batters. 
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9. Comments 

9.1 Geotechnical Model 

Based on the subsurface conditions encountered during the investigation, and considering those 
available from the due diligence documentation, it is apparent that the site is underlain by varying 
depths of fill ranging from 3.2 m to 12.3 m outside of the deep backfilled quarry pit and up to 
13.8 m within the quarry pit near the southern lot boundary. 

As part of Douglas’ preliminary due diligence assessment, it was determined that the fill had been 
placed with appropriate geotechnical oversight and under a Level 1 inspection and testing 
programme, as outlined in AS3798-2007 Guidelines on Earthworks for Commercial and 
Residential Developments.  Accordingly, the fill on 3 Johnston Cresent can be considered as 
‘controlled’ and having a minimum specified degree of compaction equivalent to 98%, relative to 
Standard compaction.  The filling is therefore well compacted. 

Fill depths are generally variable across the site due in part to the increasing change in grade 
across the site boundary towards the north, but also due to irregular quarrying depths below the 
northern, eastern and southern parts of the lot.  Reference should be made to the borehole logs 
and CPT plots for guidance on likely fill depths, as they are prone to rapid change over relatively 
short plan distances. 

Below the fill is a discontinuous layer of probably moderate to high plasticity residual clay of 
between 0.5 m and 4 m in thickness, where present.  Residual clay is only present outside of the 
previous quarried areas. 

Underlying the clay is rock that is likely to comprise siltstone that forms part of the Bringelly Shale 
formation.  The formation typically comprises siltstone and shale but is known to include 1 m to 
2 m thick sandstone beds in the local area.  The rock is initially extremely weathered grading to 
highly weathered and very low strength and then increasing to low strength within 
approximately 1 m to 2 m of the rock surface. 

Depths and RLs to the top of each profile is shown in Table 5 and Table 6 below. 
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Table 5: Summary of Geotechnical Model - Boreholes 

Material 

Depth (m) and Reduced Level (m, AHD) 

To Top of Each Profile in Each Borehole 

BH 101 BH102 BH103 BH104 BH105 BH106 

Fill 
(0) 

80.8 

(0) 

81.1 

(0) 

81.2 

(0) 

83.0 

(0) 

83.0 

(0) 

82.0 

Residual Clay - - - - - 
(4.3) 

77.0 

Extremely 
Weathered 

Siltstone 
- - - - - - 

Where: - = Not encountered or not observed due to discontinuation of borehole 

Table 6: Summary of Geotechnical Model - CPTs 

Material 

Depth (m) and Reduced Level (m, AHD) 

To Top of Each Profile in Each Borehole 

CPT 
101 

CPT 
102 

CPT 
104 

CPT 
105 

CPT 
106 

CPT 
107 

CPT 
108 

CPT 
109 

CPT 
110 

CPT 
111 

CPT 
112 

CPT 
113 

CPT 
114 

CPT 
115 

CPT 
116 

Fill 
(0) 

83.0 

(0) 

82.6 

(0) 

81.9 

(0) 

81.4 

(0) 

80.8 

(0) 

79.7 

(0) 

80.3 

(0) 

80.7 

(0) 

79.8 

(0) 

80.0 

(0) 

80.3 

(0) 

80.8 

(0) 

81.3 

(0) 

81.7 

(0) 

83.3 

Residual 
Clay 

- 
(3.2) 

79.4 

(4.8) 

77.1 

(3.8) 

77.6 
- - 

(4.2) 

76.1 
- 

(8.4) 

71.4 

(4.0) 

76.0 
- 

(8.2) 

72.6 

(10.0) 

71.3 
- - 

Extremely 
Weathered 

Siltstone 

(13.8) 

69.2 

(5.1) 

77.5 

(5.4) 

76.5 

(4.3) 

77.1 

(6.3) 

74.5 

(7.8) 

71.9 

(5.1) 

75.2 

(12.3) 

68.4 

(8.9) 

70.9 

(8.0) 

72.0 

(5.9) 

74.4 

(8.7) 

72.1 

(11.4) 

69.9 

(10.1) 

71.6 
- 

Where: - = Not encountered or not observed due to discontinuation of CPT 
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At some test locations the upper 0.2 m to 0.8 m was observed to be moderately compacted and 
contain a higher moisture content.  This is likely due to ponding of water following rainfall and 
subsequent softening of the clay fill from exposure to weather since completion of the 
earthworks. 

Construction on or within the underlying controlled fill, residual clays and siltstone bedrock 
should be relatively straightforward and significant groundwater is unlikely to be encountered 
during construction given the elevated site levels by comparison to surrounding ground levels 
and the relative shallow depths of excavation accompanying development construction. 

The main geotechnical considerations that are considered to affect the design and construction 
of the proposed development at 3 Johnston Cresent include: 

• Variation in fill depths across the site and the selection of appropriate footing types for 
different parts of the warehouse building. 

• The effects of differential settlement due to variations in fill depths across the site and the 
provision of articulation or stiffened footing systems over and near rapid changes in fill 
thickness. 

• The presence of high plasticity clay fill at or near the surface of the site following earthworks 
to achieve design surface levels. 

• The importance of maintaining surface protections during and on completion of 
construction to avoid unnecessary soil erosion, although this is unlikely to be a concern given 
the vast site coverage by concrete pavements and floor slabs. 

9.2 Site Excavation Conditions 

It is understood that the proposed finished floor level of the warehouses is approximately 
RL 82.4 m AHD.  The site will therefore require up to approximately 1.5 m of excavation in the 
south and approximately 1.5 m to 2 m of fill in the north to bulk earthworks levels of approximate 
RL 81.5 to RL 82 m AHD to accommodate the concrete floor slabs and external pavements.  In 
addition, detailed excavations below bulk level will be required for pad footings and loading docks 
(approximately 0.5 m to 1 m depth) and the installation of services (approximately 1 m to 2 m 
depth).  Accordingly: 

• Excavation to bulk level will be within existing fill. 

• Additional excavations for pad footings and loading docks will encounter controlled fill and 
possibly stiff and very stiff natural clays in the eastern part of Warehouse  B. 

• Excavations for services will predominantly encounter fill and possibly stiff and very stiff 
natural clays in the eastern part of Warehouse A and Warehouse B. 

Excavation of the upper soil layers (natural or filled) should be readily achieved using conventional 
earthmoving equipment, such as tracked excavators and scrapers.  Subject to the depth of 
excavation proposed, it is unlikely that ripping or hydraulic rock hammering will be required, 
accordingly there is unlikely to be any adverse effects from vibrations due to excavation work. 

Excavation spoil is anticipated to be used as fill within the backfilling of temporary basins and 
raising of surface levels in the northern part of the site.  All excess excavated material will need to 
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be disposed of off-site in accordance with the provisions of the current legislation and guidelines, 
including the Waste Classification Guidelines (EPA, 2014). 

9.3 Site Preparation 

It is currently anticipated that the proposed warehouses will probably be supported by shallow 
spread footings founding on controlled fill or possibly natural silty clay of at least a stiff 
consistency.  The preferred bearing stratum will depend on actual column loads, required bearing 
pressures and serviceability associated with total and differential settlements.  External 
pavements will be supported by shallow subgrades formed mostly in fill and residual clay.  In 
consideration of this, Douglas proposes the following site preparation measures: 

• Remove all water from the temporary basins and discharge offsite. 

• Remove all wet sediment from the base and sides of the basins and dispose offsite, or 
stockpile on site for later reuse as fill, if suitable once dry. 

• Remove all softened (upper approximately 0.5 m) fill to expose an acceptable stripped 
surface and stockpile on site for later reuse as fill, if suitable once dry. 

• Proof roll the exposed base of the basins and exposed stripped surface using a minimum 
10 tonne smooth drum roller in non-vibration mode.  The surfaces should be rolled a 
minimum of six times with the last two passes observed by an experienced geotechnical 
engineer to detect any soft or heaving areas.  Remove any additional unsuitable soil identified 
during proof rolling. 

• Compact the exposed base of the basins and approved stripped surfaces to a minimum dry 
density ratio of 98%, relative to Standard compaction, maintaining the moisture content to 
within 2% of Standard optimum moisture content (OMC). 

• Commence bulk excavation of the site reusing suitable granular material as fill within the 
temporary basins backfill and the northern part of the site. 

• Place suitable site won materials in maximum 300 mm thickness layers and compact to a 
minimum dry density ratio of 98%, relative to Standard compaction, maintaining the 
moisture content of the fill within 2% of Standard OMC. 

• Place sufficient layers of fill to achieve design subgrade/foundation levels and compact as 
outlined above, increasing the minimum dry density ratio to 100%, relative to Standard 
compaction, within the upper 300 mm of the fill surface. 

Geotechnical inspection and testing of the fill should be carried out in accordance with a Level 1 
standard, as defined in AS3798-2007. 

There is a potential for the presence of moderately to highly plastic and erodible fill soils at the 
site surface that may cause poor trafficability conditions when this material is exposed to wet 
weather.  The use of a minimum 150 mm thick layer of strong, durable crushed rock fill or recycled 
concrete as a protective ‘running’ surface may allow ‘all-weather’ access to the site following wet 
weather and assist in erosion control. 

9.4 Batter Slopes and Retaining Walls 

During bulk excavation and earthworks, it is recommended that temporary batter slopes do not 
exceed 1H:1V (45 degrees) within the fill and natural clay soils for batters up to 4 m high.  For 
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permanent batters, a maximum grade of 2H:1V (26 degrees) is suggested, reducing to 3H:1V (18 
degrees) if maintenance access is required (i.e. mowing, or similar). 

It is unclear if retaining walls are proposed to form part of the site development beyond those 
required at the loading docks.  If needed retaining walls may be designed based on an average 
unit weight of 20 kN/m3 for controlled fill and natural clays, with a triangular earth pressure 
distribution calculated using an active earth pressure coefficient (Ka) value of 0.3 where some wall 
movement is acceptable or an ‘at rest’ earth pressure coefficient (Ko) value of 0.5 where wall 
movement is to be reduced.  A coefficient of passive earth pressure (Kp) equal to 2.5 may be 
assumed within very stiff to hard clay and well compacted filling, to which a factor of safety must 
be applied in recognition of the fact that large movements are required to mobilise the full 
passive resistance. 

The pressure distribution given above does not include hydrostatic pressure due to groundwater 
behind retaining walls, which should be included in the design unless adequate drainage is 
provided to prevent the build-up of hydrostatic pressures. 

The design of batter slopes and retaining walls should account for surcharge loads, including 
storage of construction materials, adjacent pavements, access roads, buildings or similar.  Design 
should also consider the effects of plant operating above the excavation and/or retaining wall 
during construction. 

9.5 Footings 

The results of the investigation have shown that the site is underlain by well compacted 
controlled fill with some residual clay soils and then weathered siltstone bedrock.  Accordingly, it 
is anticipated that footings for the new warehouses will most likely comprise shallow pads 
founding within the upper 1 m of the controlled fill and possibly stiff and very stiff natural clays in 
the eastern part of Warehouse  B.  Alternatively, bored piles founding within the upper 1 m to 2 m 
of bedrock could be adopted, particularly in areas of deep fill, subject to column loads.  The 
parameters listed in Table 7 are suggested for footing design. 

Table 7: Suggested Footing Design Parameters 

Soil/Rock Profile 
End Bearing (kPa) Shaft Adhesion (kPa) 

Allowable Ultimate Allowable Ultimate 

Controlled Fill 150 500 15 20 

Stiff / Very Stiff Clay 150 500 15 25 

(Class V) Bedrock 700 3000 50 100 

VLS (Class IV) Bedrock 1000 3500 100 150 

LS (Class III) Bedrock 2000 6000 150 300 
Notes: Values for Class V bedrock assume a minimum of 0.5 m penetration of the footing into rock.  Values for Very Low 
Strength (VLS) and Low Strength (LS) rock are estimated.  These rock conditions were not positively identified on the site. 

To confirm the appropriateness of the adopted design footing parameters, it is recommended 
that all pad footing excavations bearing in soil are subjected to geotechnical inspection and 
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dynamic cone penetrometer (DCP) testing during construction to verify that the listed allowable 
bearing pressures are available. 

Shallow footings founding near excavations (service trenches or similar) must have all loads 
transferred below and influence line inclined upwards at 45 degrees  commencing from the 
lowest and closest side of the excavation or trench base.  Pad footings can be deepened to 
accommodate this load transfer or alternatively pile footing may be used.  Footings founding 
above this line should be subject to specific geotechnical inspection during construction. 

9.6 Settlements 

On the basis that the site is prepared in accordance with the recommendations outlined in this 
report, it is anticipated that the resulting site conditions will provide an elastic settlement 
response below footings that is generally equal to or less than 1% of the minimum footing width.  
Differential settlements can be considered equal to approximately half that value.  For areas of 
the site that contain controlled fill to depths of more than 5 m, additional creep settlements may 
be experienced over the life of the development.  Elastic and creep settlements should be 
considered as cumulative. 

Creep settlement occurs due to the self-weight of the fill resulting in constant high stresses that 
cause consolidation of lower fill layers.  Creep settlements will continue for many years after the 
completion of the earthworks and they are directly related to the type of fill, depth of fill and the 
degree of compaction applied.  Creep settlements can be expressed as: 

Creep Settlement  =  Cα  x  filling thickness  x  change in log time 

Cα typically lies within the range of 0.3% to 0.5% for well compacted granular and clayey fill. 

Important to the effects of creep settlement is the timing of fill placement and the change in 
thickness of fill across the site.  From the due diligence assessment, it is known that the fill 
placement was completed more than one year ago.  Accordingly, creep settlements occurring 
within the first log cycle of time (i.e. years 0 to 1) have already occurred.  For a 50-year design life, 
ongoing creep settlements are likely to occur over 1.7 log cycles of time (i.e. years 1 to 10 and part 
portion of years 10 to 100). 

The depth of fill identified during the investigation generally correlates with that shown on the 
CSR HP – Final Lot Fill Plan, Drawing No. 13044-FILL-01-1 dated 04 April 2023, presented in 
Appendix B.  According to the Final Lot Fill Plan, the deepest fill underlying a warehouse will occur 
along the northern part of Warehouse A and will be in the order of 13 m to 14 m.  Deep fill is also 
present along the southern boundary and eastern part of Warehouse B. 

It is considered that creep settlements at the site can be based on an average Cα of 0.35%.  This 
results in an estimated creep settlement of approximately 32 mm per log cycle of time for the 
assumed maximum 14 m depth of fill.  Table 8 provides estimates for the total creep settlements 
likely to occur for a 50-year development design period and a range of fill thicknesses. 
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Table 8: Estimates of Total Creep Settlement based on Cα = 0.35% 

Fill Thickness 

(m) 

Estimated Creep Settlement (mm) 

50 Year Design Period 

<5 Nil 

6 6 

8 18 

10 30 

12 42 

14 54 

It is important to note that any estimation of creep settlement is prone to a high degree of 
uncertainty.  The estimates presented in Table 8 should be considered as having a potential 
variation of up to ±25%. 

Differential settlements can be determined by calculating the difference in total creep 
settlements for any two given points of known fill thickness.  Where fill depths change rapidly 
over short plan distances, differential settlements will be high.  The greatest rapid change in fill 
depth occurs under the southern and south-western parts of Warehouse B, where differential 
settlements may be close to the total creep value. 

To alleviate the effects of creep settlement on the structural design of buildings, floor slabs and 
to a lesser extent pavements, consideration could be given to stiffening footing and slab systems 
across site areas underlain by deep fill and the intervening fill depth transition zones. 

9.7 Site Classification 

The Australian Standard AS2870 Residential Slabs and Footings is applicable to residential 
dwellings and similar lightweight structures.  Whilst not relevant to the specific structures 
proposed for this development, the characteristic ground surface movements provide useful 
information to designers of footing systems, slabs and pavements. 

Materials testing undertaken on samples of the controlled fill within the site have identified low 
to medium plasticity silty clay and are considered representative of Class M to H1 soils, as defined 
in AS2870.  Characteristic ground surface movements are therefore anticipated to be 
approximately 20 mm to 50 mm, hence it is considered that the site is best defined as Class H1. 

9.8 Salinity 

The NSW Salinity Potential map for Western Sydney indicates a moderate salinity potential 
category is relevant to the site.  The extent of quarrying and subsequent earthworks on the site 
have removed or covered over most of the natural soil profile and thus the salinity potential 
should be based on the material properties of the controlled fill. 

The results of electrical conductivity tests coupled with textural classification tests demonstrate 
that the materials used as controlled fill were predominantly slightly saline, except for one sample 
which returned a non-saline classification. 
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For management of salinity risk, strategies are only required for salinity levels of moderately saline 
and higher and are therefore there is no need for a salinity management plan for this site. 

9.9 Soil Aggressivity 

Provided the soils analysed represent the broader soils present at the site, then the soil conditions 
can be considered as being non-aggressive to buried concrete and steel elements with reference 
to the laboratory test results listed in Table 3 (Section 6.2) and the guidelines given within 
Australian Standard AS2159 (2009). 

9.10 Pavements 

Based on the laboratory test results listed in Table 2 (Section 7.2), and subject to earthworks and 
the final condition of the soils within the upper 1 m of design subgrade level, the subgrades at this 
site can be assigned a design CBR value of 3%.  To maintain this design value, or any other 
amended / alternative deign CBR value, it will be necessary to prepare the subgrade soils into a 
well compacted condition that is free of significant adverse long-term or differential settlements 
and / or deflection under service loading.  Verification testing should also be conducted during 
construction to confirm that the design CBR value has been achieved post earthworks.  The 
pavement designer should consider the following: 

• The loads applied to the various pavements over their design life, including normal road 
vehicle pavements, commercial in-service truck loads and possibly construction machinery 
loads. 

• The magnitude and frequency of load repetitions of the various vehicles using each 
pavement. 

• The need to provide edge constraints to the pavement, particularly along the crest of batters, 
immediately behind retaining walls and along the edge of landscaped areas. 

• The position and grading of subsurface drainage lines, particularly with reference to 
pavement edges and internal landscaped openings (where relevant). 

• Pavement surface gradients and water flow to drainage lines.  One-way cross falls may be 
beneficial, otherwise regularly spaced and centralised drainage collection pits should be 
installed. 

• The backfilling and compaction of service trenches, particularly below heavily loaded 
pavements. 

• The ability of any filled subgrade to carry the load of the pavement. 

In addition, a regular long-term inspection and maintenance programme should be adopted by 
the operator of the pavement.  The maintenance programme should be primarily aimed at 
limiting the amount of moisture infiltrating to the subgrade (e.g. inspecting drainage lines and 
repairing as required, maintaining construction joints and sealing or repairing cracks as they 
develop). 

9.11 Drainage 

Subsurface and subsoil drainage should be incorporated into the pavement and floor slab 
designs to prevent the ingress of moisture into the pavement and sub-floor working platform 
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layers and any subsequent weakening of the pavement and subgrade layers.  Drainage design 
should also consider standard practices for the control of surface and subsurface soil erosion. 

10. Limitations 

Douglas Partners Pty Ltd (Douglas) has prepared this report for this project at 3 Johnston Cresent, 
Horsley Park in line with Douglas' proposal 86826.09.P/001.Rev0 dated 4 July 2024 and 
acceptance received from David Mollerstrom of ESR Australia dated 6 July 2024.  The work was 
carried out under Douglas' Engagement Terms.  This report is provided for the exclusive use of 
ESR Australia for this project only and for the purposes as described in the report.  It should not 
be used by or relied upon for other projects or purposes on the same or other site or by a third 
party.  Any party so relying upon this report beyond its exclusive use and purpose as stated above, 
and without the express written consent of Douglas, does so entirely at its own risk and without 
recourse to Douglas for any loss or damage.  In preparing this report Douglas has necessarily 
relied upon information provided by the client and/or their agents. 

The results provided in the report are indicative of the sub-surface conditions on the site only at 
the specific sampling and/or testing locations, and then only to the depths investigated and at 
the time the work was carried out.  Sub-surface conditions can change abruptly due to variable 
geological processes and also as a result of human influences.  Such changes may occur after 
Douglas' field testing has been completed.  

Douglas' advice is based upon the conditions encountered during this investigation.  The 
accuracy of the advice provided by Douglas in this report may be affected by undetected 
variations in ground conditions across the site between and beyond the sampling and/or testing 
locations.  The advice may also be limited by budget constraints imposed by others or by site 
accessibility.  

The assessment of atypical safety hazards arising from this advice is restricted to the geotechnical 
components set out in this report and based on known project conditions and stated design 
advice and assumptions.  While some recommendations for safe controls may be provided, 
detailed ‘safety in design’ assessment is outside the current scope of this report and requires 
additional project data and assessment.   

This report must be read in conjunction with all of the attached and should be kept in its entirety 
without separation of individual pages or sections.  Douglas cannot be held responsible for 
interpretations or conclusions made by others unless they are supported by an expressed 
statement, interpretation, outcome or conclusion stated in this report.  

This report, or sections from this report, should not be used as part of a specification for a project, 
without review and agreement by Douglas.  This is because this report has been written as advice 
and opinion rather than instructions for construction. 
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Introduction 
These notes have been provided to amplify 
DP's report in regard to classification methods, 
field procedures and the comments section.  
Not all are necessarily relevant to all reports. 

DP's reports are based on information gained 
from limited subsurface excavations and 
sampling, supplemented by knowledge of 
local geology and experience.  For this reason, 
they must be regarded as interpretive rather 
than factual documents, limited to some 
extent by the scope of information on which 
they rely. 

Copyright 
This report is the property of Douglas Partners 
Pty Ltd.  The report may only be used for the 
purpose for which it was commissioned and in 
accordance with the Conditions of 
Engagement for the commission supplied at 
the time of proposal.  Unauthorised use of this 
report in any form whatsoever is prohibited. 

Borehole and Test Pit Logs 
The borehole and test pit logs presented in this 
report are an engineering and/or geological 
interpretation of the subsurface conditions, 
and their reliability will depend to some extent 
on frequency of sampling and the method of 
drilling or excavation.  Ideally, continuous 
undisturbed sampling or core drilling will 
provide the most reliable assessment, but this 
is not always practicable or possible to justify 
on economic grounds.  In any case the 
boreholes and test pits represent only a very 
small sample of the total subsurface profile. 

Interpretation of the information and its 
application to design and construction should 
therefore take into account the spacing of 
boreholes or pits, the frequency of sampling, 
and the possibility of other than 'straight line' 
variations between the test locations. 

Groundwater 
Where groundwater levels are measured in 
boreholes there are several potential 
problems, namely: 

• In low permeability soils groundwater 
may enter the hole very slowly or perhaps 
not at all during the time the hole is left 
open; 

• A localised, perched water table may lead 
to an erroneous indication of the true 
water table; 

• Water table levels will vary from time to 
time with seasons or recent weather 
changes.  They may not be the same at 

the time of construction as are indicated 
in the report; and 

• The use of water or mud as a drilling fluid 
will mask any groundwater inflow.  Water 
has to be blown out of the hole and 
drilling mud must first be washed out of 
the hole if water measurements are to be 
made. 

More reliable measurements can be made by 
installing standpipes which are read at 
intervals over several days, or perhaps weeks 
for low permeability soils.  Piezometers, sealed 
in a particular stratum, may be advisable in low 
permeability soils or where there may be 
interference from a perched water table. 

Reports 
The report has been prepared by qualified 
personnel, is based on the information 
obtained from field and laboratory testing, and 
has been undertaken to current engineering 
standards of interpretation and analysis.  
Where the report has been prepared for a 
specific design proposal, the information and 
interpretation may not be relevant if the 
design proposal is changed.  If this happens, 
DP will be pleased to review the report and the 
sufficiency of the investigation work. 

Every care is taken with the report as it relates 
to interpretation of subsurface conditions, 
discussion of geotechnical and environmental 
aspects, and recommendations or 
suggestions for design and construction.  
However, DP cannot always anticipate or 
assume responsibility for: 

• Unexpected variations in ground 
conditions.  The potential for this will 
depend partly on borehole or pit spacing 
and sampling frequency; 

• Changes in policy or interpretations of 
policy by statutory authorities; or 

• The actions of contractors responding to 
commercial pressures. 

If these occur, DP will be pleased to assist with 
investigations or advice to resolve the matter. 

continued next page 



About this Report 
 
 

 
 

2 of 2 www.douglaspartners.com.au  

 

Site Anomalies 
In the event that conditions encountered on 
site during construction appear to vary from 
those which were expected from the 
information contained in the report, DP 
requests that it be immediately notified.  Most 
problems are much more readily resolved 
when conditions are exposed rather than at 
some later stage, well after the event. 

Information for Contractual Purposes 
Where information obtained from this report 
is provided for tendering purposes, it is 
recommended that all information, including 
the written report and discussion, be made 
available.  In circumstances where the 
discussion or comments section is not relevant 
to the contractual situation, it may be 
appropriate to prepare a specially edited 
document.  DP would be pleased to assist in 
this regard and/or to make additional report 
copies available for contract purposes at a 
nominal charge. 

Site Inspection 
The company will always be pleased to provide 
engineering inspection services for 
geotechnical and environmental aspects of 
work to which this report is related.  This could 
range from a site visit to confirm that 
conditions exposed are as expected, to full 
time engineering presence on site. 
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Field Work Results 
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Laboratory Test Results 
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