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STRUCTURAL & CIVIL ENGINEERING WORKS 
 
EXECUTIVE SUMMARY 
In summary, the structural and civil engineering works required for the proposed 
development will generally comprise the following: 

1. Sediment and Erosion Control: 
� To protect local drainage systems from pollutants generated during 

construction activity. 
2. Bulk Earthworks and Soil Contamination: 

_    To provide a basement level and suitable foundation for the proposed 
structure. 
 
Site contamination investigation was undertaken by Argus in October 2009. 
The soil samples analysed were generally lower than the relevant 
regulatory guideline criteria. The report stated that the risk to human 
health and the environment associated with soil contamination on the site 
are low in context of the proposed use of the site. 
 

3. Stormwater Drainage and Stormwater Quality: 
� To provide a stormwater collection and conveyance system incorporating 

on-site stormwater detention to ensure that stormwater runoff from the 
site does not have a detrimental effect on the proposed development, 
neighbouring properties and downstream drainage systems. 

� To provide stormwater quality improvement devices as part of the 
stormwater drainage system to ensure that stormwater pollutants are 
removed from stormwater runoff prior to discharging from the site to 
ensure there is no detrimental effect on the downstream drainage 
system and receiving waterway. 

� To provide a drainage connection to Council’s existing stormwater 
system in Susan Street to provide a lawful point of discharge from the 
development site. 

� All rainwater re-use to be designed and detailed by  the services 
consultant. 

4. Roads and Carparking: 
� To provide entry and exit points to the site. 
� To provide all weather access to the proposed development. 

5. Pedestrian Walkways, Footways and General Site Regrading: 
� To provide accessible roads, car parks, pedestrian links and landscaped 

areas throughout the site. 
� The proposed civil engineering works will be designed and constructed in 

accordance with Council and the relevant Service Authorities standards 
and requirements, Building Code of Australia and the relevant 
Australian Standards. 

 



1. DESIGN STANDARDS AND CODES 
The structural and civil engineering works will be designed in accordance with 
the latest issue of all relevant design standards, codes and other statutory and 
authority requirements.  As a minimum requirement, the design will be based 
on but not limited to: 
� AS 1170.0 – 2002 SAA Loading Code Part 0 General Principles 
� AS 1170.1 – 2002 SAA Loading Code Part 1 Dead and Live Loads 
� AS 1170.2 – 2002 SAA Loading Code Part 2 Wind Loads 
� AS 1170.4 – 2007 SAA Loading Code Part 4 Earthquake Loads 
� AS 4100 – 1998 Steel Structures 
� AS 3600 – 2009 Concrete Structures 
� AS 3700 – 2001 Masonry Structures 
� AS 2159 – 1995  Piling Code 
� AS 4678 – 2002 Retaining Structures Code 
� Council’s Civil Works Specification 
� Council’s Water Management Development Control Plan 
� Managing Urban Stormwater: Soils and Construction Manual 
� Australian Rainfall & Runoff 
� Australian Water Quality Runoff 
� AS 3500.3 Stormwater Drainage 
� AS 2890.1 Off Street Car Parking 
� AS 2890.2 Commercial Parking Facilities 
� AS 1742 Manual of Uniform Traffic Control Devices 
� New South Wales Roads & Traffic Authority (RTA) Traffic Control at 

Worksites manual 
� Austroads – Pavement Design, A Guide to the Structural Design of Road 

Pavements 

2. BUILT FORM 
SCP Consulting has provided structural input into the architectural planning by 
reviewing the following building elements: 

� Column Sizes:- Preliminary column sizes (minimum dimensions) are 
being assesses so as to comply with both strength and fire 
resistance. 

� Building Stability:- Earthquake & Wind resisting lift and stair cores are to be 
strategically located such that the building does not twist 
or deflect excessively. 

� Floor Framing:- The structural framing and orientation of the floor beams 
within the floor slab system will take into account the 
direction of mechanical a/c ducts, building cantilevers and 
the required fire resistance. 

3. GROUND WATER 
Refer to the Geotechnical Investigation Report prepared by Aargus Pty Ltd on 15 
June 2010. 



4. SEDIMENT AND EROSION CONTROL 
Temporary sediment and erosion control measures will be designed to be 
incorporated into the construction works and sequencing of the project to ensure 
that the proposed construction activities on site do not pollute local drainage 
systems nor have a detrimental effect on downstream waterways. 
A concept Sediment and Erosion Control Plan has been provided in Appendix 
E3. 

6. BULK EARTHWORKS and SOIL CONTAMINATION 

The excavation will extend to RL 23.90 which is approximately 12m below street 
level. The bulk of the excavation will occur in Class IV/V shales. All vertical 
excavation faces will be completely shored to support all external ground. 
Temporary anchors for the shoring will be required and approval will be 
obtained from the local authorities. 

The site was investigated by Aargus Pty Ltd to conduct an Environmental Site 
Assessment (ESD) in October 2009. 
Based on the results of this investigation it is considered that the risks to 
human health and the environment associated with the soil contamination at 
the site are low.  
The site is therefore considered suitable for ongoing use and the proposed 
development. 
 
The criteria to assess soil contamination by the Argus report was the National 
Environmental Protection Council (1999) National Environmental Protection ( 
Assessment of site contamination) Measure (NEPM). Also with respect human 
health, the analytical results were assessed against risk based health 
investigation (HIL) guidelines appropriate for industrial and commercial 
development (HIL ‘F’).  
The NEPM 1999 does not include investigation levels for TPH and BTEX. These 
were assessed using the NSW EPA (1994) “Guidelines for Assessing Service 
Station sites” 
 

All soil acidity and salinity is addressed in the Geotechnical Investigation Report 
prepared by Aargus Pty Ltd on 15 June 2010. 

 

6. STORMWATER DRAINAGE 
Stormwater drainage for the site will be designed to collect and convey 
stormwater drainage via a conventional piped stormwater drainage system for 
storm events up to and including a 1 in 20 year Average Recurrence Interval 
(ARI) storm event. 
On-site stormwater detention (OSD) will be provided in accordance with Sydney 
Water’s requirements as outlined in their advice dated 10 March 2010 (see 
Attachment A).  In summary, a minimum storage of 81m3 and a maximum site 
discharge of 152l/s will be provided. 
The site is located at a high point within the local drainage catchment and is 
therefore not affected by flooding or external overland flow paths.  Provision will 



be made for the safe conveyance of storm flows via overland flow paths within 
the development site for storm events up to the 1 in 100 year ARI storm event.  
Adequate freeboard will be provided within defined overland flow paths within 
the development site to allow some protection from overland flows generated 
from storm events larger than a 1 in 100 year ARI event. 
Stormwater pollution control devices will be incorporated into the site 
stormwater drainage system to assist with the removal of sediment, oils and 
hydrocarbons from stormwater runoff from the road and carpark areas. 
A concept Stormwater Drainage Plan showing the OSD and 
discharge/connection point has been provided in Appendix E2. 
 
All rainwater collection for re-use will be design and detailed by the services 
consultant (SKM). 

7. ROADS AND CARPARKS 
Design and document the new roads and footpaths so that the geometry 
complies with the relevant standards.   
Swept turning paths of suitable design vehicles will be reviewed and considered 
in the design. 
Design and document traffic control staging plans in accordance with the RTA’s 
Traffic Control at Worksites manual.  This will allow staging of the construction 
works while maintaining vehicular access to hospital facilities during 
construction of the civil works. 

8. PEDESTRIAN WALKWAYS / FOOTWAYS AND GENERAL SITE GRADING 
Design and document the proposed pedestrian walkways and footways within 
the hospital site.  Locations and treatments shall be provided by the architect 
and landscape architect. 
Design and document the grading of site areas between the buildings and roads 
to ensure that the areas are adequately drained. 
Design and document pedestrian control staging plans in accordance with the 
RTA’s Traffic Control at Worksites manual.  This will allow staging of the 
construction works while maintaining pedestrian access to hospital facilities 
during construction of the civil works. 
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1.0 INTRODUCTION
This report details the results of a Geotechnical Investigation carried out at the
Page Chest Pavillion and Brown Street Outpatient Buildings in Missenden Road,
Camperdown.

The investigation was commissioned by Mr Tim Dugan, CEO of Lifehouse at RPA.

The purpose of the geotechnical assessment was to determine the details of the sites
surface and subsurface conditions in order to provide advice and recommendations from
a geotechnical viewpoint for the design and construction of the proposed Lifehouse
Building.

2.0 PROPOSED DEVELOPMENT
At the time of preparation of this report, the following documentation was provided to us:

� A Geotechnical brief titled “Brief for Provision of Services for Geotechnical
Engineer”, Referenced 18102-70409-6.3-PC-pc-Geotech-V4, prepared by Capital
Insights Pty Ltd.

� Document titled “Conditions of Engagement – Geotechnical Engineer”,
Referenced 18104-70409-6.3-PC-pc-Engage Geotech, prepared by Capital
Insights Pty Ltd.

With reference to the above listed documents, the following is understood:

� The proposed development involves the demolition of existing site features and
the construction of the Lifehouse Building, which will have up to eleven-storeys
above ground and will contain two levels of below-ground basement.

� The proposed building will be linked by below ground tunnels to the adjacent
oncology building to the west, King George V Building to the north and the main
RPA campus to the east.

� The site is bounded by Salisbury Road to the north, Susan Street to the west,
Brown Street to the south and Missenden Road to the east.

� Two existing brick buildings are present within the site. A multi-storey building
“Page Chest Building” is located in the northern portion of the site, whilst a
single-storey building “Brown Street Outpatients Building” is located in the
southern portion of the site, we understand that these buildings will be
demolished as part of the development.
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3.0 METHOD OF INVESTIGATION
In order to gain an understanding of the sites geotechnical conditions and to provide the
necessary information for the geotechnical assessment, the following fieldwork was
carried out over the period covering the 6th October 2009 to 12th October 2009 under the
supervision of a Senior Engineering Geologist, Senior Geotechnical Engineer and a
Geotechnical Engineer from our office:

� A detailed walk-over inspection of the site by a Geotechnical Engineer/ Engineering
Geologist.

� On-site subsurface services locating by a specialist sub-contractor using
electromagnetic detection equipment.

� Concrete coring at the intended borehole locations
� Drilling of five (5) boreholes, at locations as near as possible to client nominated

locations. The boreholes were drilled using a truck-mounted drill rig fully equipped
for geotechnical investigations, in order to identify the subsurface soil and/or rock
profile. The boreholes were drilled initially using a V-bit attached to solid flight
augers to refusal in bedrock, and further continued using a T-C bit in the weathered
shale bedrock. The boreholes were then advanced into the Shale bedrock using
NMLC diamond rock coring techniques.

� Recovered rock cores were carefully boxed on site and returned to our laboratory for
testing.

� Reinstatement of the boreholes with the displaced soils and a concrete cap.

Borehole locations are shown on Figure 1 attached to this report.

4.0 SURFACE AND SUBSURFACE CONDITIONS
4.1. Location

The site is located within the south western extents of Camperdown bordered by
Missenden Road, Susan St, Salisbury road and Brown Street.

4.2. Topography

The site generally slopes down towards the North West at grades of between about 1o &
2o, with the surrounding topography gently undulating with overall ground slopes dipping
from West to East.
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4.3. Site Description

The site is near rectangular in shape, covering an area of approximately 4160m2, and
measures approximately 104m along the Eastern (Missenden Rd) and Western
Boundaries (Susan Street), and approximately 40m along the Northern (Salisbury Road)
and Southern (Brown Street) boundaries. The northern half of the footprint of the
proposed development is currently occupied by the multi storey “Page Chest Pavilion”
and the southern half of the site by a single storey brick building with basement level.

Existing subsurface pedestrian tunnels extend from the “Page Chest Building” to
buildings to the north, east and west. Based on the presence of these tunnels, we
anticipate that at least one basement level may be present below this building.

The existing buildings cover the entire site area with the exception of a small grassed area
located within the south-eastern corner of the site.

4.4. Regional Geology

Reference to the Sydney 1:100,000 Geological Series Sheet 9130 Edition 1, 1983
indicates that the site is underlain by Ashfield Shale (Rwa) of the Wianamatta Group,
which comprises black to dark grey shale and laminite.

4.5. Subsurface Conditions

Subsurface conditions encountered within the boreholes are detailed on the engineering
logs presented in Appendix A of this report and have been summarised as follows:

PAVEMENT ASPHALTIC CONCRETE, to depths of between about 0.055m (BH4)
and 0.11m (BH1), underlain by

CONCRETE, to depths of between about 0.175m (BH5) and 0.31m
(BH1), underlain by,

ROADBASE, CLAY & ASH, to depths of between about 0.3m (BH4)
and 0.4m (BH1), underlain by,

RESIDUAL CLAY & Silty CLAY: medium to high plasticity, pale orange ,
orange, red and pale grey, to depths of between about 1.2m
(BH5) and 1.9m (BH4), underlain by,

CLAY & Silty CLAY: medium plasticity, pale grey and red
brown, interbedded with ironstone and shale gravel layers, to
depths of between about 3.2m (BH1) and 5.5m (BH3 & BH4),
underlain by,
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BEDROCK SHALE, extremely weathered, very low strength, brown and dark
grey, to depths of between about 4.0m (BH1) and 7.6m (BH4),
overlying,

SHALE, distinctly weathered, low to medium strength, dark grey, to
borehole termination depths of between about 7.55m (BH1) and
depths 10.85m (BH5).

The following should also be noted:

� BH5 did not encounter Asphaltic Concrete.
� BH5 did not have a roadbase layer below the concrete pavement.
� BH5 encountered uncontrolled, poorly compacted fill comprising silty sands

and silty clay to a depth of about 1.2m below existing ground surface levels.

Table 1: Summary of Soil and Rock Properties

Depth (m) BH 1 BH 2 BH 3 BH 4 BH 5
Approx. Surface
RL

33.8m 38.0m 38.5m 38.8m 38.8m

Asphaltic
Concrete

0 – 0.11 0 - 0.10 0 – 0.06 0 - 0.055 NE

Concrete 0.11 – 0.31 0.10 – 0.30 0.06 – 0.24 0.055 – 0.245 0 – 0.175
Roadbase 0.31 – 0.40 0.30 – 0.40 0.24 – 0.39 0.245 – 0.30 NE
Fill NE NE NE NE 0.175 – 1.2
Residual Clay 0.40 – 1.30 0.40 – 1.3 0.39 – 1.9 0.30 – 1.6 NE
Interbedded Clay
& shale/ironstone

1.3-3.2 1.3 – 3.3 1.9 – 5.5 1.6 – 5.5 1.2 – 5.4

VL St Shale 3.2-4.0 3.3 – 4.5 5.5 – 7.0 5.5 – 7.65 5.4 -6.8
L-M St Shale 4.0-7.55+ 4.5 – 10.3+ 7.0 – 10.45+ 7.65 – 9.95+ 6.8 - 10.85+
V Bit Refusal 1.3 1.3 1.9 1.6 1.2
Borehole
Termination
Depth

7.55 10.3 10.45 9.95 10.85

Notes : Units are in metres (m)
Reduced Levels (RL) estimated from survey plan
Not Encountered (NE)
Very Low Strength (VL)
Low to Medium Strength (L-M)
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4.6. Groundwater Conditions

Groundwater was encountered in BH 4 at a depth of approximately 6.7m. Water used for
rock coring techniques prevented the measuring of groundwater during the process of
rock coring. It should be noted however, that fluctuations in the level of groundwater
might occur due to variations in rainfall and/or other factors.

5.0 LABORATORY TESTING
Recovered rock cores from all boreholes were returned to our NATA accredited
laboratory for testing. The testing carried out on the rock samples was the Point Load
Strength Index Test. The Point Load Strength Indices for the rock cores and the assessed
rock strengths, in accordance with Australian Standards (Reference 1), are summarised in
the following table, Table 2.

Table 2: Point Load Strength Test Results

Borehole
Depth

(m)
Diametral Is(50)

(MPa)
Axial Is(50)

(MPa)
Assessed
Strength

1 5.75 NT 0.50 M
1 6.31 NT 0.25 L
1 6.69 NT 0.72 M
1 7.22 NT 0.54 M
2 7.32 0.16 0.38 M
2 7.76 0.21 0.60 M
2 8.25 0.36 0.46 M
2 8.67 0.38 0.56 M
2 9.25 0.48 0.72 M
2 9.93 0.06 0.56 M
3 7.85 0.17 0.44 M
3 8.29 0.10 0.33 M
3 8.75 0.33 0.36 M
3 9.14 0.15 0.40 M
3 9.84 0.25 0.89 M
3 10.14 0.13 0.59 M
4 7.58 0.10 0.03 VL
4 8.47 0.45 0.28 M
4 9.38 0.27 0.13 L
5 7.85 0.35 0.61 M



6

GS2948/1

5 8.32 0.64 0.63 M
5 8.73 0.31 0.30 M
5 9.20 0.35 0.38 M
5 9.87 0.38 0.48 M
5 10.43 0.23 0.55 M

Notes: Units are in metres (m)
Not Tested (NT)
VL – Very Low Strength
L – Low Strength
M – Medium Strength

Based on the rock core strengths (Table 2) and the rock discontinuities (shown in the core
logs), the bedrock from the proposed development site is classified for foundation design
purposes in accordance with Pells et al (Reference 2) as detailed in Table 3

Table 3: Rock Classification

Borehole
Depth

(m)
Rock Classification

(Reference 2)
1 4.00 – 7.55 Class IV
2 4.50 – 10.30 Class IV
3 7.00 – 10.43 Class IV

7.65 – 8.38 Class V
8.38 – 9.42 Class IV
9.42 – 9.65 Class V

4

9.65 – 9.95 Class IV
7.72 – 9.26 Class IV
9.26 – 9.37 Class V5
9.37 – 10.84 Class IV

6.0 COMMENTS AND RECOMMENDATIONS
6.1. Existing Fill Materials

Fill material was encountered at each borehole location comprising asphaltic concrete,
concrete and road base pavement materials within BH1, BH2, BH3 & BH4. Fill within
BH5 was poorly compacted and comprised sand, clay and gravels. We note that the
existing roads do not form part of the development and as such, for design purposes, the
pavement materials may be neglected for the purposes of this report.
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6.2. Excavation Conditions
Based on the limited drawings provided, excavation is proposed for two basement levels
with a possibility of a third basement level being excavated. As such, it is expected that
excavations will extend to depths of between about 6.0m and 9.0m below existing ground
surface levels.

Excavations will encounter limited fill materials and natural clays, extremely weathered
shale and clayey shale and low to medium strength shale bedrock.

Excavations of these materials may be achieved using conventional earthmoving
equipment such as excavators or dozers.

Trafficability problems may arise locally during wet weather, or if water is allowed to
pond on these materials. However as seepage was encountered during augering of the
overburden soils and weathered bedrock in BH4 at a depth of 6.7m, we do anticipate
some groundwater seepage into the proposed excavations. It should be noted however,
that groundwater conditions of a site might change with climatic and other factors. It is
our assessment that groundwater inflow during excavation, if any, may be adequately
handled by a conventional sump and pump system without impacting on regional
groundwater levels.

6.3. Retaining Structures and Batter Slopes
Materials likely to be encountered during excavation are likely to comprise minor fill,
natural clays, possibly with some interbedding of ironstone and shale. Very steep or
vertical faces could not be maintained in these materials. Excavations in these materials
would need to be appropriately battered or retained by engineered retaining structures
prior to excavation.

For unsupported cuts in these materials, up to a height of about 2.0m, the recommended
batter slopes are presented in the following Table 4.

Table 4: Recommended Batter Slopes For Unsupported Cuts
(not exceeding 2m in height)
Temporary

(Horizontal : Vertical)
Permanent

(Horizontal : Vertical)Material
Exposed Protected Exposed Protected

Fill & clays 1.5:1.0 1.0:1.0 2.5:1.0 2.0:1.0
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Surface protection of the cut slope can be provided by shotcrete. If required, the
shotcrete may be reinforced. Adequate surface and sub-surface drainage must be
provided to prevent the build-up of hydrostatic pressures behind the installed shotcrete.

Temporary surface protection may also be provided by means of covering with plastic
sheeting. It should be noted however, that the plastic sheeting should extend at least 2m
behind the crest of the cut face, augmented with a v-drain near the crest of the cut face to
divert all surface runoff from the cut face.

As excavation progresses, the cut faces should be inspected by a Geotechnical Engineer or
Engineering Geologist, to assess localised shotcreting requirements, batter slope stability
and to assess the suitability of recommended parameters for the design of retaining
structures.

However, we note that it is anticipated that the majority of site excavations will extend to
site boundaries and as such, insufficient area will be available to batter the majority of
proposed excavation faces. Batter slopes, steeper than those recommended above would
need to be retained by engineered retaining structures prior to excavation. Appropriate
retaining structures would comprise either contiguous pile or discrete soldier pile walls,
installed prior to excavation and in-filled with concrete panels to form the wall during
excavation. Retaining walls may be socketed into and founded in medium strength or
better shale bedrock, as a cantilever wall, below the bulk excavation level.

The pressure distribution on such retaining structures may be assumed to be triangular and
estimated as follows:

ph = �kH + qk

Where,
ph = Horizontal pressure (kN/m2)
� = Wet density (kN/m3)
k = Coefficient of earth pressure (ka or ko)
H = Retained height (m)
q = Surcharge pressure behind retaining wall (kN/m2)

For the design of flexible retaining structures, where some lateral movement is
acceptable, an active earth pressure coefficient is recommended. Should it be critical to
limit the horizontal deformation of a retaining structure, use of an earth pressure
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coefficient at rest should be considered. Recommended parameters for the design of
retaining structures are presented in the following Table 5.

TABLE 5: Design Parameters For Retaining Structures

Founding Material
Unit

Weight
(kN/m3)

Active Earth
Pressure

Coefficient

Passive earth
pressure

At rest earth
pressure

Coefficent
Fill 18 0.50 Ignore 0.60
Natural Overburden Soils –
Stiff Consistency 18 0.40 Ignore 0.55

Natural Overburden Soils –
Hard Consistency

20 0.25 Ignore 0.40

Shale Bedrock, weathered, low
and medium strength

20 0.20 200kPa 0.30

The foregoing coefficients assume that the ground level behind the retaining structures is
horizontal and the retained material is effectively drained.

The design of any retaining structure should be checked for bearing capacity,
overturning, sliding and overall stability of the slope.

Should the retaining structures be anchored or strutted, the earth pressure may be
assumed to be rectangular and estimated as 5.5H kPa for the residual soil profile and 4H
for the Class V shale bedrock, where H is the retained height.

Should retained soil be subject to groundwater pressure, additional earth pressure
resulting from groundwater should be allowed for in the design.

A qualified Structural Engineer should check the design of any retaining structures for
bearing capacity, overturning, sliding and overall stability of the slope.

Surcharge loading from neighbouring structures (if present) should also be taken into
account in the design of retaining structures should it be within the zone of influence of
the excavation. The zone of influence is defined as a plane projected from the toe of the
excavation into the excavation face upwards towards the ground surface at 45 degrees
from horizontal.
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Where permanent retaining structures have not been provided to retain the excavation,
the building wall at the lower ground floor level should be designed to provide permanent
support to the excavation faces.

6.4. Floor Slabs
“Uncontrolled” fill was encountered in BH5 only, there is a potential that these materials
may be encountered at other locations at existing ground surface levels. However, we
anticipate that the majority of the site will be excavated to depths of between about 6.0m
and 9.0m below existing ground surface levels, exposing extremely weathered shale
bedrock or better. Concrete infill slabs may be utilised at these depths.

If isolated ground bearing slabs are required at existing ground surface levels, existing
uncontrolled fill materials must be excavated and replaced in a “controlled” manner to
form a platform for support of the ground bearing slabs. The existing fill material is
considered suitable for reuse as “Controlled” fill provided all over size, deleterious and
other demolition refuse is sieved and removed prior to reuse and subject to appropriate
moisture conditioning.

If ground floor slabs are bearing on varying materials of distinct types (controlled fill and
bedrock or residual clays and bedrock) differential settlement of the slabs is likely to
occur unless a very rigid slab is used. Therefore, we recommend that where varying
subgrade materials are exposed across the footprint of ground bearing slabs, these
materials should be over-ripped to a depth of 0.3m, mixed to homogenise and
recompacted to a minimum dry density ratio of 100% standard within 2% of optimum
moisture content (OMC).

Ground bearing slabs founded on constructed fill platforms (by replacement of suitable
portions of the existing “uncontrolled” fill) may be designed for a Modulus of Subgrade
Reaction value of 15kPa/mm

6.5. Footings
Based on the limited documentation provided, we anticipate that footings for the
proposed building will need to bear on shale bedrock. We anticipate that shale bedrock
will be exposed at or near bulk excavation level. As such, shallow or deep footings
below bulk excavations are considered suitable for the proposed development.
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Shallow or deep footings founded and socketed a minimum of 0.3m into the respective
classes of shale bedrock may be designed for the serviceability end bearing capacities
detailed in Table 6.

TABLE 6: Serviceability End Bearing Capacity of Footings.

Founding Material Serviceability End Bearing Capacity

Shale (Class V) 600kPa

Shale (Class IV) 1000kPa

Likewise, bored shoring piers, comprising discrete soldier piers or contiguous piles
founded and socketed into at least Class IV shale bedrock or better, may be design for a
vertical loading of 1000kPa end bearing.

We recommend that bored piers are socketed at least 0.3m into the respective rock class,
in order to confirm that the recommended serviceability end bearing capacity has been
achieved.

It should be noted that a zone of influence of 1.5 times the pile diameter or minimum
footing dimension is to be considered for foundation design. Therefore, should the zone
of influence of footings extend between rock classes, the lower of the rock class should
be adopted.

The total settlement of piers and shoring piers founded in shale bedrock under the
recommended serviceability end bearing capacity is estimated to not exceed about 1% of
the minimum footing dimension or pier diameter and the differential settlements are
estimated to be about half of the estimated total settlements.

It is recommended that all footings are founded below and outside the zone of influence
of excavations.

It must be noted however, that foundations pertaining to the same structure are to be
founded on similar materials to minimise the potential for differential movement.
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7.0 LIMITATIONS & GENERAL COMMENTS
The assessment of the sub-surface profile at the proposed development site and the
recommendations presented in this report are based on information from five boreholes
drilled at client nominated locations. Significant differences in geotechnical conditions
occur across the site and as such, there is a possibility that the actual geotechnical
conditions across the site could differ from the inferred geotechnical model (on which our
recommendations are based) presented in this report. Groundwater seepage was only
encountered in one of the boreholes during augering in the overburden soils and
weathered bedrock. There is however, a possibility that groundwater levels or minor
seepage could be encountered during excavation.

We recommend that this office is contacted immediately for further advice if the sub-
surface and groundwater conditions encountered during construction vary from those
presented in this report.

Please do not hesitate to contact the undersigned if you have any queries.

For and on behalf of
Aargus Engineering Reviewed by

Adrian Collins Matthew Cupitt BSc (App Geol)

Geotechnical Engineer Senior Engineering Geologist
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Job No: GS2948
Hole No: BH 1
Sheet 1 of 3

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: MC

Surface Level:Existing Date:6/10/09
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- AC: 110 mm - - Pavement
CONCRETE: 200mm

DS FILL: Roadbase, Ash and Clay
0.5 CI-CHCLAY: medium - high plasticity, pale orange M > St - Residual 0.5

grading to pale grey Wp VSt

1.0 1.0

Interbedded SHALE / IRONSTONE & CLAY: V-bit refusal at 1.3m
very low - low strength, pale grey and red brown

1.5 1.5

2.0 2.0

2.5 2.5

3.0 3.0

SHALE: very low - low strength, dark grey, DW Bedrock

3.5 3.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS2948
Hole No: BH 1
Sheet 2 of 3

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: MC

Surface Level:Existing Date:6/10/09
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4.0 SHALE: low - medium strength, dark grey, DW Moderate to high TC bit 4.0

Resistance from 4.0m

4.5 4.5

5.0 5.0

5.5 5.5

TC Bit refusal at 5.7m
Dry Refer to Cored BH Log

6.0 6.0

6.5 6.5

7.0 7.0

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 1
Sheet: 3 of 3

CORELOG OF TEST HOLE
Client: Capital Insight Limited Hole Commenced: 6/10/2009
Project: Lifehouse at RPA Limited Hole Completed: 6/10/2009
Project Location: Missenden Road, Camperdown Supervised by: MC

Checked by: MC
Drill Model: Slope: 90o R.L. Surface: Existing

Barrel Type / Length: NMLC Bearing: - Datum: -
Drilling Information Rock Substance Rock Mass Defects
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5.5 5.5

Started Coring at 5.7 m
SHALE: Grey Fr 0.50

6.0 5.93 - Subvertical 6.0
Fracture
6.27 - Fracture 45°

0.25
6.4 - Subvertical

N 6.5 Fracture 6.5
M
L
C 0.72

7.0 7.0

0.54
7.3 - Fracture 45°

7.5 7.5

End Of Borehole at 7.55m

8.0 8.0

8.5 8.5

Key - Method Case - lift Weathering Strength Is (50) MPa

AS Auger Screwing Casing used Fr Fresh EL Extremely Low < 0.03
AD Auger Drilling Barrel withdrawn water level SW Slightly weathered VL Very Low 0.03 - 0.1
R Roller / Tricone date shown DW Distinctly Weathered L Low 0.1 - 0.3
W Washbore Water inflow XW Extremely weathered M Medium 0.3 - 1.0
NMLC NMLC Core Drill Partial drilling water loss H High 1.0 - 3.0
NQ,HQ Wireline Core Drill Complete drilling water loss VH Very High 3.0 - 10.0

EH Extremely High >10.0



Job No: GS 2948
Hole No: BH 2
Sheet 1 of 3

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: ML

Surface Level:Existing Date:7/10/09
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Additional Comments D
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- AC: 100mm thick - - Pavement
Concrete: 200mm thick Basecourse

DS Roadbase: Gravels Subbase
CI CLAY: medium plasticity, orange brown St Residual

0.5 0.5

CI CLAY: medium plasticity, pale grey mottled St -
1.0 yellow VSt 1.0

CI CLAY: medium plasticity, pale grey mottled H
1.5 yellow and brown with some weathered shale 1.5

gravels

2.0 2.0

2.5 2.5

3.0 3.0

V Bit Refusal at 3.3m
SHALE: brown and dark grey, very low Bedrock

3.5 strength, XW 3.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard

Wp

M<
Wp

M �

DS Wp

M =
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Hole No: BH 2
Sheet 2 of 3

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: ML

Surface Level:Existing Date:7/10/09

G
ro

un
dw

at
er

S
am

pl
es

/
Fi

el
d

Te
st

s

D
ep

th
(m

)

G
ra

ph
ic

Lo
g

U
ni

fie
d

C
la

ss
ifi

ca
tio

n

Description M
oi

st
ur

e
C

on
di

tio
n

C
on

si
st

en
cy

/
R

el
.D

en
si

ty

Additional Comments D
ep

th
(m

)

4.0 4.0

4.5 4.5

SHALE: dark grey black, DW, low to medium
strength

5.0 5.0

5.5 5.5

6.0 6.0

6.5 6.5

7.0 7.0

Dry Refer to Cored BH Log
Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 2
Sheet: 3 of 3

CORELOG OF TEST HOLE
Client: Capital Insight Limited Hole Commenced: 7/10/2009
Project: Lifehouse at RPA Hole Completed: 7/10/2009
Project Location: Missenden Road, Camperdown Supervised by: ML

Checked by: ML
Drill Model: Slope: 90o R.L. Surface: Existing

Barrel Type / Length: NMLC Bearing: - Datum: -
Drilling Information Rock Substance Rock Mass Defects
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7.0 Start Coring at 7.0m 7.0

SHALE: dark grey Fr
0.38

7.5 7.5

7.6 - Fracture 60°
0.60

8.0 8.0

0.46
N 8.38 - Crushed
M Seam 2mm thick
L 8.5 8.5

C 0.56

9.0 9.0

0.72

9.5 9.44 - Joint 60° 9.5

9.67 - Fracture 45°
9.68 - XW Seam
5 mm thick

0.56 9.71 - Joint, Curved,
10.0 Slicken sides 10.0

9.79 - Joint, Curved,
Slicken sides

End of Borehole at 10.3m
10.5 10.5

Key - Method Case - lift Weathering Strength Is (50) MPa

AS Auger Screwing Casing used Fr Fresh EL Extremely Low < 0.03
AD Auger Drilling Barrel withdrawn water level SW Slightly weathered VL Very Low 0.03 - 0.1
R Roller / Tricone date shown DW Distinctly Weathered L Low 0.1 - 0.3
W Washbore Water inflow XW Extremely weathered M Medium 0.3 - 1.0
NMLC NMLC Core Drill Partial drilling water loss H High 1.0 - 3.0
NQ,HQ Wireline Core Drill Complete drilling water loss VH Very High 3.0 - 10.0

EH Extremely High >10.0



Job No: GS 2948
Hole No: BH 3
Sheet 1 of 4

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: AC

Surface Level:Existing Date:9/10/09

G
ro

un
dw

at
er

S
am

pl
es

/
Fi

el
d

Te
st

s

D
ep

th
(m

)

G
ra

ph
ic

Lo
g

U
ni

fie
d

C
la

ss
ifi

ca
tio

n

Description M
oi

st
ur

e
C

on
di

tio
n

C
on

si
st

en
cy

/
R

el
.D

en
si

ty

Additional Comments D
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- AC: 60mm thick - - Pavement
CONCRETE: 180MM thick

DS ROADBASE: Gravels
0.5 CI-CHSILTY CLAY: medium to high plasticity, orange M � St 0.5

ES/DS red Wp
DS CI-CHAS ABOVE but pale grey and red

1.0 1.0

DS CI SILTY CLAY: medium plasticity pale grey and M � VSt -
orange Wp St

1.5 1.5

2.0 V Bit Refusal at 2.0m 2.0

DS INTERBEDDED SHALE / IRONSTONE AND
CLAY: red brown and pale grey

2.5 2.5

3.0 3.0

3.5 3.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 3
Sheet 2 of 4

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: AC

Surface Level:Existing Date:9/10/09
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4.0 4.0

4.5 4.5

5.0 5.0

5.5 5.5

DS SHALE: brown and grey, low strength, XW Bedrock

6.0 6.0

6.5 6.5

7.0 AS ABOVE but dark grey and brown, Medium TC bit 7.0

medium strength, DW-XW resistance
Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 3
Sheet 3 of 4

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: AC

Surface Level:Existing Date:9/10/09
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As ABOVE Medium TC bit
resistance

7.5 7.5

Dry Refer to Cored Borehole Log

8.0 8.0

8.5 8.5

9.0 9.0

9.5 9.5

### 10.0

### 10.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 3
Sheet 4 of 4

CORELOG OF TEST HOLE
Client: Capital Insight Limited Hole Commenced: 9/10/2009
Project: Lifehouse at RPA Hole Completed: 9/10/2009
Project Location: Missenden Road, Camperdown Supervised by: AC

Checked by:
Drill Model: Slope: 90o R.L. Surface: Existing

Barrel Type / Length: NMLC Bearing: - Datum: -
Drilling Information Rock Substance Rock Mass Defects
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7.5 Start Coring at 7.50m 7.5

CORE LOSS 0.17m
7.67

7.71 SHALE:dark grey with light grey laminae Fr 7.76 - Joint 45°
and iron indurated bands 0.44

8.0 SHALE: dark grey with light grey laminae 8.0

0.33

N 8.5 8.5

M
L 0.36
C

9.0 9.0 9.0

0.40

9.5 9.5

0.89

10.0 10.0

0.59

10.5 10.5

End of Borehole at 10.43m
Key - Method Case - lift Weathering Strength Is (50) MPa

AS Auger Screwing Casing used Fr Fresh EL Extremely Low < 0.03
AD Auger Drilling Barrel withdrawn water level SW Slightly weathered VL Very Low 0.03 - 0.1
R Roller / Tricone date shown DW Distinctly Weathered L Low 0.1 - 0.3
W Washbore Water inflow XW Extremely weathered M Medium 0.3 - 1.0
NMLC NMLC Core Drill Partial drilling water loss H High 1.0 - 3.0
NQ,HQ Wireline Core Drill Complete drilling water loss VH Very High 3.0 - 10.0

EH Extremely High >10.0



Job No: GS 2948
Hole No: BH 4
Sheet 1 of 4

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: MC

Surface Level:Existing Date:8/10/09
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Additional Comments D
ep

th
(m

)

- AC: 55mm thick - - Pavement
CONCRETE: 190mm thick

DS ROADBASE/ASH
CI-CH CLAY: medium to high plasticity, orange red M> St Residual

0.5 Wp 0.5

CI CLAY: medium plasticity, pale grey and white M> VSt -
1.0 Wp St 1.0

1.5 1.5

V bit refusal at 1.6m
INTERBEDDED SHALE AND CLAY: very low
strength, pale grey and red brown with ironstone
layers

2.0 2.0

2.5 2.5

3.0 3.0

3.5 3.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard

DS

DS



Job No: GS 2948
Hole No: BH 4
Sheet 2 of 4

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: MC

Surface Level:Existing Date:8/10/09
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Additional Comments D
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AS ABOVE

4.0 4.0

4.5 4.5

5.0 5.0

5.5 5.5

SHALE: low strength, dark grey, DW with very Bedrock
low strength bands

6.0 6.0

6.5 6.5

� Groundwater seepage
encountered at 6.7m

7.0 7.0

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 4
Sheet 3 of 4

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: MC

Surface Level:Existing Date:8/10/09
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Additional Comments D
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AB ABOVE
Refer to Cored BH Log

7.5 7.5

8.0 8.0

8.5 8.5

9.0 9.0

9.5 9.5

### 10.0

### 10.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 4
Sheet: 4 of 4

CORELOG OF TEST HOLE
Client: Capital Insight Limited Hole Commenced: 8/10/2009
Project: Lifehouse at RPA Hole Completed: 8/10/2009
Project Location: Missenden Road, Camperdown Supervised by: AC

Checked by:
Drill Model: Slope: 90o R.L. Surface: Existing

Barrel Type / Length: NMLC Bearing: - Datum: -
Drilling Information Rock Substance Rock Mass Defects
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00 Defect Description D
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7.0 7.0

Start Coring at 7.10m
SHALE: light and dark grey EW

7.5 0.03 7.5

7.6-XWS, 40mm thick
SW- 7.75-Joint, 45°
Fr 7.81-Joint, 45°

N 7.85-Joint 45°
M 8.0 8.05-Joint, 45° 8.0

L 8.12-Joint, 45°
C 8.20-CS, 5mm thick

8.28-Joint 45° & CS
0.28 5mm thick

8.5 8.38-Joint, 20° 8.5

8.6-Joint, 45°
SHALE: dark grey with light grey laminae
and iron indurated bands 8.72-Joint,45°

9.0 9.0

SHALE: dark grey with light grey 9.08-Joint, 50°
laminae

0.13 9.42-Joint, 45°
9.5 9.48-Joint, 45° 9.5

9.51-Joint, 45°
MW- 9.6-Joint, 45°
SW 9.65-Joint, 45°
FR

10.0 10.0

End of Borehole At 9.95m
Key - Method Case - lift Weathering Strength Is (50) MPa

AS Auger Screwing Casing used Fr Fresh EL Extremely Low < 0.03
AD Auger Drilling Barrel withdrawn water level SW Slightly weathered VL Very Low 0.03 - 0.1
R Roller / Tricone date shown DW Distinctly Weathered L Low 0.1 - 0.3
W Washbore Water inflow XW Extremely weathered M Medium 0.3 - 1.0
NMLC NMLC Core Drill Partial drilling water loss H High 1.0 - 3.0
NQ,HQ Wireline Core Drill Complete drilling water loss VH Very High 3.0 - 10.0

EH Extremely High >10.0



Job No: GS 2948
Hole No: BH 5
Sheet 1 of 5

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: AC

Surface Level:Existing Date:12/10/09
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- CONCRETE: 175mm thick - - Pavement

FILL: Silty Sand: brown and light brown with M
ironstone and shale gravels

0.5 0.5

1.0 FILL: Silty Clay: dark brown with sandstone and M � 1.0

ironstone gravels, medium to high plasticity Wp

CH-CI SILTY CLAY: medium to high plasticity M = St - Residual
grey and orange brown with ironstone gravels, Wp VSt

1.5 medium to high plasticity 1.5

2.0 2.0

2.5 2.5

3.0 3.0

3.5 3.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard

ES

DS



Job No: GS 2948
Hole No: BH 5
Sheet 2 of 5

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: AC

Surface Level:Existing Date:12/10/09
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AS ABOVE

SILTY CLAY: medium plasticity, brown mottled M = St -
4.0 grey and orange with shale and ironstone Wp VSt 4.0

gravels

4.5 4.5

5.0 5.0

V Bit Refusal at 5.4m
5.5 SHALE: grey brown, low strength, XW to DW Bedrock 5.5

6.0 6.0

6.5 6.5

SHALE: dark grey, low to medium strength, SW
7.0 7.0

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard

DS

DS

DS



Job No: GS 2948
Hole No: BH 5
Sheet 3 of 5

ENGINEERING LOG OF DRILLED BOREHOLE
Client: Capital Insight Limited Test Location: Refer to Fig 1
Project: Lifehouse at RPA Test Method: Truck Mounted Drill Rig
Project Location: Missenden Road, Camperdown Coordinates: - Logged by: AC

Surface Level:Existing Date:12/10/09
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AS ABOVE

7.5 7.5

Dry Refer to Cored BH Log

8.0 8.0

8.5 8.5

9.0 9.0

9.5 9.5

### 10.0

### 10.5

Explanatory Notes:
Consistency Density Index Samples Moisture
VS Very Soft VL Very Loose B Bulk Sample D Dry
S Soft L Loose D Disturbed Sample M Moist
F Firm MD Medium Dense U50 Undisturbed Sample W Wet
St Stiff D Dense (50mm diam.) Wp Plastic Limit
VSt Very Stiff VD Very Dense N S.P.T. Value Wl Liquid Limit
H Hard



Job No: GS 2948
Hole No: BH 5
Sheet: 4 of 5

CORELOG OF TEST HOLE
Client: Capital Insight Limited Hole Commenced: 12/10/2009
Project: Lifehouse at RPA Hole Completed: 12/10/2009
Project Location: Missenden Road, Camperdown Supervised by:AC

Checked by:
Drill Model: Slope: 90o R.L. Surface: Existing

Barrel Type / Length: NMLC Bearing: - Datum: -
Drilling Information Rock Substance Rock Mass Defects
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Substance Description W
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7.5 7.5

Start Coring at 7.72m
SHALE: dark grey with light grey Fr 0.61
laminae and iron indurated bands

8.0 SHALE: dark grey with light grey 8.0

laminae

0.63

8.5 8.5

N 0.30
M
L
C 9.0 9.0

0.38 9.26-Joint 45°, Slicken
Sides
9.31-Joint 45°

9.5 9.37-Joint 45°, Slicken 9.5

Sides

0.48
10.0 10.0

0.55
10.5 10.5

Key - Method Case - lift Weathering Strength Is (50) MPa

AS Auger Screwing Casing used Fr Fresh EL Extremely Low < 0.03
AD Auger Drilling Barrel withdrawn water level SW Slightly weathered VL Very Low 0.03 - 0.1
R Roller / Tricone date shown DW Distinctly Weathered L Low 0.1 - 0.3
W Washbore Water inflow XW Extremely weathered M Medium 0.3 - 1.0
NMLC NMLC Core Drill Partial drilling water loss H High 1.0 - 3.0
NQ,HQ Wireline Core Drill Complete drilling water loss VH Very High 3.0 - 10.0

EH Extremely High >10.0



Job No: GS 2948
Hole No: BH 5
Sheet: 5 of 5

CORELOG OF TEST HOLE
Client: Capital Insight Limited Hole Commenced: 12/10/2009
Project: Lifehouse at RPA Hole Completed: 12/10/2009
Project Location: Missenden Road, Camperdown Supervised by:AC

Checked by:
Drill Model: Slope: 90o R.L. Surface: Existing

Barrel Type / Length: NMLC Bearing: - Datum: -
Drilling Information Rock Substance Rock Mass Defects
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Substance Description W
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End of Borehole at 10.84m

11.0 11.0

11.5 11.5

12.0 12.0

N
M
L
C 12.5 12.5

13.0 13.0

13.5 13.5

14.0 14.0

Key - Method Case - lift Weathering Strength Is (50) MPa

AS Auger Screwing Casing used Fr Fresh EL Extremely Low < 0.03
AD Auger Drilling Barrel withdrawn water level SW Slightly weathered VL Very Low 0.03 - 0.1
R Roller / Tricone date shown DW Distinctly Weathered L Low 0.1 - 0.3
W Washbore Water inflow XW Extremely weathered M Medium 0.3 - 1.0
NMLC NMLC Core Drill Partial drilling water loss H High 1.0 - 3.0
NQ,HQ Wireline Core Drill Complete drilling water loss VH Very High 3.0 - 10.0

EH Extremely High >10.0



GS 2948 – BH 1 (5.70m – 7.55m)

GS 2948 – BH2 (7.00m – 10.24m)



GS 2948 – BH 3 (7.50m – 10.43m)

GS 2948 – BH 4 (7.10m – 9.95m)



GS 2948 – BH 5 (7.72m – 10.84m)



THE CHRIS O’BRIEN LIFEHOUSE AT RPA
PROJECT APPLICATION AND ENVIRONMENTAL ASSESSMENT - MP 10_0036
PREPARED BY LFA (PACIFIC) PTY LTD JUNE 2010
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ANALYTICAL REPORTANALYTICAL REPORT
28 May 201028 May 2010

Aargus Pty LtdAargus Pty Ltd
446 Parramatta Road446 Parramatta Road
PETERSHAMPETERSHAM
NSWNSW 20492049

Attention:Attention: Adrian CollinsAdrian Collins

Your Reference:Your Reference: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown

Our Reference:Our Reference: SE78608SE78608 Samples:Samples: 8 Soils8 Soils
Received:Received: 27/05/201027/05/2010

Preliminary Report Sent:Preliminary Report Sent: Not IssuedNot Issued

These samples were analysed in accordance with your written instructions.These samples were analysed in accordance with your written instructions.

For and on Behalf of:For and on Behalf of:
SGS ENVIRONMENTAL SERVICESSGS ENVIRONMENTAL SERVICES

Sample Receipt:Sample Receipt: Angela MamalicosAngela Mamalicos AU.SampleReceipt.Sydney@sgs.comAU.SampleReceipt.Sydney@sgs.com
Production Manager:Production Manager: Huong CrawfordHuong Crawford Huong.Crawford@sgs.comHuong.Crawford@sgs.com

Results Approved and/or Authorised by:Results Approved and/or Authorised by:
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PROJECT:PROJECT: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown REPORT NO:REPORT NO: SE78608SE78608

Anions in soil 
Our Reference: UNITS SE78608-1 SE78608-2 SE78608-3 SE78608-4 SE78608-5
Your Reference ------------- BH3 BH3 BH3 BH3 BH4

Depth ------------ 0.1-0.6 1.0-1.2 1.4-1.7 2.5-2.82 0.4-0.6
Sample Matrix Soil Soil Soil Soil Soil

Date Extracted 28/05/2010 28/05/2010 28/05/2010 28/05/2010 28/05/2010

Date Analysed 28/05/2010 28/05/2010 28/05/2010 28/05/2010 28/05/2010

Chloride, Cl 1:5 soil:water mg/kg 13 9.1 3.0 2.3 2.9

Sulphate, SO4 1:5 soil:water mg/kg 46 82 22 28 47

Anions in soil 
Our Reference: UNITS SE78608-6 SE78608-7 SE78608-8
Your Reference ------------- BH4 BH4 BH4

Depth ------------ 1.0-1.45 2.5-2.95 4.0-4.23
Sample Matrix Soil Soil Soil

Date Extracted 28/05/2010 28/05/2010 28/05/2010

Date Analysed 28/05/2010 28/05/2010 28/05/2010

Chloride, Cl 1:5 soil:water mg/kg 3.7 3.4 4.1

Sulphate, SO4 1:5 soil:water mg/kg 33 58 130
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PROJECT:PROJECT: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown REPORT NO:REPORT NO: SE78608SE78608

Inorganics
Our Reference: UNITS SE78608-1 SE78608-2 SE78608-3 SE78608-4 SE78608-5
Your Reference ------------- BH3 BH3 BH3 BH3 BH4

Depth ------------ 0.1-0.6 1.0-1.2 1.4-1.7 2.5-2.82 0.4-0.6
Sample Matrix Soil Soil Soil Soil Soil

Date Extracted- (pH 1:5 soil: Water) 28/05/2010 28/05/2010 28/05/2010 28/05/2010 28/05/2010

Date Analysed (pH 1:5 Soil: Water) 28/05/2010 28/05/2010 28/05/2010 28/05/2010 28/05/2010

pH 1:5 soil:water pH Units 5.0 5.3 5.7 6.1 4.9

Inorganics
Our Reference: UNITS SE78608-6 SE78608-7 SE78608-8
Your Reference ------------- BH4 BH4 BH4

Depth ------------ 1.0-1.45 2.5-2.95 4.0-4.23
Sample Matrix Soil Soil Soil

Date Extracted- (pH 1:5 soil: Water) 28/05/2010 28/05/2010 28/05/2010

Date Analysed (pH 1:5 Soil: Water) 28/05/2010 28/05/2010 28/05/2010

pH 1:5 soil:water pH Units 4.8 5.6 5.5
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PROJECT:PROJECT: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown REPORT NO:REPORT NO: SE78608SE78608

Moisture
Our Reference: UNITS SE78608-1 SE78608-2 SE78608-3 SE78608-4 SE78608-5
Your Reference ------------- BH3 BH3 BH3 BH3 BH4

Depth ------------ 0.1-0.6 1.0-1.2 1.4-1.7 2.5-2.82 0.4-0.6
Sample Matrix Soil Soil Soil Soil Soil

Date Analysed (moisture) 28/05/2010 28/05/2010 28/05/2010 28/05/2010 28/05/2010

Moisture % 14 12 12 11 21

Moisture
Our Reference: UNITS SE78608-6 SE78608-7 SE78608-8
Your Reference ------------- BH4 BH4 BH4

Depth ------------ 1.0-1.45 2.5-2.95 4.0-4.23
Sample Matrix Soil Soil Soil

Date Analysed (moisture) 28/05/2010 28/05/2010 28/05/2010

Moisture % 18 15 13
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PROJECT:PROJECT: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown REPORT NO:REPORT NO: SE78608SE78608

Method ID Methodology Summary

  SEI-038 Water Soluble Chloride
Water Soluble Chloride
After carrying out a 1:5 soil:water extraction, an aliquot of the extract is reacted with mercuric thiocyanate 
forming a mercuric chloride complex. In the presence of ferric iron, highly coloured ferric thiocyanate is 
formed which is proportional to the chloride concentration.  Reference NEPM, Schedule B(3), 401 and APHA 
4500Cl-

Water Soluble Sulphate
After carrying out a 1:5 soil:water extraction ,sulphate in the extract is precipitated in an acidic medium with 
barium chloride. The resulting turbidity is measured photometrically at 405nm and compared with standard 
calibration solutions to determine the sulphate concentration in the sample. Reference NEPM, Schedule B(3), 
401 and APHA 4500-SO42-. 

  AN101 pH - Measured using  pH meter and electrode based on APHA 21st Edition, 4500-H+. For water analyses the 
results reported are indicative only as the sample holding time requirement specified in APHA was not met 
(APHA requires that the pH of the samples are to be measured within 15 minutes after sampling).

  AN002 Preparation of soils, sediments and sludges undergo analysis by either air drying, compositing, subsampling 
and 1:5 soil water extraction where required. Moisture content is determined by drying the sample at 105 ±
5°C.
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PROJECT:PROJECT: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown REPORT NO:REPORT NO: SE78608SE78608

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Anions in soil Base + Duplicate + 
%RPD

Duplicate + %RPD

Date Extracted 28/05/1
0

[NT] [NT] LCS 28/05/10

Date Analysed 28/05/1
0

[NT] [NT] LCS 28/05/10

Chloride, Cl 1:5 
soil:water

mg/kg 0.25 SEI-038 <0.2 [NT] [NT] LCS 97%

Sulphate, SO4 1:5 
soil:water

mg/kg 0.5 SEI-038 <0.5 [NT] [NT] LCS 95%

QUALITY CONTROL UNITS LOR METHOD Blank
Inorganics

Date Extracted- (pH 1:5 
soil: Water)

[NT]

Date Analysed (pH 1:5 
Soil: Water)

[NT]

pH 1:5 soil:water pH Units  0 AN101 0.0

QUALITY CONTROL UNITS LOR METHOD Blank
Moisture

Date Analysed 
(moisture)

[NT]

Moisture %  1 AN002 <1
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PROJECT:PROJECT: GS2948-B - RPA Lifehouse - CamperdownGS2948-B - RPA Lifehouse - Camperdown REPORT NO:REPORT NO: SE78608SE78608

Result CodesResult Codes
[INS][INS] :: Insufficient Sample for this testInsufficient Sample for this test [RPD]   :   Relative Percentage Difference[RPD]   :   Relative Percentage Difference
[NR][NR] :: Not RequestedNot Requested *           :*           : Not part of NATA AccreditationNot part of NATA Accreditation
[NT][NT] :: Not testedNot tested [N/A]    :   Not Applicable[N/A]    :   Not Applicable
[LOR]   :       Limit of reporting[LOR]   :       Limit of reporting
Report CommentsReport Comments

Samples analysed as received. Solid samples expressed on a dry weight basis.Samples analysed as received. Solid samples expressed on a dry weight basis.
Date Organics extraction commenced:Date Organics extraction commenced:
NATA Corporate Accreditation No. 2562, Site No 4354NATA Corporate Accreditation No. 2562, Site No 4354
Note: Test results are not corrected for recovery (excluding Air-toxics and Dioxins/Furans*) Note: Test results are not corrected for recovery (excluding Air-toxics and Dioxins/Furans*) 
This document is issued by the Company subject to its General Conditions of ServiceThis document is issued by the Company subject to its General Conditions of Service
(www.sgs.com/terms_and_conditions.htm). Attention is drawn to the limitations of liability,(www.sgs.com/terms_and_conditions.htm). Attention is drawn to the limitations of liability,
indemnification and jurisdictional issues established therein. indemnification and jurisdictional issues established therein. 

This document is to be treated as an original within the meaning of UCP 600. Any holder of thisThis document is to be treated as an original within the meaning of UCP 600. Any holder of this
document is advised that information contained hereon reflects the Company's findings at the time ofdocument is advised that information contained hereon reflects the Company's findings at the time of
its intervention only and within the limits of client's instructions, if any. The Company's soleits intervention only and within the limits of client's instructions, if any. The Company's sole
responsibility is to its Client and this document does not exonerate parties to a transaction fromresponsibility is to its Client and this document does not exonerate parties to a transaction from
exercising all their rights and obligations under the transaction documents. Any unauthorizedexercising all their rights and obligations under the transaction documents. Any unauthorized
alteration, forgery or falsification of the content or appearance of this document is unlawful andalteration, forgery or falsification of the content or appearance of this document is unlawful and
offenders may be prosecuted to the fullest extent of the law. offenders may be prosecuted to the fullest extent of the law. 

Quality Control ProtocolQuality Control Protocol
Method Blank:  An analyte free matrix to which all reagents are added in the same volume or proportions as used in sample processing. 
The method blank should be carried through the complete sample preparation and analytical procedure. A method blank is prepared every The method blank should be carried through the complete sample preparation and analytical procedure. A method blank is prepared every 
20 samples.20 samples.
Duplicate: A separate portion of a sample being analysed that is treated the same as the other samples in the batch. One duplicate is 
processed at least every 10 samples.processed at least every 10 samples.
Surrogate Spike: An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical 
process, but which is not normally found in environmental samples. Surrogates are added to samples before extraction to monitor extraction process, but which is not normally found in environmental samples. Surrogates are added to samples before extraction to monitor extraction 
efficiency and percent recovery in each sample.efficiency and percent recovery in each sample.
Internal Standard: Added to all samples requiring analysis for organics (where relevant) or metals by ICP after the extraction/digestion 
process; the compounds/elements serve to give a standard of retention time and/or response, which is invariant from run-to-run with process; the compounds/elements serve to give a standard of retention time and/or response, which is invariant from run-to-run with 
the instruments.the instruments.
Laboratory Control Sample: A known matrix spiked with compound(s) representative of the target analytes. It is used to document 
laboratory performance. When the results of the matrix spike analysis indicates a potential problem due to the sample matrix itself, the LCS laboratory performance. When the results of the matrix spike analysis indicates a potential problem due to the sample matrix itself, the LCS 
results are used to verify that the laboratory can perform the analysis in a clean matrix.results are used to verify that the laboratory can perform the analysis in a clean matrix.
Matrix Spike: An aliquot of sample spiked with a known concentration of target analyte(s). The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to document the bias of a method in a given sample matrix.and analysis. A matrix spike is used to document the bias of a method in a given sample matrix.

Quality Acceptance CriteriaQuality Acceptance Criteria
The QC criteria are subject to internal review according to the SGS QAQC plan and may be provided on request or alternatively can be foundThe QC criteria are subject to internal review according to the SGS QAQC plan and may be provided on request or alternatively can be found
here: http://www.au.sgs.com/sgs-mp-au-env-qu-022-qa-qc-plan-en-09.pdfhere: http://www.au.sgs.com/sgs-mp-au-env-qu-022-qa-qc-plan-en-09.pdf
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