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Executive summary
As part of a route selection study being undertaken by Maunsell on behalf of the RTA for the
Gerringong to Bomaderry Princes Highway Upgrade, Coffey Geotechnics has carried out a
geotechnical investigation to assess general geotechnical conditions and engineering properties within
the study area.  The study area is approximately 32 km in length and up to 5 km in width, extending
from Mt. Pleasant in the north to the Cambewarra Road roundabout at Bomaderry in the south.

The geotechnical investigation for the route selection study comprised field mapping and
reconnaissance by Coffey engineers and geologists to refine the geological mapping of the study
area.  A subsurface investigation program was undertaken to characterise the subsurface
characteristics over a range of terrain conditions within the study area.  The subsurface investigation
comprised borehole drilling (20), electric piezocone probes (15), test pits (30), piezometer installation
in boreholes (11), soils sampling and laboratory testing.  A review of other subsurface investigations
including borehole logs provided by the RTA (prepared by Longmac) in the Foxground area and
groundwater bores over the study area provided by DIPNR.

The investigation of the floodplains within the study area have indicated the presence of deep alluvial
deposits, including some estuarine deposits.  The alluvial soils encountered in the low lying areas
were generally stiffer than expected possibly due to the extensive periods of dry weather over the past
3 to 4 years.  Deep soft soils may occur in the extremities of the floodplain within the study area or in
localised areas (e.g. wet low lying areas, paleochannels).  Advice and recommendations on treatment
of soft soils for embankment construction on soft soils up to nine metres thick are provided in the
report.  The extent of soft soils will need to be assessed at much closer intervals if a route over the
flood plains is considered.  Where low embankments (<2m high) are proposed over soft soils,
consideration could be given to a minimal earthworks approach where the road is built to design level
and routinely raised and resurfaced to account for ongoing settlement.  Alternatively embankments
could be constructed with a conventional preload, (possibly staged construction) and wick drains.

In the elevated areas, geotechnical constraints include existing or potential slope instability on steep
soil slopes high or very high strength rock underlying the ridges.

Instability was observed during the course of the field work near Mt. Pleasant within and above a
recent cut batter for the highway, and at Toolijooa Hill on the steep sideslopes, generally where deep
colluvium occurs and drainage is poor.

Rock excavation for cuttings will also be a key issue for the design and costing of the final route.
Many of the ridges between Gerringong and Berry are underlain by high or very high strength
sandstone or trachytic tuff that will likely require blasting to remove.  High to very high strength rock
also occurs in some of the higher ridges between Berry and Bomaderry.  Batter slopes may be steep
in the high strength rock, up to 0.75H:1V and flatter in soils (2.5H:1V) and highly to moderately
weathered rock (1H:1V).  Some of the ridges may have deep soil covers similar to that encountered
on the crest of the ridge in Tomlins Lane above the existing highway.

High or very high strength sandstone, siltstone or tuff removed from cuttings by blasting or rock
hammer will not be suitable for immediate reuse as general fill, however processing of this material
through a crushing plant may produce general fill, foundation material, or possibly select pavement
material (subject to testing for compliance).

There will be a number of creek and river crossings required for the upgrade, however there are no
major river crossings and the longest crossings will be over Broughton Creek and Broughton Mill
Creek.  In the western parts of the study area the alluvial deposits at watercourse crossings are
expected to be generally coarse (gravels, cobbles and boulders) with those on the easterly flood plain
area comprising mainly fine sediments (silts, sands, clays with some gravels) with coarser deposits
(cobbles) at depth.
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1.0 Background
Maunsell was engaged by the RTA in December 2006 to carry out an Options and Route Selection
Study, Concept Development and Environmental Assessment (EA) for upgrading the Princes Highway
between 42.6 km to 74.6 km south of Wollongong.  Maunsell has engaged a number of prominent
sub-consultants to contribute to the delivery of this project.

The work includes development of route options and concept development based on the identified
preferred route, environmental assessment, public displays and handover period to allow for
finalisation of all activities and reports following the announcement and display of the Preferred Route,
the Environmental Assessment and the Conditions of Approval.

The project will provide a bypass of Berry.  The northern extremity of the project is in the vicinity of the
Mt. Pleasant Lookout (north of Gerringong at the termination of the four lane configuration) and the
southern extremity of the project is the intersection (roundabout) of the Princes Highway with
Cambewarra and Moss Vale Roads at Bomaderry.  Refer to Figure 1.1 – site plan of the study area.

Community involvement is a key aspect of this project and will afford the broader community the
opportunity to make a demonstrable input to the process and to ensure that the requirements and
aspirations of the community will be adequately and appropriately addressed.  This is particularly
relevant to:

a) Any potential impacts on rural and residential areas within the study area;
b) Social and economic impacts;
c) Accessibility of the road network for local and through traffic;
d) Potential impacts on water quality;
e) Potential impacts on wetlands;
f) Potential impact on flooding;
g) Potential impacts on land uses;
h) Threatened flora and fauna species;
i) Indigenous and non-indigenous heritage;
j) Visual impact;
k) Noise; and
l) Air quality.

Several studies have been undertaken since the early 1990s to identify a preferred route to upgrade
sections of the Princes Highway between Kiama and Nowra including a bypass around the town of
Berry.

These studies include:

m) The 1991 Gerringong to Berry Route Study;
n) 1998 North Street Berry Bypass Corridor; and
o) 2004/05 Quantm Study from Kiama to Nowra.

Sections of the highway between Gerringong and Bomaderry have a poor accident record and limited
safe overtaking opportunities.

Due to the significant changes in traffic, land use and population since 1991, the NSW state
government, in March 2006 committed to investigating an area where it is likely a preferred route
would be located to upgrade the Princes Highway between Mt. Pleasant at Gerringong and Moss Vale
/ Cambewarra Road at Bomaderry to meet current road standards.
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2.0 Objective of report
Coffey Geotechnics Pty Ltd. (Coffey) was commissioned by Maunsell to carry out a geotechnical
investigation of the proposed route selection study area for the Princes Highway upgrade between Mt.
Pleasant (Gerringong) and Bomaderry.  Coffey was also commissioned to provide Preliminary Acid
Sulphate Soil and Preliminary Contamination Assessments of the study area and these reports are
enclosed as Appendix H and Appendix I.

The geotechnical investigation has been scoped to provide a general appreciation of the geotechnical
conditions within the study area and therefore to assist route options development.  Geological
mapping, together with a broad scatter of new and some previous boreholes, piezocone probes, and
test pits has been used to characterise surface and subsurface conditions for the various landform
units across the study area.  Interpretation of results in relation to soft soil or potential soft soil areas
and rock excavatability and batterslopes has also been carried out.
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3.0 Scope of geotechnical investigation
3.1 Philosophy for the scope of work
Coffey prepared a scope of work which was selected for the Stage 1, Route Selection, Site
Investigation and Testing and also submitted an investigation program, indicating approximate
locations of proposed boreholes, piezocones and test pits.

The key elements for the scope of the site investigation as identified by Maunsell and the RTA for the
Route Selection Study included:

a) Borehole investigations at strategic sites including cuttings and low lying areas to allow
assessment of material and foundation conditions.  Core photography and point load index
strength testing of rock core.  Standard penetration tests to be carried out where appropriate;

b) Borehole groundwater monitoring wells at strategic sites to allow measurement of groundwater
levels and water sampling;

c) Test pit investigation to provide detail on near surface soil / rock profile and obtain samples for
testing;

d) Electric Cone (piezocone) CPTU investigation including pore water dissipation testing in low lying
areas;

e) Geological mapping at strategic sites across the study area;
f) Geotechnical laboratory testing of soil and rock samples recovered from the site investigation in a

NATA registered laboratory;
g) All boreholes, test pits and CPTU sites to be marked on site and recovered by a co-ordinate

survey comprising easting, northing and reduced level; and
h) Geotechnical interpretation of the field data to provide a general appreciation of the site

conditions and engineering conditions / advice for road construction through the various terrain
units.

A number of reference documents including reports, maps and other data have been referred to in the
preparation of this report.  Details of references are provided in Section 12 of this report.

Contamination and acid sulphate soil assessments

Separate reports have been prepared by Coffey on a Phase 1 contamination assessment (desk top
and site observations) and an acid sulphate soil assessment to identify the risk of encountering acid
sulphate soils in the study area.  (Refer to Appendix H and Appendix I).
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3.2 Scope of current field investigations
The geotechnical investigation program has been formulated to provide a broad characterisation of the
geological and subsurface geotechnical conditions within the study area for use in route selection for
the project.

A site familiarisation visit was undertaken by a principal geotechnical engineer (project manager),
senior geotechnical engineer (fieldwork manager) and field geologist to locate potential geotechnical
investigation sites within the study area.  The majority of the test pits, boreholes and piezocones were
positioned in road reserves either adjacent to the Princes Highway or in laneways off the highway.

Test locations on private property occurred mainly in the low lying areas in order to gain subsurface
information for route options which may traverse these areas.

Test locations in the road reserves were between fenced properties and in the shoulders, grassed
areas or broader reserve areas (e.g. the RTA gravel storage yards).

The geotechnical field investigation has comprised the following activities:

Preparation of investigation, safety and environmental plans
Before commencing the subsurface investigation a Geotechnical Investigation Plan (GIP), an
Environmental Management Plan (EMP), a Safe Work Method Statement (SWMS) and Review of
Environmental Factors (REF) were produced by Coffey.  These documents were submitted to
Maunsell for review and approval by the RTA.

Liaison with approving authorities and landowners
Prior to commencement of fieldwork, Coffey obtained permission to access road reserve areas from
the public landowners (Shoalhaven City Council, Kiama Municipal Council and the RTA).  Private
landowners were contacted using the protocol provided by Maunsell for the project.  Utility providers
were also contacted through Dial-Before-You-Dig or directly to obtain plans of buried services and
pipes.  Coffey also commissioned a specialist service locator to scan test locations for buried metallic
services.

Borehole drilling
Twenty boreholes were drilled during the investigation with borehole depths ranging from 4.2 m to
30.7 m.  The borehole logs, comprising soil logs, rock core logs and piezometer installation details are
presented in Appendix A together with explanatory notes.  The boreholes involved approximately
121m of non-core drilling and approximately 151 m of core drilling.  The boreholes were numbered
CBH1 to CBH20 and were drilled by three separate drill crews under the full time direction of Coffey
engineers and geologists during the period from 8 March to 29 March 2007.  Standard Penetration
Tests (SPT) or undisturbed (U50) tube sampling was carried out at regular intervals within the non-
cored sections of the boreholes.

The recovered soil samples together with the recovered rock core were transported to Coffey’s
Unanderra office and laboratory for point load strength testing, distribution to various Coffey
laboratories or external laboratories for testing and storage of samples not tested.  All boreholes that
were not completed as piezometers were backfilled on completion.  All test pits were backfilled on
completion.

Piezocone (CPTU) tests
Fifteen piezocone probes were carried out in the floodplain or low lying areas to characterise the
various alluvial / estuarine soils.  An electric piezocone probe was used with a purpose built 15 tonne
cone rig to push the cone.  The cone was pushed to sleeve friction or cone tip refusal at depths
ranging from 4 m to 15 m.  At some locations coarse or dense materials at or near the surface resulted
in refusal, and subsequently the test site was moved to a nearby location.  In some cases a few
attempts were made to penetrate rocky or dense material before penetrating into softer or looser soils
below.
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Plots of all piezocone probes and interpretation of soils encountered are presented in Appendix C.  A
total length of 135 m of piezocone probing was conducted.  During coring in suitable clay soils, the
cone was stopped and pore pressure dissipation testing was carried out in selected holes.  Five
dissipation tests were completed during the piezocone investigation.

Test pits
Thirty test pits were excavated within the study area over a range of locations including low lying
areas, in road reserves near the existing highway and in elevated areas to assess general soil and/or
rock conditions and allow bulk samples to be taken for laboratory testing.  Test pits were excavated to
depths ranging from 0.7 m to 3.1 m using a rubber tyred John Deere backhoe with 600 mm wide
toothed bucket.  The engineering logs of the test pits are presented in Appendix B.

Soil and weathered rock samples were transported to our Unanderra NATA registered laboratory for
testing.  Some samples were sent to Coffey’s Sydney NATA registered laboratory for testing.

Standpipe piezometers
Eleven of the boreholes were completed as standpipe piezometers.  The piezometers have response
zones in either alluvial soils, residual soils or weathered bedrock.  The piezometers have been capped
to allow for on-going groundwater monitoring and sampling.  The development of the piezometers and
groundwater conditions are discussed in Section 7 of this report.

Geotechnical laboratory testing
Soil and rock testing was conducted on disturbed and undisturbed soil and rock samples collected
during the field investigation.  Testing of soil samples included particle size distribution (including
hydrometer analysis for clay soils), liquid limit, plasticity index and linear shrinkage, dry density /
moisture content relation (standard compaction), Emerson crumb test, California bearing ratio (CBR),
standard compaction and point load tests on rock core.  The results of soil pH, electrical conductivity
and acid sulphate soils testing (screening tests) are included in the separate report on ASS.  Testing
of rock core included point load strength testing of 90 samples of core.

Test hole survey
Surveyors from Hard and Forester surveyed all 65 test locations and provided co-ordinates (eastings
and northings) and surface levels for each site.

Borehole, test pit and piezocone locations are provided in Figure 3.1.

3.3 Geotechnical interpretation and engineering constraints
Geotechnical reporting for the route options development stage has primarily been based on
characterisation of various subsurface geotechnical units within specific terrain areas.  Similarities in
the visual and material characteristics of soil and rock materials have been used to group these
materials into “like units” to allow the distribution of these units to be described across the study area
and also allow an assessment of the variability within a given unit.  This report provides
characterisations of the various geotechnical soil and rock “like units”, and provides advice
recommendations and engineering constraints for highway construction through the study area.
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4.0 Topographic setting
The study area, extending from the Mt. Pleasant Lookout north of Gerringong to the intersection of
Cambewarra Road and Moss Vale Road with the Princes Highway at Bomaderry, involves two main
regional topographic settings.  The undulating hills and their associated foothills to the northwest of the
railway line and Shoalhaven lowland plain that extends southeast beyond Coolangatta towards Seven
Mile Beach and the Shoalhaven bight.

The elevated north western portion of the study area has been influenced by the Cambewarra
mountain range.  This mountain range compared to the Illawarra Range (north of Mt. Pleasant at
Kiama) is a narrow low range that runs roughly parallel with the coastline.  The lower slopes of this
range extend into the study area along the high points of Berry.  Harley Hill and Toolijooa Hill lie
disjointed from the Cambewarra Range towards the eastern part of the study area.

The prominent high points within the study area include Mt. Pleasant (RL 200 m), Toolijooa Hill (RL
130 m), Harley Hill (RL 140 m) Foxground (RL 120 m) and Tomlins Hill (RL 136 m).  A ridge of
moderate elevation from Foxground to Toolijooa Hill and a flatter ridge to the southeast of Toolijooa
Hill separates the Broughton Creek floodplain from the Crooked River floodplain.

Many high sinuosity secondary streams and creeks migrate from higher elevations within the
Cambewarra range in a dendritic drainage pattern.  These secondary creeks and streams generally
flow to the southeast where they merge with either Crooked River in the north or Broughton Creek in
the south.

The Shoalhaven lowland plain with a surface elevation generally less than RL 5 m includes the
Crooked River floodplain and Broughton Creek floodplain.

Broughton Creek floodplain

The Broughton Creek floodplain and tributary valley floor areas occupy a large portion of the study
area to the south and southeast of Berry (mainly floodplains) and tributary valleys to the north and
northeast of Berry.  Broughton Creek is the dominant watercourse in this area extending back to the
escarpment slopes to the north and northeast in the areas of Broughton, Broughton Vale and
Bundewallah; and Jaspers Brush and Meroo Meadow areas to the south and southeast of Berry.
Broughton Creek flows across a broad floodplain in a southerly direction, flowing into the Shoalhaven
River about 5 km west of Shoalhaven Heads.

Crooked River floodplain

The Crooked River floodplain where it occurs within the study area includes the low lying areas to the
southwest of Gerringong, generally between Toolijooa Road or the Princes Highway and the Illawarra
railway line.  Crooked River originates in the Broughton Vale highlands and flows southeast across the
Crooked River floodplain and into Crooked River coastal lagoon.

Omega Flat

Omega Flat is situated between Gerringong and Mt. Pleasant ridge in the northern part of the study
area and is described as a lowland marsh / floodplain that is regularly inundated during periods of high
rainfall periods.  Omega Flat was earth filled in the 1870s to create usable pasture.
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5.0 Regional geology of the study area
The geology of the study area comprises middle to late Permian sedimentary sequences of the
southern Sydney basin with minor interbedded lithic volcanics and unconsolidated Quaternary
sediments deposited on the Broughton Creek and Crooked River floodplains (Branagan and
Packham, 2000).

5.1 Southern Sydney basin stratigraphy
The Sydney basin is a major structural basin containing a thick Permian-Triassic (290 Ma - 200 Ma
(million years old)) sedimentary sequence overlying older basement rocks of the Lachlan fold belt.
The regional dip of the rock strata grades gently to the north and northwest and the oldest rocks
generally occur along the coast in the southeast (Hird and Dolman, 1983).  The Sydney basin extends
from just north of Batemans Bay to Nelson Bay on the central coast, and almost as far west as
Mudgee (Figure 5.1).

The stratigraphic nomenclature of the Sydney basin can be broken into eight broad groups each
having their own set of sub groups, members and rock descriptions.  They have been based on their
geographic locations and particular stratigraphic assemblage.

Table 5.1: Nomenclature of the Sydney basin

Age Group

Triassic

Narrabeen group
Hawkesbury sandstone
Mittagong formation
Wianamatta group
Dalwood group
Greta coal measures

Permian
Maitland group
Shoalhaven group
Illawarra, Tomago and Newcastle coal measures

(web site: www.amonline.net.au)

The study area has a stratigraphic assembly which can be categorised under the Shoalhaven group of
rocks found in the older south eastern sections of the Sydney basin.
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Figure 5.1: Sydney basin structure diagram

(web site: www.minerals.nsw.gov.au)
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5.2 Local stratigraphy
5.2.1 Shoalhaven group

The stratigraphy present within the study area corresponds to the Permian Shoalhaven group, which
may be sub-divided into two subgroups, the Gerringong volcanics and the Berry formation (Table 5.2;
Rose, 1966).  The Berry formation comprises Budgong sandstone and undifferentiated siltstone,
sandstone and shale, whereas the younger Gerringong volcanics subgroup comprises Broughton tuff
and Kiama tuff (Rose, 1966).

5.2.2 Shoalhaven bedrock stratigraphy

Table 5.2: Stratigraphy of the Shoalhaven group after Rose (1966)

Age Group Sub-group Member Description

Broughton tuff
Trachytic tuff and
Tuffaceous
sandstoneGerringong

volcanics
Kiama tuff Trachytic tuff with

pebbly bands

Budgong
sandstone member

Sandstone and
Tuffaceous
sandstone

Permian Shoalhaven group

Berry formation

Undifferentiated Siltstone, shale and
sandstone

Gerringong volcanic facies subgroup

The Gerringong volcanics includes the Broughton tuff and Kiama tuff members.  These stratigraphic
units, according to the 1:250,000 geological series sheet by Rose (1966) are found in the north
eastern section of the study area, at Mt. Pleasant ridge, and further south following ridgelines through
Toolijooa Hill and high points to Harley Hill.

Berry formation

This unit is prevalent southeast of the Crooked River.  It includes Budgong sandstone and an
undifferentiated member containing siltstone, sandstone and interbedded shale.

Budgong sandstone

Although the proportions of the various constituents vary, the sandstones are lithic to feldspathic lithic
in composition.  Most of the Budgong sandstone is plane bedded in laterally discontinuous units
varying in thickness from several centimetres to about 2 m.  The colour of the sandstones varies from
red through red brown to light yellow-grey and from light green-grey to dark green-grey.  The darker
coloured sandstones generally occur towards the base of the sequence while the lighter coloured and
red sandstones occur towards the top (Bowman, 1971 p.26)

Undifferentiated

This undifferentiated member comprises a series of alternating lithology of siltstone (Berry Siltstone;
Neville 1977) with fine grained sandstone and interbedded shale.

The Berry siltstone consists predominantly of massive, indistinctly bedded (as a result of bioturbation)
to horizontally bedded at zero degrees, mid to dark-grey siltstone and very fine feldspathic litharenite.
Fine-grained, light-grey, sublithic interbedded sandy phases occur especially towards the top where
the rock grades to laminate in part.

60021933 – Gerringong to Bomaderry Princes Highway Upgrade
Preliminary Geotechnical Report – October 2007 Page 11



The sequence as a whole coarsens upwards.  Pebbles up to 2 cm in diameter of quartzite, reef quartz,
and basic igneous material occur sporadically throughout the unit with shell fossils also a common
constituent (Bowman, 1971 p.22).

Quaternary sedimentation

Quaternary fluvial, estuarine and marine sediments of the Shoalhaven lowland plain overlay the
sedimentary rocks of the Shoalhaven Group.  Generally the sediment stratigraphy comprises thin
recent, holocene floodplain sediments (mud, silt, sands and local gravels) overlying sequences of
estuarine muds, sands and clays.  These sequences are generally found underlain by alluvium and
associated transported soils.  Evidence of this is found in the stratigraphy of CBH 5 located on
Broughton Creek floodplain.

5.3 Local stratigraphy as mapped by Coffey
Broughton and Kiama tuff

The distribution of Broughton and Kiama tuff within the study area, identified by Coffey during this
preliminary investigation, varies somewhat from the stratigraphic distribution presented on the 1:250
000 geological series sheet mapped by Rose (1966).  The identified distribution is based on the field
interpretations by Coffey engineering geologists (Appendix D) and supported by borehole and test pit
logs in conjunction with published geological maps.

In contrast to the mapping done by Rose, the Broughton and Kiama tuff were only found by Coffey as
far south as the Crooked River.  These stratigraphic units have been undifferentiated by Coffey as no
petrographic analysis was conducted on the rock cores retrieved from this area.  They are indicated as
trachytic tuff and sandstone with interbedded tuff on Figure 5.2a.

Cored Borehole CBH 20 is located on Rose Valley Road and encountered at least two metres of
slightly weathered tuff underlain by very high strength fine grained sandstone.  This observation is
further supported by preliminary investigations conducted by a Coffey engineering geologist that
indicates the presence of pale brown and crème tuff at five exposed road and railway cuttings found
within this area (Appendix D).

The sandstone with interbedded tuff is regarded as a transitional zone between the trachytic tuff and
undifferentiated members within this region.  This boundary was identified by a Coffey engineering
geologist in road cuttings and borehole logs, located close to the ridgeline between Crooked River and
Omega Flat.

Berry formation

Budgong sandstone

As there has been no petrographic analysis conducted on sandstone rock cores retrieved from the
study area only assumptions can be made about the stratigraphic distribution of this sub group.

Undifferentiated

This sub group includes Berry siltstone, fine grained sandstone and interbedded shale.  These units
are prominent in the borehole logs located south of Crooked River, in particular the boreholes
positioned along ridgelines and on hill crests.  This is shown in Figure 5.2 as the most widespread
geological unit encountered.
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5.4 Discussion
The stratigraphic nomenclature used by Rose (1966) correlates more closely with Coffey core logging
and field interpretations than that used by Neville (1977).  The nomenclature used by Rose is also
similar to that used by Maunsell in the preliminary desktop geological assessment (January, 2007).

There is however disagreement on the stratigraphic nomenclature for the Gerringong volcanics
geological assembly found between Mt. Pleasant ridge and Harley Hill.  These lithic volcanic facies
are of middle to late Permian age and categorised as members of the Gerringong volcanics subgroup
as trachytic tuff with latite by Rose and as a series of latite members by Neville.  These are presented
for comparison in Tables 5.2 and 5.3.

Table 5.3: Shoalhaven stratigraphic nomenclature by Neville (1977)

Age Group Sub-group Member Description
Dapto latite
Cambewarra latite
Saddleback latite
Jamberoo sandstone
Bumbo latite
Kiama sandstone
Blowhole latite

Budgong
sandstone and
Gerringong
volcanics

Westley Park sandstone

Interbedded red,
brown and grey
volcanic lithic
sandstones and
latitePermian Shoalhaven group

Berry siltstone
Mid – grey to dark
– grey siltstone to
fine sandstone

For the purpose of this study stratigraphic nomenclature has been based on field interpretations by
Coffey (refer to: Appendix A, B, C and D) and those made by Rose (1966).  It is important to note
that whilst Coffey did not find any latite within the study region, further investigation could indicate
some areas of latite, particularly on ridgelines.

Coffey have preferred to use the term trachyte tuff based on its particle assembly and definition as:

A type of rock consisting of consolidated volcanic ash ejected from vents during a
volcanic eruption.  It contains little or no quartz but much orthoclase and oligoclase
feldspar with often biotite, augite and hornblende.  In weathering they often change to
soft red or yellow clay-stones (www.wikipedia.org/wiki/Tuff).

This is compared with the definition of Latite as:

An igneous, volcanic (extrusive) rock, with aphanitic-aphyric to aphyric-porphyritic
texture.  Its mineral assemblage is usually alkali feldspar and plagioclase (in a ratio <
1:4).  Biotite, hornblende, pyroxene and scarce olivine or quartz are common
accessory minerals (www.wikipedia.org/wiki/Latite).

Whilst latite has not been identified by Coffey in this preliminary study, the presence of latite in the
north eastern section of the study area cannot be precluded.  Latite could also be present along ridge
lines and on the highest parts of the study area i.e. the summit area of Toolijooa Hill, where the
general topography did not permit safe access for drilling.
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6.0 Geotechnical conditions
6.1 General commentary on subsurface geotechnical conditions
The subsurface investigation has comprised a broad scatter of boreholes, test pits and piezocone
probes over the study area.  In the portion of the study area south of Berry the soils are relatively
uniform in characteristics within the alluvial (floodplain), colluvial slopes of the low hills and ridges at
the footslopes of the escarpment and residual soils above the underlying rock belonging to the Berry
siltstone formation.  Soils encountered in test locations to the north of Berry were generally more
variable due to the varying elevations and terrain (from creek flats to ridge crests).  In the low lying
areas, the alluvial soils at the test locations were generally stiffer than anticipated.  However it is noted
here and elsewhere in this report that the region in which the study area is located has experienced
long periods of dry weather during the past three to four years, and groundwater and soil moisture
levels are generally lower across the region.

Rock was cored in seventeen of the twenty boreholes drilled.  The boreholes were drilled to V-Bit
refusal and then to tungsten carbide bit refusal in most cases before coring of the rock commenced.
Depths to hardened steel V-bit refusal ranged from 1.0 m (CBH10) to 12.6 m (CBH19) and tungsten
carbide (TC) bit refusal occurred at depths ranging from 1.6 m (CBH15) to 10 m (CBH2), noting that a
TC-bit was not used in CBH5 and CBH19.  In the elevated areas the depth to V-bit refusal on highly
weathered rock was generally less than 6 m except at CBH14 (Tomlins Road) where a deep soil /
extremely weathered zone was encountered to 9 m.  The weathered rock below V-bit refusal that
could be penetrated by TC-bit (extremely to highly weathered and some distinctly or moderately
weathered rock) was mainly less than 2 m thick except at CBH2 (4.5 m), CBH4 (2.6 m), CBH9 (3.7 m),
CBH10 (3.2 m) and CBH16 (3.1 m).

In some boreholes there was only a thin zone of weak weathered rock (less than 0.5 m), including
CBH7, CBH2 CBH14 and CBh17.  Slightly weathered to slightly weathered to fresh sandstone or
siltstone was encountered in CBH12, CBH14 and CBH17 at TC bit refusal depths of 6.3 m to 9.1 m,
with distinctly weathered rock occurring in CBH7.

The soils overlying the bedrock in the boreholes were mainly stiff to very stiff silty or sandy clays of
medium or high plasticity.  Some very soft or firm clays were encountered mainly in the upper 1 m to
2m except in CBH17 where a soft to firm zone of silty clay was encountered between 3.0 m and 5.5 m.
As expected the soft soils were encountered mainly in boreholes drilled in the low lying areas.

6.2 Geotechnical units
Table 6.1 describes the project specific geotechnical units delineated for the study.  Given the wide
spacing between test holes and the complexity of floodplain depositional sequences and the bedrock
stratigraphic units, it is anticipated that future investigations for a selected highway alignment will
identify a more complex arrangement of geotechnical units.  However, the geotechnical units selected
for this report are assessed to provide sufficient differentiation of material properties to allow
engineering recommendations and constraints to be defined for various locations within the study
area.
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Table 6.1: Nomenclature of geotechnical units for route selection study

Unit symbol
(Rose or Neville)

Geotechnical unit General material description

Topsoils and fill
FILL Road embankments and hardstand

areas
Imported road base or local soil fill

TOPSOIL Topsoil layers (0.05 m to 0.5 m thick)
Estuarine and alluvial deposits

ES Estuarine deposits Deep siliceous marine sands, firm to stiff
silts and clays, with some soft zones

AI Alluvial deposits Firm to very stiff clays and silty clays, with
some hard zones, brown-grey, often
mottled

Colluvial deposits
CO Colluvial deposits Stiff to hard clays, dark brown-dark red,

often mottled
Residual soils

R Residual soils Generally shallow, very stiff to hard clays,
and extremely weathered rock developed
on sedimentary units associated with the
Berry formation

Shoalhaven group – Gerringong volcanics
Pgb Broughton tuff Trachytic tuff
Pbk Kiama tuff Sandstone with interbedded tuff

Shoalhaven group – Berry formation
Psd Budgong sandstone Lithic to feldspathic lithic sandstone
Psb Undifferentiated (also known as

‘Berry siltstone’)
Mid to dark grey siltstone, fine sandstone
with interbedded shale

6.3 Material properties of geotechnical soil units
The various soil unit distribution within the study area is provided on Figure 6.1.  The units are
identified and described based on analysis of the study area using a number of methods including soil
landscape maps, field observations, test pitting, borehole data and topographic analysis.  The results
of all laboratory tests are summarised in Figure 6.2.  Observations from filed test pitting along with
laboratory results is summarised for each geotechnical soil unit in the sections which follow.

6.3.1 Estuarine deposits

Estuarine soils unit (unit ES)

The estuarine unit is identified as occurring in the north of the study area in the vicinity of Omega Flat.
It is also highly probable that the unit occurs on the floodplain in the eastern fringe of the study area,
near Crooked River, Flying Fox Creek and Jaspers Creek.  The surface appearance of this unit within
the study comprises mainly low lying swales and semi- permanent swamps.  Material within this unit
observed during the investigation was generally described as clays and silts, dark grey in colour, often
exhibiting shells and charcoal fragments.  Acid sulphate soils may be founded in this unit.  Hand
penetrometer tests conducted during test pitting ranged between 40 kPa and 150 kPa, with the lowest
recordings at 1.5m depth.  Whilst more detailed studies may identify greater distribution of this
estuarine unit, its overall occurrence within the study area is relatively small, a factor reflected in the
small pool of lab testing data available. Table 6.2 presents lab testing results for this unit.
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Reduced Level 
of Ground 

Surface at Test 
Location (m, 

AHD) 

TEST 
LOCATION 
NUMBER 

Sample Depth 
(m) below 

ground level Topographic Description 
Moisture 

Content (%) 

Standard 
Optimum 
Moisture 

Content (%) 

Standard 
Maximum 

Dry Density 
(t/m3) 

CBR 
Value* 

% Passing 
2.36mm 

Sieve  

% Passing 
75µm 
Sieve 

Plasticity 
Index (%) 

Liquid 
Limit (%) 

Linear 
Shrinkage (%) 

Conductivity 
(µS/cm) pH 

Emerson 
Class 

Number 

2.54 CTP30 0.6-0.8 ES - Estuarine Soils Unit N/T 44.3 1.13 N/T 100 98 N//T N/T N/T NT N/T 5 

                                

23.02 CTP27 0.4-0.6 Al - Alluvial Soils Unit N/T N/T N/T N/T N/T N/T N/T N/T N/T NT N/T 3 

9.46 CTP1 0.8-1.1 Al - Alluvial Soils Unit 20 N/T N/T N/T N/T N/T N/T N/T N/T 43 7.4 N/T 

4.69 CTP10 0.6-0.8 Al - Alluvial Soils Unit 27 N/T N/T N/T N/T N/T N/T N/T N/T 41 6.1 N/T 

21.64 CTP11 0.55-0.75 Al - Alluvial Soils Unit N/T N/T N/T N/T 99.6 50.3 12 34 8 NT N/T N/T 

21.64 CTP11 0.55-0.75 Al - Alluvial Soils Unit 17 N/T N/T N/T N/T N/T N/T N/T N/T 110 6.6 N/T 

24.08 CTP16 0.6-0.8 Al - Alluvial Soils Unit 20 N/T N/T N/T 99.8 77.1 N/T N/T N/T 56 5.5 3 

24.08 CTP16 1.4-1.6 Al - Alluvial Soils Unit 23.7 23.2 1.56 5 N/T N/T N/T N/T N/T NT N/T N/T 

6.52 CTP18 0.9-1.10 Al - Alluvial Soils Unit N/T N/T N/T N/T 95.8 81.5 N/T N/T N/T NT N/T N/T 

4.98 CTP19 0.7-0.9 Al - Alluvial Soils Unit 20 N/T N/T N/T 99.1 90.6 28 50 13 87 6.2 N/T 

17.81 CTP2 0.4-0.6 Al - Alluvial Soils Unit 25 N/T N/T N/T N/T N/T N/T N/T N/T 14 6.4 5 

38.94 CTP23 0.5-0.7 Al - Alluvial Soils Unit N/T N/T N/T N/T N/T N/T N/T N/T N/T NT N/T 6 

1.68 CTP26 0.5-0.7 Al - Alluvial Soils Unit N/T N/T N/T N/T N/T N/T N/T N/T N/T NT N/T 2 

40.12 CTP3 0.6-0.8 Al - Alluvial Soils Unit N/T N/T N/T N/T 96.5 79.5 25 56 11 NT N/T 2 

40.12 CTP6 0.4-0.6 Al - Alluvial Soils Unit N/T N/T N/T N/T 99.9 94.5 50 80 20 NT N/T N/T 

5.2 CTP8 0.6-0.8 Al - Alluvial Soils Unit N/T N/T N/T N/T 99.3 83.4 29 57 14.5 NT N/T N/T 

11.48 CTP9 0.7-0.9 Al - Alluvial Soils Unit 22.2 25.8 1.48 10 100 100 N/T N/T N/T NT N/T N/T 

                                

8.24 CTP21 0.6-0.8 CO - Colluvial Soils Unit N/T N/T N/T N/T 100 85 N/T N/T N/T NT N/T 5 

30.01 CTP7 0.6-0.8 CO - Colluvial Soils Unit 31.8 33 1.38 4.5 N/T N/T N/T N/T N/T N/T N/T N/T 

16.48 CBH18 1.5-1.95 CO - Colluvial Soils Unit N/T N/T N/T N/T N/T N/T N/T N/T N/T N/T N/T 3 

18.24 CBH2 1.5-1.85 CO - Colluvial Soils Unit 19 N/T N/T N/T N/T N/T N/T N/T N/T 120 4.9 N/T 

6.6 CBH3 1.5-1.95 CO - Colluvial Soils Unit 19 N/T N/T N/T N/T N/T N/T N/T N/T 280 4.6 N/T 

10.21 CTP12 0.3-0.5 CO - Colluvial Soils Unit N/T N/T N/T N/T 98.8 69 13 33 7.5 N/T N/T N/T 

26.63 CTP13 0.5-0.7 CO - Colluvial Soils Unit 25.5 28 1.51 13 96 74 N/T N/T N/T N/T N/T N/T 

51.37 CTP25 0.6-0.7 CO - Colluvial Soils Unit 20.1 19.2 1.67 7 N/T N/T N/T N/T N/T N/T N/T N/T 

30.92 CTP24 2.0-2.1 CO - Colluvial Soils Unit 32.9 33.2 1.32 1.5 96 81 N/T N/T N/T N/T N/T N/T 

85.68 CTP20 1.5-1.7 CO - Colluvial Soils Unit N/T N/T N/T N/T 93 73 N/T N/T N/T N/T N/T N/T 

33.02 CTP28 0.3-0.5 CO - Colluvial Soils Unit N/T 18.4 1.67 N/T 99.9 85 19 40 9.5 N/T N/T 6 

                                

17.9 CTP29 0.55-0.75 R - Residual Soils Unit N/T N/T N/T N/T 100 90 N/T N/T N/T N/T N/T N/T 

34.23 CTP14 1.5-1.6 R - Residual Soils Unit 21.5 22.1 15.59 8 40 27 N/T N/T N/T 36 5.8 N/T 

43.99 CTP4 0.4-0.7 R - Residual Soils Unit 22.4 23 1.5 9 92 77 N/T N/T N/T N/T N/T N/T 

85.99 CBH14 2.5 R - Residual Soils Unit 26 N/T N/T N/T N/T N/T N/T N/T N/T 36 5.8 N/T 

42.35 CBH17 1.1-1.3 R - Residual Soils Unit 24 N/T N/T 7 N/T N/T N/T N/T N/T 17 5.2 N/T 

24.24 CTP15 0.5-0.7 R - Residual Soils Unit N/T N/T N/T N/T N/T N/T 54 71 18 N/T N/T N/T 

46.4 CTP17 0.44-0.64 R - Residual Soils Unit 28.2 30.1 1.48 7 N/T N/T N/T N/T N/T N/T N/T N/T 

38.02 CTP22 0.3-0.5 R - Residual Soils Unit 27.8 26.3 1.55 5 66 31.2 38 63 12 N/T N/T N/T 

                                

Notes to Table 3:                

N/T Indicates no test carried out               
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Table 6.2: Unit ES – estuarine deposits – summary of laboratory test results
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6.3.2 Alluvial deposits

Alluvial soils unit (unit AL)

The alluvial deposit soils unit covers most of the flood plain and valley floor areas within the study
area.  The unit is almost exclusively made up of clay dominated soils, with exceptions such as sands,
gravels and cobbles encountered along present and infilled water courses and drainage lines.  The
alluvial soils typically overlie residual soils.  The alluvial clays encountered in test pts or boreholes
were characteristically brown-grey with orange mottling and to a lesser extent red with grey mottling.
Consistencies of the clay in this unit were typically recorded as stiff to hard.  Hand penetrometer
testing of the clay soils generally returned values between about 150 kPa to 250 kPa. Table 6.3
presents lab testing results for this unit.
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Table 6.3: Unit AL – alluvial soils unit – summary of laboratory test results
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6.3.3 Colluvial deposits

Colluvial soils unit (unit CO)

The colluvial soils unit generally occurs over the footslopes of the main escarpment and isolated hills,
with the deeper deposits usually occurring on the sideslopes of the higher ridges, and adjacent to
ridge lines within the study area.  The approximate distribution of the colluvial unit is shown in Figure
6.1.  Within the areas identified as colluvial, there may be areas of very thin colluvial slopewash soils
and areas where only residual soil or rock outcrops are present.  In most cases the colluvial soils
overlie residual clays or weathered rock.  The colluvial soils generally occur as medium to high
plasticity clay, appearing as dark red, mottled orange, brown or grey.  Of 8 test pits carried out in this
unit, 2 were terminated at 2 m or shallower due to slow progress in rock / weathered rock.  All other
test pits recorded steady progress to depths of about 2.5 m.  Hand penetrometer tests generally
returned values between about 150 kPa to 250 kPa. Table 6.4 presents lab testing results for this
unit.
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Table 6.4: Unit CO – colluvial soils unit – summary of laboratory test results
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6.3.4 Residual soils

Residual soils unit (unit R)

The residual soils unit characteristically occurs within the topographically elevated areas which are
associated with the Berry formation.  Soils observed in these areas are generally relatively shallow,
typically less than 2 m.  However exceptions to this would be expected, for example borehole CBH14
drilled on a ridgeline at Tomlins Road encountered 9 m of clay soils (colluvial and residual) overlying
bedrock.

Soils observed in the areas identified as residual soils unit were predominantly high plasticity clays,
with gravelly clays grading to clayey gravels usually encountered before contact with underlying rock.
Soil colour was typically orange brown, usually mottled grey, red or orange with grey colouration
increasing with depth.  Hand penetrometer testing carried out in the soil profile within test pits typically
returned values between 300 kPa and 400 kPa. Table 6.5 presents lab testing results for this unit.  In
some areas thin zones of alluvial or colluvial soils overlie the residual soils.
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Table 6.5: Unit R – residual soils unit – summary of laboratory test results
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6.4 Material properties of geotechnical rock units
The various rock units within the study area are discussed in the following sections together with their
general material properties based on the boreholes and rock core retrieved during the recent
investigation, together with point load testing of 90 core samples.  The results of all point load tests
carried out on the rock core are presented in Appendix F.

6.4.1 Gerringong volcanics (Broughton and Kiama tuff)

The Gerringong volcanics group represents the upper stratigraphic rock unit found in the southern
Sydney basin.  The formation outcrops in the northern portion of the study area between Foxground
and Mt. Pleasant ridge.  The formation comprises massive assemblies of Broughton and Kiama tuff
underlain by undifferentiated siltstone, shale and sandstone.

The 1:250 000 geological series sheet (Rose 1966) distinguishes the north-eastern portion of the
formation as containing a higher proportion of Gerringong volcanics including Broughton tuff and
Kiama tuff.  This feature is evident in cuttings along the Princes Highway near Mt. Pleasant and south
to Willowvale Road where tuff beds are exposed in the batters close to the surface (Appendix D).
Boreholes along this section of the highway (CBH 20) intersected slightly weathered tuff between
about 6 m and 9 m depth.  The moderately weathered to fresh tuff in these boreholes is of high and
very high rock strength, with defect spacings of 30 mm to 200 mm and RQD of <40%.  Point load
index testing of the rock produced Is(50) results ranging from 1.21 MPa to 5.01 MPa.  Generally a high
to very high diametral and axial strength was recorded in the rock cores tested.

Table 6.6: Gerringong volcanics – summary of Is(50) rock strength data

Diametral point load index strength test data
Geological
unit (Rose,
1966)

Rock description No.
diametral
tests

Maximum
Is(50)

Minimum
Is(50)

Average
Is(50)

Pbk / Pgb
Trachytic tuff and
sandstone with
interbedded tuff

5 5.01 MPa 1.44 MPa 3.28 MPa

Axial point load index strength test data
Geological
unit (Rose,
1966)

Rock description No. axial
tests

Maximum
Is(50)

Minimum
Is(50)

Average
Is(50)

Pbk / Pgb
Trachytic tuff and
sandstone with
interbedded tuff

5 5.78 MPa 1.21 MPa 3.73 MPa

6.4.2 Budgong sandstone

The interphase zone indicated as sandstone with interbedded tuff on Figure 5.2a located close to the
ridgeline between the Crooked River and Omega Flat, may represent an area containing Budgong
sandstone, however this can not be confirmed as there has been no petrographic analysis done on
any of the rock core retrieved from this area.

60021933 – Gerringong to Bomaderry Princes Highway Upgrade
Preliminary Geotechnical Report – October 2007 Page 27



6.4.3 Undifferentiated siltstone (Berry siltstone), fine grained sandstone and interbedded
shale

The undifferentiated stratigraphic rock unit is overlain by the younger Gerringong volcanics group and
comprises sedimentary assemblies of siltstone (Berry Siltstone; Neville 1977), sandstone and shale.
These rock units mainly occur as indistinctly bedded (as a result of bioturbation) to distinctly bedded at
zero degrees, mid to dark-grey siltstones with fine-grained, light-grey, sublithic interbedded sandy
phases.

The 1:250 000 geological series sheet (Rose 1966) distinguishes the southern portion of the study
area as containing a higher proportion of Berry siltstones and fine grained sandstones than the
northern section of the study area.  These features are evident in Coffey’s borehole logs located south
of the Crooked River and in cuttings along the Princes Highway and Illawarra railway alignments
(Appendix D).  The slightly weathered to fresh Berry siltstone in these boreholes is of very high rock
strength, and with RQD values generally > 85%.  Point load index testing of the rock produced IS(50)
results in the range 0.25 MPa to 8.88 MPa.

The moderately weathered to fresh undifferentiated sandstone found in these boreholes is also of very
high rock strength, with RQD values generally >85%.  Point load index testing of the rock suggests
IS(50) strengths in the range 1.45 MPa to 8.63 MPa.  Generally, a high average diametral strength and a
very high axial strength were recorded in both the undifferentiated Berry siltstone and fine grained
sandstone stratigraphic units.

Table 6.7: Undifferentiated sub-group – summary of Is(50) rock strength data

Diametral point load index strength test data
Geological
unit (Rose,
1966)

Rock description No.
diametral
tests

Maximum
Is(50)

Minimum
Is(50)

Average
Is(50)

Psb Berry siltstone, fresh
to slightly weathered 38 8.88 MPa 0.25 MPa 1.88 MPa

Psb Fine grained
sandstone 30 6.8 MPa 1.09 MPa 3.92 MPa

Axial point load index strength test data
Geological
unit (Rose,
1966)

Rock description No. axial
tests

Maximum
Is(50)

Minimum
Is(50)

Average
Is(50)

Psb Berry siltstone, fresh
to slightly weathered 37 8.05 MPa 0.55 MPa 2.91 MPa

Psb Fine grained
sandstone 29 8.63 MPa 1.45 MPa 4.86 MPA
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6.5 Slope stability
The steep hillside areas within the study area may include areas where slope instability has occurred
in the past or where there is a risk of slope instability, particularly where drainage is locally poor.
Instability more likely occurs in the colluvial soil on the steep sideslopes of ridges and gullies and in
particularly at the ‘head’ of gullies where both surface water and groundwater tend to accumulate.
Instability can also occur in steep watercourse banks, erosion features on steep slopes and in
unsupported cuts and fills (e.g. farm tracks, dam walls and building platforms).

Slope stability has been mapped for the Kiama to Foxground area by Neville (1977) as shown in
Figure 6.3, which includes the northern portion of the study area, generally north of Berry.  Coffey has
reviewed the descriptions of the various categories of slope instability outlined by Neville to reflect risk
categories more commonly used today, including low, moderate, high and very high risk.  The extent
of each of these categories mapped has not been reassessed on the ground by Coffey, however the
mapping generally agrees with observations made during geological mapping, field reconnaissance
and previous experience in the area.

The areas of high or very high risk are located around Toolijooa Hill, Harley Hill and Tomlins Hill, with
areas of moderate to high risk generally surrounding these areas.  Areas of moderate to high risk of
instability occur on the sideslopes of the northern and southern saddles of Toolijooa Hill and along the
steeper slopes north of the Princes Highway between Foxground and Willowvale.

An area where slope instability was observed during field mapping occurs on the upper north-western
side of the existing highway between Mt. Pleasant lookout and the entrance to “Bonnie Doon” in the
far northern part of the study area.  A recent slump has occurred in the cut batter along the high side
of the highway at Mt. Pleasant following recent re-shaping of the batter.  The slopes uphill of the cut
batter have an undulating appearance indicative of previous instability and groundwater seepage was
evident from the cut batter following recent rain.
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7.0 Groundwater
7.1 Groundwater piezometer details
A review of registered groundwater bores within the study area was undertaken as part of the
Preliminary Geotechnical Assessment Report.  DIPNR records were sourced and bore locations
provided on a base plan.  Details of registered boreholes within the study area were noted and a
summary table of relevant details presented in Appendix G.  The DIPNR records have limited data in
relation to groundwater inflow, standing water levels and groundwater quality.  Many of the bores have
targeted deep aquifers in the rock.

In order to provide a broad assessment of groundwater levels within the study area a series of eleven
standpipe piezometers were installed in the geotechnical boreholes.  The main purpose of the
piezometers was to assess current groundwater levels at the selected locations and allow monitoring
of groundwater to be carried out in the future at these locations.  The piezometers may provide
valuable data in evaluating the risks of elevated groundwater on road / drainage construction.

The piezometers were installed within alluvial soils, residual soils and weathered rocks at various
locations throughout the study area.  The piezometers / borehole locations are provided in Figure 3.1.

The piezometers installation depths ranged from 4.2 m to 16.2 m.  Details of the piezometers are to be
provided to DIPNR for licensing and registration of the wells. Table 7.1 provides a summary of the
piezometer installation details.  Details of installed piezometers along with water levels recorded in
geotechnical boreholes (not completed as piezometers) are provided on the engineering borehole logs
in Appendix A.

Generally the lower 3 to 12 m sections of the wells were screened with 50 mm machine slotted, Class
18, threaded PVC.  Blank (unslotted) Class 18 PVC was used to case the well to ground surface.
Coarse sand was placed within the well annulus to form a sand filter response zone around the screen
to a level generally ranging between 0.5 m and 1.0 m above the top of the slotted screen, followed by
an annular seal of granular bentonite pellets.  Drill cuttings, followed by concrete were then placed
within the annulus to the ground surface.  To seal the piezometer from water ingress from the surface,
a surface flush, cast iron lockable gatic cover was concreted into the borehole collar (nominally
150mm diameter).

Town water was used as the drilling fluid on all cored boreholes.  In order to obtain representative
water level measurements of the groundwater and not lost drilling fluid, the piezometers were
developed using hand-bailer techniques approximately one to two weeks after piezometer installation.
Three well volumes were removed from each well unless the well recharge rate was insufficient.  In
cases of low groundwater recharge (CBH8, CBH11, CBH15 and CBH19), wells were bailed dry.

Twenty-four hours after well development, groundwater level measurements were taken in the
piezometers.  Groundwater levels were related to depth below surface at the borehole locations.
Surface levels for all boreholes have been provided by Hard and Forrester (surveyors).
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7.2 Groundwater levels
The groundwater level information obtained from Coffey installed piezometers is presented in Table
7.1.

Wells positioned on the elevated ridgelines (CBH15, CBH16, CBH19 and CBH20) had standing
groundwater occurring at depths between 3.297 m to 6.995 m below ground surface, with slow
groundwater recharge rates and possibly only perched groundwater contributing to the small columns
of water in the base of the piezometers.

The piezometers on the lower ridgelines (CBH2 and CBH13) had standing groundwater occurring at
depths between 3.475 m to 4.450 m below the surface with continuous recharge noted.

The piezometers on the alluvial floodplains and low lying estuarine floodplains (CBH5, CBH6, CBH8,
CBH11 and CBH17) recorded groundwater levels between 0.369 m and 2.541 m below the ground
surface.  Continuous rates of recharge were noted at these low lying piezometer locations except at
CBH8 and CBH11 where slow rates of recharge were noted.

No artesian flows were observed in the piezometers or in the investigation boreholes within the
floodplain or the elevated areas.

Groundwater levels identified within the area may not be representative of groundwater conditions
typically found within the study area.  Piezometers were installed following relatively dry conditions
which had been experienced throughout the area over the past 2 to 3 years.

On-going monitoring of the groundwater levels is recommended for these piezometers to assess the
effects of long duration rainfall events and allow longer recovery effects following the well development
phase.

Limited groundwater inflow information was obtained from non-piezometer test locations as presented
in Table 7.2.

Test pits CTP1, CTP20, CTP26 and CTP30 were located on low lying estuarine and alluvial
floodplains and recorded minor groundwater inflows at depths between 1.6 m and 2.64 m.  Borehole
CBH14 was positioned on an elevated ridgeline with groundwater inflow at a depth of 6.5 m below
ground surface.  Test pit CTP27 recorded groundwater inflow at a depth of 1.2 m in cobble or coarse
gravel material which may indicate a fluvial deposit associated with the Jaspers Creek tributary.
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Table 7.1: Piezometer groundwater depths

Piezometer Collar RL
(surface

level)

Piezometer
depth
below

surface (m)

Observed
water
inflow
(depth
below

surface)
during

drilling (m)

Observed
water level

(depth
below

surface)
during

drilling (m)

Screened
depth

interval (m)

Screened material Groundwater
depth below

ground
surface
before

development
(m)

Groundwater
depth below

ground
surface after
development

(m)

CBH2 18.24 16.2 7.4 4.45 13.2 – 16.2 Siltstone 3.338 4.450
CBH5 0.82 7.5 0.6 0.657 1.5 – 7.5 Silty sandy clay / silty clayey

sand / clay / clayey gravel
0.701 0.657

CBH6 12.33 12.5 - 0.369 1.5 – 12.5 Silty clay / claystone /
siltstone

0.362 0.369

CBH8 2.32 6.6 2.4 - 1.4 – 6.6 Silty clay / sandy clay 1.443 2.541
CBH11 26.86 4.2 - - 1.2 – 4.2 Silty clay / sandy silty clay 2.797 -
CBH13 15.56 8.95 - 4.2 4.4 – 8.95 Silty clay / silty sandstone /

claystone
3.265 3.475

CBH15 36.06 8.0 - - 2 – 8 Siltstone / sandy siltstone 4.570 6.674
CBH16 12.33 9.0 - 3.471 6 – 9 Sandstone 2.957 3.471
CBH17 42.35 13.62 - 1.3 1.5 – 13.62 Silty clay / sandstone /

siltstone
1.269 1.300

CBH19 62.51 12.0 8.0 6.995 6 – 12 Silty clay / gravely clay 6.745 6.995
CBH20 11.27 8.5 - - 2.5 – 8.5 Gravelly clay / clay / tuff 1.668 3.297
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Table 7.2: Groundwater inflow depths at non-piezometer locations

Test location Ground surface RL
(m)

Observed water
inflow during drilling

(m)

Water bearing zone
soil / rock description

CBH14 39.55 6.5 Clay
CTP1 9.46 1.6 Silty clay

CTP20 85.68 2.2 Clay
CTP26 1.68 2.64 Clay
CTP27 23.02 1.2 Cobbles
CTP30 2.54 1.7 Silty clay
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8.0 Embankment construction on soft soils
Route options which extend across the Shoalhaven River floodplain, localised creeks and low lying
areas will require the construction of filled embankments for both bridge approaches and for ensuring
the proposed highway is raised above design flood levels.

The geotechnical investigation has identified the presence of soft holocene deposits in several areas
of the Gerringong to Bomaderry route study area.  The location of these soft soil deposits is shown
generally in Figure 8.1 and Figure 8.2. Figure 8.1 is based on acid sulphate soil risk mapping carried
out by the Department of Land and Water Conservation, whilst Figure 8.2 is based on information
from Figure 8.1 and correlation with subsurface information from Coffey test locations.

In Figure 8.1, areas mapped as ‘high risk areas’ for encountering acid sulphate soil on this map are
generally indicative of areas underlain by soft, compressible soils.  In Figure 8.2, these risk areas
have been correlated with an approximate thickness of soft soil.  The approximate thicknesses of soft
soil in Figure 8.2 are indicative only and will need to be verified by further testing.  However, it is
considered that they will provide a useful tool for planning and route selection purposes.

The main areas where there is a high risk of encountering soft, potentially compressible soil deposits
can be described as follows:

a) The Ooaree Creek floodplain, northwest of Gerringong,
b) The Crooked River floodplain, east of Toolijooa Road, south of the current Princes Highway and

southwest of Gerringong,
c) The Broughton Creek floodplain east of Berry, and
d) The Shoalhaven River / Broughton Creek floodplain, between Berry and Bomaderry and

generally lying to the south or east of the current South Coast railway line.

Due to access problems such as soft ground conditions for drilling rigs and localised flooding during
investigation works some of the areas shown in Figure 8.1 that potentially contain deposits of soft,
compressible soils could not be tested as part of this route selection study.

Depending on the final route selected for the Princes Highway, additional geotechnical investigations
should be carried out to assess the properties of the potentially soft, compressible soils if parts of the
Princes Highway route are to traverse ASS risk areas shown in Figure 8.1.

Embankment construction over soft, potentially compressible soil materials will need to take into
account the risk of embankment failure (short and long term risks of slope instability) and short and
long term embankment settlements.

The analyses reported in this section provide a preliminary assessment on the stability and settlement
of embankments built on the in-situ ground.  At this stage the proposed embankment height (for
flooding purposes) and general construction methods for embankments for the proposed highway are
not known.  This assessment is based on Coffey’s experience on similar highway projects on the
Pacific Highway and on limited data gathered on the soft soils as part of this investigation.  Analyses
have not been performed for higher soil strengths where they occur in the low lying areas or that arise
from staged construction, or other construction strategies.  The analyses performed are intended to
highlight issues that may need to be addressed during the detailed geotechnical investigation once a
final route has been selected for the proposed highway.  Construction strategies addressing the
stability and settlement issues are discussed later in this section.
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8.1 Embankment instability
Embankment stability has been previously analysed by Coffey for various highway projects assuming
the following parameters:

a) The proposed highway embankment consists of northward and southward pavement surfaces
having widths of 11.5 m separated by a 7 m wide, 1 m deep, triangular drain.  The batters of the
embankment were considered to have a gradient of 2.4 horizontal to 1 vertical; and

b) The near surface soils (within about 2 m of the ground surface and above the groundwater table)
have marginally better properties than the underlying soft, estuarine soils.  The soils have
material properties as outlined below:

Depth below
current ground

level (m)

Unit weight
(kN/m3)

Undrained
shear strength

(kPa)

Effective
cohesion (kPa)

Effective
friction angle

(degrees)
0 - 2 16.5 30 5 25
>2 14.5 10 0 25
N/A 20 N/A 5 30

The height of the embankment was varied to determine the Factor of Safety (FOS) against slope
stability failure at each height.  Shallow failures in the embankment batter slope were not reported.

Generally the results of these previous analyses indicate that embankments constructed on very soft
clays that lie beneath a surface layer (soil crust) of about 2 m of somewhat higher Over-Consolidation
Ratio (OCR) soils, can only be constructed to a height of up to about 2 m before the FOS against short
term failure becomes less than the acceptable design values.

Where the thickness of surficial soil overlying the very soft soil is less than 2 m (e.g. in areas where
the estuarine soils are essentially encountered at or very close to the current ground surface), then the
allowable embankment height would be less than 2 m.

For long term stability, the FOS against failure for 2 m high embankments with a 20 kPa surcharge
generally exceeds design factor of safety values.  Further increases in the FOS could be expected
with strength gain in the underlying soils due to consolidation over time.  Staged construction of
embankments over soft soils should be considered to avoid stability issues.

8.2 Embankment settlement
8.2.1 Basis for settlement assessment

Assessments of total settlement have been performed using a Coffey in-house program, which
considers one-dimensional consolidation under various applied pressures.  The analyses incorporate
the assessed over-consolidation of the soil as well as appropriate compression and recompression
ratios as a function of the assessed pre-consolidation pressures and in-situ vertical stress.  The
analysis also incorporates an allowance for buoyancy effects due to settlement of the in-situ soil and
embankment fill below the ground water table.

Settlement is highly dependent on the thickness of the softer clay layer, however based on the
available subsurface information it is very difficult to pick a representative thickness for the soft clay as
it varies significantly across the site.  For preliminary assessment purposes, settlement analyses have
been performed for embankments constructed on an assumed soil stratigraphy for a range of soft soil
thicknesses.

These soft soils are most likely to be encountered in ‘high risk’ acid sulphate soil areas as shown in
Figure 8.1 (e.g. Ooaree Creek area in Rose Valley).
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Based on local experience by Coffey with soft soils projects in the South Coast area, and the results of
site mapping, it is considered unlikely that soft soil deposits greater than 9 m thick will be encountered.
In the absence of field data to suggest otherwise, we have carried out our assessment assuming that
up to 9 m of soft soil may be encountered over parts of this site.  This provides useful information for
planning purposes, but will need to be revised during the geotechnical investigations for the final route
study.

Total settlements and rates of settlement are proportional to the thickness of the soft clay.  Only a
relatively small proportion of the total study area (estimated as less than 5% to 10%) is assessed to be
potentially underlain by significant thicknesses (greater than 1 m) of soft, compressible soils.  For the
remaining 90% to 95% of the study area, settlement for a given embankment height should be
significantly less than indicated below.

Due to their depositional environment, typically soft soils are only found in low lying, swampy or
estuarine / alluvial areas with elevations less than +5 m AHD.  Some localised natural deposits can be
encountered in areas with elevations less than +10 m AHD.  Soft soil deposits encountered at
elevations above +10 m AHD are considered rare and may occur where disturbed (filled) ground is
encountered.  Where soft soils exist, the groundwater table is assessed to lie within 2 m of the current
ground surface.

The design parameters adopted for the analyses are presented in Table 8.1 below.  Values for the
parameters were selected on the basis of CPTU tests and experience from Coffey’s geotechnical
investigation for various Pacific Highway investigations and experience from several local
development sites lying within 20 km to 40 km of the site within estuarine areas in the Illawarra.

For the soft soils, the OCR (Overconsolidation Ratio) has been assumed as 3 for all soils between 0 m
and 2 m of the ground surface.  This has been assumed due to the likely effects of dessication on the
upper soft soils.  For soils deeper than 2 m, an OCR of 1 has been assumed.

Table 8.1: Design parameters for settlement analysis

Unit Depth
below

ground
surface

(m)

Unit
weight
(kN/m3)

CC/(1+e0) CR/(1+e0) C /(1+e0) OCR

Estuarine soil (near
surface)

0 - 2 16.5 0.30 0.03 0.015 3

Estuarine soil (deep) 2 – 9 15.0 0.30 0.03 0.015 1

8.2.2 Settlement as a function of embankment fill thickness

Plots of primary settlement for an assumed thickness of fill placed are presented in Figure 8.3 for
varying thicknesses of soft clay.  A summary of the total settlement (primary + one log cycle in time of
creep) inferred for each thickness of soft soil is presented in Table 8.2.  The embankment height has
been assumed as having 2 m of fill above ground level.  As the results of the analyses suggest that
settlements in the order of up to 1 m to 1.5 m could be expected, additional fill would be required to
compensate for the settlements in order for the final design height of the embankments to be
achieved.
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Table 8.2: Summary of total settlement for various soft soil thicknesses

Settlement (m), assuming 2 m embankment fill height, and 40 mm post
construction settlement limit

Soft soil thickness
(m)

Primary Creep Total
3 0.34 0.03 0.37
6 0.83 0.03 0.86
9 1.26 0.02 1.28

Figure 8.3: Settlement of embankments over soft soils, assuming a 2 m high embankment and generic soil profiles

8.2.3 Rate of settlement without ground improvement

The rates of settlement without ground improvement can be estimated using one-dimensional
consolidation theory.  The time required for 90% of the primary consolidation to occur can be
estimated using the following equation:

where Tv is a non-dimensional time factor and is approximately equal to 0.9 for 90% consolidation
in one dimensional analyses;
H is the maximum length of the drainage path through the soil; and
cv is estimated from CPTU dissipation tests.

Figure 8.4presents the estimated preload duration for various soft soil thicknesses, assuming different
coefficients of vertical consolidation (cv) and one way drainage.
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Figure 8.4: Estimated preload duration plotted against various thicknesses of soft soil deposits, for coefficients of
vertical consolidation ranging from 2.5m2/year to 25m2/year

The results of the piezocone dissipation testing are presented in Appendix C.  Assuming a cv/ch ratio
of 0.5, the estimated cv from CPTU dissipation testing ranges between about 1.5 m2/year and
7m2/year.

Taking cv to be equal to 2.5 m2/yr, and assuming one way drainage, it could take approximately 30
years for 90% primary consolidation of a 9 m thick deposit of soft, estuarine soil to occur.  If the
permeability of the soft soil is somewhat higher than 2.5 m2/yr, then the preload duration could reduce
by factors of 2 to 10.  The graph above shows the effect of an increase in permeability of soft soil
(higher cv) on preload duration.

In areas where the thickness of soft soil may be only 3 m, the estimated preload duration (from Figure
8.4) would be in the order of 3.5 years for a coefficient of vertical consolidation of 2.5 m2/year.

If it could be proved that two way drainage exists (for example, if sand layers were present at the base
of the estuarine soil unit) then the preload duration shown for the given cv in the graph above would
reduce by a factor of 4.  Based on the current data, it is considered unlikely that two way drainage
exists over the majority of the study area.  Two way drainage may exist where sand layers are present
beneath the upper soil layers at location CPT5 and CPT8.

8.2.4 Rate of settlement for ground incorporating wick drains

Analyses have been performed using the Coffey in-house spreadsheet to determine the rates of
settlement for the soft soils if prefabricated wick drains having an equivalent effective diameter of
50mm were installed.  For wick drains spaced in triangular patterns at 1 m, 1.5 m and 2 m intervals
90% consolidation of the clay would occur in approximately 9 months, 18 months and >30 months,
respectively.  However, the performance of wick drains is dependant on drain capacity, resistance to
‘kinking’ under high settlement, susceptibility to clogging and installation techniques such as degree of
smearing.  Assessment of the time rate of settlement using wick drains should therefore be regarded
as indicative and field trials carried out to gather more accurate data.

Based on Coffey’s experience with the use of wick drains, they are effective in significantly reducing
preload duration.
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8.3 Implications for embankments constructed on estuarine soils
Embankments over Ooaree Creek (floor of Rose Valley area) in the northern parts of the study area,
the proposed route alignments, will be constructed on estuarine soils which will be prone to
settlement.  It is unknown to what height these embankments will be constructed to however based on
embankment heights for the nearby North Kiama Bypass and experience with embankments on other
highway projects this may range from 2 m to 5 m in height.  Higher embankments may be required
leading to bridge abutments.

The analyses described above suggests that short term stability considerations will control
construction of embankments in areas where the soft clay estuarine sediments occur.  These
sediments are generally located in areas mapped as ‘high risk’ acid sulphate soil areas in the study
area but may occur in ‘low risk’ areas and in pockets (e.g. buried paleochannels) across any low lying
areas underlain by alluvial soils.  Consideration should be given to staged construction, stability berms
and ground improvement methods in these areas.

Embankments constructed on top of deep soft estuarine clay deposits may be subject to excessively
large settlements, in the order of 1 m to 1.5 m.  In addition, the variable strength of the floodplain
materials arising from the variable stratigraphy, will lead to substantial differential settlements
occurring over the length of the embankments.  Detailed soil investigations along the routes and the
use of ground improvement methods will be required to enable the embankments to be constructed in
compliance with design settlement criteria.

Some areas where the surficial crust soils are thin may require ground improvement in the form of a
bridging layer in order to allow access for heavy construction machinery.

8.4 Embankment construction strategies for soft soils
8.4.1 Design objectives

The selection of treatment strategies for embankments on soft grounds for this project should be
directed at meeting the following objectives:

a) Achieving short and long term stability;
b) Final level, with allowance for settlement, to be above the minimum design of a 1:20 year flood

level for one carriageway;
c) Post construction settlement and differential settlement should be within tolerable limits for

satisfactory performance in relation to drainage, riding comfort and safety, and in keeping with the
normal maintenance regime for pavement repairs.  The last of the above performance criteria will
depend on the type of pavement to be adopted;

d) Meet the construction time frame; and
e) Provide value for money.

To a large extent, the final choice of soft ground solution will depend on the time available for the
construction time programme.  Where a long period of time is available for construction, a
conventional staged construction procedure with a minimum of ground improvement works may be
feasible in most locations.  In this case, the embankment would be raised slowly to enable strength
gain to occur.

The rate of consolidation, and associated rate of embankment construction, is dependent on the
thickness of the soft clay and could be increased by the use of vertical wick drains.
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In low embankment areas, and in localised areas where soft soil materials are absent or very thin, it
may be possible to adopt less expensive ground improvement methods and construct the
embankments marginally above the design flood level to provide an allowance for settlement of the
embankment and pavement maintenance over the pavement design life.  This approach limits initial
capital cost, but increases long-term maintenance cost.  It is also likely that, as a minimum, soil
reinforcement in the form of tensile fabric and possibly toe berms, will be required to facilitate the
construction of low embankments on soft grounds.

For high embankments, ground improvement, load reduction or load transfer to stronger stratum will
be required for embankment stability and limit post-construction settlement to acceptable limits.

8.4.2 Ground improvement methods

The following ground improvement methods could be considered in order to enhance rate of
settlement, allow faster construction and stabilisation through embankment support:

a) excavation of existing soil and replacement with suitable materials;
b) pre-loading / surcharging in conjunction with vertical wick drains at close centres and/or with

geotextiles or geogrids;
c) lightweight fill/stability berms;
d) ultra-lightweight fill;
e) granular columns and dynamic replacement;
f) lime or cement/soil mixed columns;
g) displacement (mud waving with surcharge, explosives);
h) vacuum consolidation; and
i) piling.

Excavation and displacement methods

Ground improvement via excavation and replacement and displacement methods are considered to
be possible due to the somewhat shallow soil profile in parts of the site, however the presence of
actual and potential acid sulphate soils would make excavation and displacement methods somewhat
problematic from an environmental and materials disposal perspective.  These methods could be used
where the thickness of soft soil is less than about 2 m and occurs within about 1 m of the ground
surface.

Preloading / surcharging

Preloading is the placement of a fill load equivalent to the development load, and the ground is
allowed to consolidate and thereby remove the majority of the expected settlement under the
development loads.  Surcharging is the placement of extra fill load above the preload amount to either
remove the same magnitude of settlement but at a shorter time period, and/or to reduce creep
settlement.

Surcharging is a common method of practically removing consolidation settlement and reducing post-
construction creep settlement to acceptable limits.  Depending on the rate of consolidation and time
available, the use of vertical wick drains may be required to accelerate the consolidation / surcharging
process.  The magnitude of the surcharge required across the floodplain will vary depending on the
thickness of soft soils, the compressibility of the soft soils and the final post-construction settlement
criteria.
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Based on the piezocone dissipation test results carried out to date, ground improvement by pre-
loading or surcharging without the use of wick drains may take an unfeasibly long time to achieve.
Results of the settlement analyses presented above indicate that up to 30 years could be required for
deep deposits (9 m thick) of soft clays to consolidate.  The use of wick drains spaced at 1.0 m centres
has the potential to reduce the consolidation time for a single staged construction lift to as little as 9
months.

Tensile fabric may be used to facilitate construction of a working platform over very soft ground as well
as to reduce the thickness of a working platform, and to assist the support of heavy construction
equipment such as wick drain machines, piling rigs or other ground improvement machinery.  Tensile
fabric can also be used to improve the slope stability of embankments during surcharging.

Lightweight fill and stability berms

The loads affecting the embankment settlement and stability could be reduced using light weight fill
materials.  Alternatively, to increase stability, the applied loads can be partially balanced using stability
berms constructed adjacent to the embankments.  The use of stability berms does not address the
issue of post construction settlements.

Light-weight fill used for civil engineering purposes includes bottom ash, foamed concrete, expanded
shale, shredded tyre chips, and wood fibre.  Light-weight fill using bottom ash has been used by the
RTA successfully at Lenaghans Drive, Minmi NSW.  A road embankment design by Coffey, using
bottom ash fill in conjunction with surcharging and piling of bridge abutments, is currently being
conducted for the Five Islands Road project near Speers Point in NSW.  Bottom ash has the following
uses:

a) Bottom ash provides an excellent working platform due to its high shear strength;
b) Construction of low embankments and/or embankments adjacent to existing structures where

settlement is to be limited so as not to adversely affect the existing structures (e.g. existing bridge
abutment piles); and

c) Use as a contingency measure to reduce the final load if consolidation time for the preloading
option is observed to be longer than expected and the construction time table is at risk of being
exceeded.  That is, the preload and part of the embankment constructed with normal fill could be
removed earlier and replaced with bottom ash.

If time permits, low embankments might be constructed using lightweight fill to reduce the surcharge
loading and then be allowed to settle without provision of wick drains etc.  Although large settlements
could be expected, they will occur over a period of many years.  A suitable maintenance program
could be developed to periodically place additional pavement material on top of the embankment to
compensate for settlement.

The cost of light-weight fill will be high as there is no source available locally (e.g. bottom ash from a
coal fired power station).

Ultra-lightweight fill

Ultra light-weight fill such as expanded polystyrene could also be used in high embankments.  A major
advantage of using geofoam as fill material in embankments is that it is up to 50 times less massive
than other lightweight fills, thus providing maximum available right-of-way, faster construction
schedule, comparatively clean construction near waterways, and reduced labour.

Placing geofoam behind retaining structures and below-grade walls reduces lateral pressure and
lowers settlements.  It also has the benefit of improving the slope stability of the embankments.

However, Coffey has found that some preloading of the ground is required prior to constructing
embankments incorporating ultra-lightweight fill in order to reduce settlement related deformation of
polystyrene material embedded within the embankment.
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Stone columns and dynamic replacement

Stone columns and dynamic replacement improves the strength of saturated cohesive soils and soft
organic soils by increasing drainage and providing stiff inclusions into the soil.  Large diameter (2.5 to
4 metre) columns are can be constructed to about 7 m in depth and behave as mushroom pillars.
These methods are not suitable for deeper soft soil sites but might be used where embankments
overlie relatively shallow deposits of soft soils.

Lime or cement / soil mixed columns

Deep soil mixing (DSM) and control modulus columns (CMC) act as stiff reinforcement to the ground,
resulting in a transfer of a significant proportion of the applied load to the columns to reduce
settlement.  Column spacing may range from about 2.5 m to 4 m depending on strength and stiffness
requirements of the treated ground.  They may be cost-effective in areas where stability is a major
concern.

Because DSM and CMC have higher stiffness and strength compared to stone columns in the stone
column and dynamic replacement methods, they are generally smaller in diameter.  Some preloading
is likely to be required with stone columns whereas it may be feasible to control post-construction
settlement to within acceptable limits when DSM and CMC methods are used without preloading.  The
unit costs of DSM and CMC are higher than stone columns, but because of the lower material
quantities and with preloading not required, they are likely to have a similar overall cost compared to
stone columns.  A non-requirement for preloading is an advantage from the construction time
programming viewpoint.  Stone columns are not as efficient in reducing settlement as DSM and CMS
techniques.

If the ground inclusion option is to be adopted, column material properties would need to be assessed
when the material source is known.  For DSM, a mix trial is recommended to assess the required
additive contents and strength and stiffness properties that could be achieved.

Vacuum consolidation

The Menard VacuumTM Consolidation method is a proprietary system used for preloading and
consolidating soft and very soft saturated impervious soils.  The procedure consists of installing
vertical and horizontal vacuum transmission pipes under an airtight impervious membrane and
evacuating the air below the membrane producing an atmospheric pressure on the soil.  It has often
been used overseas in conjunction with conventional filling to increase the applied surcharge following
the initial stage of consolidation and strength gain.  Vertical drains are generally required as part of the
vacuum consolidation process.

Vacuum consolidation is appealing in situations where embankment stability is a major concern, as an
initial surcharge up to about 100 to 110 kPa (vacuum plus about 1.5 m of fill) could be applied without
any instability issues.  Loading and construction can proceed as early as two weeks after process has
started.

There may be noise concerns associated with continuous operation of the vacuum system.
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Piling

Piling of embankments using precast concrete or treated timber piles may be economically feasible
where the depth of required piling is within about 24 m.

The design principle of piled embankments is the transfer of load to a stronger and stiffer stratum
below the soft, compressible soils via the use of driven piles typically.  The embankment could be
constructed on either a piled structural slab, or more economically on a piled granular mattress
reinforced with high strength tensile fabrics.  The tensile fabric serves the purposes of load transfer to
the pile caps via catenary action, and prevents lateral spread of the piles at the edges of the
embankment, which is essential to maintain embankment stability.  For economy, treated timber piles
are often utilised, but are more suited to sites where the founding level does not exceed about 18 m.

The advantage of piled embankment is that the embankment could be constructed immediately
afterwards to final surface level without the need for foundation strength gain over time.

The disadvantage of this ground improvement system is that unless a suitable founding stratum (e.g.
rock or dense sand) occurs at relatively shallow depth, timber piles may have to be replaced by
reinforced precast concrete piles, and the cost of piling becomes more expensive.

Where compressible materials exist beneath very dense sand layers the piled embankment solution
may not be suitable as the piles will refuse in the dense sand layer and excessive settlement may still
occur from the lower clay layers.
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9.0 Excavatability, cut batter slopes and tunnelling
9.1 General geology
Geologically the project area lies on the south-eastern margin of the Sydney basin and more
particularly at the south eastern end of the Illawarra escarpment.  The plateau above but quite distant
from the northern end of the route is composed of isolated remnants of the Hawkesbury sandstone
underlain by quartz sandstone and claystone of the Narrabeen group with permian age Illawarra coal
measures at the base.

On the 1:250,000 Geological Series Sheet, SI Series 56.9, dated 1966, Wollongong Sheet in the
section between Gerringong and Bomaderry the Illawarra escarpment is composed of permian age
Shoalhaven group rocks comprising interbedded trachytic tuff and tuffaceous sandstone with some
interbedded latite sequences.  Most of the latite flows make up the Gerringong volcanic facies and
include Cambewarra latite, Bumbo latite and blowhole latite.  These Latite flows are underlain and
interbedded within the Budgong sandstone.  The Shoalhaven group is composed of Budgong
sandstone, Berry siltstone, Nowra sandstone, Wandrawandian siltstone and several latite flows.
These rocks belong to the Gerringong volcanics and are all underlain by the Berry formation rocks,
principally Budgong sandstone and Berry siltstone.  The Shoalhaven group, of marine sediments and
volcanics, form the rolling hills and lower slopes of the eastern area of Kiama Gerringong region.

Quaternary alluvial sediments occur throughout the municipality on the floodplains and coastal flats,
watercourses and within swampy areas.

The Gerringong volcanic facies gives the Kiama area distinctive landform and soils not found
elsewhere within the Illawarra region.

9.2 Excavatability of rock materials
Depending on the chosen route of the Princes Highway within the study area, excavation would be
required in the western elevated areas and substantial fill placement across the floodplain.  In the
higher hills and ridges of the northern part of the study area close to Gerringong, some cuttings could
be up to 20 metres deep and could contain a mix of latite, latite underlain by Budgong sandstone or be
composed entirely of Budgong sandstone.  Cuttings between Foxground and Berry are expected to be
mainly in the Budgong sandstone, with siltstone and sandstone occurring closer to Berry.  To the
south of Berry the Berry siltstones are expected in most of the cuttings.  General advice is provided
below concerning excavation and rippability of the various geotechnical units identified along the
proposed route alignment.

The majority of the soils and highly to moderately weathered rock should be readily excavated with
conventional blade and ripping equipment on D7 to D9 bulldozers.  In mixed faces however where
there is weathered latite near the top of the cuttings isolated boulders may be present within the soil
profile even if the base of the cut lies in siltstone or sandstone.

In the less weathered sandstone, tuffaceous and trachytic sandstone along the major part of the
proposed route the material is typically massive and of medium to high strength, requiring larger
equipment and for the most parts blasting to excavate.  The less weathered massive sandstone beds
of the Budgong sandstone are anticipated to require blasting to achieve economic excavation rates.
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9.3 Rock mass classification
A simple classification system has been developed for the cuttings in the project area comprising
abbreviations for the main units identified with the first part of the abbreviation symbol comprising the
rock unit and the second part describing the weathering or geomorphological state.  Thus the prefixes:

BL represents Bumbo latite
BS represents Berry siltstone or Budgong sandstone

The suffixes:

R represents residual soil also (RES)
X represents extremely weathered
W represents moderately to highly weathered rock
F represents fresh

This classification has been used as the basis of reference for rock mass excavatability and for batter
slopes for use in preliminary design.

Table 9.1: Rock mass excavatability

Material Material
classification Excavatability

Existing poor
quality fill FILL

Engineered fill and
residual soil FILL and RES

BLR, BLX

General excavation methods – possibly isolated boulders
in some of the latite bedrock areas towards Gerringong.
Readily excavated by bulldozer blade of Caterpillar D7L,
scraper excavator bucket or equivalent.  Light ripping
would significantly improve productivity in the extremely
weathered siltstone and sandstone.

BLW
Ripping required using single tyne or equivalent of
Caterpillar D10.  Detailed excavation by excavator, with
impact breaking for harder bands of rock.

Bumbo latite

BLF Requires drilling and blasting
BSR General excavation methods

BSW
Ripping required using single tyne or equivalent of
Caterpillar D10.  Detailed excavation by excavator, with
impact breaking for harder bands of rock.

Budgong
sandstone

Berry siltstone
BSF

Requires drilling and blasting.  Rock bolt, shotcrete and
mesh support required to support local highly fractured
zones.  Friable siltstone may weather on exposure and
require treatment to prevent fretting.
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9.4 Indicative batter slopes
It is our understanding that the highway upgrade alignment options through the ridgelines in the
foothills of the escarpment (Cambewarra and Illawarra ranges) and Toolijooa Hill may, have road
design levels requiring cuttings typically up to 20 m deep.  In order to assist with advice for preliminary
designs and costings of cuttings along the various route options, an assessment of the borehole cores
have been used to provide some indicative batter angles for cuttings.

In order to appreciate the existing cut batters in the study area, observation of existing batter heights
and angles should be undertaken as part of the detailed design phase for the preferred route.

Observations of existing road cuttings in proximity to the proposed cuttings helps the identification of
local features such as joint directions and the variability in depth of weathering that may not be
apparent in cored boreholes.

To allow a generalised assessment of appropriate cut batter slopes, ease of excavation and potential
for construction material resources, Coffey has used a material classification system from previous
highway projects determining batter slope, as shown on Table 9.1.

The system uses the rock strength and generalised defect spacing data from the geological mapping
to classify the rock at the cutting sites.  However, given the limited field and borehole data available for
any particular route option, this classification system has not been validated and is anticipated to be
modified as part of the detailed investigation phase for the project.  The system was designed to
achieve the following objectives:

a) A long-term reduction in the risk associated with slope instability to meet RTA slope risk rating
requirements; and

b) A situation where potential instability is generally limited to one bench height such that it can be
recognised and stabilised prior to failure and during construction.

The indicative batter angles for temporary and permanent batters are given in Table 9.2.

Rock structure, strength and weathering are critical factors in slope instability.  Ideally, the batter
slopes for each cutting should be designed taking into account the rock mass characteristics and
kinematic analysis of individual situations based on a probabilistic assessment of defect orientation.  In
arriving at the indicative batter slopes, Coffey has made several assumptions on the basis of
observations in existing cuttings and taking account of the consequences of batter erosion and local
instability.  These assumptions are:

a) The majority of defects generally dip at greater than 400;
b) Bedding planes are generally sub-horizontal and not more than about 100;
c) Large potential failure planes in less weathered rock could occur along fault or continuous

persistent faults and these would have an effective cohesion of 10kPa and an effective angle of
friction of 350 including the effect of waviness and roughness;

d) Local instability in Class 1 rock can be controlled by rock bolts, mesh and shotcrete, provided that
the overall batter stability is acceptable, and

e) Groundwater (if present) will be controlled by drainage such that there will be no pore pressures
on the potential failure planes.
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Taking these assumptions into account the indicative batter slopes to be used in preliminary design
are based on a combination of steep slopes for the rock zones and slopes of 2.5H:1V for slopes
comprising mainly soil and 2H:1V for extremely weathered rock.  We have considered it desirable to
avoid batter slopes between 1H:1V and 1.75H:1V  in rock zones where there is a potential for isolated
boulder or fretting instability although some recommendations for slopes at 1:1 have been made for
some weathered sandstone and siltstone cuts.  In these areas further consideration will have to be
given during detailed design.  Slopes with relatively flat batters have a much greater potential land
usage and a greater risk of boulder travel and erosion due to the increased batter dimensions.

Utilising batter slope angles for better quality rock of 0.75H:1V and maximum bench heights of 7 m
high and a minimum berm width of 4 m in accordance with the RTA requirements will result in a
consistent appearance and treatment for slopes.  The widely spaced joints in the Berry siltstone and
Budgong sandstone usually results in batters that are stable overall but requiring batter treatment
where fractured zones occur.

Some instability may result from batter fretting and this potential needs to be assessed on batter.
Batters in soil (2.5H:1V) are recommended to have hydromulch or erosion matting to reduce erosion.

The recommended rock batters of up to 1H:1V assume the majority of the cut will not require long-
term support.  Some fragmented zones are likely to be exposed that require shotcrete support and
some areas with potential joint block and wedge features may require rock bolts.

Table 9.2: Indicative excavated batter angles

Material Geotechnical unit Indicative batter slope angles
Existing poor quality fill FILL 2.5H:1V

Engineered fill and residual soil FILL and RES 2.5H:1V
BLR 2.5H:1V
BLW 1H:1VBumbo latite
BLF 0.75H:1V
BSR 2H:1V
BSW 1H:1V

Budgong sandstone

Berry siltstone BSF 0.75H:1V
Note
1 – Assumes 4m wide benches at vertical heights of 7m in batters steeper than 2H:1V.
2 – Localised rock bolting may be required to stabilise rock wedges or blocks formed by unfavourably oriented defects.
Significant shale bands in the sandstone may require shotcrete protection against degradation.
3 – Horizontal drains (about 10m in length) are recommended to be installed at 7m centres in the basal 1m of weathered rock
cuttings sloping at 1H:1V.
4 – For long batters in soil or EW rock (over 15m long), a flatter batter of 2.5H:1V is recommended with energy dissipation
bunds across the batter at 15m intervals.
5 – The adoption of batter slopes of 0.75:1 for the fresh rock zones assumes that overall slope stability is acceptable, and that
additional support measures such as mesh (M), shotcrete (SC), Rock Bolts (RB) – either in systematic patterns or as isolated
clusters for particular features will be required.
6 – Surface water interceptor drainage to be provided along the top of the cut batter no closer than 5m to the crest, open drains
should be lined with concrete.
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9.5 Suitability for tunnelling
Tunnelling may become an attractive solution where cutting depth and width become uneconomic and
visual impact, land take, or environmental impact is considered unacceptable.

A dominant ridgeline extends from Foxground to Toolijooa and Harley Hill. This ridge effectively
bisects the study area. All routes assessed in the study area between Gerringong and Berry must
negotiate this ridge. The ridge is at its’ least elevation closest to the railway line. Elsewhere there are
obvious peaks and troughs. The existing highway begins to ascend the ridge approximately 500m east
of the intersection with Toolijooa Road. It descends awkwardly in the vicinity of the intersection with
Foxground Road.

The combination of the ridge terrain and the requirement for high standard road geometry makes
tunnelling an viable option. The most likely tunnelling locations are described as the ‘north saddle’ and
‘south saddle’. These locations are dips in the ridge where the effective width of the ridge is narrowest.
Hence, these locations offer the best opportunity to locate the shortest length tunnels.

Limited preliminary field testing and reference to the Wollongong Geologic Map Sheet, indicates that
material encountered in these locations belongs to the Permian age Shoalhaven Group, specifically
Kiama trachytic tuff with pebbly bands.  At greater depth, the material is likely to be Berry formation
with siltstones, shales, and sandstones with conglomerate layers. The layer thickness of these
materials can be very thick. With the limited data available at this stage, it is not possible to determine
if a tunnel would be located in Kiama tuff or Berry formation. However, both rock types are high
strength with widely spaced jointing and are considered suitable for tunnelling.

If tunnel routes through either of these locations were selected as a preferred route, more extensive
field testing would be undertaken to determine the properties of the rock with a greater degree of
certainty.
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10.0 Pavement construction and earthworks
10.1 Pavement construction
Road construction for the Princes Highway upgrade and feeder roads within the study area could
involve the following pavement subgrade conditions:

a) Pavements constructed on-grade within floodplain soils;
b) Pavements constructed on embankments across the floodplain;
c) Pavements  constructed on variably weathered rock in the floor of cuttings; and
d) Pavements constructed on embankments through narrow valleys, approaches to bridge or cut to

embankments.

Therefore, the subgrade surface for a pavement may be imported fill or a stripped exposed natural soil
or rock surface.  The CBR of the pavement subgrade is an important element in the design of the road
pavement.  This route selection study has attempted to provide a broad cross section within the study
area.  In relation to locally available pavement materials there are five hard rock quarries
approximately 20 km to 25 km north of Gerringong that supply high quality crushed rock materials for
select, subbase and base layers.  Each quarry has quality control procedures to meet the RTA
standards for the supply of these materials.  Coffey is not aware of any commercial quarrying activities
within the actual study area.  Cleary Bros have a sand mining operation off Beach Road to the west of
Berry near Seven Mile Beach.  Quarries in the Nowra area to the south of the study area are generally
shale or sandstone based and may be considered for select and subbase layers subject to testing for
conformance with the RTA standards.

The steelworks at Port Kembla produces blast furnace slag as a by-product of the steel manufacturing
process. Slag has successfully been used as a base material in the recent construction of the North
Kiama Bypass and the Oak Flats to Dunmore upgrades of the Princes Highway. The viability of
sourcing slag from the Port Kembla steelworks should be considered for this project.

Generally in the RTA Specification R44, a minimum pavement preparation for both rigid and flexible
pavements, as detailed below:

e) Minimum select material zone with 300 mm of material have a minimum CBR greater than 10%,
with the upper 150 mm having a CBR greater than 30% or stabilised (CBR > 10% material) with
say 2% hydrated lime; and

f) Where the subgrade has a CBR value less than 3% or the subgrade is expansive (CBR swell >
2.5%) a minimum thickness capping layer of 300 mm is to be provided with properties of CBR >
5% and CBR swell < 1%.

In order to gain an appreciation of the subgrade characteristics of the soils and weathered rock within
the study area, 4 day soaked CBR tests on the remoulded bulk samples taken from the test pits for the
various geotechnical units have been presented in Table 10.1.  These results have been discussed
earlier in Section 6 for each geotechnical unit.

The results of the CBR tests indicate that the majority of the clay, gravely clay and weathered rock
samples had CBR values greater than 5, with potentially very low CBRs for high plasticity clays.
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Table 10.1: Remoulded CBR test results – route selection study

Geotechnical type Test pit No. Sample
depth from

Sample
depth to

4 day
soaked CBR

(%)

Material
type

Wattamolla Road
(residual) CTP4 0.4 m 0.7 m 9 Gravelly clay

Coolangatta / Kiama
(erosional) CTP7 0.6 m 0.8 m 4.5 Clay

Shoalhaven (fluvial) CTP9 0.7 m 0.9 m 10 Clay
Coolangatta / Kiama

(erosional) CTP13 0.5 m 0.7 m 13 Clay

Berry siltstone CTP14 1.5 m 1.6 m 8 Weathered
siltstone

Berry siltstone CTP16 1.4 m 1.6 m 5 Weathered
siltstone

Wattamolla Road
(residual) CTP17 0.44 m 0.64 m 7 Gravelly clay

Wattamolla Road
(residual) CTP22 0.3 m 0.5 m 5 Clayey

gravel
Wattamolla Road

(residual) CTP24 2.0 m 2.1 m 1.5 Clay

Coolangatta / Kiama
(erosional) CTP25 0.6 m 0.7 m 7 Clay

The medium plasticity residual clayey soils to weathered rock (generally CBR > 4%) in the elevated
areas, particularly with some gravel content, are likely to respond well to moisture conditioning through
tyning and drying  and use of pad foot rollers during earthworks.  The higher plasticity clay soils
(generally CBR < 4%) would be expected to be more problematic in adjusting moisture content up or
down.  The subgrade surface exposed after stripping may present trafficability problems, particularly
the clayey soils and extremely to highly weathered rock materials.  Specific treatments of these
exposed subgrade materials may include:

g) Temporary or permanent measures to improve drainage;
h) Over-excavation and removal of unsuitable material and replacement with suitable general fill,

crushed rock fill or stabilised material;
i) Use of a bridging layer that may also include a geotextile layer (grid or fabric); and
j) Insitu stabilisation using lime or cement.

Pavement construction in the floor of cuttings may require a drainage blanket depending on the site
conditions.

Where the floor of the cutting is in hard rock, the floor of the cuttings through hill or ridges along the
western routes should be suitable for general fill emplacements and in road embankments.  The
clayey soils, particularly those derived from the siltstones are anticipated to require some moisture
conditioning before placement.  Some of the clays and extremely to highly weathered rock may be
susceptible to erosion or dispersion, therefore the use of these materials in outer zones of
embankments should be avoided or alternatively appropriate erosion protection measures (possibly
mixing with gypsum) should be implemented.
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10.2 General fill and unsuitable material
Alluvial and residual clay soils and extremely to highly weathered rock, which are free of organic
materials, and high strength cobbles or boulders, should be suitable for use as general fill.  Moisture
conditioning of clay soils may be required as discussed earlier in this report.

High to very high strength rock from the deeper cut areas will need to be processed through crushing
plants if used as bulk fill, bridging materials or possibly select material.  It is expected to breakout
during blasting mainly in large lumps and could therefore not be placed as general fill. Unprocessed
hard rock could be used as pitching or scour protection on fill batters, bridge abutments, and open
drains.

Unsuitable materials are expected to include organic materials, topsoils, root affected materials, high
moisture content (or saturated soils), high silt content soils, waste materials or mixed fill where these
materials are present.  Unsuitable materials are expected to more commonly encountered in low lying
gully areas, wet areas and forested areas.  Topsoils may be deeper over farm paddocks where
ploughing has occurred in the past.

10.3 Bulking factors and earthworks
In relation to bulking factors for the various site materials that may be encountered in excavations, the
following general advice is provided assuming the materials are excavated and then placed as
engineered fill within road embankments:

a) Residual soils and stiff alluvial soils – bulking factor of about 0.9 to 1.0;
b) Highly weathered sandstones, siltstones and tuff – bulking factor of about 1.1 to 1.2; and
c) Less weathered sandstone (where suitable for compaction without crushing) – bulking factor of

about 1.3 to 1.4.

It is noted that higher bulking factors would apply for material in a loose condition (not recompacted in
an embankment) for transportation off site.
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11.0 Bridge foundations and approach embankments for
river / creek crossings

The current Princes Highway route crosses many watercourses with the largest bridge crossings
occurring at Ooaree Creek and Crooked River (near Gerringong), Broughton Creek at Foxground and
Broughton Mill Creek near the northern entrance to Berry.  There are numerous other small bridges
and culverts over minor watercourses and drains along the existing highway.

Potential bridge sites near the present highway alignment have not been assessed by targeted drilling
or piezocone probes, however boreholes or piezocones in the low lying areas near these crossings
have indicated the potential for deep alluvial soils to occur.  At the Crooked River crossing the alluvial
soils are likely to be fine grained silts, sands and clay near the present highway alignment with coarser
alluvial materials (gravel, cobbles and boulders) encountered further upstream.  At the Ooaree Creek
crossing on the existing Princes Highway deep (10 m to 15 m) soft to firm soils may be encountered.
The alluvial soils at this location are expected to be mainly fine grained, however coarser materials
(gravel and cobbles) may occur at depth.

At the Broughton Creek crossing near Foxground, mainly coarse alluvial materials would be expected
at the creek crossing based on materials exposed in the bed of the existing watercourse.

In the Berry area near the Broughton Mill Creek crossing and further upstream, a mixture of fine soils
(silts, sands and clays) and coarse materials (gravel, cobbles and boulders) is expected.

South of Berry on Coolangatta Road, Broughton Creek widens into a permanent water body.  A bridge
crossing over this part of Broughton Creek would require deep pile foundations.  Borehole CBH8 in
this area encountered soft silty clays to 2.5 m overlying stiff clay with coarse gravels and possible
cobbles occurring at 6 m where drilling was ceased due to slow progress and Piezocone CP6
encountered soft to stiff soils with refusal occurring at approximately 8 m in dense alluvial deposits.

The creek crossings south of Berry (e.g. Flying Fox Creek, Jaspers Creek and Tandingulla Creek)
along the current highway route are expected to be underlain by alluvial and residual soils that are
mainly fine grained soils.  Coarser fluvial deposits are expected further upstream in these
watercourses.
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Appendix A Engineering logs and core photographs for
geotechnical boreholes
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Appendix B Engineering logs for test pits
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Appendix C Electric piezocone plots and pore pressure
dissipation tests
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Appendix D Geological mapping results
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Appendix E Geotechnical laboratory test results
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Appendix F Point load test results
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Appendix G Previous relevant borehole logs
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Appendix H Preliminary acid sulphate soil assessment
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Appendix I Preliminary contamination assessment
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