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1. Introduction

At the request of North Lakes Pty Ltd, Parsons Brinckerhoff (PB) has completed a
geotechnical site investigation of Stages 22, 22A and 51A of Northlakes Estate, Cameron
Park. The subject stages comprise the following lots:

A  Stage 22 — 15 lots (2201-2215)
A Stage 22A — 9 lots (2251-2259)
A Stage 51A — 7 lots (5101-5107)

The objective of the site investigation was to assess subsurface conditions within the
residential lots to assign site classifications in accordance with AS 2870.

PB'’s civil engineers provided civil design drawings for the stages which were used to scope
the site investigation. The site investigation was generally completed in accordance with our
proposal (LT_1590, 22 July 2009).

At the time of the investigation Stages 22 and 22A were still under construction, with

earthworks occurring for the road formations and installation of drainage and sewer. Stage
51A road works were complete.
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Geotechnical Investigation and Site Classification, Northlakes Estate Stages
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Investigation method

Fieldwork for the investigation was carried out between 27 and 28 July 2009 and comprised
the excavation of 10 test pits in Stage 22 (TP2201 to TP2210), five test pits in Stage 22A
(TP22A01 to TP22A05) and four test pits in Stage 51A (TP5101 to TP5104). Test pits were
initially located on lot boundaries to minimise potential disturbance to future footings with
residential buildings. A number of test pits were moved off the lot boundaries because the
sewer had already been installed. The location of the test pits were recorded using a hand
held GPS. The locations are shown on Figure 1 and Figure 2 attached in Appendix A.

A geotechnical engineer from PB supervised the excavations, logged subsurface conditions
and nominated the sampling locations. Pocket penetrometer tests were completed in clayey
soils to assess the consistency. Engineering test pit logs are attached in Appendix B along
with explanatory notes that describe the terms and symbols used.

Undisturbed (U50) samples were collected from selected test pits and sent to Valley Civilab,
a NATA accredited laboratory, for shrink/swell analysis. The laboratory certificates are
attached in Appendix C.
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Geotechnical Investigation and Site Classification, Northlakes Estate Stages
22, 22A and 51A

Investigation results

Site description

At the time of investigation, Stages 22 and 22A were still under construction. Earthworks
associated with construction of road pavements, installation of stormwater and sewer was
still in progress. Site slopes were approximately 10° to the west and south-west. Clearing of
the site was partially complete with some mature trees still located within the residential lots.

Road works for Stage 51A was complete at the time of investigation. Some mature trees
remained on the site. The site sloped to the north-west at approximately 5°.

Regional geology and subsurface conditions

The Newcastle Soil Landscape Series Sheet 9232 indicates that the site lies within the
Warners Bay residual soil landscape. This unit comprises undulating to rolling low hills and
rises on fine-grained sediments of the Newcastle Coal Measures in the Awaba Hills. Slope
gradients are typically 2°-12°.

The Newcastle 1:250,000 Geological Series Sheet S| 56-2 indicates that the site is underlain
by the Newcastle Coal Measures of Permian age. This unit comprises interbedded
conglomerate, sandstone, tuff, shale and coal.

The typical subsurface profile were encountered during the investigation program is
summarised in Table 3.1. For a detailed description at specific locations, reference should be
made to the engineering logs and explanatory notes attached in Appendix B.

Table 3.1 Typical subsurface profile

Material Depth range encountered (m)
Topsoil 0.1t0 0.2

Residual soil 0.1t0 1.8

Weathered rock +0.4

The characteristics of the subsurface conditions are summarised below.

3.2.1 Topsoil

Topsoil depths of 0.2 m are typical, with the material predominantly sandy SILT (ML), grey,
fine grained sand with organic material. Moisture was typically assessed as dry during the
investigation with medium density. Low to medium plasticity grey CLAY (CL) was also
identified within some of the test pits.
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3.2.2 Residual soil

Residual soil at the site typically comprises silty CLAY (CL), low plasticity, grey with varying
percentage of fine grained sand. Consistency was typically very stiff to hard with moisture
contents at or less than the plastic limit.

Gravelly SAND (SP) and silty SAND/clayey SAND was encountered within TP2201 and
TP2202 and is likely to have weathered from a layer of pebbly sandstone. The excavation
profile of TP2201 was stepped with shallower refusal at 0.7 m where the silty SAND and
clayey SAND was identified.

3.2.3 Weathered rock
Bucket refusal of the backhoe typically occurred on extremely to highly weathered siltstone
of low to medium strength. Excavation was readily achieveable through extremely low to low

strength material. Weathering of the rock resulted in interbedding of weathered rock and
residual soil material.

3.2.4 Groundwater

No groundwater was encountered within any of the test pits during the short period that they
remained open. No long term monitoring was required to be undertaken.

Laboratory results

Undisturbed (U50) samples were sent to Valley Civilab for shrink/swell analysis. The results
are summarised in Table 3.2 and certificates are attached in Appendix C.

Table 3.2 Shrink/swell results
Sample location Shrink/Swell
Iss, (%)

TP2202 0.35m 1.6
TP2203 0.45m 3.4
TP2204 0.3m 41
TP2206 0.3m 2.6
TP2208 0.3m 3.3
TP2210 0.3m 2.2
TP22A03 0.2m 0.9
TP22A04 0.2m 1.2
TP22A05 0.3m 3.8
TP5101 0.3m 2.1
TP5103 0.2m 3.3
TP5104 0.5m 3.2

2103369A-PR_9302REVC PARSONS BRINCKERHOFF
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Geotechnical Investigation and Site Classification, Northlakes Estate Stages
22, 22A and 51A

Discussion and recommendations

Lot filling

Lot filling within Stage 22A was completed to regrade the site within an existing gully which
affects lots 2251, 2252 and 2259. Filling of the gully is to a depth of approximately 1 to
1.5m.

Coffey Information completed density testing of the lot fill material and stated that ‘as the
geotechnical authority engaged for the project we state that the filling was carried out to
Level 1 criteria’ (Ref: INFOWARAO0299AA-AC, 22 October 2009). PB has not completed a
review of Coffey Information laboratory testing methods and as such this is not a verification
of their results. Lot filling satisfying Level 1 inspection and testing may be classified as
controlled fill according to AS2870.

Site classifications

In assessing site classification for the lots in this site, consideration has been given to
subsurface conditions, soil reactivity, anticipated fill settlement, and slope stability.

AS2870 — 1996 provides for the classification of lots based on the characteristic surface
movement as follows:

Surface Movement, ys (mm) Site Classification
0<ys020 S
20<y<040 M
40<y070 H
70<ys E
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Geotechnical Investigation and Site Classification, Northlakes Estate Stages
22, 22A and 51A

The subject lots have been classified as detailed in Table 4.1.

Table 4.1 Site classifications
Lot Site Class Surface Lot Site Class Surface
Movement, Movement,
ys (mm) ys (mm)
2201 M 20-30 2251 H 60-70
2202 M 20-30 2252 M 30-40
2203 M 20-30 2253 S 10-20
2204 M 20-30 2254 M 20-30
2205 M 20-30 2255 M 20-30
2206 M 20-30 2256 M 20-30
2207 M 20-30 2257 S 10-20
2208 M 30-40 2258 M 30-40
2209 M 30-40 2259 H 60-70
2210 M 30-40 5101 M 20-30
2211 S 10-20 5102 M 20-30
2212 S 10-20 5103 M 20-30
2213 S 10-20 5104 M 20-30
2214 M 30-40 5105 M 30-40
2215 M 30-40 5106 M 30-40
5107 M 30-40

Site preparation

All topsoil and severely root affected material should be stripped prior to the placement of
engineered fill or slabs. Areas to be filled should be proofed rolled under the inspection of a
geotechnical engineer/engineering geologist and any soft or heaving materials removed.

Excavations

Excavations within the topsoil, residual soils and extremely weathered bedrock should be
achievable using conventional earthmoving equipment such as excavators, backhoes or
bobcats. It is anticipated that excavation within the distinctly weathered bedrock should be
feasible using hydraulic excavators with rock hammers.

Temporary excavation batters in soil or extremely weathered bedrock should be graded no
steeper than 1.5 Horizontal (H):1 Vertical (V), while any permanent batters should be graded
no steeper than 2H in 1V and protected from erosion by re-directing any surface water flows
from the batter face and revegetating. If steeper batters are required they should be
supported by engineered retaining walls. Distinctly weathered bedrock may be excavated at
a permanent batter slope no steeper than 1H:1V subject to an inspection by a geotechnical
engineer/engineering geologist.

2103369A-PR_9302REVC PARSONS BRINCKERHOFF
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Geotechnical Investigation and Site Classification, Northlakes Estate Stages
22, 22A and 51A

Filling

Placement of fill should be in maximum 200mm (loose) layers. The full depth of each layer
should be compacted to 95% standard maximum dry density (SMDD) at +2% of the standard
optimum moisture content (SOMC). Each layer should be placed to minimum of Level 2
supervision in accordance with AS3798. Level 1 supervision should be provided in areas to
support high level footings with a relative compaction of 98% SMDD achieved.

All permanent fill batter slopes should be no steeper than 2H:1V and protected from erosion.
Alternatively, fill embankments may be retained by engineered retaining walls.

The depth of fill placed on individual lots should not exceed a nominal 1.5 m without prior
approval by a geotechnical engineer/engineering geologist.

Footing design and construction

In general, flexible structures such as brick veneer or clad frames are preferred for
residential development on reactive clay sites. Footings should be designed by a practising
structural engineer in accordance with AS2870 - 1996 for the classifications provided in
Section 4.1 above.

Strip/pad footings, raft slabs and pier and beam systems would be suitable footing types.

Any future cut and fill earthworks may affect the site classifications provided in this report.
We recommend that the site classifications be reassessed if excavations in excess of 0.4 m
or filling in excess of 0.5 m thick are proposed.

Footings should be excavated, cleaned out and poured with minimum delay. If footing
excavations are to be left open for an extended period of time, a concrete blinding layer
should be provided to protect the foundation material. Should any uncompacted fill or locally
deep topsoil be encountered during footing excavation, these materials should be penetrated
and the footings founded in accordance with the requirements of section 6 of AS2870. A
geotechnical engineer should be consulted if these conditions are encountered.

Where footing excavations are partially on rock, the whole footing should be taken to rock to
achieve uniform bearing and foundation conditions. Alternatively structures may be
articulated over changes in founding conditions, in accordance with AS2870.

Where footings are to be piered to rock, reclassification of the site and amendment to footing
sizes may be appropriate, and both a geotechnical and structural engineer should be
consulted prior to construction of the footing.

Drainage

Site drainage should be installed to prevent ponding of surface water adjacent to structures.
Surface water and roof runoff should be directed away from foundations and collected in the
stormwater system.

Where retaining walls are required, subsoil drainage should be provided and connected to
the stormwater system.
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Geotechnical Investigation and Site Classification, Northlakes Estate Stages
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Surface water flows should be redirected from batter slopes by the use of dish drains.

Classification of the subject lots has been assessed based on moisture variations caused by
normal climatic and garden conditions. More severe moisture variations can be caused by
other common, but controllable factors. Reactive soil notes included in Appendix E are
intended as a summary to those provided in CSIRO 10 - 91 “A guide to Home Owners on
Foundation Maintenance and Footing Performance” and should be regarded as
‘recommendations’. Future owners should be advised of these maintenance procedures, as
it is commonly accepted that most damage to residential type structures on reactive sites is
due to poor site maintenance.
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5. Limitations

This report should be read in conjunction with the ‘Limitations of Geotechnical Site
Investigation* attached in Appendix D, which provides important information regarding
geotechnical investigation and assessment. Significant variation in subsurface conditions
from those anticipated should be reported to this office for reassessment.
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