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4.2.3 Groundwater 

Groundwater seepage was only observed in three boreholes surrounding the proposed Building 3 site. 
Within boreholes CBH?, CBH7 and CBH18 seepage was observed at depths of 3.5m, ?.Om and 5.5m 
respectively. Within the cored boreholes, water was used as a drilling fluid which prevented 
groundwater observations. 

It should be noted that groundwater levels are subject to variation due to the influence of rainfall, 
temperature, local drainage and the seasons. There may also be the potential for development of 
perched groundwater tables following periods of rainfall. 

4.3 Laboratory Test Results 

The six CBR test were carried out in potential subgrade soils for road pavements. CBR values varied 
from 2% to 10%. 

Testing of pH, Sulphate and Chloride was carried out on six samples from fill and residual soil. Values 
for pH were found to vary from 4.7 to 8.1. The Sulphate and Chloride levels obtained from the tests 
were generally low with sulphate levels varying from 33 to 78 mglkg (SOr) and chloride levels from 2 to 
290 mglkg (CI). 

5 DISCUSSION AND RECOMMENDATIONS 

Comments relevant to each separate building are provided in sections 5.1 to 5.4. Recommendations 
relevant to Buildings 1 to 3 are presented in sections 5.5 to 5.10. Earthquake load factors are provided 
for Buildings 1 to 4 in section 5.11. 

5.1 Building I 

The subsurface conditions across the Building 1 site generally consist of fill, overlying a thin layer of 
residual soil, overlying sandstone. The existing car park was constructed by cut and fill techniques, with 
the eastern side of the car park cut into the natural ground and the western side filled up to 2.5m (within 
CBHIS). The fill generally consists of Sandy Clay and Clayey Sand. In the absence of fill placement 
records and compaction control test results, the fill should be considered to be uncontrolled. 

Preliminary sketches of the proposed car park show the base level to be at 154.6m AHD. With the 
depth to sandstone varying from 0.9m to 2.5m below current surface levels, it is likely that rock will be 
exposed or at relatively shallow depth below the proposed car park structure. With foundations 
spanning rock and soil there is a greater potential for differential settlements, compared to rock 
foundations. To avoid possible problems with differential settlement we recommend that building loads 
such as basement retaining walls and column loads be supported on rock. Strip, pad footings or bored 
piers could be adopted, depending on the bulk excavation levels and the depth to bedrock. Figure 4 
shows cross sections through the site with inferred rock levels. 

5.2 Building 2 

The subsurface conditions across the Building 2 site generally consist of fill, overlying a thin layer of 
residual soil, overlying sandstone. Although the surface level of the existing car park falls at the eastern 
end this is where the greatest thickness of fill was observed and probably indicates the presence of a 
minor gully that was filled as part of the car park construction. Fill thickness varies from 0.2m at the 
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A stairway leads to the basement from within the building. Within the basement in rooms titled "South 
Wing Switch Room" and the "Electrical Store Room", brick strip footings supporting a concrete slab 
associated with the ground floor were visible. The footings were bearing on shale which was clearly 
visible in the cut which forms the basement as shown in photo 1 below. 

Photo 1: Basement wall to the left and shale bedrock exposure to the right 

4.2 Sub surface conditions 

4.2.1 Published Geology 

The Sydney 1 :100,000 Geological Sheet indicates the site locality spans the contact between Ashfield 
Shale and Hawkesbury Sandstone. Ashfield Shale is described as a black to dark grey shale and 
laminate, while Hawkesbury Sandstone is described as medium to coarse grained quartz sandstone, 
very minor shale and laminate lenses. 

4.2.2 Sub Surface Conditions 

For a description of the subsurface conditions encountered at the borehole locations, refer to the 
Engineering Logs presented in Appendix A. Based on the information obtained from the boreholes, a 
general geotechnical model has been developed and is presented in Table 4.1. Sections showing the 
general geology for each building are also shown on Figures 4, 5 and 6. 
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1 INTRODUCTION 

This report presents the results of a geotechnical investigation carried out by Coffey Geotechnics Pty 
Ltd (Coffey) for the proposed additions to the Sydney Adventist Hospital (SAN), Wahroonga. The work 
was commissioned by Barry Young of Taylor Thomson Whitting (TTW) on behalf of Coffey Projects Pty 
Ltd and was carried out in general accordance with our fee proposal reference GEOTLCOV23464AA-
AA, dated 4 February 2008. 

This report presents the results of the fieldwork, laboratory testing and a summary of the ground 
conditions encountered. It also provides geotechnical assessment for each of the proposed structures 
which form part of the proposed site development. 

2 PROJECT APPRECIATION 

The existing SAN Hospital is located on the western side of Fox Valley Road and is bounded by The 
Comenarra Parkway to the south, Fox Valley Road to the east and Coups Creek to the west and north. 
Existing developments within the hospital grounds include multi-storey buildings, roads, car parks, sport 
facilities and landscaped grassed areas. There are four proposed additjons to the hospital and these 
are labelled Building 1, 2, 3 and 4 as shown on the Site Plan in Figure 1. Details of the proposed 
improvements are as follows: 

Building 1: A new five storey multi deck car park to be built in the same area as an existing car 
park at grade. 

Building 2: A new four storey reinforced concrete framed building to replace an existing car 
park at grade. 

Building 3: A new building with a possible three storey basement. 

Building 4: An existing three storey brick building with modifications to load bearing internal 
walls within the eastern corner. The building will appear unchanged from the outside. 

The objectives of the geotechnical investigation were to provide information on the subsurface 
conditions, a geotechnical model, and discussions and recommendations on relevant geotechnical 
aspects of the project. 

An environmental assessment has also been carried out on this site and is detailed in a separate report. 

3 INVESTIGATION METHODOLOGY 

3.1 Fieldwork 

3.1.1 Buildings 1, 2, 3 

Fieldwork to investigate Buildings I ,  2 and 3 was carried out from 10 to 25 March 2008 and comprised 
the drilling of 27 boreholes (CBHI to CBH27). 

The boreholes were drilled using a truck mounted drilling rig equipped with a continuous flight auger, to 
depths ranging between Im and 12.36m with the exception of CBH26 and CBH27 where a hand auger 
was used to depths of O.lm and 0.2m respectively. The boreholes were augered in soils using a solid 
flight auger and a steel V shaped bit or tungsten carbide bit. Standard Penetration Testing was carried 
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out in all boreholes to assess strength and to obtain samples for logging and laboratory analysis. Upon 
encountering rock, diamond coring techniques were used to advance the boreholes and to obtain core 
for analysis. 

A Coffey engineering geologist monitored the fieldwork on a full-time basis and recorded an engineering 
log of the subsurface profile observed at each location. 

Water level readings have been made in the drill holes at times and under conditions stated on the 
borehole logs. In cored boreholes, water was used as a drilling fluid and groundwater levels could not 
be monitored. It must be noted that fluctuations in the level of the groundwater may occur due to 
variations in rainfall, temperature, and other factors. 

Borehole locations were measured by tape relative to site boundaries. Test elevations were measured 
by staff and dumpy level to a datum of 162.54m AHD located within the hospital grounds. 

Engineering logs of the boreholes are presented in Appendix A, together with colour core photographs 
and Explanation Sheets defining the terms and symbols used. 

3.1.2 Building4 Assessment 

A site visit to Building 4 was carried out on 28 March 2008. The brick building is generally three stories 
high with a basement and is inter-connected to new structures along the north western and south 
western walls. The assessment involved walking through the existing building and looking at the 
existing footings through access doors in the basement. The assessment took into consideration the 
following: 

Construction materials used in existing structure. 

Condition assessment of the walls and floors of the structure. 

Assessment of topography surrounding the building 

Assessment of the footings for the existing building. 

3.2 Laboratory Testing 

Six soaked CBR tests were carried out on bulk samples obtained from CBH7, CBH10, CBH11, CBH14, 
CBH15 and CBH18. Six saniples from CBH1, CBH8, CBH12, CBH13, CBH15 and CBH16 were tested 
for pH, sulphate and chloride content. 

The results of the CBR, pH, Sulphate and Chloride content tests are presented in Appendix C. 

Rock point load strength index tests were carried out on rock core and the results are presented on the 
engineering logs. 
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4 RESULTS OF THE INVESTIGATION 

4.1 Site Descriptions 

4.1.1 Building 1 

The proposed Building 1 site is located along the western perimeter of the hospital where currently a 
level car park is situated. The land adjacent to the car park generally slopes downwards to the west, 
with the car park having been cut into the slope along the eastern and filled along the western 
boundaries respectively. The fill was estimated to be 2m high at the north western end of the car park. 
Batter angles of 18"and 19" were measured for the cut and fill sections respectively using a hand held 
clinometer. 

To the west of the car park was a well maintained grassed strip of land approximately 20m wide. 
Further west the land falls sharply and the vegetation consists of bushes and mature trees. 

4.1.2 Building 2 

The proposed Building 2 site is located along the central northern perimeter of the hospital where a car 
park is situated. In this area, the land falls to the north at an angle of 3"to 4" with the car park terraced 
over 3 levels to accommodate the slope. There was minor cut and fill earthworks estimated at I m  
height associated with the terracing. The eastern end of the car park is lower than the western end and 
has been filled where a former gully was located. 

Adjacent to the north west of the car park is a grassed drainage basin. The basin is approximately 2m 
deep and in the base is a galvanised steel grill probably associated with a drainage system. Beyond 
the basin the land slopes downwards to the north towards Coups Creek where dense vegeta'tion is 
present. 

4.1.3 Building 3 

The detail and location of proposed Building 3 was not finalised at the time this report was prepared, 
however we understand it is to be located adjacent and to the south of the proposed Building 1 site. In 
this area is a grassed drainage basin similar to that found in the Building 2 area. The basin is 2m deep 
and has a galvanised steel grill and manhole in the base. At the western end of the basin is a 6m wide 
well maintained grassed crest. Beyond this, the land falls at an angle of approximately 18" to the west 
and is vegetated with thick grass. At the base of the slope are mature trees and bushes. Fragments of 
broken brick observed on the surface at the northern end of the basin suggest that the basin walls may 
have been constructed using fill material. 

Adjacent to the south of the basin is a car park. The south western end of the car park has been raised 
approximately 1.5mabove the surrounding ground level. To the east of the basin are two single storey 
buildings. An in-ground swimming pool is located to the northeast of the basin. 

4.1.4 Building 4 

Building 4 is an existing three storey brick structure located in the eastern area of the hospital. The 
building has a basement along its south eastern side and is inter-connected to new structures along the 
north western and south western walls. The land surrounding the building generally slopes down to the 
east. 
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a. 

Notes: 

(1) The unit thickness and base of unit values are based on the boreholes and may not represent the extremes 

(maximum or minimum) values across the site. 

(2) Rock classified in accordance with Pells et a1 (1998) "Foundations on Sandstone and Shale in the Sydney 
- Region"Aust. Geomech. Jnl, Dec 1998. 

TABLE 1: SUBSURFACE PROFILEAT TEST LOCATIONSAND GEOTECHNICALMODEL 

Unit 

Unit 1 - Fill 

Unit 2 -
Residual 

Unit 3 -
Sandstone 

Unit 4 -Shale 
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R.L. Top of Layer 
(m AHD) ('I 

156.5 to 162.9 

154.2 to 162.7 

151.8 to 162.2 

149.7 to 161.0 

Not measured 

Description 

Bitumen and Roadbase for boreholes 
excavated in car parks overlying silty sand, 
clayey sand, sandy clay and clay, with some 
sandstone gravel up to cobbles size, concrete 
rubble, organic fragments and tree roots. 

Typically 

Sandy Clay and Clay: stiff, low to high 
plasticity,orange brown, pale grey 
and red 

Silty Sand and Sand: fine to medium 
grained, brownish grey 

Unit 3A typically: 

Very low to medium strength, yellow, 
red, orange, grey, extremely to 
moderately weathered 

Class V and IV ~andstone'~) 

Unit 3B typically: 

Medium to high strength, grey, yellow, 
orange, red and brown, moderately 
weathered to fresh 

Class Ill or better sandstone") 

Found only beneath Building4. Very low to 
medium strength, highly to moderately 
weathered, grey and orange shale. 

Estimate Class IV shale ") 

Thickness of 
Unit (m)"' 

0.2 to 6.8 

0 to 1.2 

0 to 3.7 
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western end up to 3.14m (within CBH17) at the eastern end. The fill consists of Clay, Sandy Clay, 
Sand, Silty Sand and Clayey Sand. In the absence of fill placement records and compaction control 
test results, the fill should be considered to be uncontrolled. 

The level of the base of proposed Building 2 was not defined at the time this report was compiled. With 
the depth to sandstone varying from 0.6m to 3.6m below current surface levels, the base level of the 
proposed structure may lie within both soil and rock. With foundations spanning rock and soil there is a 
greater potential for differential settlements, compared to rock foundations. To avoid possible problems 
with differential settlement we recommend that building loads such as basement retaining walls and 
column loads be supported on rock. Strip, pad footings or bored piers could be adopted, depending on 
the bulk excavation levels and the depth to bedrock. Figure 5 shows cross sections through the site 
with inferred rock levels. 

5.3 Building 3 

The subsurface conditions across the Building 3 site consist of a relatively thick layer of fill overlying 
either a thin layer of residual soil or bearing directly on sandstone. Fill thickness varies from 2.7m 
(within CBH7) at the north eastern area of the proposed structure to 6.8m (within CBH18) at the south 
western end. The fill consists of Clay, Sandy Clay, Sand, Silty Sand and Clayey Sand. In the absence 
of fill placement records and compaction control test results, the fill should be considered to be 
uncontrolled. 

Uncontrolled fill is not suitable for supporting building loads and as such, we recommend building loads 
be supported on rock using either piled footings or a shallow footing system. Strip, pad footings or 
bored piers could be adopted, depending on the bulk excavation levels and the depth to bedrock. 
Figure 6 shows cross sections through the site with inferred rock levels. 

The proposed Building 3 may contain a three storey basement and as such will require retaining 
structures as part of the development. Retaining structures may take the form of a soldier piled wall 
with timber infill panels or shotcrete panels, although groundwater seepage could cause ground loss, 
requiring careful construction with infill panels being constructed in relatively short depth increments. 
Alternatively, contiguous piles could be used with provision for grouting between piles in the event that 
seepage and ground loss occurs between piles. 

5.4 Building 4 

Improvements to Building 4 will consist of modifications to load bearing internal walls within the eastern 
corner of the existing structure. Based on site observations, shale was observed beneath the existing 
concrete ground floor slab in the area where the improvements are proposed. 

We recommend an allowable bearing pressure for the shale exposed beneath Building 4 of 1000kPa. 
Footings should be embedded at least 0.3m into the rock and the base cleaned of debris. 

The existing basement in the eastern corner of the building was cut into the shale creating a near 
vertical unsupported rock cutting up to approximately 2m high in places. New footings for load bearing 
walls will need to be placed a distance of at least 2 footing widths from the edge of any rock cutting. If 
this is not feasible, our preference would be to excavate the shale to the base of the ex~sting cut and 
extend the footing. Alternatively, a reduction in the allowable bearing pressure to 6OOkPa and an 
inspection by a geotechnical engineer to observe the condition of the near vertical rock face will be 
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required. Following the inspection, further recommendations such as the removal of any loose rock, 
placement of rock dowels or shotcreting of exposed face may be required. 

Settlement of footings should be less than 1 % of the least footing dimension. 

5.5 Site Preparation and Excavation Conditions 

If fill is used to support structures or pavements it will need to be excavated and re-compacted if 
suitable, or replaced with an imported fill. Re-compacted clayey sands, sandy clays or imported 
granular fills that are to support floor slabs or pavements should be placed and compacted in maximum 
200mm thick layers to at least 98% Standard Density Ratio at a moisture content within *2% of 
Standard Optimum Moisture Content. Fill within 0.5m of pavement subgrade level should be 
compacted to at least 100% Standard Density Ratio. 

Soils should be readily excavated using a tracked loader. The upper weathered sandstone bedrock is 
likely to be able to be excavated using a tracked excavator. The less weathered sandstone at depth will 
require ripping or the use of an impact hammer. Contractors should be provided with the borehole logs 
and core photographs and be required to make their own assessment of the suitability and productivity 
of specific plant. 

5.6 Dewatering 

Groundwater seepage was observed in three boreholes within the proposed Building 3 area during the 
investigation at ground levels varying from 153mAHD to 156.7mAHD. No groundwater seepage was 
observed in the other boreholes during the investigation, however, due to water being used as a drilling 
medium during rock coring, groundwater maybe present in excavations. Dewatering, if required, should 
be able to be achieved using standard sump and pump methods. 

5.7 Support Requirements 

5.7.1 Cut and Fill Batters and Slope Stability Issues 

Excavations within compacted fill and residual soils are likely to stand temporarity at relatively steep 
slopes (between 1H: lV and 1.5H:lV). Such batters will be of marginal stability and are likely to suffer 
instability, particularly in wet weather. We recommend that allowance be made for laying back 
temporary excavations at 1.5H:lV where there is limited access required to the base of the excavation 
or 2H:lV where workers require access. Surcharge loads should be kept well clear of the crest of cuts. 

A batter angle of 26 " (approximately 2H:lV) is recommended for permanent works. Retaining walls 
will be required where there is insufficient room to form unsupported batters. 

5.7.2 Retaining Structures 

Preliminary sketches of the proposed Building 1 car park show retaining structures associated with cut 
and fill earthworks. Buildings 2 and 3 are also likely to require retaining structures. 

Where retaining walls are cantilevered or supported by a single row of anchors, and some wall 
movements can be tolerated, walls can be designed assuming a triangular earth pressure distribution 
using an earth pressure coefficient, K, of 0.4. A bulk unit weight of 2 0 k ~ l m ~  should be assumed for Unit 
1 and 2 materials. For weathered rock a bulk unit weight of 2 2 k ~ l m ~  Passiveis recommended. 
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pressure coefficients, Kp,of 2.5 may be assumed for the Unit 1 Fill and Unit 2 Residual Soil. A passive 
pressure coefficient, Kp,of 3.7 may be assumed for Unit 3A extremely weathered sandstone bedrock. 

Lateral and vertical ground movements will be dependent on the design and construction of the 
retention system. For example, the use of higher earth pressure coefficients, tie-back anchor loads and 
stiffer walls will reduce lateral deflections. 

Minimum wall movements of about 1% of retained wall height are required to cause the earth pressure 
coefficient to reduce to the active condition. Vertical movements could be expected to be of a similar 
order to the lateral movements. The extent of the horizontal movement behind the excavation face is 
typically between 1.5 and 3 times the excavated height. 

Where ground anchors restrain retaining wall movement, or where significant movements cannot be 
tolerated, higher earth pressure coefficients should be adopted. We recommend an earth pressure 
coefficient of 0.5 for propped or anchored retaining walls where movements are restrained. However, it 
should be understood that walls designed for this higher coefficient would still undergo some lateral 
movements, depending on the nature of the wall and the construction sequences. To assess the extent 
of lateral movements, a detailed soil structure analysis (using programmes such as WALLAP) should be 
undertaken. 

For preliminary design of retaining walls, which are anchored or strutted at several levels, design can be 
based on the trapezoidal earth pressure distribution as shown in Table 2. 

TABLE 2: TRAPEZOIDAL PRESSURE DISTRIBUTION 
I I I
1 Depth (m) 1 Horizontal Pressure (kPa) 

0.75 H K (0.8.y.H + p,) 
H K.ps 

Where: 

K = Earth pressure coefficient which depends upon material type; whether movement needs to be 
limited as discussed above. 

p, = Design surcharge pressure (kPa). 

H = Thickness of layer being retained (m). 

y = Unit weight ( k ~ l m ~ )  

Hydrostatic pressures should be added to earth pressures unless walls can be provided with effective 
drainage, and pressures due to adjacent footings will also need to be taken into account. The above 
pressures assume level ground above the retaining wall. Surcharge loads should be added to earth 
pressures, as appropriate. 

For the preliminary design of anchors, an allowable bond stress of 6OOkPa may be adopted for Class Ill 
or better (Unit 3B) sandstone where anchors have a bond length of between 3m and 7m in medium 
strength sandstone. Anchors should be checked for an anchor pullout failure mechanism assuming a 
45" failure cone in addition to bond strength. 
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Where structures sensitive to ground movements lie close to the site, dilapidation surveys should be 
carried out prior to excavation. Numerical analysis should be carried out to assess the potential ground 
movement and interaction with the shoring wall design to control deflection to tolerable limits. Survey 
monitoring should also be carried out to confirm that movements are within the predicted range. 

5.7.3 Vertical Excavations in Rock 

Provision for the installation of support will be required where vertical excavations are made in rock. 
Specific rock support requirements in un-shored sections of excavations can only be assessed during 
excavation. An experienced geotechnical engineerlengineering geologist should carry out regular 
inspections as excavation progresses (at least every 2m depth of excavation). For preliminary design 
purposes the support guidelines presented in table 3 are recommended: 

TABLE 3: VERTICAL EXCAVATION FACE SUPPORT REQUIREMENTS 
I I I

I Rock Class 1 Support I 
Class V and IV Sandstone 

(Unit 3A) 
Shoring wall; or 

Anchors or Soil Nails, mesh supported by 0.5m long dowels 
and shotcrete (minimum 75 mm thick) or fibre reinforced 
shotcrete of fractured zones below shoring walls. 

Class Ill Sandstone or better 
(Unit 3B) 

Generally only isolated rock bolting to support potentially 
unstable wedges. 

Localised pattern rock bolting, mesh supported by 0.5m long 
dowels and shotcrete (minimum 75 mm thick) or fibre 
reinforced shotcrete of fractured zones. (Within CBH16, a 
0.6m thick clay seam was observed at approximately 
52mAHD which will likely require shotcrete and dowel support) 

Where long-term support is required below the site retention system, anchors and rock bolts must be 
provided with a high level of corrosion protection if they cannot be maintained (i.e. inspected and 
replaced, if necessary). Stainless steel bolts or multiple layers of corrosion protection such as 
encapsulating plain or galvanised bolts in bath grout and PVC sheaths may be required. 
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5.8 Foundations 

Foundation design parameters for sandstone are provided in Table 4. 

Open bored piles should be practical, although dewatering and temporary liners may be required for 
drilling in sand andlor if groundwater is encountered. 

TABLE 4: ROCK FOUNDATION DESIGN PARAMETERS 

Allowable Shaft Adhesion Allowable Bearing Pressure Unit 
(kPa) 'a' (kPa) 'b' 

Unit 3A 

Class V and Class IV 

Sandstone 


Unit 3B 

Class Ill Sandstone or better 

Note: (a) Assumes minimum embedment of 3 pile diameters into the relevant stratum 
(b) Assumes a minimum embedment of 0.3m into the relevant bearing stratum. 
(c) Value dependant on level of assessment carried out during construction (see Table 5). 

For uplift capacity, the shaft adhesion should be multiplied by 0.6. In addition to shaft adhesion, the 
uplift capacity should be checked for a cone pullout failure mode assuming a cone angle of 70' 
considering the submerged weight of the soil or rock and adopting a factor of safety of 1 against pullout. 

An experienced geotechnical engineer should observe the boring of the piles in order to assess the rock 
levels and to confirm the rock is suitable for the adopted design parameters. Within CBH16, located in 
the south eastern corner of proposed Building 3, a 0.6m thick clay seam was observed within the Unit 
3B sandstone at a depth of approximately 9m below existing ground level. We recommend bored 
footings be carried through this seam. Where footings are designed to bear directly onto bedrock, the 
footing inspection and assessment requirements are provided in Table 5. 

Footings designed using the parameters presented in Table 4 should result in settlements less than 1% 
of the footing width or diameter. 
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29 April 2008 
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TABLE 5: FOOTING INSPECTION AND ASSESSMENT REQUIREMENTS 

I Rock Unit I Testing Requirements 1 

Observation of piling and correlation with borehole 
information 

Unit 3A Visual inspection of all pad footings 

Unit 3B Design Bearing Pressure up to 
2,000kPa 

Spoon testing or coring of at least 113 of footing 
locations 

Visual inspection of all pad foo'tings I 

Observation of piling and correlation with borehole 
information 

Unit 3B Design Bearing Pressure greater 
than 2,000kPa 

5.9 Pavement Design 

Visual inspection of all pad footings 

Observation of piling and correlation with borehole 
information 

CBR testing on potential subgrade soils for road pavements indicate values ranging from 2% to 10%. 
For design purposes, we recommend a CBR value of 2% be adopted subject to confirmation by a 
geotechnical engineer during construction. 

Pavement areas should be prepared by: 

Stripping all topsoil. 

Stripping all fill. Where fill is exposed at a depth of I m  below proposed subgrade level, remove 
to this level and proof roll in the presence of an experienced geotechnical engineer with a 
minimum of 6 passes of a smooth drum, 10 tonne roller. Soft or heaving areas will require 
further excavation and replacement. 

For other areas, proof roll at subgrade level with a minimum of 6 passes of a smooth drum, 10 
tonne roller. 

Reniove and replace soft or heaving areas. 

5.10 Soil Aggressivity 

Test results from Building 1 and 3 sites indicate that the fill and natural soils are not highly acidic and 
have low sulphate and chloride concentrations. Within the Building 2 site, fill soils are mildly acidic, with 
pH values of 4.7 and 5.5, however, the tested sulphate and chloride concentrations were low. In 
consideration of this, we recommend a non-aggressive exposure classification in accordance with AS 
2159-1995 for concrete in contact with all soils across the site. 

Coffey Geotechnics 
GEOTLCOV23462AA-AD 
29 April 2008 
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5.11 Earthquake Loading Factor 

Based on Australian Standard AS 1170.4-2007, Structural Design Actions - Part 4: Earthquake Actions 
in Australia, the site is assessed as having a sub soil class C, -Shallow soil site. 

6 LIMITATIONS 

-	 The findings within this report are the result of discretelspecific investigations methodologies used in 
accordance with normal practices and standards. Subsurface conditions can change over relatively 
short distances and the subsurface conditions revealed at the test locations may not be representative 

-	 of subsurface conditions across the site. We recommend that a geotechnical engineer be engaged 
during construction to confirm the subsurface conditions are consistent with design assumptions. 

-	 Retaining wall design is complex and detailed soil structure interaction analysis may be required to 
assess shear stresses, bending moments and anchor loads in retaining walls. Coffey would be happy 
to assist in a detailed analysis of retaining walls for basements. 

- The reader's attention is drawn to the attached document entitled 'Important Information about your 
Coffey Report', which presents additional information on the uses and limitations of this report. 

-	 For and on behalf of Coffey Geotechnics Pty Ltd 

Peter Waddell 

-	 Principal Geotechnical Engineer 

Coffey Geotechnics 
GEOTLCOV23462AA-AD 
29 April 2008 
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Important information about your Coffey Report 

As a client of Coffey you should know that site subsurface conditions cause more construction 
problems than any other factor. These notes have been prepared by Coffey to help you 
interpret and understand the limitations of your report. 

Your report is based on ~roiect s~ecificcriteria 

Your report has been developed on the basis of your 
unique project specific requirements as understood 
by Coffey and applies only to the site investigated. 
Project criteria typically include the general nature of 
the project; its size and configuration; the location of 
any structures on the site; other site improvements; 
the presence of underground utilities; and the additional 
risk imposed by scope-of-service limitations imposed 
by the client. Your report should not be used if there 
are any changes to the project without first asking 
Coffey to assess how factors that changed subsequent 
to the date of the report affect the report 's 
recommendations. Coffey cannot accept responsibility 
for problems that may occur due to changed factors 
if they are not consulted. 

Subsurface conditions can change 

Subsurface conditions are created by natural processes 
and the activity of man. For example, water levels 
can vary with time, fill may be placed on a site and 
pollutants may migrate with time. Because a report 
is based on conditions which existed at the time of 
subsurface exploration, decisions should not be based 
on a report whose adequacy may have been affected 
by time. Consult Coffey to be advised how time may 
have impacted on the project. 

Interpretation of factual data 

Site assessment identifies actual subsurface conditions 
only at those points where samples are taken and 
when they are taken. Data derived from literature 
and external data source review, sampling and 
subsequent laboratory testing are interpreted by 
geologists, engineers or scientists to provide an 
opinion about overall site conditions, their likely 
impact on the proposed development and recommended 
actions. Actual conditions may differ from those inferred 
to exist, because no professional, no matter how 
qualified, can reveal what is hidden by 

earth, rock and time. The actual interface between 
materials may be far more gradual or abrupt than 
assumed based on the facts obtained. Nothing can 
be done to change the actual site conditions which 
exist, but steps can be taken to reduce the impact of 
unexpected conditions. For this reason, owners 
should retain the services of Coffey through the 
developnient stage, to identify variances, conduct 
additional tests if required, and recommend solutions 
to problems encountered on site. 

Your report will only give 
preliminary recommendations 
Your report is based on the assumption that the 
site conditions as revealed through selective 
point sampling are indicative of actual conditions 
throughout an area. This assumption cannot be 
substantiated until project implementation has 
commenced and therefore your report recommendations 
can only be regarded as preliminary. Only Coffey, 
who prepared the report, is fully familiar with the 
background information needed to assess whether 
or not the report's recommendations are valid and 
whether or not changes should be considered as 
the project develops. If another party undertakes 
.the implementation of the recommendations of this 
report there is a risk that the report will be misinterpreted 
and Coffey cannot be held responsible for such 
misinterpretation. 

Your report is prepared for 
specific purposes and persons 
To avoid misuse of the information contained in your 
report it is recornmended that you confer with Coffey 
before passing your report on to another party who 
may not be familiar with the background and the 
purpose of the report. Your report should not be 
applied to any project other than that originally 
specified at the time the report was issued. 

Coffey Geotechnics Pty Ltd ABN 93 056 929 483 
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Important information about your Coffey Report 

Interpretation by other design professionals 

Costly problems can occur when other design professionals 
develop their plans based on misinterpretations 
of a report. To help avoid misinterpretations, retain 
Coffey to work with other project design professionals 
who are affected by the report. Have Coffey explain 
the report implications to design professionals affected 
by them and then review plans and specifications 
produced to see how they incorporate the report 
findings. 

Data should not be separated from the report* 

The report as a whole presents the findings of the site 
assessment and the report should not be copied in 
part or altered in any way. 

Logs, figures, drawings, etc. are customarily included 
in our reports and are developed by scien.tists, 
engineers or geologists based on their interpretation 
of field logs (assembled by field personnel) and 
laboratory evaluation of field samples. These logs etc. 
should not under any circumstances be redrawn for 
inclusion in other documents or separated from the 
report in any way. 

Geoenvironmental concerns are not at issue 

Your report is not likely to relate any findings, 
conclusions, or recommendations about the potential 
for hazardous materials existing at the site unless 
specifically required to do so by the client. Specialist 
equipment, techniques, and personnel are used to 
perform a geoenvironmental assessment. 
Contamination can create major health, safety and 
environmental risks. If you have no information about 
the potential for your site to be contaminated or create 
an environmental hazard, you are advised to contact 
Coffey for information relating to geoenvironmental 
issues. 

Rely on Coffey for additional assistance 

Coffey is familiar with a variety of techniques and 
approaches that can be used to help reduce risks for 
all parties to a project, from design to construction. It 
is common that not all approaches will be necessarily 
dealt with in your site assessment report due to 
concepts proposed at that time. As the project 
progresses through design towards construction, 
speak with Coffey to develop alternative approaches 
to problems that may be of genuine benefit both in 
time and cost. 

Responsibility 

Reporting relies on interpretation of factual information 
based on judgement and opinion and has a level of 
uncertainty attached to it, which is far less exact than 
the design disciplines. This has often resulted in claims 
being lodged against consultants, which are unfounded. 
To help prevent this problem, a number of clauses 
have been developed for use in contracts, reports and 
other documents. Responsibility clauses do not transfer 
appropriate liabilities from Coffey to other parties but 
are included to identify where Coffey's responsibilities 
begin and end. Their use is intended to help all parties 
involved to recognise their individual responsibilities. 
Read all documents from Coffey closely and do not 
hesitate to ask any questions you may have. 

* For further information on this aspect reference should be 
made to "Guidelines for the Provision of Geotechnical 
Information in Construction Contracts" published by the 
Institution of Engineers Australia, National Headquarters, 

Canberra, 1987. 

Coffey Geotechnics Pty Ltd ABN 93 056 929 483 
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Soil Description Explanation Sheet (I of 2) 

DEFINITION: 
In engineering terms soil includes every type of uncemented 
or partially cemented inorganic or organic material found in 
the ground. In practice, if the material can be rernoulded or 
disintegrated by hand in its field condition or in water it is 
described as a soil. Other materials are described using rock 
description terms. I Loose I 15 - 35 

DENSITY OF GRANULAR SOILS 

I Medium Dense I 35 - 65 

TERM 

Very loose 

CLASSIFICATION SYMBOL 81 SOlL NAME 
So~ls are described in accordance with the Unified Soil 
Classification (UCS) as shown in the table on Sheet 2. 

DENSITY INDEX (%) 

Less than 15 

I Dense I 65 - 85 

I Very Dense 1 Greater than 85 

PARTICLE SlZE DESCRIPTIVE TERMS 

I NAME ( SUBDIVISION 1 SIZE I 
MINOR COMPONENTS 

I Cobbles 1 63 mm to 200 mm 

TERM 

Trace of 

With some 

I Gravel ( coarse 1 20 mm to 63 mm 

I medium 6 mm to 20 rnm 

ASSESSMENT 
GUIDE 

Presence just detectable 
by feel or eye, but soil 
properties little or no 
different to general 
properties of primary 
component. 

Presence easily detected 
by feel or eye, soil 
properties little different 
to general properties of 
prlmary component. 

fine 2.36 mm to 6 mm 

Sand coarse 600 pm to 2.36 mm 

PROWRTlON OF 
MINOR COMPONENT IN: 

Coarse grained soils: 
15% 

Fine grained soils: 
<15% 

Coarse grained soils: 
5 - 1 2 %  
Fine grained soils: 
15 - 30% 

I 1 medium 1 200 vm to600pm 

I I fine / 75 kim to 200 ,urn 

MOISTURE CONDITION SOlL STRUCTURE 

Dry Looks and feels dry. Cohesive and cemented soils 
are hard, friable or powdery. Uncemented granular 
soils run freely through hands. 

ZONING CEMENTING 

Moist Soil feels cool and darkened in colour. Cohesive 
soils can be moulded. Granular soils tend to cohere. 

Wet As for moist but with free water forming on hands 
when handled. 

Lenses Discont~nuous 
layers of lent~cular 
shape. 

Pockets Irregular inclusions 
of different materiai. 

Moderately Effort is required to 
cemented break up the soil by 

hand in air or water. 

GEOLOGICAL ORIGIN 
WEATHERED IN PLACE SOILS 
Extremely Structure and fabric of parent rock visible 
weathered 
material 

CONSISTENCY OF COHESIVE SOILS 

Soft 

TERM 

Very Soft 

A finger can be pushed into the soil 
to about 25mm depth. Residual soil Structure and fabric of parent rock not vis~ble. 

UNDRAINED 
STRENGTH 
su (kPa) 

<I2 

I Firm I 25 - I The soil can be indented about 5mm 
with the thumb, but not penetrated. 

, 
FIELD GUIDE 

Alinger can be pushed well into the 
soil with little effort. 

TRANSPORTED SOILS 
Aeolian soil Deposited by wind. 

Stiff 

Very Stifl 

Hard 

Friable 

The surface of the soil can be 
indented with the thumb, but not 
penetrated. 

The surface of the soil can be marked, 
but not indented with thumb pressure. 

The surface of the soil can be marked 
only with the thumbnail. 

Crumbles or powders when scraped 
by thumbnail. 

Alluvial soil Deposited by streams and rivers. 

Colluvial soil Deposited on slopes (transported downslope 
by gravity). 

Fill Man made deposit. Fill may be significantly 
more variable between tested locations than 
naturally occurring soils. 

Lacustrine soil Deposited by lakes. 

Marine soil Deposited in ocean basins, bays, beaches 
and estuaries. 
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5m n g s  depm E soil type: plasticity or parti* characteristics, .% 2 kPa 
E , 2 3  7 $ RL metres cn E 2 colour. secondary and minor components. 2 8  8 8  z ~ p g  

AND: Fine to medium grained, orange and pale ESIDUAL SOIL 

RR 
W 
CT 

rollernricone 
washbore 
cable tool 

Wp plastic limit 
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Client: Taylor Thomson Whitting Date started: 13.3.2008 

Principal: CO ffey Projects Date completed: 13.3.2008 

Project: 185 FOX VALLEY ROAD, SAN HOSPITAL, WAHROONGA Logged by: JA 

Borehole Location: Building 2 Checked by: SH 
drill model and mounting: Mobile Drill B80 Easting: 323825.6 slope: -90" R.L. Surface: 160.0 I 
hole diameter: 100mm Northing 6265888.9 bearing: datum: AHD 
drilling information material substance 

50.-- notes C -
> G I  

X Z S L
f!.-. samples, -gJ g material g z  x $ 2  structure and 

v additional observations g '25n $ 5  .- .- m -.-
m v  kPa 

RL metres o V) colour, secondary and minor components. € 8  88
depth ;5 soil type: plasticity or particle characteristics, .E 2 @ 

kILt: and ~ u w t s A a t  ~ -- --
-N 


-
RESIDUAL SOIL -
V-bit refusal at 0.6m 

SANDSTONE 

Borehole CBH9 continued as cored hole -

AD auger drilling' C casing U, und~sturbedsample 63mm d~ameter based on unified classification S son 
RR 
W 

rollerltricone 
washbore 

penetration 
1 2 3 4  

D 
N 

dlsturbed sample 
standard penetration test (SPT) 

system F 
St 

firm 
stiff 

CT 
HA 
DT 

cable tool 
hand auger 
dlatube 

.:E3..i.................................-..... .. 
water 

rangingto 
refusal 

N' 
Nc 
V 

SPT - sample recovered 
SPTAth solid cone 
vane shear (kPa) 

moisture 

D dry 
M moist 

VSt 
H 
Fb 

very sMf 
hard 
friable 

B 
V 

blank bit 
V b ~ t  

10/1/98water level 1 on date shown 
P 
Bs 

pressuremeter 
bulk sample 

W 
Wp 

wet 
plast~climlt 

VL 
L 

very loose 
loose 

T TC bit 
'btt shown by suffix 
e g ADT 

+waterrnflow 
4 water oufflow 

E 
R 

environmental sample 
refusal 

W, ilquid tlmit MO 
D 
VD 

med~urndense 
dense 
very dense 
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Borehole Location: Building 2 Checked by: SH 

:CLAY: Medium plasticity, pale orange and 
brown, with some fine grained sand. 

orning dark brown, red and pale grey, trace of 
lets, heterogenous colouring. 

ANDY CLAY: Medium plasticity, pale yellow, fine ESIDUALSOIL 

InsufticientSPT sample for PID 

N standard penetration test (SPT) 
N' SPT - sample recovered 
Nc SPT with solid cone 

vane shear (kPa) 
pressuremeter 

wp plastic lhmlt 
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Borehole Location: Building 2 Checked by: SH 

rock lype; grain characteristics. cobur, type, inclination, planarity, mughness, 
structure, minor components coating, thickness 

PT. 20'. PL, SO, CO 

4 partial drill fluid loss 
+ complete drill fluid loss 

wre recovered 
-graphic symbols 

~ndicatematerial water pressure test result 

no core recovered (lugeons) for depth 
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drill model and mounting: Mobile Drill 080 Easting: 323697 slope: -90' R.L.Surface: 156.5 

hole diameter: 100 mm Northing 6265706.3 bearing: datum: AHD 
drilling information material substance 

.-C0 c - notes m o 
& 
m 

samples, 0 5 material structure and 


g 1 .-u 0-

" 
m.- additional observations
S tests, etc E 5 2

S depth soil type: plasticity or particle characteristics, '6C kPa
E I * 3  2 -$ RL metres Y UI colour, secondary and minor components. E Z  8 %  8 8 8 8  

ILL: SANDY CLAY: Low to medium plasticity, 

rown, yellow and pale grey, fine grained sand. 


Brick Iterracotta debris. 	 V-bit refusal at 2.00~7 

TC-bit refusal at 2.49m 

sample 50mrn dlarneter 

Nc SPT with solid cone 
V vane shear (kPa) 

medium dense 
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Project: 185 FOX VALLEY ROAD, SAN HOSPITAL, WAHROONGA Logged by: JA 	
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Borehole Location: Building 3 Checked by: SH 	 I 
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I 
additionalobservations 

I 

I 

I 

I 

I 
V-bit refusal on fill cobbles at Im .  

ILL: CLAYEY SAND: Medium grained, reddish I 

rown. with some concrete rubble. I

ILL.~SANDYTLAFGe3uGi ~Zic&,-i;iGwiFand- 

ale grey, with some sandstone cobbles. 


Unknown black substance, 
odourless. Insufficient SPT sample 
for PID (4.054.25m) 

FILL: GRAVELLY CLAY: Medium plasticity. 

greenish yellow, cobbles of ironstone. 


N standard penetration test (SPT) 
N' SPT- sample recovered 
Nc SPT vith solid cone 
V vane shear (kPa) 

pressuremeter 

Bs bulk sample 
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I - Project: 185 FOX VALLEY ROAD, SAN HOSPITAL, WAHROONGA Loggedby: J N T  I 
Borehole Location: Building 2 Checked by: SH I 

type, inclination,planaiity, roughness, 
coating. thickness 

PT, 12', PL, SO, CO 
PT, 15",PL, RO, CN 
PT, 15', PL, SO, CO 

PT. 10: PL, SO, SN 

PT, 5", PL, SO, VN 

SW slightly weathered m CasingAS auger screwing W moderately weathered SM seam 
AD auger drilling H barrel Mthdrarn HW highly weathered SZ sheared m e  SL slickensided 
RR rollerltricone )- water inflow XW extremely weathered SS sheared surface 

3 CB claw or blade bit 4 partial drill fluid loss DW weathered CS c~shfxIseam 

NMC NMLC core 
graphlc loglcore recomy 

-4complele drill fluid loss (covers MW and HW) 

B NQ. HQ, w vvireline core core recovered smgtt, E " 2 n a r  
coating 

> VL verylow CN clean 
> - graphic symbols L low CU curved SN stained 
> indicate material water pressure test result M hi,,,,, UN undulating VN veneer 
; (lugeons)for depth H high ST stewed CO coating 

no m e  recovered 
VH very high IR inegular

in te~a lshornR I EH extremely high 
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drill model and mounting: Mobile Drill BBO Easting: 323723.4 slope: -90" R.L. Surface: 158.6 I 
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I1Project NO: 

Client: Taylor Thomson Whiffing 	 Date started: 25.3.2008 I 
Principal: coffey Projects 	 Date completed: 25.3.2008 

Project: 185 FOX VALLEY ROAD, SAN HOSPITAL, WAHROONGA Logged by: JA 

Borehofe Location: Building .I 	 Checked by: SH 

ILL: CLAYEY SAND: Medium grained, orange. 
palegrey and red, medium plasticii clay, with some 
sandstone cobbles. 

e$,~an-ds~on~c_ob&!e~(~m_ml-- - --
Medium grained, orange, with some clay. 

DSTONE: Medium grained, yellow and pale 

N* SPT- sample recovered 
Nc SPTvvlthsolid cone 
V vane shear (kPa) 

blank bit pressuremeter 
Wp plastic limit 
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drill model and mounting: Mobile Drill 880 Easting: 323850 slope: -90" R.L.Surface: 159.9 I 
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Engineering Log - Borehole 
Client: Taylor Thomson Whitting 

Principal: C0ffey Projects 

Project: 185 FOXVALLEY ROAD, SAN HOSPITAL, WAHROONGA 

Borehole Location: Building 2 

-
Borehole No. CgH24 

Sheet 1 of I 
Project NO: GEOTLCOV23462AA 
Date started: 25.3.2008 

Date completed: 25.3.2008 

Logged by: JA 

Checked by. SH 
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%c~ffeyi*geotechnics 
Borehole No. CBH25 

Engineering Log - Borehole SheetProject NO: GEO1 of 1TLco~ 2 3 4 6 2 ~ ~  
Client: Taylor Thomson Whitting Date started: 25.3.2008 

Principal: C0ffey Projects Date completed: 25.3.2008 

Project: 185 FOX VALLEY ROAD, SAN HOSPITAL, WAHROONGA Logged by: JA 

Borehole Location: Building 2 Checked by: SH 
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Lane Cove West,Sydney Laboratory 

Coffey Geotechnics Pty Ltd 
ABN 93 056 929 483 geotechnics 	
8112 Mars Road - coffey 

SPECIALISTS MANAGING THE EARTH Lam Cove West NSW 2066 

Telephone: +61 2 991 1 1000 
Facsimile: +61 2 991 11002 

Report No: CBR:LCOVO8S-01 180 

California Bearing Ratio 	
Th~sreport replaces all prenous rssues of report no %aRLCOV08S01180'IIssue NO: 

Thls dowment a Issuedm accordancew~thNATAsClient: Coffey Geotechnics Pty Ltd accredltahon requirements Accredtted for cornpilance 
8112 Mars Road ~ r ISOI~EC17025n
ALane Cove NSW 2066 	 ~ h l sdocument may not be repmducedexcept ~n 

Principal: NATA f.ll) 

Job No: LABTLCOV00268AA 
Project: GEOTLCOV23462AA 	 vRECOOWSW Kf Marshall Webster WORLD Approved S~gnatory. 

Lot NO: TRN: 	 (Laboratory Manager) 

NATAAccredltedLaboratoly Number.431 

Date of Issue 2210412008 


Sample Details 
Product: 	 Date Sampled: 7/04/2008 

Source: 	 Sampling Method: 

Location: SAN Hospital, Wahroonga 	 Sample ID: LCOVO8S-01180 

Client Ref: CBH 15 

Test Results 	 Chart 
Description 	 Result 
Test Method AS 1289.6.1 1 

Maxlmum Dry Density (t/m3) 1.970 

Optimum Moisture Content (%) 11.2 

CBR 2.5mm (%) 8.0 

CBR 5.Omm (%) 10.0 

Preparation Soaked 

Initial Mo~sture Content (%) 11.8 


Ach~eved Dry Denslty (t/m3) 1.956 4 0.-


Achieved Moisture Content (%) 11.8 

swell (YO) 0.0 B 

Molsture After Penetration (%) 11.8 30-


3

Period of Soaking (days) 4 


Moisture Content of Top 30mm (%) 13.1 


Moisture of Penetrated End (%) 

Compaction Type 

Surcharge Mass (kg) 4.50 

Laboratory Moisture Ratio After 105 

Compaction (%) 

Laboratory Density Ratlo After 99 

Compaction (%) 0 0  1 0  20  30 4 0  5 0  8 0  	 7 0  8 0  9 0  100 H O  120 130 

Overs~ze Material Excluded YES mmm(mrp 


Percent Oversize Excluded 7.9 


CBR (5%): 10.0 

Rate of Penetrat~on 

Comments 

Depth of sample = 0.25 - I.Om 

Form No: 10234.V1.00 (cJ.2003 - 2007 QESTLab by SpecttaQEST.com 	 Page 1 of 1 
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Lane Cove West,Sydney Laboratory 

ABNCoffey93 Geotechnics 056 929 483Pty Ltd- &fey geotechnics 	
8/12 Mars Road

SPEClALISTS MANAGING THE EARTH Lane Cove West NSW2066 

Telephone: +61 2 991 1 1000 
Facsimile: +61 2 991 1 1002 

Report No: CBR:LCOV08S-01181 

California Bearing Ratio issue NO: I 
Thls Wort replaces allprev~ous lsrues of report no 'CBRLCOV08S-01181' 

T ~ I Sdocument IS issued an accordance w~th NATAr Client: Coffey Geotechnics Pty Ltd accred~tabon requlrernents Accredited for mrnpltance 
8/12 Mars Road wth ISOllEC 17025ALane Cove NSW 2066 	 uhls document may not be reproducedexcept ~n 

Principal: NATA full) 


Job No: LABTLCOV00268AA 


Project: GEOTLCOV23462A.A 
WoRLo RECoolgsED 	 Approved S~gnatory Marshall Websterv

Lot NO: TRN: -ATK)r 	 (Laboratory Manager) 
NATA Accred~ted Laboratory Number 431 
Date of Issue. 22/04/2008 

Sample Details 

Product: Date Sampled: 7/04/2008 


Source: Sampling Method: 


Location: SAN Hospital, Wahroonga 	 Sample ID: LCOV08S-0118t 
Client Ref: CBH 11 

Test Results Chart 

Description Result 

Test Method AS 1289.6 1.1 

Maximum Dry Density (t/m3) 1.890 

Optimum Mo~sture Content (%) 12.8 2 B L  


CBR 2.5mm (%) 6.0 2 8 y  /I/ 


CBR 5.0mm (%) 6.0 2 4.-	 ,/ 
Preparation Soaked r 


Initial Moisture Content (%) 12.9 

2 0.-

Achieved Dry Density (t/m3) 1.882 

Achieved Mo~sture Content (%) 12.9 

Swell (%) 3.5 

Moisture After Penetrat~on (%) 13.8 

Period of Soaking (days) 4 12. - 


Moisture Content of Top 30rnm (%) 16.0 I 0.-


Moisture of Penetrated End ($6) 


Compaction Type 

Surcharge Mass (kg) 4.50 

Laboratory Molsture Ratio After 101 

Compaction(%) 

Laboratory Density Ratio After 100 

Compaction (%) 0 0  1 0  20 3 0  4 0  5 0  8 0  7 0  8 0  9 0  100 110 120 130 


Overs~zeMaterial Excluded YES 	 w m n (m 

Percent Overs~ze Excluded 	 0.0 

CBR (%): 6.0 

Rate of Penetration 

Comments 

Depth of sarr~ple= 0.25 - 1.Om 

Form No: 10234.Vl.00 (~)2003- 2007 QESTLab by SpectraQESTcorn 	 Page 1of 1 
-



- coffey geotechnics 	
Lane Cove West,Sydney Laboratory 

ABNCoffey93 Geotechnics Road8112 Mars 929 483 PtyLtd056 

SPECIALISTS MANAGINGTHE EARTH Lane Cove West NSW 2066 

Telephone: +61 2 9911 1000 
Facsimile: +61 2 991 1 1002 

Report No: CBR:LCOV08S01182 

California Bearing Ratio 	
Thrsr w r l  replacesa//prevrousrssuesof reportno aCBRLCOv08S-0118Z'Issue NO: I 

Th~sdocument IS ~ssuedIn accordance mih NATAsClient: Coffey Geotechnics Pty Ltd accredltabon requuements Accred~ted for compliance 
8/12 Mars Road mih ISOIIEC 17025 ALane Cove NSW 2066 vhls document may not be reproduced except ~n 

Principal: NATA f.ll) 

Job No: LABTLCOV00268AA 

Project: GEOTLCOV23462AA REcDcrvcEn 	 Approved S~gnatory: Marshall Webster v Hf 
Lot NO: TRN: 	 (Laboratory Manager) 


NATA Accred~ted Laboratory Number 431 

Date of lssue 22/04/2008 


Sample Details 
Product: 	 Date Sampled: 7/04/2008 

Source: 	 Sampling Method: 

Location: SAN Hospital, Wahroonga 	 Sample ID: LCOVO8S-01182 

Client Ref: CBH 14 

Test Results 	 Chart 
Description Result 

Test Method AS 1289.6.1 . I  

Maximum Dry Density (t/m3) 1.690 

Optimum Mo~sture Content (%) 20.0 o 8 ~ -

CBR 2.5mm (%) 2.0 	 /CBR 5.0mm (%) 2.0 o7 - 


Preparation Soaked 

lnltlal Moisture Content (%) 22.3 o6- 
 1 
Achieved Dry Dens~ty (t/m3) 	 1.656 

Achieved Moisture Content (%) 22.3 o 5.-


Swell (%) 0.0 

Moisture After Penetration (%) 22.3 

Period of Soaking (days) 4 

Moisture Content of Top 30mm (%) 23.2 


Moisture of Penetrated End (%) 


Compaction Type 

Surcharge Mass (kg) 4.50 

Laboratory Moisture Ratio After 112 

Compaction (%) 

Laboratory Density Ratio After 98 

Compaction (%) 	 00 1 0  2 0  30 40 5 0  6 0  7 0  S O  9 0  100 110 120 130 

Oversize Material Excluded YES 	 FBnabatan ( m r ~  

Percent Oversize Excluded 

CBR (%): 2.0 

Rate of Penetration 

Comments 

Depth of sample = 0.25 - 1.Om 

Form No: 10234.V1.00 (cj2003- 2007 QESTLab by SpectraQEST.com 	 Page 1 of 1 
-



- coffey geotechnics 	
Lane Cove West,Sydney Laboratory 

CoffeyABN 93 Geotechn~cs Road8/12 Man 929 483Pty Ltd056 

SPECIALISTS MANAGING THE EARTH Lane CoveWestNSW2066 

Telephone: +61 2 991 1 1000 
Facsimile: +61 2 991 1 1002 

Report No: C6R:LCOVOBS-01183 

California Bearing Ratio 	
Thrsrepon replaces allprenous!$sues of report no CBRLCOVOBS-01183'iIssue NO: 

Thls dowment 1s ~ssuedIn accordancew~thNATAsClient: Coffey Geotechn~cs Pty Ltd accredltabonrequirements Accredited for mrnpllance 
8/12 Mars Road with ISOllEC 17025ALane Cove NSW 2066 	 (This documentmay not be reproduced except m 

Principal: NATA f.ll) 

Job No: lABTLCOV00268A.A 
Project: GEOTLCOV23462AA 	 Approved S~gnatory' Marshall Webster v KT 
Lot NO: TRN: 	 (Laboratory Manager) 


NATA Accred~ted Laboratory Number 431 

Date of Issue. 2210412008 


Sample Details 
Product: Date Sampled: 7/04/2008 

Source: 	 Sampling Method: 

Location: SAN Hospital, Wahroonga 	 Sample ID: LCOVO8S-01183 

Client Ref: CBH 10 

Test Results Chart 
Description Result 
Test Method AS 1289.6.1 1 
Maximum Dry Dens~ty (Um3) 1.900 
Optimum Moisture Content (%) 11 4 /' 

CBR 2.5rnm (%) 3.5 / 

CBR 5.0mm (%) 4.0 18  /Preparation Soaked 
Initial Moisture Content (%) 15.2 

1 8  /' 
Achieved Dry Density (t/rn3) 1.846 14.-

Achieved Moisture Content (%) 15.2 


Swell (%) 0.0 


Moisture After Penetration (%) 15.7 

Period of Soaking (days) 4 


Moisture Content of Top 30mm (%) 16.2 


Moisture of Penetrated End (%) 


Compaction Type 

Surcharge Mass (kg) 4.50 

Laboratory Moisture Ratio After 133 

Compaction(%) 

Laboratory Density Ratio After 97 

Compaction(%) 	 0 0  1 0  2 0  3 0  4 0  5 0  6 0  7 0  a 0  8 0  100 110 f2O 130 

Oversize Mater~al Excluded YES Rneb-am (mrp 


Percent Oversize Excluded 3.6 


CBR (%): 4.0 

Rate of Penetration 

Comments 

Depth of sample = 0.3- 0.6rn 

Form No: 10234.W 00 (c)Z003 - 2007 QESTLab by SpectraQESTcom 	 Page 1 of 1 
-



Lane Cove West,Sydney Laboratory 

Coffey Geotechnics Pty Ltd 
ABN 93 056 929 483 - coffey geotechnics 	
8/12 Mars Road 

SPECIALISTS MANAGING THE EARTH Lane Cove West NSW 2066 

Telephone: +61 2 991 1 1000 
Facsimile:+61 2 991 1 1002 

Report No: CBR:LCOV08S-01184 

California Bearing Ratio 	
Thrsreportreplaces a\/prewous~ssuesof report no rCBRLCOVOBS-01184'Issue NO: I 

Th~sdocument 1s ~ssued In aocordancewm NATAsClient: Coffey Geotechnics Pty Ltd accredltabonrequirements Accred~tedfor wmpllance 
8/12 Mars Road maISOIIEC 17025ALane Cove NSW 2066 	 (Th~s document may not be reproducedexcept ~n 

Principal: NATA 
Job No: LABTLCOV00268AA 
Project: GEOTLCOV23462AA wmLD RECOOW,SsD 	 Approved S~gnatory. Marshall Webster v Hf 
Lot NO: TRN: 	 (Laboratory Manager) 


NATA Accred~ted Laboratory Number 431 

Date of Issue 22/04/2008 


Sample Details 
Product: Date Sampled: 7/04/2008 

Source: 	 Sampling Method: 

Location: SAN Hospital, Wahroonga 	 Sample ID: LCOV08S-01184 

Client Ref: CBH 7 

Test Results Chart 
Description Result 
Test Method AS 1289.6.1 1 

Maximum Dry Dens~ty (t/m3) 1.930 

Optimum Moisture Content (%) 11.9 50.-


CBR 2.5mm (%) 10.0 /' 


CBR 5.0mm (%) 10.0 /
/' 


Preparation Soaked 40.-


Initial Mo~sture Content ('10) 11.5 /" 

Achieved Dry Denslty (t/m3) 1.935 

Ach~eved Moisture Content (%) 11.5 - 3 0.-


Swell (%) 0.0 s 

Mo~stureAfter Penetration (%) 11.9 u 

~-

O 

Period of Soaking (days) 	 4 -I 

Moisture Content of Top 30mm (%) 14 1 


Moisture of Penetrated End (%) 


Compact~on Type 

Surcharge Mass (kg) 4.50 

Laboratory Moisture Ratio After 97 

Compaction (%) 

Laboratory Density Ratlo After 100 

Compaction (%) 	 0 0  1 0  20 3 0  4 0  5 0  8 0  7 0  8 0  9 0  100 110  120 130 -(mr)Oversize Material Excluded YES 


Percent Oversize Excluded 0.0 


CBR (%): 10.0 

Rate of Penetration 

Comments 

Depth of sample = 0.25- 1.Om 

Form No: 10234.V1.00 (c)2003 - 2007 OESTLabby SpectmOEST.com 	 Page 1of 1 



Lane Cove West,Sydney Laboratory 

Coffey Geotechnics Pty Ltd 
ABN 93 056 929 483 

SPECIALISTS MANAGING THE EARTH Lane Cove West NSW2066 

- &fey geotechnics 	
8/12 Mars Road 

Telephone: +61 2 991 1 1000 

Facsimile: +61 2 991 1 1002 


Report No: CBR:LCOV08S-01185 

California Bearing Ratio 	
Thrs repori replaces all previousrssues of repori no cBR LCOV08S-0118J'IIssue NO: 

Th~s document IS Issued In accordance w ~ t hNATAsClient: Coffey Geotechn~cs Pty Ltd accredltabon requirements Acued~tedfor mmpllance 
8/12 Mars Road A with ISOIIEC 17025 

Lane Cove NSW 2066 	 vhls document may not be reproducedexcept ~n 

Principal: NATA f.ll) 
Job No: LABTLCOV00268AA 
Project: GEOTLCOV23462AA RECoGNlbED 	 Approved Wgnatory: Marshall Websterv 
Lot NO: TRN: 	 (Laboratory Manager) 


NATA Accredited Laboratory Number. 431 

Date of lssue 22/04/2008 


Sample Details 
Product: Date Sampled: 7/04/2008 

Source: 	 Sampling Method: 

Location: SAN Hosprtal, Wahroonga 	 Sample ID: LCOVO8S-01185 

Client Ref: CBH 18 

Test Results Chart 
Description Result 
Test Method AS 1289.6 1 1 

Maximum Dry Density (tlm3) 1.810 

Optrmum Moisture Content (%) 15.8 

CBR 2.5mm (%) 1.5 1 0  ,/

/'
"i 

-

CBR 5.0mm (%) 	 2.0 
0 9.-

Preparation Soaked 

Initial Molsture Content (%) 16.7 

Achieved Dry Denslty (tlm3) 1.794 


Achreved Moisture Content (%) 16.7 

Swell (%) 0 0 g 06.-
-

'-

Moisture After Penetratron (%) 16.7 D 


Period of Soaking (days) 4 

Morsture Content of Top 30mm (%) 19 6 


Moisture of Penetrated End (%) 


Compaction Type 

Surcharge Mass (kg) 4 50 

Laboratory Moisture Ratio After 106 

Compaction (%) 

Laboratory Density Ratio After 99 

Compaction (%) 	 0 0  10  20  30 40 5 0  6 0  7 0  8 0  9 0  100 110 120 130 

Oversrze Material Excluded YES 	
R n h b o n  (mr) 

Percent Oversize Excluded 	 0.0 

CBR (%): 2.0 

Rate of Penetration 

Comments 

Depthof sample = 0.2 - 1.0rn 

Form No: 10234.V1.00 (c)2003 - 2007 QESTLab by SpeclraQEST.com 	 Page 1 of 1 
-



2 April 2008 TEST REPORT 

Coffey Environments Pty Ltd 
8/12 Mars Road 

LANE COVE WEST 

NSW 2066 


Your Reference: GL23462A.A 

Report Number: 59760 


Attention: kchard Moyle 

Dear Richard 
The following samples were received from you on the date indicated. 


Samples: Qty. 7 Soils 

Date of Receipt of Samples: 26/03/08 

Date of Receipt of Instructions: 26/03/08 

Date Preliminary Report Emailed: Not Issued 


These samples were analysed inaccordance with your written instructions. 
A copy ofthe instructions is attached with the analytical report. 

The results and associated quality control are contained in the following pages of this report. 
Unless otherwise stated, solid samples are expressed on a dry weight basis (moisture has 
been supplied for your information only), air and liquid samples as received. 

Should you have any queries regarding this report please contact the undersigned. 

Yours faithfully 

SGSENVIRONMENTAL SERVICES 


Edward Ibrahim 
Senior Organic Chemist Laboratory Senices Manager 

This document is issued in accordance 

with NATA's accreditation requirements. Page 1 of 7 


NATA Accreditedfor compliance with ISOIIEC 17025. 

NATA accreditedlaboratory 2562 (4354). 

This report must not be reproduced except in full. 


'w' 
WORLD RECOGNISLD 



PROJECT: GL23462AA REPORT NO: 59760 

Inorganics 

Our Reference: 

1 
1 UNITS 59760-1 59760-2 59760-3 59760-4 59760-6 

Your Reference 
Sample Type 

------------- 
------------ 

CBH16 

Soil 

CBH13 

Soil 
CBH15 

Soil 

CBH12 

Soil 

CBHB 

Soil 

Depth 
Date Sampled 

0.3-0.5 
19/03/2008 

0.7-1.O 
18/03/2008 

0.25-1 .O 
18/03/2008 

0.2-0.3 
17/03/2008 

0.3-0.4 
13/03/2008 

Date Extracted (pH) 27/03/2008 27/03/2008 27/03/2008 1 27/03/2008 27/03/2008 , 
I 
1 

Date Analysed ( p ~ )  

pH 1:5 soikwater 1:5 soil:water 

i 
/ pH Units 

/ 
1 

27/03/2008 1 
7.7 1 

27/03/2008 

4.7 

/ 
1 

27/03/2008 

8.1 

/ 
1 

27/03/2008 

5.5 

/ 
1 

27/03/2008 

7.6 1 

lnorganics 
Our Reference: 
Your Reference 

UNITS 
------------- 

59760-7 
CBHl 

Sample Type 

Depth 
Date Sampled 

------------ Soil 
0.1-0.6 

10/03/2008 

I 
I 

Date Analysed (pH) 

Date Extracted (pH) 

pH 1:5 soikwater 1 :5 soilcwater 
1 

pH Units 
( 27/03/2008 1 

2 7 / 0 3 / 2 0 3  

8.0 

NATA 
This document is issued in accordance 

with NATA's accrediIation requbsments. 

~ c c r e d i ifor compliancewim I~OIIEC17025. Page 2 of 7 

NATA accredited laboratory 2562 (4354). 


- v This report must not be reproducedexcept in full. 

WORLD RECOGNISEO 

- ACCREDITATION 



PROJECT: GL23462AA 	 REPORT NO: 59760 

jAnions in soil 

Our Reference: UNITS 59760-1 59760-2 59760-3 59760-4 59760-6 

Your Reference CBHIS------------- / CBH16 1 CBH13 CBHI 2  CBH8 

Sample Type ------------ Soil Soil Soil Soil Soil 

Depth 0.3-0.5 0.7-1.O 0.25-1.O 0.2-0.3 0.3-0.4 
Date Sampled 19/03/2008 18/03/2008 18/03/2008 17/03/2008 13/03/2008 

Date Extracted 31.03.08 , 31/03/2008 31/03/2008 31/03/2008 31/03/2008 

Date Analysed 1 02.04.08 31/03/2008 31/03/2008 31/03/2008 31/03/2008 1 
Chloride, CI 1:5 soil:water mglkg 

1 
6.2 290 6.7 17 

I 

Sulphate, SO4 1:5 soikwater mglk5-l 33 46 33 1 78 39 

Anions in soil 


Our Reference: UNITS 59760-7 

Your Reference ------------- CBHI 


Sample Type ------------ Soil 


Depth 0.1-0.6 

Date Sampled 10/03/2008 


Date Extracted 31/03/2008 1 
1 Date Analysed 1 1 31/03/2008 / 
1 Chloride, CI 1 :5 soil:water 

I Sulphate, SO4 1:5 soil:water 

This document is issued in accordance 
wrth NATA'S acuedltatton requtrements. Page 3 of 7 
Accredited for compl~ancewith ISOllEC 17025 

-	 NATA accredited taboratow 2562 (4354). 
This report must not be reproducebexcept in full 

WORLD RECOGNlSED 
ACCREDITATION-



PROJECT: GL23462AA 	 REPORT NO: 59760 

-

-

Moisture 

Our Reference: 
Your Reference 

Sample Type 
Depth 

Date Sampled 

UNITS 
------------- 
------------ 

59760-1 

CBH16 
Soil 

0.3-0.5 
19/03/2008 

-

59760-2 

C8H13 
Soil 

0.7-1.0 
18/03/2008 

I

j 

1 

59760-3 

CBHIS 
Soil 

0.25-1.0 
18/03/2008 

597604 

CBH12 

Soil 
0.2-0.3 

17/03/2008 

59760-6 

CBH8 

Soil 
0.3-0.4 

13/03/2008 

Date Analped (moisture) 

Moisture YO 

Moisture 
Our Reference: 

Your Reference 

Sample Type 

Depth 
Date Sampled 

UNITS 
------------- 
------------ 

59760-7 
CBHI 

Soil 

0.1-0.6 
10/03/2008 

Date Analysed (moisture) 

Moisture 

NATA 
This docurneniis issued in acmrdance 
with NATAP accreditation requirements, 
A c c r e d i  for compliance wiih ISOIIEC 17025. Page 4 of 7 

-	 NATA accredited laboratory 2562 (4354). 
Thii report must not be reproduced except in full 

WORLD RECOGNISED 

- ACCREDITATIOW 



PROJECT: GL23462AA REPORT NO: 59760 

-

Method ID 

AN101 

Methodology Summary 

pH - Measured using pH meter and electrode in accordance with APHA 20th ED, 4500-H+. 

SEI-038 Anions - a range of Anions are determined by Ion Chromatography, in accordance with APHA 20th ED, 
4110-8. 

AN002 Preparation of soils, sediments and sludges undergo analysis by either air drying, compositing, subsampling 
and 1:s soil water extraction where required. Moisture content is determined by drying the sample at 105 k 

5OC. 

This document is issued in accordance 
with NATA's accreditationrequirements. 
Accreditedfor compliance with ISOIIEC 17025 - NATA accredited laboratory2562 (4354). 

Page 5 of 7 
This report must not be reproducedexcepl in full 

WORLD RECOONISED 

-- ACCREDIrAtK)W 



PROJECT: GL23462AA 	 REPORT NO: 59760 

' QUALITY CONTROL UNITS LOR METHOD Blank Duplicate Dupl~cate 
Sm# 

Inorganics Base + Duplicate+ 


%RPD 


Date Extracted (pH) 	 [NTj 59760-1 27/03/2008 11 
1 27/03/2008 


Date Analysed (pH) [NTJ 59760-1 2710312008 11 

27/03/2008 


pH 1:5 soil:water 1:5 pH Units 0 AN101 [NT] 59760-1 7.7 11 7.7 11 RPD: 0 
soikwater 

QUALITY CONTROL UNITS I LOR METHOD Blank Duplicate Spike Sm# Matrix Spike % 
Recovery 

Anions in soil Base + Duplicate+ I Duplicate + %RPD 
%RPD 
pp 

I 
Date Extracted 3110310 59760-1 31.03.08 11 31.03.08 LCS 31 /03108% 

8 

Date Analysed 1 59760-1 / 02.04.08 1 1  02.04.08 I LCS ) 31103108% I3 1 1 y  I 

59760-1 
I soikwater 1 lo3% 
1 Chloride, C1 1:5 / mglkg 0.5 SEI-038 , ~ 0 . 5  I 6.2 jl 6.0 11 RPD: 3 ' LCS I 	 I 
1 	 Sulphate, SO4 1:5 SEl-038 1 <2 / 59760-1 /1 

33 / 28 / RPD: 16 I LCS / 1°IM 
sotwater I 1 

QUALITYCONTROL / UNITS 1 LOR 1I METHOD 
I 

Blank 
I

1 
1 I I I 

1 Hold sample-NO test ' I I 
I I I 

I 

required 

Sample on HOLD [NT] 


QUALITY CONTROL I UNITS LOR METHOD Blank 


Moisture 

I 

Date Analysed 1 [NT]

I (moisture) I I I I 
I Moisture 1 % 1 1 I AN002 ' [NTj ' 

----. 

NATA 
This document is issued in accordance 
with NATA's accreditation requirements. Page 6 of 7 
Accredi i  for compliance with ISO/IEC 77025. 

-	 NATA accredited laboratory 2562 (4354). 

'u' 
Wki reportmust not be reproducedexcepl infull. 

WORLD RECOGNISED 

ACCREDRATION 




PROJECT: GL23462AA 	 REPORT NO: 59760 

Result Codes 

-	 [INS] : Insufficient Sample for this test [RPD] : Relative Percentage Difference 
INRI : Not Requested : Not part of NATA Accreditation 
INTI : Not tested [NIA] : Not Applicable 

-	 Report Comments 

Date Organics extraction commenced: NIA 

- NATA Corporate Accreditation No. 2562, Site No 4354 
Note: Test res~llts are not corrected for recovery (excluding DioxinsfFurans* and PAH in XAD and PUF). 
This document is issued, on the Client's behalf, by the Company under its General Conditions of Service available on request and accessible 
at http://www.sgs.com/tem~~and~~~nditions.htm.The Client's attention is drawn to the limitation of liability, indemnification and jurisdiction 

-	 issues defined therein. 

Any other holder of this document 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 sole responsibility 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. 

-	 Quality 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 
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. 
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 

- 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 
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 
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 analyle(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. 

Quality Acceptance Criteria 
-	 Unless otherwise specified in the test method, the following general acceptance criteria apply: 

Method Blanks: 

Duplicates: 


LCS's: 


Matrix Spikes: 


Surrogates: 


<LOR 

<5x LOR: No RPD criteria applied. 

>5x LOR: 0-30% RPD is accepted. 


Determined by Control Charts. 

Where control charts have not been developed, the Matrix Spikes criteria apply. 

70-130% recovery is accepted for metals / inorganics. 


60-140% is accepted for organics. 

60-130% recovery is accepted for BTEX. 

70-130s recovery is accepted for other organics. 
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