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1 INTRODUCTION

Consulting Earth Scientists (CES) was commissioned by Delmo Albion Park Pty Ltd (Delmo
Albion Park) to undertake a preliminary geotechnical assessment of a former dairy farm located
at 58 Tongarra Road, Albion Park, NSW (herein referred to as ‘the site’), as shown in Figure 1.
It is understood that the site is to be acquired by Delmo Albion Park and they proposed to
develop the site for commercial/industrial land-use following appropriate rezoning.

The purpose of this investigation was to assess the subsurface conditions, determine geotechnical
limitations and provide recommendations for foundations for future development at the site.
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2 SCOPE OF WORK

The objective of the geotechnical investigation was to assess the subsurface conditions to assist
the structural engineer with design of the proposed development including earthworks, footings
and pavements, as necessary.

To achieve the above objective, the following scope of work was carried out:

 Review of available geological reports and maps;

 Use of a backhoe to excavate 16 test-pits across the site to provide a preliminary assessment
of geotechnical conditions;

 Use of a Dynamic Cone Penetrometer (DCP) and hand penetrometer to estimate the
consistency and relative density of the subsurface soils in each test-pit;

 Submission of representative samples of soil for various NATA accredited testing, including
Californian Bearing Ration (CBR), Atterberg limits and compaction testing; and

 Preparation of a report detailing the results of the investigation and comments on
geotechnical conditions.
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3 SITE INFORMATION

Background information on the site as determined from available maps and our site inspection, is
presented below.

3.1 SITE IDENTIFICATION

The site address is 58 Tongarra Road, Albion Park, NSW. The current legal description of the
site is:

 Lot B in Deposited Plan 109816;
 Lot 6 in Deposited Plan 1100435; and
 Lot 1 in Deposited Plan 955731.

The site is located in the Local Government Area (LGA) of Shellharbour, Parish of Jamberoo
and County of Camden. The geographical coordinates for the approximate centre of the site are
296444E and 6172837N and the general locality of the site is shown in Figure 1.

Lot B occupies an area of approximately 4.5 hectares, Lot 6 occupies an area of approximately
69 hectares and Lot 1 occupies an area of approximately 7.1 hectares. The site is immediately
surrounded to the north, south and west by rural grazing land and to the east by the runway of the
Illawarra Regional Airport. The existing site layout is shown in Figure 2.

3.2 SITE ZONING AND LANDUSE

At the time of the assessment the site was used predominantly for cattle grazing with associated
dairy, residential properties and machinery maintenance sheds. From the site inspection, it was
also apparent that a section of land in the south eastern portion of the site was previously used
for the sorting and storage of materials as part of a landscaping supplies business.

It is understood that the land is to be developed for commercial/industrial land-use. The site is
currently zoned under the Shellharbour Rural Local Environment Plan (LEP) 2004 as follows:

 Lot B is zoned 1(a) Agriculture Zone;

 The majority of Lot 1 is zoned 1(a) Agriculture Zone, while a section of Lot 1
bordering the Illawarra Highway is currently zoned 9(b) Arterial Roads Reservation;

 The south eastern corner of Lot 6 is zoned 9(b) Arterial Roads Reservation, the wetland
in the centre of Lot 6 is zoned 7(w) Wetlands and the remainder of the site is zoned
1(a) Agriculture Zone.

The previous zoning of the site was not determined.
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3.3 TOPOGRAPHY

A review of the Albion Park 1:25 000 topographic map, Sheet 9028-1-N (CMA, 1986) revealed
that the site has an approximate elevation of less than 10 m AHD and is located on the valley flat
below the Illawarra Escarpment. Observations made by CES during a site inspection revealed
that there is a general down gradient slope of less than 5 degrees to the south east toward Frazers
Creek. The portion of Lot 6 surrounding Frazers Creek is noted on the map as being subject to
inundation.

Frazers Creek enters the southern portion of the site (Lot 6) and flows north-northeast through an
onsite wetland and to the Macquarie Rivulet approximately 800 m north of the northern corner of
Lot 6. The Macquarie Rivulet, which flows into Lake Illawarra located approximately 1.5 km to
the north east of the site, also forms the western boundary of Lot 1 on the western side of
Illawarra Road. Surface water falling on the site would follow local onsite drainage and either
infiltrate directly into the underlying soil or flow toward Frazers Creek or Macquarie Rivulet.

3.4 GEOLOGY AND SOILS

3.4.1 Regional Geology
Review of the Kiama 1:50 000 Geological Series Sheet 9028-1 (NSW Department of Mines,
1974) indicated that the majority of the site is underlain by alluvium, gravel, beach and dune
sand of the Quaternary Period. However, the south east corner of Lot 6 (underlying the existing
onsite residences) is underlain by Berry Siltstone comprising mid-grey to dark-grey siltstone to
fine sandstone of the Shoalhaven Group of the early-late Permian Period.

3.4.2 Soils
Review of the Kiama 1:100 000 Soil Landscape Series Sheet 9028 (Department of Conservation
and Land Management, 1993) indicated that the site was situated on the Fairy Meadow soil
landscape group. As described by the soil map, the landscape in which soils of the Fairy
Meadow soil landscape group are found comprises alluvial plains, floodplains, valley flats and
terraces bellow the Illawarra Escarpment. Local relief is less than 10 m with slopes usually less
than 5%.

Soils of the Fairy Meadow soil landscape group are described as shallow to moderately deep (50-
100cm) alluvial loams and siliceous sands on terraces with prairie soils and yellow podzolic soils
occurring on the drainage plains. The limitations of this soil landscape group are noted as being a
flood hazard, of low wet bearing strength and having highly permeable topsoil with high
seasonal water tables.
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3.5 HYDROGEOLOGY

The exact direction of groundwater flow was not determined from the available information.
However, it is likely that the groundwater will follow the regional topography and flow generally
to the north east and may follow the Frazers Creek and Macquarie Rivulet watercourses.

A search of the groundwater database at the Department of Infrastructure, Planning and Natural
Resources (DIPNR) was performed (Appendix 1). The search indicated that at the time of the
search there were three registered bores which exist within a 2 km radius of the centre of the site.
The closest bore (GW072794) as shown on the map provided by DIPNR appears to be located
on the site. However, the corresponding Work Summary sheet describes the well as being
located on Lot 6 in Deposited Plan 70360, which is not part of the site. This bore is registered for
Domestic Stock use and encountered water bearing zones within shale bedrock from 20 m to
20.5 metres Below Ground Level (mBGL). The salinity was recorded as being ‘salty’.

Two further bores (GW031499 and GW031515) are located approximately 1 km to the north
west of the site and west of Macquarie Rivulet. These bores are registered for Irrigation and
Stock uses respectively. GW031515 encountered a water bearing zone in shale at 21.90 m to
22.80 m and the salinity is recorded as being ‘salty’. Further water quality data was not available.

3.6 ACID SULPHATE SOIL RISK

Clause 41 of the Shellharbour Rural Local Environment Plan 2004 states that any disturbance of
more than one tonne of soil, or works likely to lower the water table must address impact relating
to potential acid sulfate soils.

Review of the Albion Park 1:25 000 Acid Sulfate Soils Risk map (Land and Water Conservation,
1997) revealed that Lot 1 and Lot B and the majority of Lot 6 are described as Class AP4, that is,
as having a low probability of acid sulfate materials being present. In these areas, the map
indicates that acid sulfate materials, if present, will be widespread, sporadic and may be buried
by alluvium sediments. The depth to acid sulfate materials in areas classified as AP4 is estimated
by the map to be greater than 3 m below the ground surface at the time of mapping. The map
indicates that land management is generally not affected by acid sulfate soils in these areas, but
highly localised occurrences may be found.

The south eastern portion of Lot 6 is noted on the map as having no known occurrence of acid
sulfate materials. Land management activities in this area are not likely to be affected by acid
sulfate materials.

Refer to Sections 6.4 and 7.2.4 for further assessment of ASS.
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3.7 SOIL SALINITY RISK

There are no published maps indicating potential salinity risk in the vicinity of the site, however
given the regional geology and hydrogeology, salinity may be a potential issue relating to the
development of the site, especially if cut and fill earthworks take place.

Saline soils are naturally occurring sediments and soils containing salts. Saline soils occur
naturally and are derived from weathering of naturally saline parent material, such as shale,
which are marine (saltwater) deposits, or via other natural processes such as deposition via
rainwater, through groundwater movement, or a combination of one or more of the above
processes. Saline soils in their existing environment may not provide any indicators of their
presence, however, when saline soils are disturbed during site development they can produce
numerous problems due to the release of salts, which can affect plant growth, building materials,
including pavements and roads, erosion and water quality.

3.8 SITE HISTORY

The following site history is a summary of information from the CES Stage 1 Environmental Site
Assessment (CES, 2006):

 From 1901 to 1977, the site was owned by individuals and farmers and was most likely
used for rural grazing purposes during this period. In 1977, it appears that the owners
changed the name on the title to a company name, i.e. Johnston (Marks Villa) Pty Ltd and
G.H. Johnston Pty Ltd. Site use from 1977 to the present was not determined however
anecdotal evidence suggests that the majority of the site was used for grazing cattle,
while an area near an old silo in the central portion of the site and an area in the south
east corner of the site was potentially used for soil mixing for a landscaping business; and

 Anecdotal evidence suggests that filling has occurred in various areas across the site
including the south west corner, other, unidentified, low lying areas and gullies, an old
well and along the farm tracks. In addition, piles of fill material, which were overgrown
with grass were noted in an area between the three residences and a larger area to the east
of the residences. Anecdotal evidence suggests that this area was used for soil sorting as
part of a landscaping business and bags of perlite were also present in the area to the east.
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3.9 PROPOSED DEVELOPMENT

Based on the information provided by Delmo Albion Park, CES understands that the site is
proposed to be subdivided into individual commercial / industrial allotments comprising
warehouse style office buildings constructed at-grade, car-parking and service roads. Some cut
and fill is proposed to alleviate flood concerns on low lying areas. A conceptual plan of the
proposed development is provided as Figure 3.
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4 FIELDWORK

Fieldwork was undertaken on 4 and 5th January 2007 and comprised the excavation of 16 test-
pits (test-pits TP1 to TP16) across the site to provide an assessment of the soil conditions,
particularly the consistency and compaction of the fill and natural soils. With the exception of
TP12, all test pits were excavated within the footprint of the proposed industrial zone with test-
pits TP1 to TP10 located within Lot 6 and test-pits TP11 and TP13, located within Lot B. Test-
pit TP12 was located within the proposed flood zone at the northern end of Lot 6.

The fieldwork was supervised by Mr Stephen McCormack, who directed the test-pit excavations,
nominated sampling and testing, and logged the encountered sub-surface lithology. The test-pits
were excavated with a backhoe with an extendable boom supplied and operated by RL Narethan
Pty Ltd, using a 0.5m wide bucket. The test pits were excavated to refusal on shale bedrock or
approximately 4.0m depth (the approximate limit of reach for the backhoe), whichever was
shallower. Dynamic Cone Penetrometer (DCP) tests were carried out adjacent to three of the
test-pits (TP4, TP5 and TP10) to assist in assessing the consistency of the soil

Water was encountered in test-pits TP4 at 3.0m Below Ground Level (BGL) and TP12 at 1.0m
BGL. Water was not encountered in the remaining test-pits.

Bulk samples which were representative of the fill and natural soil encountered across the site
were collected from some test-pits with selected samples, which were representative of the
encountered soils, submitted for general soil Classification tests including Atterberg limits,
compaction testing, dispersion, Californian Bearing Ratio (CBR) and Acid Sulfate Soil (ASS)
testing.

The location of each test-pit was determined using a hand held GPS unit. A summary of the test-
pit information, including depths and coordinates is provided in Table 1 while their approximate
locations are shown on Figure 3. A copy of the test-pit logs including the DCP results are
provided in Appendix 1.
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5 FIELDWORK RESULTS

5.1 SUBSURFACE CONDITIONS

Topsoil was encountered in all test-pits to an average depth of 250 mm with a maximum depth of
500 mm (TP4). The topsoil typically comprised dark brown clayey silt / silty clay with rootlets
throughout. Beneath the topsoil each test-pit, with the exception of TP12 (located in the flood
zone), encountered stiff to very stiff alluvial clay which was moist and predominately red-brown
and grey mottled in colour. Test-pit TP12 encountered topsoil over sandy soil which in turn was
underlain by soft to very soft black organic clays and silts with pockets of sand. The organic
clays and silts were encountered at 1.0m BGL and corresponded to water seepage.

Shale bedrock was encountered beneath the alluvial clays in test-pits TP1, TP2, TP3, TP6, TP7
and TP8 at depth of between 0.5m and 1.8m BGL. The only fill material encountered in the test-
pits was a 400 mm layer in TP2 comprising firm to stiff alluvial clay with brick and concrete
inclusions.

A summary of the typical stratigraphy encountered across the industrial zone is provided in
Table 2.

5.2 GROUNDWATER

Groundwater seepage was encountered in test-pits TP4 and TP12. Test-pit TP4 was located
adjacent to the Frazer Creek in the south-western corner of the site and water seepage occurred at
a depth of 3.0m BGL which corresponded to some sandy lenses in the alluvial clays.

As previously mentioned, water seepage in TP12, located in the flood zone at the northern end of
the site, occurred at 1.0m BGL which corresponded to the transition from sandy soils to black
organic clays and silts.
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6 LABORATORY TEST RESULTS

Representative samples of soil and rock were collected during the fieldwork and submitted to
either Australian Soil Testing Pty Ltd or Sydney Soil and Environmental Laboratory Pty Ltd, for
NATA accredited testing which included:

 Atterberg limits and linear shrinkage;

 Californian Bearing Ration (CBR) tests;

 Compaction testing;

 Dispersion testing (pinhole) and

 Acid Sulfate Soil (ASS) Testing.

Laboratory test results are provided in Appendix 2, while a summary of the results is provided in
the following sections.

6.1 ATTERBERG LIMITS AND LINEAR SHRINKAGE TESTING

The Atterberg limits and linear shrinkage tests were conducted on seven samples of clay-based
soil to provide a broad assessment of plasticity and to provide a preliminary estimate of potential
for movement of the clay with changes in moisture content. Of the seven samples, six were
collected from various depths throughout the alluvial clay layer while the remaining sample was
collected from the weathered shale layer.

A summary of the Atterberg limit and linear shrinkage testing results is provided in Table 3. The
testing indicates that the alluvial clays and shale (once excavated and re-moulded) are typically
of high plasticity with moderate potential for shrink/swell with changes in moisture content. .

6.2 COMPACTION AND CALIFORNIAN BEARING RATIO TESTS

To assist with future earthworks, pavement and slab design, representative samples of the
alluvial clay soil layer were collected and submitted for standard compaction and CBR testing.
Samples selected for testing from the clay material beneath the topsoil, at depths commensurate
with possible future road subgrade levels based on surrounding topography and existing road
levels. However, further testing is recommended when the location and level of future roads /
pavements is known.

The compaction tests conducted on the silty clay soils and remoulded shale, recorded maximum
dry densities of between 1.35 t m-3 and 1.88 t m-3, with optimum moisture contents of between
11.5% and 26.0%. The soaked CBR tests returned CBR values of between 0.5% and 7%, with
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an average of 3.5%. Given the variation on composition of the fill layer, CES recommends a
design CBR of 3%.

A summary of the test results is provided in Table 3

6.3 DISPERSION TESTS

Five pinhole dispersion tests were carried out on selected samples from the alluvial clay layer
and the results summarised in Table 3.

Of the five samples analysed, one (sample 040107-04-SM collected from TP1 at 0.5 – 1.0m
depth) was classified as partially dispersive (PD2). The remaining samples were classified as
non-dispersive (ND1).

6.4 ACID SULPHATE SOIL TESTS

Acid Sulphate Soils (ASS), both potential and actual, is the common name given to naturally
occurring sediments and soils containing iron sulfides. The exposure of the sulfides in these
soils to oxygen by drainage or excavation leads to the generation of sulphuric acid which in turn
can pose a significant risk to the environment if not managed appropriately. Earthworks which
disturb ASS requires a detailed management plan to be implemented.

Actual ASS (AASS) is those containing highly acidic soil horizons resulting from aeration of the
soil materials that are rich in iron sulfides. The field ph of these soils are 4 or less. Potential
ASS (PASS) is soils containing sulfides that have not been oxidised and the field pH of these
soils is greater than 4. Both AASS and PASS is often found in the same soil profile with AASS
generally overlying PASS.

To assess the presence of AASS or PASS, selected soil samples were subjected to Suspension
Peroxide Oxidation Combined Acidity & Sulfate (SPOCAS) analysis by SESL and the results
compared against criteria provided in the Acid Sulphate Soils Management Advisory Committee
(ASSMAC, 1998) guidelines. These guidelines provide a series of trigger levels or action
criteria, based on the percentage of oxidisable sulphur (or equivalent TPA/ TAA) for broad
categories of soil types. If the trigger levels are exceeded then the soil is considered to be ASS.
A summary of the ASSMAC criteria is provided in Table 4.

The results of the ASS testing are provided in Table 5. Based on these results, there are no
actual ASS risk, although some samples represent a low to medium PASS risk. Estimated lime
dosing rates, based on a factor of safety of 1.5, for those soils presenting a PASS risk is also
provided in Table 5.
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7 DISCUSSION AND RECOMMENDATIONS

7.1 GEOTECHNICAL CONSTRAINTS

Based on the fieldwork and inspection of surrounding structures, CES do not anticipate any
significant geotechnical constraints that will influence development of the site as proposed.
However, it is noted that this investigation was broad and there may be localised areas of
unsuitable soils, particularly in the low-lying areas of the industrial zone.

7.2 EARTHWORKS

It is understood that the bulk excavation and filling may be undertaken to alleviate flood
concerns of the low lying areas. The exact areas of excavation and filling are not currently
known therefore only general discussion and recommendations is provided herein.

7.2.1 Excavation

Any excavation of the soil across the site will be readily carried out using standard excavation
equipment such as excavators and backhoes. Excavation of the upper portion of the shale
bedrock may be slower, however it should still be economically achievable using conventional
earthmoving equipment. Deeper excavations may encounter stronger shale and require the
assistance of rock breaking equipment. Although the site is reasonably distant from any
adjoining structures, any use of such rock-breaking tools should consider the sensitivity of
nearby structures to vibration.

7.2.2 Temporary and Long Term Batter Slopes

Where there is sufficient space for batters to be battered the temporary and permanent
unsupported batter slopes given below could be adopted.

Temporary and Permanent Unsupported Batters

Material Type Temporary Batter Permanent Batter

Alluvial clay 1.25H:1V 2H:1V
Shale bedrock 1H:1V 1.5H:1V

The above batters assume that the ground surface beyond the crest of the slope is horizontal and
surcharge loads not placed within a distance from the crest equal to the vertical height of the cut.
The permanent batter slopes should be protected against erosion by using vegetation, geotextile
or similar.
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7.2.3 Filling

When filling, the excavated material or imported fill, should be placed in horizontal layers not
more than 0.25m loose thickness over prepared subgrade and compacted to a dry density ratio
not less than 95% Standard beneath pavements and 98% Standard beneath structures.. The

moisture content during compaction should be maintained at 2% of Standard Optimum. Filling
operations should generally be carried out under a Level 1 inspection and testing source as
defined in AS3798 – 1996 Guidelines on Earthworks for Commercial and Residential
Developments.

Where applicable, it is noted that filling within 1.5m of the rear of any retaining walls should be
compacted using light weight equipment (eg. hand operated plate compactor or ride-on
compactor not more than 3 tonnes static weight) in order to limit compaction-induced lateral
pressures. The layer thickness should be reduced to 0.2m maximum loose thickness.

It is noted that any soils which are required to be imported onto the site for any purpose should
be subjected to validation testing in accordance with the EPA (1995) Sampling Design
Guidelines or appropriate documentation classifying the integrity of the imported material to
confirm its suitability for the proposed land-use.

7.2.4 ASS Risk

As mentioned in Section 6.4, there is a low to moderate PASS risk associated with the some
alluvial soils encountered across the site (Table 5). In accordance with the Acid Sulphate Soils
Management Advisory Committee (ASSMAC, 1998) guidelines, a detailed management plan
should be prepared and implemented prior to any excavation works for redevelopment or
remediation of the site that will disturb soil.

The medium PASS risk is associated with the organic clays and silt encountered in test-pit TP12,
located in the flood zone at the northern end of the site. Based on the laboratory testing results,
to neutralise the PASS risk, lime may be added to this material at a rate of approximately 26 kg
per tonne of soil.

Low PASS risk was found to be associated with some samples collected across the industrial
zone from the red-brown and brown, silty clay (alluvial clay unit). Although not all the alluvial
clay samples were assessed as having a PASS risk, CES concludes that the risk of acid sulfate
soils is significant enough to warrant the development of an ASS management plan. Particularly
as the ASS risk was largely associated with the upper 1.0m of the alluvial clay unit. Based on
laboratory testing results undertaken as part of this investigation, the average dosing rate of lime
to neutralise the PASS risk in the alluvial clay is 7.5 kg per tonne of soil. Once the PASS risk
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has been treated with lime, it is recommended that the soil be re-sampled to validate the PASS
risk has been neutralized.

It is noted that further assessment of ASS risk may be undertaken during detailed assessment of
the site and once the areas and volumes of excavated soil are known.

7.2.5 Salinity risk

As mentioned in Section 3.7, the regional geology and hydrogeology indicates a potential
salinity issue relating to the development of the site, especially if cut and fill earthworks take
place. Earthworks can exacerbate problems associated with saline soils and produce salinity
problems if they:

 Expose the underlying more saline soil horizons or intercept saline groundwater;
 Block or impede natural drainage pathways, which may lead to water logging;
 Change the site hydrology in a manner that increase interaction of surface water with

saline soils; and
 Increase groundwater recharge and rising water table via increased infiltration due to

excess watering, clearing of vegetation, or water ponding in poorly drained areas

As noted in Department of Infrastructure, Planning and Natural Resources (DIPNR, 2003b):

“The key to the salinity process is that salt is soluble in water. As water gains access to
our buildings and infrastructure, salt can be carried with it. When water evaporates, salt
crystallises and can cause physical stress on the building material as the crystals
expand.”

This is not only true for dissolved salts transported into building materials but is also true for
dissolved salts that move through natural materials such as soil, as evaporation from saline soil
can lead to the breakdown of soil structure and erosion.

There are a number of management options used to minimise potential impacts when developing
land situated on saline soils, however the most important consideration in protecting any
building or structure in saline soil areas is to prevent saline soils contacting the structure that
include:

It is noted that further assessment of salinity risk may be undertaken during detailed site
assessment.
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7.3 SUBGRADE PREPARATION

Since plans for the proposed development have not been finalized, including any earthworks
involving cut and fill, CES is only able to provide the following general recommendations for
subgrade preparation for the future pavements, slab-on-ground construction and other minor
structures, if required:

 Strip existing topsoil material including and unsuitable materials from site (eg. material
containing deleterious matter). Stockpile remainder for re-use as landscaping material or
remove from site.

 The exposed subgrade surface should be proof rolled to a minimum density ratio of 100%
standard. A NATA-registered laboratory should be engaged to monitor the compaction
levels.

 During compaction and proof rolling as described above, areas which show visible heave
under compaction equipment should be over-excavated a further 0.3m and replaced with
suitable approved fill material and re-compacted to 100% standard.

Given that much of the subgrade is expected to comprise clay based soils, it may be necessary to
construct a working platform above the prepared subgrade, comprising a minimum of 150 mm of
gravel or recycled concrete, to minimise problems associated with trafficking.

7.4 FOUNDATIONS

Based on discussions with the structural engineer, it is expected that suitable foundations for the
proposed industrial buildings will comprise shallow pad or strip footings founded either on the
alluvial clay unit, shale bedrock or on engineered fill following earthworks. Ideally, CES
recommends that footings for the proposed structure be founded on a consistent medium to
provide consistency and minimise any potential differential settlements.

The alluvial clay encountered across the industrial zone was stiff to very stiff and is considered a
suitable founding stratum for shallow footings, providing a maximum allowable bearing pressure
of 150kPa. Should this clay or the upper portion of the shale unit be excavated and compacted
in a controlled manner as engineered fill then this fill layer would also be a suitable founding
medium for shallow footing, also providing a maximum allowable bearing pressure of 150kPa.
Footings founded on shale may be designed for an allowable bearing pressure of 700kPa, or
higher if more investigation is conducted on the strength of the shale and the presence and extent
of defects within the zone of influence of footings.

It is estimated that settlements will be less than 1% of footing width under service loading.
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A summary of the allowable end bearing pressure for shallow footings is provided below.

Design Parameters for Shallow Footings
Layer / Unit Allowable End Bearing Pressure (kPa)

Engineered FILL 150

Alluvial Clay 150
Shale 700

7.5 RETAINING WALLS / EXCAVATION SUPPORT

7.5.1 Flexible Retaining Walls

Where retaining walls are cantilevered or supported by a single row of anchors and some wall
movements can be tolerated (flexible wall), retaining wails can be designed assuming a
triangular earth pressure distribution.

Flexible retaining wall design parameters are provided below:

Design Parameters – Flexible Retaining Walls

Material Type
Active Earth

Pressure
Coefficient (Ka)

Passive Earth
Pressure

Coefficient (Kp)

Bulk unit Weight,

ϒ(kN/m3)

Alluvial Clay 0.35 2.5 20

7.5.2 Rigid Retaining Walls

Where ground anchors or internal props restrain retaining wail movement, or where significant
movements cannot be tolerated (rigid wall), an ‘at-rest’ earth pressure coefficient (Ko) of 0.5
should be adopted with a trapezoidal pressure distribution.

In addition to lateral earth pressures and surcharge loads, consideration should be given to the
possibility of a hydrostatic pressure due to build-up of water behind the wall (eg. from broken
services) unless permanent subsurface drainage can be provided.

7.6 PAVEMENTS

Pavement designs are based on the subgrade materials encountered after any excavation or re-
grading has taken place. At this preliminary stage the exact subgrade for the proposed roads and
pavements is not known although likely to comprise either:

 Alluvial clay;
 Weathered shale; or
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 Engineered fill comprising either alluvial clay, ripped shale, or a combination of both.

Each of the above are considered to be suitable as a subgrade provided it performs satisfactorily
under proof rolling. The principal aim of the subgrade improvement and preparation is to
provide a uniform foundation over the entire pavement formation which will not give rise to
unevenness in the pavement surface under the design loads.

Soaked CBR values for samples of silty Clay and remoulded shale material was assessed as
ranging from 0.5% and 7%, with an average of 3.5%. Given the variation on composition of the
fill layer, CES recommends a preliminary design CBR of 3%.

At this preliminary stage, concrete road pavements are preferred, especially in truck turning and
manoeuvring areas, since concrete pavements do not require particularly strong subgrade. It is
more important that the subgrade be reasonably uniform in degree of support. In areas of car-
parking bitumen pavements are considered adequate.

7.7 SOIL MODULUS FOR INTERNAL FLOOR SLAB DESIGN

Internal floor slabs-on-ground, reference should be made to Cement and Concrete Associations
“Industrial Floors and Pavements” (Report No. T48, 2nd Edition dated May 1999). Furthermore,
any pavement should be underlined by a minimum 200 mm layer of granular sub-base meeting
the requirements of DGS 20 as defined in RTA Specification 3051. The purpose of this layer is
to provide a stable base for construction equipment, provides a uniform bearing surface, reduces
potential deflections at joints and facilitates load transfer across construction joints. In
accordance with AS3798-1996, this layer should be compacted to a minimum density ratio of
95% modified.

For design purposes, the Youngs Moduli provided below, are recommended.

Youngs Moduli for Internal Floor Slab Design (MPa)
Material Type Young’s Modulus (MPa)

Alluvial Clay 20
Shale bedrock 70

7.8 EARTHQUAKE SITE FACTOR

Structural design for earthquake loads should be carried out in accordance with the relevant
provisions in AS1170.4–1993 “Minimum Design Loads on Structures, Part 4: Earthquake
Loads”.
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Based on the encountered subsurface soils, and with reference to Table 2.4(a) of AS1170.4–
1993, CES suggests a nominal site factor (S) for earthquake design loading to be 1.0. In

addition, from Table 2.3 of AS1170.4–1996, an acceleration coefficient () of 0.08 for
Wollongong should be used.
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Figure 1: Site Location Map
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Tables



Co-ordinates 1 Elevation 2 Overall
Testpit Depth

Depth of
Topsoil

Depth to Top of
Bedrock

Eastings (m AGM) Northings (m AGM) m (AHD) (m BGL) (m BGL) (m BGL)

TP1 4-Jan-07 Lot 6 Industrial Zone 297057 6172681 8.7 1.8 0.15 1.2

TP2 4-Jan-07 Lot 6 Industrial Zone 296942 6172630 13.8 1.2 0.1 0.5

TP3 4-Jan-07 Lot 6 Industrial Zone 296845 6172607 12.8 1.8 0.4 1.2

TP4 4-Jan-07 Lot 6 Industrial Zone 296646 6172652 6.0 3.8 0.5 Not determiined

TP5 4-Jan-07 Lot 6 Industrial Zone 296515 6172765 5.2 4 0.4 Not determiined

TP6 4-Jan-07 Lot 6 Industrial Zone 296810 6172795 8.7 2 0.2 Not determiined

TP7 4-Jan-07 Lot 6 Industrial Zone 297028 6172856 9.9 2.5 0.1 1

TP8 4-Jan-07 Lot 6 Industrial Zone 296888 6172968 10.4 2.2 0.3 1.8

TP9 4-Jan-07 Lot 6 Industrial Zone 296718 6173028 6.5 3.8 0.3 Not determiined

TP10 5-Jan-07 Lot 6 Industrial Zone 296571 6173152 9.8 4 0.2 Not determiined

TP11 5-Jan-07 Lot B Industrial Zone 296797 6173396 8.7 3.8 0.4 Not determiined

TP12 5-Jan-07 Lot 6 Flood Zone 296458 6173483 3.6 2.8 0.15 Not determiined

TP13 5-Jan-07 Lot B Industrial Zone 296600 6173381 7.9 2.6 0.3 Not determiined

TP14 5-Jan-07 Lot 6 Industrial Zone 296864 6173105 8.3 3.5 0.3 Not determiined

TP15 5-Jan-07 Lot 6 Industrial Zone 296700 6172869 5.8 3.5 0.25 Not determiined

TP16 5-Jan-07 Lot 6 Industrial Zone 296699 6172716 3.1 3.6 0.15 Not determiined

Note 1: Accuracy for the coordinates is on average ± 0.3 m
Note 2: Accuracy on the elevation is on average ± 1 m

Table 1: Summary of Test-pit Information

Testpit ID Date
Completed

Location
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Table 2: Typical Site Stratigraphy (Industrial Zone)

Layer / Unit Description
Depth to Top
of Layer (m)

Thickness
Range (m)

Consistency /
Relative Density2

TOPSOIL typically comprising Clayey SILT / Silty CLAY: dark brown, low
plasticity, moist, with much grass roots.

This was layer was common to all test-pit locations.

Surface 0.1 – 0.5
Not specifically

assessed.

ALLUVIAL
CLAY

Silty Clay (of apparent alluvial origin): red-brown, brown, orange, with
some grey mottling, stiff to very stiff, moist, medium to high plasticity.
Some fine to coarse ironstone gravel inclusions at depth.

This layer was encountered in all test-pits.

0.1 – 0.5 0.5 - >4.0 Stiff to very stiff

BEDROCK SHALE: dark brown and grey, extremely to distinctly weathered, very
low to low strength, with frequent clay bands present.

Only encountered in test-pits TP1, TP2, TP3, TP6, TP7 and TP8
located in the south-eastern portion of the site..

0.5 - >4.0
Not

determined
Very low to low

strength

Note 1: Thickness and depth measured from existing ground levels.
Note 2: Assessed using DCP, hand tools and a Hand Penetrometer
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Table 3: Summary of Laboratory Test Results – Atterberg Limits, Linear Shrinkage, Compactions, CBR and Dispersion

Linear
Shrinkage

Maximum
Dry

Density

Optimum
Moisture

Content

CBR (%)

Sample ID Testpit / Depth

Moisture

Content
(%)

Liquid

Limit

Plastic

Index

%

Pinhole

Dispersion
Classification

t/m3 %
@ 2.5 mm

penetration

@ 2.5 mm

penetration

040107-01-SM TP4/0.5-1.0m 21.5 47 24 12.0 -- 1.52 24.0 5.0 6.0

040107-04-SM TP1/0.5 – 1.0m 21.5 60 40 16.5 PD2 1.64 22.0 4.0 3.5

040107-05-SM TP1/1.3-1.6m 12.4 -- -- -- ND1 1.60 12.0 6.0 7.0

040107-06-SM TP5/0.4-1.0m 24.4 70 49 18.5 -- 1.49 26.0 3.0 2.5

040107-11-SM TP8/0.3-1.0m 28.4 75 46 16.5 ND1 1.35 20.5 0.5 0.5

050107-20-SM TP10/0.3 – 0.7m 9.9 29 15 8.5 ND1 1.88 11.5 5.5 5.0

050107-21-SM TP10/1.2 – 1.5m 15.0 46 27 12.0 -- -- -- -- --

050107-22-SM TP11/0.4-0.8m 36.0 89 59 20.5 ND1 1.28 19.0 0.5 0.5



Approx. clay Sulfur trail Acid trail Sulfur trail Acid trail

content (%<0.002 mm)
% S oxidisable (oven-dry

basis) eg STOS or SPOS

mol H+/tonne (oven-dry
basis) eg TPA or TSA

% S oxidisable (oven-
dry basis) eg STOS or

SPOS

mol H+/tonne (oven-dry
basis) eg TPA or TSA

Coarse Texture

Sands to loamy sands

Medium Texture

Sandy loams to light clays

Fine Texture

Medium to heavy clays and
silty clays.

18

Source: Ahern et al. (1998a) Table 4.4.

40 0.1 62 0.03

0.03 18

>5 to <40 0.06 36 0.03 18

Texture range1

5 0.03 18

Table 4: Site Assessment Criteria - ASSMAC criteria based on ASS soil analysis

Type of Material
Action Criteria Action Criteria if more than

1-1000 tonnes disturbed 1000 tonnes disturbed



Units kg/tonne

040107-03-SM TP3 0.5 - 1.0 04-Jan-07 Alluvial Clay <0.01 0.02 0.02 86 94 8
No actual ASS risk & low

potential ASS risk
7.1

040107-01-SM TP4 0.5 - 1.0 04-Jan-07 Alluvial Clay <0.01 <0.01 <0.01 22 <2 <2 No actual or potential ASS risk N/A

040107-02-SM TP4 2.0 - 2.5 04-Jan-07 Alluvial Clay <0.01 <0.01 <0.01 2 6 4 No actual or potential ASS risk N/A

040107-06-SM TP5 0.4 - 1.0 04-Jan-07 Alluvial Clay <0.01 0.02 0.02 42 54 12
No actual ASS risk & low

potential ASS risk
4.1

040107-09-SM TP7 0.5 - 0.8 04-Jan-07 Alluvial Clay <0.01 0.03 0.03 144 176 32
No actual ASS risk & low

potential ASS risk
13.2

040107-13-SM TP9 0.5 - 1.0 04-Jan-07 Alluvial Clay <0.01 <0.01 <0.01 90 114 24
No actual ASS risk & low

potential ASS risk
8.6

050107-20-SM TP10 0.3 - 0.7 05-Jan-07 Alluvial Clay <0.01 <0.01 <0.01 2 6 4 No actual or potential ASS risk N/A

050107-22-SM TP11 0.4 - 0.8 05-Jan-07 Alluvial Clay <0.01 0.01 0.01 62 122 60
No actual ASS risk & low

potential ASS risk
9.2

050107-24-SM TP12 1.5 - 2.0 05-Jan-07 Organic Clay <0.01 0.22 0.22 194 346 152
No actual ASS risk & medium

potential ASS risk
26

050107-25-SM TP16 0.5 - 0.7 05-Jan-07 Alluvial Clay <0.01 <0.01 <0.01 26 <2 <2 No actual or potential ASS risk N/A

050107-26-SM TP16 0.0 - 0.15 05-Jan-07 Topsoil <0.01 <0.01 <0.01 18 6 <2 No actual or potential ASS risk N/A

050107-27-SM TP16 3.0 - 3.5 05-Jan-07 Alluvial Clay <0.01 <0.01 <0.01 22 34 12
No actual ASS risk & low

potential ASS risk
2.6

0.03 -- -- --

TSA (TPA –
TAA)% S

(KCI)

Lime
Dosing
RateAssessment Summary

Note 1: Results in bold and italics exceed the relevant action criteria

Guideline Criteria (assuming fine texture and >1000 tonnes is disturbed) -- 18

% S
(POS)

TAA TPA% S
(Peroxide)

mol H+.tonne-1

Table 5: Soil Analytical Results - POCAS

Sample ID Testpit Depth (m) Date
Collected

Matrix Unit
Sulfur trail Acid trail
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Appendix 1
Borehole Logs
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TOPSOIL: Silty Clay/Clayey Silt:
dark brown, low plasticity with

rootlets throughout
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with rootlets
throughout

Silty CLAY: red-brown and
brown mottled, high plasticity
with some fine rootlets
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with rootlets
throughout

Silty CLAY: brown, medium
plasticity with fine rootlets

Silty CLAY: red-brown, high
plasticity trace of fine sand

SHALE: brown and dark grey,
extremely weathered, weak to
very weak.
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with rootlets
throughout

Silty CLAY: brown, medium
plasticity with fine rootlets

Silty CLAY: red-brown, high
plasticity trace of fine sand

SHALE: brown and dark grey,
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with rootlets
throughout

Silty CLAY: dark brown, high
plasticity with trace of fine sand
and fine rootlets throughout

Silty CLAY: red-brown, high
plasticity with a trace of fine sand

Silty CLAY: red-brown and grey
mottled, high plasticity.
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very weak.
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with rootlets
throughout

SILT: brown, low plasticity with
roots throughout

Silty CLAY: dark brown, high
plasticity with fine rootlets
throughout and trace of fine sand.

becoming red-brown from 0.5

becoming orange brown and grey
mottled from 1.2m

becoming dark grey and fissured
(possible residual)
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with fine to
coarse gravel and rootlets
throughout

Sandy CLAY: brown, low
plasticity, fine to coarse sand with
fine to medium gravel (possible

fill)

Silty CLAY: brown, high
plasticity, fine to coarse sand and
trace of fine gravel

Silty CLAY: brown and grey
mottled, high plasticity, slightly
fissured (possible residual)
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TOPSOIL: Clayey Silt: dark
brown, low plasticity with trace
fine sand and rootlets throughout

Silty CLAY: red-brown, high
plasticity trace of fine sand.

becoming reddish brown from
1.1m

Silty CLAY: orange brown and
grey mottled, high plasticity, with
fine to coarse sand and fine to
medium ironstone gravel.

more ironstone banding with
depth
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TOPSOIL: Silty Clay: brown, low
plasticity with fine to medium

sand, fine to medium gravel and
and rootlets throughout.

SAND: red-grey mottled, fine to
coarse, trace of silt and
intermittant pockets of sandy clay.

Clayey SILT: black, low to
medium plasticity, high organic
content.

Some pockets of clay and sand
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TOPSOIL: Clayey Silt: brown,
low plasticity with fine to medium
sand, fine to coarse gravel and

and rootlets throughout.

Silty CLAY: red-brown mottled,
high plasticity, trace of fine sand

becoming orange and grey
mottled
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TOPSOIL: Clayey Silt: brown,
low plasticity with fine to medium
sand and and rootlets throughout.

Silty CLAY: red-brown mottled,
high plasticity, trace of fine sand

Silty CLAY: orange and grey
mottled, high plasticity with trace
of fine sand and fine to medium
gravel.

Occassional pockets of clayey
sand.

Sandy CLAY: grey-red mottled,
medium plasticity, fine to coarse
sand.

Silty CLAY: grey, high plasticity
with trace of fine sand (possible
residual)
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