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REPORT ON GEOTECHNICAL INVESTIGATION
PROPOSED AUSTRALIAN HEARING HUB
CNR UNIVERSITY AVENUE AND MACQUARIE DRIVE, MACQUARIE PARK

1. INTRODUCTION

This report presents the results of a geotechnical investigation undertaken for the proposed
Australian Hearing Hub (AHH) within the Macquarie University campus, at the corner of
University Avenue and Macquarie Drive, Macquarie Park. The investigation was commissioned

by Coffey Projects (Australia) Pty Ltd on behalf of Macquarie University.

It is understood that the AHH development will include construction of a new six-storey
research/commercial building with two levels of basement carparking. The basement floor level
varies from RL65.5 to RL66.5 m and will mostly require excavation to depths of approximately
6 mto 8 m. The western end of the basement extends into a local high spot and will require
excavation to depths of approximately 9.5 m. It is understood that column working loads may be
in the order of 7500 kN. Site investigation was carried out to provide information on subsurface

conditions for the design and planning of excavations, retaining walls and foundations.

The field work for the investigation included the drilling of seven rock cored boreholes, nine
shallow augered boreholes and the installation of three groundwater monitoring wells for
sampling and measurement of groundwater levels. Laboratory testing of selected soil and rock
core samples was undertaken, followed by engineering analysis and reporting. Details of the

field work are given in the report, together with comments on design and construction practice.

Proposed Australian Hearing Hub Project 71683.00
Cnr University Avenue and Macquarie Drive, Macquarie Park April 2010
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Douglas Partners Pty Ltd (DP) have also carried out a Targeted Phase 2 Contamination
Assessment (Project No. 71683.01, dated April 2010) on the site in conjunction with the

geotechnical investigation, the results of which have been reported separately.

2. SITE DESCRIPTION

The site of the proposed development is situated on the southern side of the Macquarie
University campus in Macquarie Park and is located on the north-eastern corner of the
intersection between University Avenue and Macquarie Drive. The site is an irregular-shaped lot

and covers an area of approximately 7200 m?.

The site is located on a low hill which slopes at approximately 3 degrees towards the east and
south-east. A local high spot is located on the western end of the site with a surface level of
approximately RL76 m relative to Australian Height Datum (AHD), however, the ground surface

on the majority of the site typically varies from between RL 74 to RL 72 m.

At the time of the investigation the site was mostly occupied by two three-storey concrete
carparks with surrounding footpaths and grass covered areas. Western Road currently runs
through the western end of the site. Batter slopes approximately 1 m to 2 m high are located
along the eastern and southern sides of the site. The batters generally exposed ripped shale
and clay filling over natural clay and weathered shale. Weathered shale was also exposed on

the mound on the western end of the site.

The site is bounded by roadways to the north, south and west which are generally set back
approximately 10 m to 15 m from the site boundaries. Undeveloped grassed areas and on-

grade carparking are generally located on the properties to the south and west of the site.

On the property to the east of the site there is a three-storey concrete carpark which is set back

approximately 10 m from the common boundary.

Proposed Australian Hearing Hub Project 71683.00
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To the north of the site, on the northern side of Macquarie Drive, there is a construction site for
the Macquarie University Library. Bulk earthworks have been completed and construction of the

structure has commenced.

3. BACKGROUND

DP previously carried out a geotechnical investigation (Project 45140, dated October 2007) for
the new library to the north of the site. DP subsequently carried out the design of the soil nail
support system in consultation with the structural engineers for the project and then carried out
detailed inspections of the excavation and soil nail wall installation. Relevant information from

DPs involvement on this project is included in this report.

DP also previously carried out a geotechnical investigation (Project 45298, dated March 2008)
for the Cochlear Global Headquarters to the south-east of the site, which is currently under
construction. The investigation included the installation of a groundwater monitoring well
(BH1/45298) towards the south-eastern corner of the AHH site, as indicated on Drawing 1 in
Appendix A. Groundwater was not encountered within a depth of 8 m in this monitoring well at

the time of the previous investigation.

4. GEOLOGY

Reference to the Sydney 1:100 000 Geological Series Sheet 9130 indicates that the site is
located close to the boundary between Hawkesbury Sandstone and Ashfield Shale. The
boundary is often marked by a thin (typically less than 6 m) transitional unit known as the
Mittagong Formation.

Ashfield Shale typically comprises dark grey to black shale, siltstone and laminite which
weathers to a residual clay profile of medium to high plasticity. Hawkesbury Sandstone typically
comprises medium to coarse grained quartz sandstone with some shale bands or lenses.

Proposed Australian Hearing Hub Project 71683.00
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The Mittagong Formation generally comprises quartz sandstone similar to, but finer grained than
the underlying Hawkesbury Sandstone, with interbedded siltstone and shale bands and
laminations.

The geological mapping was confirmed by the field work which identified shallow residual soils

overlying shale, siltstone and laminite.

5. FIELD WORK METHODS

The field work included seven rock cored boreholes (BH1 to BH7 inclusive) drilled to depths of
about 12 m and nine augered boreholes (BH8 to BH16) drilled to depths of 0.6 m to 3.5 m.
Boreholes 1 to 11 were drilled using a bobcat or truck-mounted drilling rig and BH12 to 16 were

drilled using a 2-tonne excavator with an auger attachment.

The boreholes were drilled using spiral augers and rotary washboring within the soil and
extremely weathered rock to depths of 0.6 m to 3.5 m. BH1 to BH7 were then cased and
continued into the underlying rock using diamond core drilling techniques to obtain continuous

core samples of the bedrock.

Standard Penetration Tests (SPTs) were carried out at a depth 1.0 m in some of the boreholes
to sample the soil and extremely weathered rock and to assess the in-situ strength of the
materials. Disturbed soil samples were also retrieved from the boreholes during drilling for

identification and laboratory testing of selected samples.

The rock cores were returned to the DP office where they were logged by a geologist, the cores
photographed and Point Load Strength Index (Isso) tests carried out on selected samples of the

rock core.

Groundwater monitoring wells (50 mm diameter slotted PVC) were installed in BH 1, 3 and 8 to
depths of 12.0m, 12.0 m and 3.5m respectively to allow for the measurement of the
groundwater level during the investigation period and for sampling of the groundwater for the

contamination assessment. No long term monitoring of groundwater levels was carried out.

Proposed Australian Hearing Hub Project 71683.00
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The borehole locations are shown on Drawing 1 in Appendix A.

The ground surface level at each of the borehole locations was interpolated from spot heights
relative to AHD shown on the survey plan (Project No. 30431, dated 31/3/10) by Lockley Land
Title Solutions Pty Ltd.

6. FIELD WORK RESULTS

Details of the subsurface conditions encountered are given in the borehole logs in Appendix B,
together with colour photographs of the rock core samples and notes defining classification

methods and descriptive terms.

The boreholes encountered a subsurface profile typically comprising pavements and/or shallow
filling over stiff to hard residual clay to depths of 0.2 m to 2.2 m over weathered bedrock. The
bedrock generally comprised extremely low to very low then very low to low strength shale and
siltstone to depths of 3 m to 6 m, grading to medium to high then high strength siltstone and
laminite. The rock sequence was somewhat variable and included higher and lower strength
bands down to depths of 7.0 m to 10.0 m where more uniform high strength rock was
encountered. The laminite included thick bands of fine grained sandstone at some locations.

An interpreted geotechnical model is presented in Section 9.

No free groundwater was observed during augering of the boreholes (i.e. within depths of 0.6 m
to 3.5 m) and the use of water during wash boring and coring within the bedrock prevented the
measurement of groundwater below this depth. The water level within the groundwater
monitoring wells was measured on 16 April 2010 at depths of 10.5 m (RL63.5 m) in BH1 and
11.5 m (RL60.0 m) in BH3. The groundwater well in BH8 was dry to a depth of 3.5 m on 16 April
2010. The water levels were measured following development of the wells on 12 April 2010 as

part of the contamination assessment.

Proposed Australian Hearing Hub Project 71683.00
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7. LABORATORY TEST RESULTS

One sample of silty clay from BH7 (0.7-0.8 m) was tested in the DP laboratory to determine the
four-day soaked Californian Bearing Ratio (CBR) value and four samples of soil and weathered
rock were tested at an external laboratory to assess aggressivity (pH, chloride and sulphate
content). The results of the laboratory testing are included in Appendix C and summarised in
Tables 1 and 2.

Table 1 — Summary of Laboratory Test Results

Depth W 4-day soaked
Borehole P Material f OLVIC MD'?? Swell )C/:BR
(m) (%) (%) (t/m) (%)
(%)
BHY7 0.7-0.8m | Silty Clay 17.6 20 1.67 35 2

W; = Field Moisture Content OMC = Optimum Moisture Content

MDD = Maximum Dry Density CBR = Californian Bearing Ratio

The relatively low CBR value of 2% indicates that the clay soils lose substantial strength upon

saturation.
Table 2 — Summary of Laboratory Chemical Analysis
Depth Chloride, CI” | Sulphate, SO,
Borehole Material pH
(m) (mg/L) (mg/L)
Filling :
BH2 0.5-0.7 8.6 6.5 91
sand
BH4 0.6-0.8 Shale 4.4 17 40
BH5 0.8-1.0 Shale 6.5 18 17
BH7 0.8-1.0 Silty Clay 4.3 37 130

Based on the results of the pH, sulphate and chloride test results and reference to
Table 6.4.2(C) of AS 2159 — 2009, the site soils and shale may be assumed to have a ‘mild’ to
‘moderate’ exposure classification with respect to buried, reinforced concrete, structural
elements.

Proposed Australian Hearing Hub
Cnr University Avenue and Macquarie Drive, Macquarie Park

Project 71683.00
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8. POINT LOAD STRENGTH TESTS

Selected samples of the rock core were tested in the laboratory to determine the Point Load
Strength Index (Issg) values. The results of the testing are shown on the bore logs at the

appropriate depths.

It is noted that Isso tests are not readily carried out on extremely low to very low strength rock
and hence strength classification for the weaker rock is based on visual/tactile assessments of
the rock core. The Isso values for the various rock strata are described below together with the

estimated unconfined compressive strength (UCS) which is based on a UCS:lss, ratio of 1:20.

The Issg values for the rock cores generally ranged from 0.3 MPa to 2.0 MPa, corresponding to a
low to high strength classification (estimated UCS ranging from 6 MPa to 40 MPa). Higher Iss
values of up to 3.4 MPa were measured on some high to very strength rock cores at some

locations.

9. INTERPRETED GEOTECHNICAL MODEL

Two geotechnical cross sections (Sections A-A' and B-B') showing the interpreted subsurface
profile between the boreholes are shown on Drawings 2 and 3 in Appendix B. The sections
show interpreted geotechnical divisions of underlying soil and rock together with the extent of
the proposed basement excavations. A summary of the depths (and reduced level) to the top of
the various rock strata encountered in the rock core boreholes is provided in Table 3. It should
be noted that the rock profile has been divided into generalised strength layers and some lower
and higher strength bands of rock are encountered within these layers at some locations.
Reference should be made to the borehole logs for more detailed information and descriptions

of the rock. The orientations of the cross-sections are shown on Drawing 1.

The interpreted geotechnical model for the site is outlined below:

o the existing carpark pavements comprise a 50-80 mm thick layer of asphaltic concrete (AC)

over road base to a depth of 0.2-0.3 m.

Proposed Australian Hearing Hub Project 71683.00
Cnr University Avenue and Macquarie Drive, Macquarie Park April 2010
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e below the pavements and topsoil, ripped shale and clay filling is generally encountered to

depths of approximately 0.5 m to 1.0 m. Sandy filling is present at some locations.

o athin layer of stiff to hard residual clay underlies the filling at some locations to depths of

approximately 1 mto 2 m (i.e. BH1, 6 and 7).

e weathered bedrock is encountered below the filling and clay at depths of approximately
0.5mto 2.0 m. The bedrock generally comprises extremely low to very low then very low
to low strength shale and siltstone (Ashfield Shale) to depths of 3 m to 6 m grading to
medium to high then high strength siltstone and laminite (possibly Mittagong Formation).
The rock sequence is somewhat variable and includes higher and lower strength bands
and fragmented and highly fractured zones down to depths of 7.0 m to 10.0 m, where more
uniform slightly fractured and unbroken, high strength rock was encountered. The laminite
includes thick bands of fine grained sandstone at some locations. The rock included
numerous moderately and steeply dipping joints with dips ranging from 30 degrees below

horizontal to sub-vertical.

e groundwater seepage should be expected near the interface of the residual clay and rock
surface and may also occur within fractured zones and joints within the underlying rock
profile. Inspections during excavation on the adjacent Library site suggest that seepage, if
encountered, will be minimal. Groundwater seepage flows are likely to increase following

periods of extended wet weather.

Proposed Australian Hearing Hub Project 71683.00
Cnr University Avenue and Macquarie Drive, Macquarie Park April 2010
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Table 3 — Summary of Depths (and Reduced Level) to Top of Various Rock Strata

in Rock Cored Boreholes

Depth & Reduced Level to Top of Various Rock

Surface
Borehole RL EL-VL VL-L L-M M M-H H

(AHD) Shale/ Siltstone/ | Siltstone/ | Siltstone/ | Siltstone/ | Siltstone/

Siltstone Laminite** | Laminite** | Laminite** | Laminite** | Laminite**

1 74.0 2.2 (71.8) - 6.2 (67.8) 8.5 (65.5) - 10.0 (64.0)

2 74.2 0.8 (73.4) 2.8 (71.8) 6.0 (68.2) 7.9 (66.3) - 9.8 (64.4)

3 71.5 0.2 (71.3) 3.9 (67.6) - 4.9 (66.6) - 7.9 (63.6)

4 70.7 0.5 (70.2) 3.6 (67.1) 7.0 (63.7) - 7.6 (63.1)

5 73.3 0.3 (73.0) - 3.0 (70.3) 4.1 (69.2) 6.0 (67.3) 7.1(66.2)

6 73.0 1.2 (71.8) 6.3 (66.7) - 7.1(65.9) - 8.1 (64.9)

7 70.0 1.9 (68.1) 3.0 (67.0) - - 5.3 (64.7) 7.0 (63.0)

Notes: Bracketed numbers are the Reduced Level (to AHD) for the top of the stratum

EL = extremely low strength rock

VL = very low strength rock
L = low strength rock

** Laminite includes thick bands on fine grained sandstone at some locations and bands of lower and higher
strength rock are generally encountered throughout the upper rock sequence. Refer to the borehole logs for
more detailed information.

10. COMMENTS

10.1

M = medium strength rock
H = high strength rock

Proposed Development

Based on architectural drawings dated 14 April 2010 by Perumal Pedavoli Pty Ltd, it is

understood that the AHH development will

include construction of a new six-storey

research/commercial building with two levels of basement carparking. The basement floor level

steps down to the south from RL66.5 to RL65.5 and will mostly require excavation to depths of

approximately 6 m to 8 m. The western end of the basement extends into a local high spot and

will require excavation to depths of approximately 9.5 m. It is understood that column working
loads may be in the order of 7500 kN.

Proposed Australian Hearing Hub
Cnr University Avenue and Macquarie Drive, Macquarie Park

Project 71683.00
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10.2 Site Preparation and Earthworks

10.2.1  Excavation Conditions
The investigation indicates that excavation for the basements will require the removal of soil and
extremely low to low strength rock to depths of approximately 3 m to 6 m followed by low to
medium strength then medium and high strength rock in the lower half of the basement. It is
important to note that the upper layers of weathered rock contains bands of medium to high
strength rock and ironstone. Slightly fractured to unbroken, high strength rock is expected

towards the base of the excavation in the western end of the basement.

Excavation of soil and extremely low to low strength rock should be achievable using
conventional earthmoving equipment, however the assistance of rock hammering or ripping will
probably be required for effective removal of medium to high strength bands within the
weathered rock sequence. Excavation of low to medium strength rock may require moderate
ripping with a heavy bulldozer whilst excavation of medium and high strength rock will require
heavy ripping with a large bulldozer. Productivity within medium to high strength rock is likely to
be low (even with large dozers) and therefore some pre-splitting or rock hammering may be
necessary to improve efficiency. The slightly fractured to unbroken rock, where encountered,
may be effectively unrippable in which case large hydraulic rock breakers in conjunction with
heavy ripping will be required to remove this material, particularly for detailed excavation of
services and footings. Rock saws may also be used around the perimeter of the excavation to

reduce vibrations and reduce over-break of the rock.

The excavation rate that can be achieved within the medium to high strength rock varies
considerably and is dependent upon the degree of jointing in the rock, the rock strength, the
type of machinery being used and the skill of the operator. Some of these factors vary between
individual contractors and it is therefore recommended that bulk excavation tenderers be
required to make their own assessment of the equipment required to carry out the work.
Contractors may inspect the rock core samples at the DP office in West Ryde prior to submitting
final tenders (rock cores are generally kept for 6 months after drilling unless longer holding times

are requested).

Proposed Australian Hearing Hub Project 71683.00
Cnr University Avenue and Macquarie Drive, Macquarie Park April 2010
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10.2.2  Disposal of Excavated Material
All excavated materials will need to be disposed of in accordance with the current Waste
Classification Guidelines (DECC, April 2008). Reference should be made to the DP Targeted
Phase 2 Contamination Assessment report for details on the contamination status and waste

classification of site soils.

10.2.3  Groundwater Seepage
Groundwater was measured in the groundwater monitoring wells at RL60.0 to RL63.5 which is
at least 2m below the proposed basement level. It is anticipated that the measured
groundwater is probably associated with seepage flows along the interface of residual clay and
bedrock and minor seepage through fractures and joints in the rock. The permanent
groundwater table was not encountered within the two level basement excavation on the

adjacent Library site.

During construction, it is anticipated that groundwater seepage will be relatively minor and
should be readily controlled by perimeter drains connected to a "sump-and-pump" dewatering
system. A drained basement will require permanent subfloor drainage below the basement floor

slab connected to a sump and pump dewatering system.

10.2.4  Dilapidation Surveys
Consideration should be given to undertaking dilapidation surveys on surrounding buildings and
pavements before the commencement of any excavation work in order to document any existing
defects so that any claims for damage due to construction related activities can be accurately

assessed.

10.2.5 Vibrations
It is anticipated that the proposed rock excavation will result in vibration of the surrounding
ground, however, given that adjacent buildings are generally set back 10 m or more from the
basement footprint and are generally well constructed, it is anticipated that the risk of damage
resulting from vibrations would be low. Where impact breakers are required in the vicinity of
adjacent structures it would be prudent to monitor and limit vibrations on these structures.
Generally, a maximum peak particle velocity of 8 mm/sec (in any component direction) at the
foundation level of adjacent structures is suggested for both structural and human comfort

considerations.

Proposed Australian Hearing Hub Project 71683.00
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10.3 Excavation Support

Vertical excavations within the soils and extremely low to low strength rock and also highly
fractured medium to high strength rock will require both temporary and permanent lateral
support during and after excavation. Due to the deeply weathered rock profile and the close
proximity of the excavation to the site boundaries, it will generally be necessary to provide
shoring/support over the full depth of the excavation. Some unsupported vertical excavation in
medium to high strength rock may be possible towards the base of the excavation on the

western part of the site.

It is understood that a permanent soil nail support system is proposed to support the basement
excavation. Comments on the design and construction of a soil nail support system are provided
in the following sections. There are a number of other alternatives to providing retaining support
and advice on alternative systems can be provided upon request. Alternatives such as
anchored soldier pile walls are generally associated with lower wall movements and are
generally used where there are movement sensitive buildings or structures adjacent to the

excavation.

10.3.1  Batter Slopes and Vertical Rock Faces
Suggested temporary batter slopes for unsupported excavation are shown in Table 4. These
batters are subject to assessment of jointing in the rock by a geotechnical engineer. If adverse

jointing is present in the rock then flatter batters or stabilisation may be required.

Table 4 — Recommended Maximum Batter Slopes

Material Temporary Batter Slope (H:V)
Filling or natural clay soils 1.5:1
Shale/Siltstone : Extremely low to very low strength 1:1
Siltstone/laminite : Low to medium strength 0.5:1
Laminite: Medium to high strength Vertical*
Notes: *Vertical excavation is subject to jointing and geotechnical inspection

Excavations in slightly fractured to unbroken, medium or greater strength laminite may be self-

supporting (subject to joint orientation) and may be cut vertically. It is anticipated that the extent

Proposed Australian Hearing Hub Project 71683.00
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of vertical rock excavation on the site will be limited and may only be possible on the western
end of the site below about RL67.5 (refer to BH5). The extent of vertical rock excavation will
need to be assessed as the excavation proceeds. All vertical rock faces must be progressively
inspected by a geotechnical engineer at 1.5 m depth intervals to check for adversely inclined
joints and to assess whether additional stabilisation measures are required. Stabilisation of
vertical rock faces may include shotcrete of fractured or highly weathered zones or rock
bolts/soil nails where adverse joints form potentially unstable wedges of rock. All rock faces will

require shotcrete protection in the long term to prevent weathering and fretting.

10.3.2  Soil Nail Support System

It is understood that a permanent soil nail and shotcrete wall is being considered for support of
the excavation. Soil nailing is an established method of providing lateral support for excavated
slopes in soil and weak rock. It involves the progressive installation of passive tensile
reinforcement into the ground to essentially form a reinforced mass gravity structure. Soil nail
walls are generally associated with higher lateral movements than anchored soldier pile walls
and are suitable where there are no movement sensitive structures within the zone of influence
of the excavation. In order to avoid the soil and weak rock between the reinforcement points
becoming unstable some form of facing (typically reinforced shotcrete) needs to be installed.

The design of the soil nail system must consider both the internal and external stability of the
reinforced volume. Internal stability refers to the ability of the reinforcing elements to transfer
tensile forces into the surrounding soil/rock mass. External stability involves assessment of
bearing capacity and tilt failure, sliding and slip circle failure.

It is suggested that the soil nail and shotcrete wall should be progressively constructed with
bench heights of no more than 1.5 m in soil and 2 m in weak rock. Excavation should not
proceed below the upper bench level until the soil nails and shotcrete are installed and the
grout/shotcrete has been given sufficient time to reach the design strength.

Permanent soil nails will require adequate corrosion protection. As a minimum, it is suggested
that corrosion protection should include allowance for galvanised bars within a fully grouted drill
hole and also corrugated sheathing along the full length of the soil nalil.

Soil nail lengths generally vary from 0.6 to 1.0 times the height of the excavation, however, this
is subject to detailed design and analysis. Based on experience with the adjacent Library site, it

Proposed Australian Hearing Hub Project 71683.00
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is anticipated that the design of the soil nail and shotcrete wall could include 4 m to 6 m long,
galvanised N20 to N24 bars, which are installed on a vertical and horizontal grid spacing of 1 m
to 1.3 m. Drilled holes typically vary from 100 mm to 150 mm in diameter. It is anticipated that
the reinforced shotcrete facing may vary from 150 mm to 200mm thick.

10.3.3  Design
The design of the soil nail support system may be based on the parameters provided in Table 5.
Active earth pressures (Ka) may be used where some wall movement is acceptable, and at rest

earth pressures (Ko) should be used where wall movement is to be minimised.

Table 5 — Recommended Design Parameters for Soil Nail Support System

Material Unit Weight Earth Pressure Effective Effective
3 Coefficient Cohesion Friction
(KN/m~) R Angle
Active (Ka) At Rest
(Ko) (kPa)
Filling 20 0.4 0.6 2 25
Residual Clay 20 0.3 0.5 5 20

Shale/Siltstone :
Extremely low to very 20 0.25 0.4 10 25
low strength

Siltstone/laminite : Low

to medium strength 22 02 03 30 25

Laminite: Medium to

high strength 22 0.1 0.2 50 25

All surcharge loads should be allowed for in the soil nail design including building footings,

inclined slopes behind the wall, traffic and construction related activities.

The design of the permanent support will also need to consider the possibility that 45° joints in
the rock will daylight near the base of the shoring wall leading to wedges of rock which need to
be supported by the permanent soil nail support system. This will require soil nails with their
bond lengths formed in rock behind a line projected up at 45° from the base of the shoring. As a
guide, the support system should be designed to withstand a horizontal force per unit width of
4.2H? (kN) where H is the height of the excavation in metres. This approximation of the
horizontal force required to support a 45 degree wedge is based on a soil nail/anchor inclination

of 10° below horizontal, an average bulk weight of 21 kN/m*, and friction angle of 25° and

Proposed Australian Hearing Hub Project 71683.00
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cohesion of 0 kPa along the failure plane. Given that there is a low probability that a joint would
run the full length and height of the excavation it suggested that this design may be carried out

using a factor of safety of 1.1.

Shoring walls should be designed for full hydrostatic pressures unless drainage of the ground
behind impermeable walls can be provided. Drainage could comprise 150 mm wide strip drains
pinned to the face at 2-3 m centres behind the shotcrete facing. The base of the strip drains
should extend out from the shotcrete wall to allow any seepage to flow into a perimeter toe drain

which is connected to a sump dewatering system.

The design of permanent soil nails may be carried out on the basis of the maximum allowable

bond stresses given in Table 6.

Table 6 — Bond Stresses for Soil Nail Design

Material Description Maximum Allowable Bond Stress (kPa)
Residual Clay 50
Shale/Siltstone : Extremely low to very low strength 100
Silstone/laminite : Low to medium strength 200
Laminite: Medium to high strength 600

The parameters given in Table 6 assume that drilled holes are clean and adequately flushed.
Lift-off tests should be carried out to confirm the bond capacities. Higher bond stress values

may be adopted if trial anchors are used to prove higher capacities.

10.4 Foundations

Following bulk excavation it is anticipated that medium to high strength siltstone/laminite will be
exposed at or close to the lowest basement level across most of the site. Along the eastern side
of the site, it is expected that medium to high strength silststone/laminite may be approximately

1 mto 1.5 m below the bulk excavation.

Proposed Australian Hearing Hub Project 71683.00
Cnr University Avenue and Macquarie Drive, Macquarie Park April 2010
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All structural loads should be uniformly supported on underlying bedrock for which pad footings
should generally be appropriate. Deepened pad footings or bored piles may be used to reach

the underlying high strength laminite for higher load carrying capacities.
Recommended maximum allowable pressures and modulus values for the various foundation
materials are presented in Table 7. These parameters apply to the design of spread

foundations, such as pads or strip footings, and rock socketed bored piles.

Table 7— Recommended Design Parameters and Modulus Values for Foundation Design

Maximum Allowable Pressure
Foundation Stratum End Bearing Shaft Adhesion Elastic Modulus
(kPa) (kPa) (MPa)
Siltstone/laminite: medium to 3500 350 500
high strength
Laminite: high strength 6000 600 1000

Foundations proportioned on the basis of the above parameters would be expected to
experience total settlements of less than 1% of the footing width (or pile diameter) under the
applied working load, with differential settlements between adjacent columns expected to be

less than half of this value.

All footings should be inspected by a geotechnical engineer to confirm that foundation conditions

are suitable for the design parameters.

Spoon testing should be undertaken in at least one-third of high level footings which are
proportioned on the basis of allowable bearing pressures of greater than 3500 kPa. For spread
footings designed using allowable bearing pressures of 6000 kPa, spoon testing should be
undertaken in at least half of all footing locations. The purpose of spoon testing is to check that
no significant weak seams exist below the base of the footing within a depth equal to 1.5 times
the least footing dimension. If the testing identifies the presence of weak seams then the footing

will either have to be deepened or widened to reduce the actual bearing pressure.

Proposed Australian Hearing Hub Project 71683.00
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10.5 Pavements & Floor Slabs

During construction of pavements and access roads outside the basement area it is
recommended that all topsoil, organic and deleterious material should be stripped and
stockpiled separately for disposal or use in landscaping areas. Proof rolling of the exposed
subgrade should be carried out under the supervision of a geotechnical engineer to detect any
soft or heaving areas. Any soft spots detected during proof rolling would need to be stripped to

a stiff base and replaced with engineered filling.

Engineered filling should be placed in maximum 200 mm thick loose layers and compacted to a
minimum dry density ratio of 98% Standard compaction with moisture contents within 2% of
optimum moisture content (OMC). The compaction should be increased to a dry density ratio of
100% Standard compaction within 0.3 m of the subgrade surface. The existing filling, clay and
excavated rock on site should generally be suitable for re-use as engineered filling provided it
has a maximum particle size of 70 mm and moisture content within 2% of OMC (where possible,

preference should be given to the use of granular material).

Subject to the subgrade preparation outlined above, the design of pavements on engineered
filling or clay subgrade may be based on a CBR value of 2%. Design of pavements on
weathered rock may be based on a CBR value of 5% for extremely low to very low strength rock
and 10% for low strength rock or better. These CBR values assume all pavements are
protected by adequate surface and subsoil drainage to minimise the risk of water infiltration and

softening of pavement materials.

11. LIMITATIONS

Douglas Partners (DP) has prepared this report for the Australian Hearing Hub project within the
Macquarie University campus at the corner of University Avenue and Macquarie Drive,
Macquarie Park in accordance with the consultancy agreement between Douglas Partners Pty
Ltd and Macquarie University. This report is provided for the exclusive use of the Macquarie
University for the specific project and purpose as described in the report. It should not be used

by or relied upon for other projects or purposes on the same or other site or by a third party.

Proposed Australian Hearing Hub Project 71683.00
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The results provided in the report are considered to be indicative of the sub-surface conditions
on the site only to the depths investigated at the specific sampling and/or testing locations, and
only at the time the work was carried out. DP’s advice is based on observations,
measurements, tests or derived interpretations. The accuracy of the advice provided by DP in
this report may be limited by unobserved features and variations in ground conditions across the
site in areas between test locations and beyond the site boundaries or by variations with time.
The advice may be limited by restrictions in the sampling and testing which was able to be
carried out, as well as by the amount of data that could be collected given the project and site
constraints. Actual ground conditions and materials behaviour observed or inferred at the test
locations may differ from those which may be encountered elsewhere on the site. Should
variations in subsurface conditions be encountered, then additional advice should be sought

from DP and, if required, amendments made.

This report must be read in conjunction with the attached “Notes Relating to This Report” and
any other attached explanatory notes and should be kept in its entirety without separation of
individual pages or sections. DP cannot be held responsible for interpretations or conclusions
from review by others of this report or test data, which are not otherwise supported by an
expressed statement, interpretation, outcome or conclusion stated in this report. In preparing

this report DP has necessarily relied upon information provided by the client and/or their agents.

DOUGLAS PARTNERS PTY LTD

Reviewed by
Scott Easton Fiona MacGregor
Senior Associate Principal
Proposed Australian Hearing Hub Project 71683.00

Cnr University Avenue and Macquarie Drive, Macquarie Park April 2010
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NOTES RELATING TO THIS REPORT

Introduction

These notes have been provided to amplify the
geotechnical report in regard to classification methods,
specialist field procedures and certain matters relating to
the Discussion and Comments section. Not all, of course,
are necessarily relevant to all reports.

Geotechnical reports are based on information gained
from limited subsurface test boring and sampling,
supplemented by knowledge of local geology and
experience. For this reason, they must be regarded as
interpretive rather than factual documents, limited to
some extent by the scope of information on which they
rely.

Description and Classification Methods

The methods of description and classification of soils
and rocks used in this report are based on Australian
Standard 1726, Geotechnical Site Investigations Code.
In general, descriptions cover the following properties -
strength or density, colour, structure, soil or rock type and
inclusions.

Soil types are described according to the
predominating particle size, qualified by the grading of
other particles present (eg. sandy clay) on the following
bases:

Soil Classification Particle Size
Clay less than 0.002 mm
Silt 0.002 to 0.06 mm
Sand 0.06 to 2.00 mm
Gravel 2.00 to 60.00 mm

Cohesive soils are classified on the basis of strength
either by laboratory testing or engineering examination.
The strength terms are defined as follows.

Undrained
Classification Shear Strength kPa
Very soft less than 12
Soft 12—25
Firm 25—50
Stiff 50—100
Very stiff 100—200
Hard Greater than 200

Non-cohesive soils are classified on the basis of
relative density, generally from the results of standard
penetration tests (SPT) or Dutch cone penetrometer tests
(CPT) as below:

SPT CPT
Relative Density “N” Value Cone Value

(blows/300 mm) (g — MPa)
Very loose less than 5 less than 2
Loose 5—10 2—5
Medium dense 10—30 5—15
Dense 30—50 15—25

Very dense greater than 50 greater than 25

Rock types are classified by their geological names.
Where relevant, further information regarding rock
classification is given on the following sheet.

Sampling

Sampling is carried out during driling to allow
engineering examination (and laboratory testing where
required) of the soil or rock.

Disturbed samples taken during driling provide
information on colour, type, inclusions and, depending
upon the degree of disturbance, some information on
strength and structure.

Undisturbed samples are taken by pushing a thin-
walled sample tube into the soil and withdrawing with a
sample of the soil in a relatively undisturbed state. Such
samples vyield information on structure and strength, and
are necessary for laboratory determination of shear
strength and compressibility. Undisturbed sampling is
generally effective only in cohesive soils.

Details of the type and method of sampling are given in
the report.

Drilling Methods.

The following is a brief summary of driling methods
currently adopted by the Company and some comments
on their use and application.

Test Pits — these are excavated with a backhoe or a
tracked excavator, allowing close examination of the
in-situ soils if it is safe to descent into the pit. The depth
of penetration is limited to about 3 m for a backhoe and
up to 6 m for an excavator. A potential disadvantage is
the disturbance caused by the excavation.

Large Diameter Auger (eg. Pengo) — the hole is
advanced by a rotating plate or short spiral auger,
generally 300 mm or larger in diameter. The cuttings are
returned to the surface at intervals (generally of not more
than 0.5 m) and are disturbed but usually unchanged in
moisture content. Identification of soil strata is generally
much more reliable than with continuous spiral flight
augers, and is usually supplemented by occasional
undisturbed tube sampling.

Continuous Sample Drilling — the hole is advanced
by pushing a 100 mm diameter socket into the ground
and withdrawing it at intervals to extrude the sample.
This is the most reliable method of drilling in soils, since
moisture content is unchanged and soil structure,
strength, etc. is only marginally affected.

Continuous Spiral Flight Augers — the hole is
advanced using 90—115 mm diameter continuous spiral
flight augers which are withdrawn at intervals to allow

Issued: October 1998
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sampling or in-situ testing. This is a relatively economical
means of drilling in clays and in sands above the water
table. Samples are returned to the surface, or may be
collected after withdrawal of the auger flights, but they are
very disturbed and may be contaminated. Information
from the drilling (as distinct from specific sampling by
SPTs or undisturbed samples) is of relatively lower
reliability, due to remoulding, contamination or softening
of samples by ground water.

Non-core Rotary Drilling — the hole is advanced by a
rotary bit, with water being pumped down the drill rods
and returned up the annulus, carrying the drill cuttings.
Only major changes in stratification can be determined
from the cuttings, together with some information from
‘feel’ and rate of penetration.

Rotary Mud Drilling — similar to rotary drilling, but using
drilling mud as a circulating fluid. The mud tends to mask
the cuttings and reliable identification is again only
possible from separate intact sampling (eg. from SPT).

Continuous Core Drilling — a continuous core sample
is obtained using a diamond-tipped core barrel, usually
50 mm internal diameter. Provided full core recovery is
achieved (which is not always possible in very weak
rocks and granular soils), this technique provides a very
reliable (but relatively expensive) method of investigation.

Standard Penetration Tests

Standard penetration tests (abbreviated as SPT) are
used mainly in non-cohesive soils, but occasionally also
in cohesive soils as a means of determining density or
strength and also of obtaining a relatively undisturbed
sample. The test procedure is described in Australian
Standard 1289, “Methods of Testing Soils for Engineering
Purposes” — Test 6.3.1.

The test is carried out in a borehole by driving a 50 mm
diameter split sample tube under the impact of a 63 kg
hammer with a free fall of 760 mm. It is normal for the
tube to be driven in three successive 150 mm increments
and the ‘N’ value is taken as the number of blows for the
last 300 mm. In dense sands, very hard clays or weak
rock, the full 450 mm penetration may not be practicable
and the test is discontinued.

The test results are reported in the following form.

e In the case where full penetration is obtained with
successive blow counts for each 150 mm of say 4, 6
and 7

as 4,6,7
N=13

¢ In the case where the test is discontinued short of full
penetration, say after 15 blows for the first 150 mm and
30 blows for the next 40 mm

as 15, 30/40 mm.
The results of the tests can be related empirically to the
engineering properties of the soil.
Occasionally, the test method is used to obtain

samples in 50 mm diameter thin walled sample tubes in
clays. In such circumstances, the test results are shown
on the borelogs in brackets.

Cone Penetrometer Testing and Interpretation

Cone penetrometer testing (sometimes referred to as
Dutch cone — abbreviated as CPT) described in this
report has been carried out using an electrical friction
cone penetrometer. The test is described in Australian
Standard 1289, Test 6.4.1.

In the tests, a 35 mm diameter rod with a cone-tipped
end is pushed continuously into the soil, the reaction
being provided by a specially designed truck or rig which
is fitted with an hydraulic ram system. Measurements are
made of the end bearing resistance on the cone and the
friction resistance on a separate 130 mm long sleeve,
immediately behind the cone. Transducers in the tip of
the assembly are connected by electrical wires passing
through the centre of the push rods to an amplifier and
recorder unit mounted on the control truck.

As penetration occurs (at a rate of approximately
20 mm per second) the information is plotted on a
computer screen and at the end of the test is stored on
the computer for later plotting of the results.

The information provided on the plotted
comprises: —

e Cone resistance — the actual end bearing force
divided by the cross sectional area of the cone —
expressed in MPa.

e Sleeve friction — the frictional force on the sleeve
divided by the surface area — expressed in kPa.

e Friction ratio — the ratio of sleeve friction to cone
resistance, expressed in percent.

There are two scales available for measurement of
cone resistance. The lower scale (0—5 MPa) is used in
very soft soils where increased sensitivity is required and
is shown in the graphs as a dotted line. The main scale
(0—50 MPa) is less sensitive and is shown as a full line.

The ratios of the sleeve friction to cone resistance will
vary with the type of soil encountered, with higher relative
friction in clays than in sands. Friction ratios of 1%—2%
are commonly encountered in sands and very soft clays
rising to 4%—10% in stiff clays.

In sands, the relationship between cone resistance and
SPT value is commonly in the range:—

d. (MPa) = (0.4 to 0.6) N (blows per 300 mm)

In clays, the relationship between undrained shear
strength and cone resistance is commonly in the range:—

de = (12t0 18) ¢,

Interpretation of CPT values can also be made to allow
estimation of modulus or compressibility values to allow
calculation of foundation settlements.

Inferred stratification as shown on the attached reports
is assessed from the cone and friction traces and from
experience and information from nearby boreholes, etc.
This information is presented for general guidance, but
must be regarded as being to some extent interpretive.
The test method provides a continuous profile of
engineering properties, and where precise information on

results
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soil classification is required, direct drilling and sampling
may be preferable.

Hand Penetrometers

Hand penetrometer tests are carried out by driving a
rod into the ground with a falling weight hammer and
measuring the blows for successive 150 mm increments
of penetration. Normally, there is a depth limitation of
1.2 m but this may be extended in certain conditions by
the use of extension rods.

Two relatively similar tests are used.

e Perth sand penetrometer — a 16 mm diameter flat-
ended rod is driven with a 9 kg hammer, dropping
600 mm (AS 1289, Test6.3.3). This test was
developed for testing the density of sands (originating
in Perth) and is mainly used in granular soils and filling.

e Cone penetrometer (sometimes known as the Scala
Penetrometer) — a 16 mm rod with a 20 mm diameter
cone end is driven with a 9kg hammer dropping
510 mm (AS 1289, Test 6.3.2). The test was
developed initially for pavement subgrade
investigations, and published correlations of the test
results with California bearing ratio have been
published by various Road Authorities.

Laboratory Testing

Laboratory testing is carried out in accordance with
Australian Standard 1289 “Methods of Testing Sail for
Engineering Purposes”. Details of the test procedure
used are given on the individual report forms.

Bore Logs

The bore logs presented herein are an engineering
and/or geological interpretation of the subsurface
conditions, and their reliability will depend to some extent
on frequency of sampling and the method of drilling.
Ideally, continuous undisturbed sampling or core drilling
will provide the most reliable assessment, but this is not
always practicable, or possible to justify on economic
grounds. In any case, the boreholes represent only a
very small sample of the total subsurface profile.

Interpretation of the information and its application to
design and construction should therefore take into
account the spacing of boreholes, the frequency of
sampling and the possibility of other than ‘straight line’
variations between the boreholes.

Ground Water

Where ground water levels are measured in boreholes,
there are several potential problems;

e In low permeability soils, ground water although
present, may enter the hole slowly or perhaps not at all
during the time it is left open.

e A localised perched water table may lead to an
erroneous indication of the true water table.

e Water table levels will vary from time to time with
seasons or recent weather changes. They may not be
the same at the time of construction as are indicated in
the report.

e The use of water or mud as a drilling fluid will mask any
ground water inflow. Water has to be blown out of the
hole and drilling mud must first be washed out of the
hole if water observations are to be made.

More reliable measurements can be made by installing
standpipes which are read at intervals over several days,
or perhaps weeks for low permeability soils.
Piezometers, sealed in a particular stratum, may be
advisable in low permeability soils or where there may be
interference from a perched water table.

Engineering Reports

Engineering reports are prepared by qualified
personnel and are based on the information obtained and
on current engineering standards of interpretation and
analysis. Where the report has been prepared for a
specific design proposal (eg. a three storey building), the
information and interpretation may not be relevant if the
design proposal is changed (eg. to a twenty storey
building). If this happens, the Company will be pleased to
review the report and the sufficiency of the investigation
work.

Every care is taken with the report as it relates to
interpretation of subsurface condition, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However, the

Company cannot always anticipate or assume
responsibility for:
e unexpected variations in ground conditions — the

potential for this will depend partly on bore spacing and
sampling frequency
e changes in policy or interpretation of policy by statutory
authorities
e the actions of contractors responding to commercial
pressures.
If these occur, the Company will be pleased to assist
with investigation or advice to resolve the matter.

Site Anomalies

In the event that conditions encountered on site during
construction appear to vary from those which were
expected from the information contained in the report, the
Company requests that it immediately be notified. Most
problems are much more readily resolved when conditions
are exposed than at some later stage, well after the
event.

Reproduction of Information for
Contractual Purposes

Attention is drawn to the document “Guidelines for the
Provision of Geotechnical Information in Tender
Documents”, published by the Institution of Engineers,
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Australia. Where information obtained from this
investigation is provided for tendering purposes, it is
recommended that all information, including the written
report and discussion, be made available. In
circumstances where the discussion or comments section
is not relevant to the contractual situation, it may be
appropriate to prepare a specially edited document. The
Company would be pleased to assist in this regard and/or
to make additional report copies available for contract
purposes at a nominal charge.

Site Inspection

The Company will always be pleased to provide
engineering inspection services for geotechnical aspects
of work to which this report is related. This could range
from a site visit to confirm that conditions exposed are as
expected, to full time engineering presence on site.

Copyright © 1998 Douglas Partners Pty Ltd
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DESCRIPTION AND CLASSIFICATION OF ROCKS FOR ENGINEERING PURPOSES

DEGREE OF WEATHERING

Term Symbol Definition
Extremely EW Rock substance affected by weathering to the extent that the rock exhibits soil properiies - i.e. it can
Weathered be remouided and can be classified according fo the Unified Classification System, but the texture of
the original rock is still evident.
Highly HW | Rock substance affected by weathering to the extent that limonite staining or bleaching affects the
Weathered whole of the rock substance and other signs of chemical or physical decompasition are evident.

Porosity and strength may be increased or decreased cornpared to the fresh rock usually as a result
of Iron leaching or deposition. The celour and strength of the original fresh rock substance is no
longer recognisable.

Moderately MW Rock substance affected by wéathering to the extent that staining or discolouration of the rock

Weathered . substance usually by limonite has taken place, The colour of the fresh rock is no longer recognisable.

Slightly Sw Rock substance affected by weathering to the extent that partial staining or discolouration of the rock

Weathered substance usually by limonite has taken ptace. The colour and texture of the fresh rock is
recoghisable,

Fresh Stained Fs Rock substance unaffected by weathering, but showing limonite staining along joints.

Fresh Fr Rock substance unaffected by weathering.

ROCK STRENGTH

Rock strength is defined by the Point Load Strength Index (isso) and refers to the strength of the rock substance in the direction normal to the
bedding. The test procedure is described by Australian Standard 4133.4.1 - 1993,

Approx Unconfined
Term Symbol Field Guide* Point Il_oaci Index Compressw’e: Strength
: S(50) Gu
MPa MPa
Extremely EL Easily remoulded by hand {0 a material with scil properties <0.03 <08
low
Very low VL Material crumbles under firm blows with sharp end of pick; can 0.03-0.1 0.6-2
be peeled with a knife; too hard to cut a triaxial sample by hand.
SPT will refuse. Pieces up to 3 cm thick can be broken by
finger pressure.
Low L Easily scored with a knife; indentations 1 mm to 3 mm show in 0.1-0.3 26
the specimen with firm blows of the pick poini; has dull sound
under hammer. A piece of core 150 mm long 40 mm diameter
may be broken by hand. Sharp edges of core may be friable
and break during handling.
Medium M Readily scored with a knife; a piece of core 150 mm long by 0.3-1.0 8-20
"~ | 50 mm diameter can be broken by hand with difficulty.
High H Can be slightly scratched with a knife. A piece of core 150 mm 1-3 20-80
long by 50 mm diameter cannot be broken by hand but can be
broken with pick with a single firm blow, rock rings under
hammer.
Very high VH Cannot be scratched with a knife. Hand specimen breaks with 3-10 60-200
pick after more than cne blow, rock rings under hammer.
Extremely EH Specimen reguires many blows with geological pick 1o break >10 > 200
high through intact material, rock rings under hammer,
Note that these terms refer to strength of rock material and not to the strength of the rack mass, which may be considerably weaker due to
rock defects,
*  The field guide assessment of rock strength may be used for preliminary assessment or when point load testing is nat able to be
done.
**  The approximate unconfined compressive strength (g.) shown in the table is based on an assumed ratio to the point load index of
20:1. This ratio may vary widely.
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STRATIFICATION SPACING

Term Separétion of .
Stratification Planes

Thinly laminated <6 mm
Laminated 6 mm to 20 mm
Very thinly bedded 20 mm to 60 mm
Thinly bedded 60mmto0.2m
Medium bedded 02Zmto08m
Thickly bedded 0.Bmto2m
Very thickly bedded >2'm

DPEGREE OF FRACTURING

This classification applies to diamond drilf cores and refers to the spaging of all types of natural fractures along which the core is
discontinuous. These include bedding plane partings, jvints and other rock defects, but exclude known artificial fractures such as drilling
breaks. The orientation of rock defects is measured as an angle relative to a plane perpendicular to the core axis. Note that where possible,
recordings of the actual defect spacing or range of spacings is preferred to the general terms given below.

Term - Description
Fragmented The core consists mainly of fragments with dimensions less than 20 mm.
Highly Fractured Core lengths are genrerally less than 20 mm - 40 mm with occasional fragments.

Fractured Core iengths are mainly 40 mm - 200 mm with occasional shorter and longer sections.

Slightly Fractured Core lengths are generally 200 mm - 1000 mm with occasional sharter and longer sections.

Unbroken The core does not contain any fracture.

ROCK QUALITY DESIGNATION (RQD)

This is defined as the ratio of sound (i.e. low strength or better) core in lengths of greater than 100 mm to the total iength of the core,
expressed in percent. If the core is broken by handling or by the drilling process (i.e. the fracture surfaces are fresh, irregular breaks rather
than joint surfaces) the fresh broken pieces are fitted tegether and counted as one piece.

SEDIMENTARY ROCK TYPES

This classification system provides a standardised terminology for the engineering description of sandstone and shales, particularly in the
Sydney area, but the terms and definitions may be used elsewhere when applicable.

Claysteone:

Shale:

Rock Type Definition
Conglomerate More than 50% of the rock consists of gravel-sized (greater than 2 mm) fragments
Sandstone: More than 50% of the rock consists of sand-sized (0.06 to 2 mm) grains
Siltstone: More than 50% of the rock consists of silt-sized (less than 0.06 mm) granular'panicies and the rock is not

laminated.
More than 50% of the rock consists of clay or sericitic material and the rack is not laminated.

More than 50% of the rock consists of silt or clay-sized particles and the rock is laminated.

Rocks possessing characteristics of two groups are described by their predominant pasticle size with reference also to the minor constituents,
eg. clayey sandstone, sandy shale.

Copyright © 2000 Douglas Partners Pty Ltd
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GRAPHIC SYMBOLS FOR SOIL & ROCK

—

e
T4
PP

‘- - t.

¥ ¥
¥ ¥

SOIL

BITUMINOUS CONCRETE

CONCRETE
TOPSOIL
FILLING
PEAT

CLAY

SILTY CLAY

SILT

425 SANDY CLAY

GRAVELLY CLAY

SHALY CLAY

CLAYEY SILT

1| SANDY SILT

SAND

74 CLAYEY SAND

il SITY saND

GRAVEL

| SANDY GRAVEL

COBBLES/BOULDER

TALUS

SEDIMENTARY ROCK
BOULDER CONGLOMERATE

CONGLOMERATE

_J| CONGLOMERATIC SANDSTONE

SANDSTONE FINE GRAINED

1 SANDSTONE COARSE GRAINED

SILTSTONE

1 LAMINITE

MUDSTONE, CLAYSTONE, SHALE
COAL
LIMESTONE

SEAMS

- SEAM SEAM

NN

>10mm <10mm

METAMORPHIC ROCK
SLATE, PHYLLITE, SCHIST

GNEISS

QUARTZITE

IGNEOUS ROCK

+

+

/</<+

<

O

'U—U<</<

GRANITE

DOLERITE, BASALT

TUFF

PORPHYRY
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BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 74.0 AHD BORE No: 1
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 09 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
Description vlaeegtﬁ:ri%; o _| Fracture Discontinuities Sampling & In Situ Testing
= Depth of 68 8| Spacing ‘ . 2|o | TestResults
2| (m) &S S (m) B -Bedding J - Joint g gg S Py
Strata E%E%&&o 5 wgg §§ §-Shear  D-DrilBreak | = |O @/ Comments
= 005 TOPSOIL - dark grey brown, siity 4 ! T T TT 7" 1T Tl AE
[ clay topsoil with some grass it (I N
L rootlets, moist Tl [ N
[ CLAY - stiff, brown clay with a trace bret Lot H AE
r of ironstone gravel, moist Frrtd bl
i H i
Lol | | AE
(L' VO CLAY -stiff, mottied orange and RERR EEERE R 268
light grey clay, moist BEER IR S N'=14
P Ll —
P I N
Lt [ NN
3 Pt [
[Rr2 |||||é Iy |:
bl
22 SHALE - extremely low to very low : : : : : g : :| 1
strength, grey brown shale with RRRRE YT
ironstone bands RN F— [ (1 [ | Note:Unless otherwise
iingalln stated, rock is fractured
[ N bbb along rough planar
[cFa I I I Y g b 11 1L | bedding planes R
H I et (N
[ Y et [N
25 L == LIl
| SHALE/SILTSTONE - extremely TTTT1H :tb TT | 3.5-4.76m: fragmented
low and very low strength, [ I ‘ 1 | rock with clay bands
[ extremely and highly weathered, [ R
Fep4 fragmented to fractured, light grey P o == |
[ and grey brown, shale/siltstone with| | | | | | {7 T T C (100 O
some clay bands and medium P [ (]
strength bands R Il
I T [N
L EEEES L1 4. 76-5.6m: nighly
-3k5 | DR | LIl | weathered rock with
A ool = | [} 1 ironstone & clay bands ¢ l100! o
it o
et Il I:
L WLl e [
S L1 (1 5.6m: CORE LOSS:
Z | | | ] | | | 550mm
-l‘l‘)_e
T e srrsTonEmeamsTeg— T - afNbe g 6.15-7.33m; BO®- 5
. “me iumsreng ; LN LA PSS S S R LI 1 T LEJ 15-7.33m: c_o. -
highly weathered, fragmented to : : : : : T l : : : : : l I H (numerous), ironstained, PL(A)=0.6MPa
fractured, grey brown siltstone with i : | R milE healed & fragmented
some extremely low and very low to - into 0.01 t0 0.05m
. low strength bands : : : : : T : : : : : I H 'nf%‘/g‘;m 2) J30°
i 1IN R AR ||| 35°, ironstained & clay Cc [81]20
Mprretf—U [ 1 || | smear PL(A) = 0.4MPa
. prirp— (N |
[ 745 TAMINITE - Tow to medium B IR EEx F | 1l | 7.45m: J50°, undulating,
L strength, highly to moderately N BN RN s VL I 1 \gurved. rough
: weathered, fractured to slightly [ Wy e PLLL | | [\7-85m: Jd5", smooth PL(A) = 0.3MPa
Lol s fractured, grey brown laminite 11| 1) I 11 |1 | 7-78m: J90°, partially :
- (approximately 20% fine grained R o 11 [ 11 |1 [\ealed
sandstone laminations) with some == Lt 0 1y | 808 3m:clay band
FH . extremely low strength bands | [ X |1} i 4] | 88-8.5m:J, subvertical,
[ [ ®5CAMINITE - medium strength, ] = [ 10| I t1]1y | lronstained. rough
fresh stained, slightly fractured, N (N oo O f b Tt | 8:64m: J85% smooth PL(A) = 0.3MPa
- grey brown laminite (approximately | | | | ||| [ 111 [ 1161 | 8.85m: J90°, smooth ’
e 20- 40% fine grained sandstone RN (B xx |11 I 11 j
laminations and bands) RN (== LUL R 1E [T | 911m:Bo®, clay veneer | o |400| g4 | PL(A) =0.4MPa
P == (e L]
RN [ X2 P13 | | 9.4m: J25° rough
IR i o fErieh 1R \9"’;6‘.9'60”‘3("3)30'
RN [ === Pl BRI R 10°, ironstained
111k o {114 L1l 11 \9.76m: J20°, smooth
RIG: Bobcat DRILLER:Steve S LOGGED: SI CASING: Uncased

TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.5m; NMLC-Coring to 12.15m
WATER OBSERVATIONS: No free groundwater observed whilst augering. Water in standpipe at 9.2m on 16/4/10

REMARKS: E = Environmental sample. 10% water loss from 11.0m. Standpipe installed to 12.0m
SAMPLING & IN SITU TESTING LEGEND CHECKED
D Disiroed sample B Photo ionieation detector” C
B Bulk samp) S Standand : Initials: § &
B Buksamol i) B, Sundardpensteton est o (/)] Douglas Partners
W Water sample V  Shear Vane (kPa) 7 b Y .
C_ Core cnlng B Watersesp - %_iaterlove Date; 7/ ‘/%/ Geotechnics - Environment - Groundwater



BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 74.0 AHD BORE No: 1
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 09 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
i Degree of Rock ; inuiti i i i
Description A Fracture Discontinuities Sampling & In Situ Testing
| Depth p Weathering |2 Strength 5| Spacing . = '
E of 89,0 Tl T8l 1 B-Bedding J - Joint g {e*lo est Results
(m) E-lgia g migs| W | 3-Beddng 4odem 1 &15¢lew &
N Strata 23330k [nBIBB1EE |5 82 38 | S-S D-DilEea] = 10ZIE ] Comments
“F Y LAMINITE - high strength, fresh, TTTTT LR M TReH  amo C _[100] 94
slightly fractured, light grey and P 3000 { 11 |1 | 10.08m:J35° healed PL(A) = 1.9MPa
grey, laminite (approximately 50% | | | | | | Pl T
fine grained sandstone laminations | | | | | | N |t JIt | 10.42m: BO°, 10mm clay
and bands) Lt CR bt
[ : : : Hi 1011 | I: l:
L3t 11 i 1011 (| 1 . 140°
° RERR I=RERE g o | 1ossme ¢ |100| 04
: } : 1 ER : :I : PL(A) = 1.9MPa
! I : : | .J:| 11.46m: BO°, 10mm clay
I NEER [ 11 | 11.58m: BO®, 10mm clay
- P [
(812 NERN A I PL(A) = 1.5MPa
t "' Bore discontinued at 12.15m [ 1t
[ Ll [N
. L L
Ll NN RN
: (N (N H
[ P [
13
® NERE AR
L1 |
I Lt [
[ NI NI
i (RN [
[ I [
[3r 14 P I
L Pt (R
Pt el
L (IR
L el
: : (I I H
[l 1 [N
S BEER IRl
el (R
NN Lo
P o
[ [
[ Pt [
F3k16 o It
[ Pt [ 1r It
Fot Pl Forr it
LI L Eorr ol
; P [N
: : [ [N H
n [ I1l
rer 17 RN NN
NN [N
(N Lt
Pt o
110 P
[ [ P It bl
Fet-18 Pt R
P NN
- i Pl
[ L [N
- 1 [N
[ (N [N
of L [N
(oo NN RN
LT (R
P I H
Lt o
Pt I
Pl (N
L1111 [
RIG: Bobcat DRILLER:Steve S LOGGED: SI CASING: Uncased
TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.5m; NMLC-Coring to 12.15m
WATER OBSERVATIONS: No free groundwater observed whilst augering. Water in standpipe at 9.2m on 16/4/10
REMARKS: E = Environmental sample. 10% water loss from 11.0m. Standpipe installed to 12.0m
SAMPLING & IN SITU TESTING LEGEND CHECKED
D Distaroad sample B0 Phots ianastion dstactor”
; Initials:
B TAE S . 4 (/)] Douglas Partners
C__ Core drling 5 Weier sesp ™% Waterlev Date: 7—7/ W’ d Geolechnics - Environment - Groundwater
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BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 742 AHD BORE No: 2
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 01 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
. Degree of Rock ; inuiti i i i
Description Weagthering g Strength | = l;ra:ct:?nre Discontinuities Sampling & In Situ Testing
= Depth of ST T T e 5| SPacing . . 0= Test Results
% m) £3lg3) (5 FgS| (M | 8-Beddng J-Joint 8 (85|82 &
Strata E%;%&EO 3@@'2'%@'3 E §§ §§ S-Shear D -Drill Break | (= O& x Comments
! FILLING - brown, silty sand filling l Il INEERE T 11
i with some gravel, humid : : : : : : : : : : H H AE*
| |1 P (R ——
Fren LEECEE]r 1 1t | AVE ]
3 O8I SHALE - very low strength, light { : : =5 : : : : I : : H H E
ot grey shale | =Nl [RERE AR g\ 9|23/;50r}1m
=l | Nk N I (I R | 2 | refusa
i ] P 1Lt [l
L | NNk I Pt
[ | P 11t bl
| PO E= it [I 11 11 | Note: Unless otherwise
[ [2 | Tt l== 11t I 11l || | stated, rockis fractured
Lol PO =gttt ¢ 1t 11 | alongrough planar
[ POVl 1Jier b |t 11 1y | beadingdipping0*10°
; Pt egafrern | (oo gy forioms
| ==yt bl
28 H—t==— - H—H
SILTSTONE - alternate bands of Rl iR Lol ol 2.8-6.35m: fragmented
3 very low to fow and low to medium e into 0.01 to 0.02m
L[ strength, extremely to highly Poy—prprent LE L intervals, ironstained,
3 weathered, fragmented, light grey I - LRt 111 1 highty weathered rock
and grey brown siltstone with some N Lo Lt C |100} 0
i medium strength ironstone bands : : _. : | : : : H H
[ NEESER IR Il
4 = | 11 L
Fep I e N IR NN
[ N Il
L (N | 11 oL
[ =00t oL _
[ LH—] e 11 HT PLA) = 0.3MPa
[s P et Y C {100]| 0
of | D 11 FEoL
el P —] | [ (N
P {— (I il
R I ot
[ b 11 R
{1 11 ot PL(A) = 0.7MPa
[® SO SILTSTONE - low to medum and | | : : = : | : : : H H
r8r medium strength, highly to T
moderately weathered, fragmented : : : - w : I : H H \Eéis—z.i?:g?; ;:rushed
brown tstone it some geg tow | 1 TTIUT (=L i i]ui ] fifir 11 [‘ssse7im agmentea | ¢ | g5 g
to low strength bands | N [ =1 || | into0.02mintervals, PL(A) = 0.6MPa
| Tl v oah | 1 BO®, ironstained
_7 r—_—
| (I i O ] P _
r% | Tt —=1 v 11 [ 7.15-7.55m: fragmented, PL(A) = 0.4MPa
L | 1= 11 [N \ironstained&clay bands
I 7.5 It [ 7.25m: J70°, ironstained
[ | ~7.55m: CORE LOSS:
[ 785 TTI T = TTIrT] [ [T ] 290mm
[g SANDSTONE - medium strength, trthe b bl [ || | 7.85m:J45° slightly
[ moderately to slightly weathered R IR R IR I || | curved, rough
-8F then fresh, fractured to slightly cetheb=troth l [ [\8:15m: J40°, smooth PL(A) = 0.5MPa
[ fractured, light grey and grey ch e crthon l Il 8.2-8.92m: (x8) BO®- 5°,
F brown, fine grained sandstone with R R 0 ironstained
[ approximately 20% siltstone bands R R - : : : : : : : (
L and laminations SRR o i | 0 C (100 34 | pL(A) = 0.7MPa
e Crfrepfrrgerry | (1| om: B0, 10mm clay
Lol trlerEsbroene] | [ \gand PL(A) = 0.6MPa
[ (I I B A I Y T | Il .1m: J20°, clay smear
gt rapen | I -40-9.86m: (x6) BO®
LT e | {| | 10° clay smear PL(A) = 0.8MPa
98 SANDSTONE - see next page : l : : l *_'—" : : : : : : : H :
RIG: DT 100 DRILLER:Younan LOGGED: Mikhail/SI CASING: HQ to 2.0m

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 2.0m; Rotary to 2.8m; NMLC-Coring to 11.9m
WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample
*Denotes field replicate sample BD2/010410 collected

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp Pocket penetrometer (kPa)
2 g O et wiio: § P

i S .
U, Tube sample (x mm dia.) PL Point loadpstrength I1s{50) MPa ( ’ Doug’as ar tn er s
W Water sample V  Shear Vane (kPa) ) 2 0 oy .
C__Core dring > Weterseep ¥ Waterlovel Date:2 7 ‘f/ / Geotechnics - Environment - Groundwater
7




BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 74.2 AHD BORE No: 2
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 01 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description \ngtf:ngf o StF;gr?gth _| Fracture Discontinuities Sampling & In Situ Testing
=| Depth of N s £| Spacing 4 . o®|n | TestResults
% m) o R B-Beddng J-dont | B1EIGe T g
Strata E%;%&E:o SI§I§I§I§?’I§IE g §§ 23 S-Shear D-DrillBreak | = o&)n: Comments
L SANDSTONE - high strength, Tl T
3t fresh, slightly fractured, lightgrey | ! L L L IQf--p 1 LTI I
[ to grey, fine grainsd sandstone with : : : : : b : : : : PL(A) = 1.1MPa
approximately 20% siltstone bands | ——— . RA°
and laminations (continued) RERE N AR 10.48m: BO", Smm clay
. : L : : cop e : ' : : 10.8m: J50°, rough,
(" "0 SILTSTONE - igh strength, fresh, | | : : s : : : : | : Lol undulating C |00 99
rsr slightly fractured, grey siltstone with| | | | { (1l -7 1t 1 th 1 | 11'd1T't.J45‘r°u9h'
approximately 20% fine grained RERE | EEEE] [ | undulating PL(A) = 1.8MPa
sandstone bands and laminations RERE | R EEER [ . :
Gl ] e
12 " Bore discontinued at 17.9m ERE L Ty \L8meJ8sh, rough 7
St FELL Pt (R
[ RN I T T 1 I
I Ve N
I I Pt I
Ll ]
" BERR SERRER NI
[t (N et [ |
L et b |
Pl e P
(N i b |
L Ve el (I |
14 P e I
Lal e [ bl [
i (N et (S |
Lt P ey bl
[ L I [
: L [
r e
e EEER AR I
81 L (N e
I el [ |
L FErr [ |
IR I I |
L et [ |
F16 FELL I o
[l I P (R
Er PP [ I |
it e I
P L I
ULl L]
17 NERN NI
5 Lt Frerid ([ |
Pt e ([ |
e Frrrd o |
e Hd [ [ |
Pt I [N
18 I Frebn b
Lol I N e
L Ll I o
L (I [
P il 1 |
FHid [t (. |
e [T (I |
e [ P ot
&t P FLEd [ |
[ P e I
H P L [ i
(I 1t I
[ Pt [l
L1 11 I | [ ]
RIG: DT 100 DRILLER:Younan LOGGED: Mikhail/SI CASING: HQ to 2.0m

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 2.0m; Rotary to 2.8m; NMLC-Coring to 11.9m
WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample
*Denotes field replicate sample BD2/010410 coliected

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp Pocket penstrometer (kPa)
D gl £ prm e vt s € P

rd penetration te:
\L,J\; RJb(s san?pl7 (x mm dia.) CL gﬁint|c\>/adpstr§ggth Is(Sg) MPa ( ' Doug’as artners
ater sample
C_Core ailing D Water so6p % Water level bato: 27 [¢/0 Geotechnics - Environment - Groundwater
[
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BOREHOLE LOG

CLIENT: Magquarie Universit SURFACE LEVEL: 71.5 AHD BORE No: 3
. . y
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 08 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
- Degree of Roc i inuiti ing & In Situ Testin
Description Weathering | £ Strength | = l;raacéﬁ:e Discontinuities Sampling S g
| Depth of & TRT T T IE || Skacing ] . o®|q | TestResults
Z (m) &S §|—§‘| HREHEE (m) B - Bedding J - Joint § 2515 3
8. -~ wo - - Drill Break
Strata 2EEzvel |nEIBEEE, 5 8% 88 | S-S D-OWbeak | ¥ IOFET] Gomments
[ | oz CONCRETE HH =R
+ 02\ FILLING - brown silty ctay filling RERRE==RIIRRRER I
< with gravel REREE=RI[REERRBIINI NE
SHALE - very low strength, light BN IEEEE I
grey brown shale CEErt ey i it
Ly LT E=a 1l [N AE
PP =g it [N
o E A
of 14 N : — {1111 | Al
Ry oray brovn chivb et Oy S I (1 1| Note: Uniess otmerwise
grey brown shale with some —— >
[ ironstone bands [ A e Y [N | 1 || | stated, rockis fractured
L I I I b B ] [ N a!ongroughglfna_r.t
r2 U= fbr | {110y | dping0%10%orjoints | R
I T T I I el I 1 I R i
FELETEF I NN
Lo S S T T Wiy f I | | 1l | |
& 25 SI[TSTONE - extromely low to =
very low then very low strength, RN ERRER o
[ extremely and highly weathered, EER - RERE I
3 fragmented and highly fractured, T ! : ! 2.9-3.6m: fragmented,
I light grey and grey brown siltstone : : : : _ : : : : : :| H ironstained clist1|o
ol Perep e I
rer 36 I e [
L ) | 3.6m: CORE LOSS:
[ T o i T F—H— P~ 250mm
r4 ) I =g I
It — i [ |
i NN e (R | c {100]| 10
Lt ierei— i [ B T1 | 4.4m:J50° rough
~ o = |1 [ | | f 4.4-4.55m: drilling
487 i — L ' T%‘é"f‘%?ﬁa&a BO°- 5°
L X = .035-4. E -2, =
C5 493 LAMINITE - medium strength, i | B R i ironstained PLA) = 0.6MPa
[ highly to moderately then slightly | W a=x R | 4.71-4.87m: fragmented,
H weathered, fractured to slightly il B | ironstained
-:8: fractured, light grey to grey and red - Il 4.87m: CORE LOSS: PL(A) = 0.7MPa
L brown laminite with some very low U [N e ] [ | s0mm )
5.73h strength bands (50% silistone and 4 | | HI | =3 | Ly | 5.08m: J30°, ironstained PL(A) = 1.8MPa
[ 50% fine grained sandstone) [ N N N ] T | 5,2-5.3m: (x2) BO®, clay
. o ar
[© | SANDSTONE-highthenmedium | | | | | [ -0 14 Il L) ) 5.42m; B5, 5mm clay
F strength, moderately to slightly P 5.54m: J45°,
[ weathered, fractured then slightly Frprt [ e l ironstained, rough C | 98|66
Fat fractured, light grey brown to red N BRI [N | 5.63m: B10°,
: brown, fine to medium grained Prprebcp el | ironstained, clay band
L sandstone Fryred-freipnd | 5.74m: BO®, ironstained PL(A) = 0.6MPa
(A)
i PEyrvpcprrpn | 5.92m: J80°, healed
A | ] | o] i1l [ .07-6.78m: (x6) BO°- 5°,
| LAMINITE - medium strength, 1 | |#| 1 | ironstained & clay
[ fresh stained, slightly fractured, 1 NexxBRE BE [ veneer
Lt light grey to grey and brown || FE=d b1 I
- laminite (approximately 25% fine XEX =
[ grained sandstone laminations and : : : KKK : I : : II 778m: B5. clay band PL(A) = 0.9MPa
I .9 bands). Some | M .78m: BS®, clay
| el [ iy e e Y
SANDSTONE - high strength, fresh [ 8.1m: _Bs", Lronstained
L stained to fresh, slightly fractured, : : : : e : L : : : 8’§§$: jggg%ﬂgh
rer light grey to grey, fine grained EEEE R T I curved rough ' PL(A) = 1.2MPa
[ sandstone with siltstone crrr bl I | 8 46m: BO°. 10mm clay c |100] 85
L laminations and bands. Some very L Sl | ’\'51m2 J35°, rough
Lo 8°N\low strength bands : : : : = : : I : : : : H : 8.74m: BO®, 10mm clay
[ LAMINITE - high strength, fresh, PrerE i T
slightly fractured, light grey and BERRl I ===RRERI N N PL(A) = 1.4MPa
[ ol grey, laminite with occasional very R I==REEN B R
e low strength bands (approximately ERRE o e v b R
Eor 50% fine grained sandstone bands ] | ¢ 1001 86
Fr and laminations) PEET I Ll oH
mEEN laxxBhee [0 111 9 88m- B0O° 10mmclay

RIG: Bobcat

TYPE OF BORING: Diatube to 0.12m; Solid flight auger to 1.5m; Rotary to 2.5m; NMLC-Coring to 12.0m

DRILLER:Steve S

LOGGED: SI

CASING: HWto 1.5m

WATER OBSERVATIONS: No free groundwater observed whilst augering. Water in standpipe at 11.5m on 16/4/10

REMARKS: E = Environmental sample. Standpipe installed to 12.0m
SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp_ Pocket penetrometer (kPa) a
D  Disturbed sample PID Photo ionisation detector —_ k
B Bulk sample S Standard penetration test Initials:
3‘; wr;e sampl? (x mm dia.) \S;L ggint Ic\»/ad str&ggt)h 15(50) MPa
ater sample ear Vane a
C__ Core drilling D> Water seep ¥ Water lovel Date: 27 / (/ A 0
7
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BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 71.5 AHD BORE No: 3
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 08 Apr10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description vla:gtrr?:rig; o Sﬁg:gth .| Fracture Discontinuities Sampling & In Situ Testing
2| Depth of SE TS| Spacing T T o |o®]a | TestResults
(m) §-laidt 15 Elgz) M | 8- Beddng J-on £l8glcel &
Strata 5%% % og 3|§’§|§|;?l§]$ g §§ E? S - Shear D - Drill Break | = O&’ o Comments
LAMINITE - high strength, fresh, LRER 1 [ . BA°
slightly fractured, light grey and NEER Le] fiorp fy | 10.08m:BO% 15mm clay PL(A) = 1.9MPa
[ grey, laminite with occasionalvery | | | | | | | [ .
Fat low strength bands (approximately | | | | | | | I
[ 50% fine grained sandstonebands | | | | { | | [ I | 10.6m: J45°, rough,
L and laminations) (continued) RN | (] I'l | undulating
" : : : : : : : : H 10.95m: J70°, rough C (100 86 | p_(a) = 3.4MPa
L1 RN ol I | 11.2-11.94m: (x7) BO°-
[o 1 1 |g|l 11U} | 5° clay veneer
[“’ e N I | I | I
| L L
[ [*2 120 g 5re discontinued at 12,0m : : : i : ; : { “ ”
[ (N il (I
X438 [ b (N
[T Pt | [ O
R R
" | |
" BERR SRR
Pt Il ot
ol P |1 (I N
L FEr 1 [ I
[ | || I N
Ll [ (N
14 il |1 (N
Frd | I bl
[ FELL | ol
Far i | e
[ FEn | et
l : : : : I (R l:
1 (I
18 SRR NI
[ [ | P Hl
3 P 1 e
r8r Lt tep oo
[ |1 (N
T 11 (R
16 (I 1 [N
(N I (R
e 1 0
L [ |1 et
[ (I I (R
1 R
-7 R NI
[ |1 (R
[ [ I (IR
rar I I (R
IR 1 e
(I 1 e
18 i || [N
(I | I (R
(I I (R
Lol [ 1 oot
“f [ I [N
1 || (N
11 I e
r1° (I | It
(I I e
[ (I | (N
o8 e I Pl
e | Fore 0l
[ [ Forr ol
RN I Lt 1l
RIG: Bobcat DRILLER:Steve S LOGGED: Sl CASING: HW to 1.5m

TYPE OF BORING: Diatube to 0.12m; Solid flight auger to 1.5m; Rotary to 2.5m; NMLC-Coring to 12.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering. Water in standpipe at 11.5m on 16/4/10
REMARKS: E = Environmental sample. Standpipe installed to 12.0m

SAMPLING & IN SITU TESTING LEGEND CHECKED
D Distarosd sampl Bio Bioto irisation dstacior
isturbed sample oto icnisation detector -
B Bulk sample S Standard penetration test Initials: Q ( P
\L’JV, Tube san?ple {x mm dia.) PL Point Ioadpstrengtl; |s(seo) MPa S ' Doug’as artners
Cc

e ol 5 Water sesp T8 Water tevel Date: Z7/ t(#// /Y Geolechnics - Environment - Groundwater
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BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 70.7 AHD BORE No: 4
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 07 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
- Degree of Rock ; nuiti ling & In Situ Testi
Deoth Description Weathering :_:, Strength 5 i;n::élur:g Discontinuities Sampling & In Situ Testing
=1 Lep of S TI11T 15 % . . oX|n | TestResults
% m S3ub 15 RigS| (M | B-Beddng J-dom 818462 &
Strata E § § 3 0w SIE@@I%@'E E §'g_> S - Shear D - Drill Break | = o&) [v4 Comments
0.1~CONCRETE TTT 11 Tl T T
FILLING - brown, sandy gravel : : : : : : : : : : } : H E
filling with some clay, damp
0. N L | Il
(o[ SHALE - extremely low tovery low | | | | | | EERN | Il AE |
~ strength, light grey shale R BEER I [ il
Ly Lt Lt | Il
[ [ Lt | Il
L1 P | Il
[ I L | H
L (I Pt | I | | Note: Unless otherwise
rép [ O I I NN | || | stated, rock is fractured
(RN RN | | | | along rough planar ,
2 RN L] |l || | bedding dippingat0®™ | R
NERN NEEREL || | 10%orjoints
L i | I
23 SILTSTONE - extremely low fo = -r-r! S I | H
-8 very low strength, extremely to } : : I : : : : H
[ highly weathered, light grey and red ERR ) B | N
-3 brown, siitstone with some clay . Cc {100]| O
bands and medium strength : : : : I : : : : H
ironstone bands AR Dl | 11| 3.3m: 975, rough
N 355 SANDSTONE - Tow strength, highly : : : : : : : H 3.55-5.0m: fragmented, PL(A) = 1MPa
el to moderately weathered, AR L | ironstained
L4 fragmented and highly fractured, FEt | '
[ light grey and red brown, fine PP AN | Il
I grained sandstone with some e L1yl [ PL(A) = 1.3MPa
[ siltstone bands and high strength | 1 | | | | L1yl [
L ironstone bands N A T | I
Lol N A NN | I
L i L | I
[s 50 NN P | Il
[ CAMINITE - alternate bands of very [[_LL | | ! I | I'l | 5.0-5.85m: BO® C [100] 19
low and high strength, slightly T ] 11 | | || | (numerous), fragmented PL(A) = 1.7MPa
weathered, highly fractured, light 11141 1 |1 | || | into0.05t00.15m
grey and brown laminite NI E ] T | | 1 intervals with clay bands
Ll (approximately 50% fine grained EHIE | epy—— | | 1
sandstone laminations and bands) | | | ] | . 1t 11
[ g ol Ll || | 585-7.58m:B0°
[ I (numerous), ironstained
[ I Ll Il & clay veneer,
dﬂ: : i : l H fragmented into 0.01 to
. . .09mm intervals
8.45m: grey and dark grey with Cafet [ 11 | lom: 380 smooth PL(A) = 1.3MPa
-3 increasing siltstone laminations o [ 1l om: Jséc' ironstained
7 70 eIt I il
“|" LAMINITE - medium strength, L i ! i
slightly weathered, fractured, light | | | 1]l | (pun [N (] PL(A) = 2.6MPa
grey to grey laminite Lt E 1 INR! ] I
T el Ry == R TRE Y
'gﬁ ca 'lna lons and bands)/| | | | | IJE Pt b I 7.66m: B5°, ironstained
[ LAMINITE - high strength, fresh, L I P ¢ 100! &0
-8 slightly fractured, light grey and Pt 1" 1 [N 7.92m: BO®, clay smear,
[ grey laminite (approximately 50% (N i I 1l 1} | ironstained
fine grained sandstone laminations | | | | | | 1 RN PL(A) = 1.4MPa
and bands) L 1| (R
of I L et
[ef L L I
b L | (R
r® NN N I
[ | [N 0
BERN : : I : | I 9.2-9.45m: (x3) BO°, clay
: RERR Crfer ] o e PL(A) = 1.2MPa
Lol (1 L Il 9.59m: J60°, rough C (1001100
[ (I 1L o
L1t} I T 1 11 1}
RIG: Bobcat DRILLER:Salib LOGGED: Mikhail/S! CASING: HW to 1.5m

TYPE OF BORING: Diatube to 0.1m; 100mm diameter solid flight auger (TC-bit) to 1.5m; Rotary to 2.5m; NMLC-Coring to 12.2m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
D Diciroed tample B Prots ienaation decier” CC
It ) g .
B Buk ) s S : Initials: L~ (
B BT, o ) A . - )] Douglas Partners
W Water sample V  Shear Vane (kPa) ’ [0 . .
C_Cors diiling > Watersesp ¥ Water level pate: 27 /¥, Geotechnics - Environment - Groundwater
7



BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 70.7 AHD BORE No: 4
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 07 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description V[\?:gtrr?eeri%fg o St?eor%(th .| Fracture Discontinuities Sampling & In Situ Testing
2| Depth of ST T T =18 Spacing ’ ) R Test Results
= (m) a5 glgl (E| |§’|€»§ (m) B - Bedding J - Joint § gggo\g Py
Strata $2330¢C [aBIBEEE |5 82 S-Shear  D-DritBreak | = 1OZ|® | Comments
LAMINITE - high strength, fresh, [ L IR
slightly fractured, light grey and 1 LI (N PL(A) = 2.1MPa
grey laminite (approximately 50% 1101 I
: fine grained sandstone laminations R [N 1 10.45m: J45°, rough
L2 and bands) (continued) [N (R
[ et |
F11 L I [
. T901the o c [100[100| PL(A) = 2.5MPa
I I
FOT iy N
3 P 1l
37 ARRE INE Y
FEE Y [ 11.79m: BO°, clay smear
12 N R 11.99m: BO®, clay band PL(A) = 2.7MPa
'22"Bore discontinued at 12.2m A
I I
[ NERERR L
i T [
Lis Ll [N
[ I H
Frret I
P il
[ [ A I A (N
st L (N
FrErtd (N
14 [ I I A (N
b et I
[ [ |
' TR
* e
18 ERRRREIE
Frrrd I H
[ I I [
[ il I
-8 [N [
Tl [
16 T [
e [
e [
IRt
§ Lo [
CY7 NEERERIE
Frrred [
[ [
[ e [
gt [ I I H
[ Frrrd [
18 F L [N
AR 1
e [
e [
! e o
ol e [N
NN [N
['° PLErrry e
T [N
Tt [
[ NN [
- [ [
i e bl
LLerrd 0 d
RIG: Bobcat DRILLER: Salib LOGGED: Mikhail/S| CASING: HWto 1.5m

TYPE OF BORING: Diatube to 0.1m; 100mm diameter solid flight auger (TC-bit) to 1.5m; Rotary to 2.5m; NMLC-Coring to 12.2m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp  Pocket penetrometer (kPa)
3 pouegame P e s §C°
¢ netratio -
w Wb!e sarr?pl? (x mm dia.) CL ggint I%adpstrzggth l’;(.’:eg) MPa ( ' Doug'as Partners
ater sample
C_Core g D Waterseep 8 _Waterlavel vae27 fy /10 Geotechnics - Environment - Groundwater
7T /
i
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BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 73.3 AHD BORE No: 5
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 29 Mar 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
Description v'agg{ﬁ:ﬂg; ! - I;;)a:(t:::nrs Discontinuities Sampling & In Situ Testing
| Depth 2 ® Test Results
Z| (m) of e g (m) B - Bedding J - Joint g |e%(a
S ] & e dlaxr &
Strata E%;%&& E g §§ §§ S - Shear D - Drill Break | = oé "4 Comments
FILLING - brown and grey, sand TTTTT T T TT 71 _E
[of o4l filing with some crushed shale Lt ! [1 I
=l “Ngravel, humid P | 1 (I N
I SHALE - very low strength, light : : : : : : : : : H H
r rey shale
; gy RRRE frrrrep —
-1 Frird | Ll [ Al
1 P | L | H H
ek PrELl = Il |
r [ T I T et I | IH ”
. P =41 Il |
[ I O T I I e Y | | Forr ot
LT == I Lot
2 e = | b L1 TE | Note: Unless otherwise
H P = FOl b b LE L stated, rock, is fractured
[~ Pl = i ! Il 11 | along rough planar
b [T O O e I 1 I 11 11 | bedding dipping at 0°-
[ i Ea I I I [l 11 } 10°o0rjoints
(T I I I S I Il IH H
L I O et || |
8 30 SILTSTONE - low to medium Tty i— i ] Il 11 [ 30-3.55m: fragmented,
o strength, moderately to slightly Py =)t | {1 || {\partally healed,
L weathered, fragmented and highly | | | § [ | [ 1 | | {1 |} p\ironstained i
b fractured, grey and brown siltstone T .12m: J80°, partially C [100| 0
Ly ! b (N
[ healed, ironstained,
[ Py -=r el | H H rough
1 FEpre =it [ .39m: B0°, 2mm clay PL(A) = 0.9MPa
LY 4y P P ey e gt tE fassm: (x2) J25°, 85°,
» | SILTSTONE - medium to high L =1t yes] [l ||ironstained =
8 strength, fresh stained, highly R [ il U N [ i 3.5n55-taa.i?15e?- Baorti'aﬁ'
fractured and fractured, grey to PO = rengnd f i Ihgaled » partially PL(A) = 1MPa
! dark grey siltstone bergey—prrrypd l L .85m: J20°, ironstained
I N I By B O I O bl b 1L by aam: 9707 900, ¢ 100l 21
L5 L f—=-{ e I Thi H curved, rough
PLrep—=rriiail 4.39-4.86m: BO°- 5°,
[ PO er g I 1l |]ironstained &
Le P [ (k| ] | || Pfragmented into 0.01to
' 0.03mm
[ : : : : : . : : : : I : I: H t4.9m:J15°, ironstained
L 5.85 RN =S I | | L4.96m: B25°, smooth PL(A) = 0.8MPa
[ Le | SILTSTONE & SANDSTONE - BERE = Rl IR [ | 1§.0-5.3.2m: BO°- 20°,
medium then high strength, fresh, RERE IS ERE IBE | | ironstained &
[ slightly fractured, grey siltstone and | - 'l 71 1 il o | b | gﬁgng“r:fi‘;?greé?; to DL = 0.6
o H . =
fine grained sandstone RERR IGREERI (RRANI | |fs's2m: Jso°, ironstained (A) = 0.8MPa
T i (L1 | | 5.38-5.42m: crushed
[ RER R EERE (RENI | {|rock
s 5.44-5.80m: B/JO°- 15°,
ERNREINEY - e
. ' "TAMINITE - high strength, fresh | | 1 ) [ 112 111101 ] | Jraomenteainiootte | S |10
r stained then fresh, slightly NN N ERNIIN | | - J25° smooth PL(A) = 2MPa
fractured, light d 5.85m: 4257, 8
ractured, ignt grey and grey, 1 30 | 16.63m: J90°, healed
Iarmnlte (approx1mately 50‘6 fine BRI T [ 16.90-6.95m: (x2) J80°-
graanlgg;i sandstone laminations and BEE NN I 85°, slightly curved,
g NN 1101111 | paratlel, wogstalned
RN 1001 1h i [ .05m: J35°, some
r hed rock fragments
8 NN NN [N \;“‘5‘.,
o BER ARRE AR N o e, PL(A) = 1.6MPa
3 1l 10000t | 10°, clay veneer
[ FL 10O | C [100] 70
[ [ I |
e P CR I I | ]
g CIER ] PLA) =21MPe
[ ] 95
NEK Frafrn] i C |00
(N L |
(N IR I |
L1 L1l |
RIG: Bobcat DRILLER:Steve S LOGGED: SI CASING: HW to 2.5m

TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.0m; NMLC-Coring to 12.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS:

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector itials: //
B Bulk sample S Standard penetration test Initials: (,,
U, Tube sample (x mm dia.) PL  Point load strength 1s(50) MPa
W Water sample V  Shear Vane (kPa)
C  Core drilling D> Water seep £ Water level

Date: 27/0,//0
/17
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BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 73.3 AHD BORE No: 5
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 29 Mar 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description Vl\?:gtﬁ:ri%fg © Str?’g:gth _| Fracture Discontinuities Sampling & In Situ Testing
2| Depth £ 8 Spacing o
z of S8 I TTTE g I e o |o®|a | TestResults
(m) E_ng_ll 5| III"'B (m) B - Bedding J - Joint g 580}" y
Strata BrEzer [piEBEE; 5 82 88 | SSww DOMEK| 7 IOZF | comments
LAMINITE - high strength, fresh FTTT LRI LR ! I ~
A stained then fresh, slightly NEEN ] | PL(A) = 1.2MPa
< fractured, light grey and grey, P IR | |
3 laminite (approximately 50% fine [ NN |
[ grained sandstone laminationsand { | | | | | Rl N | |
r bands) (continued) e [P ] ]
L 19 L L | ! c |100] 95
[T Lt I | |
r8 "2’ SANDSTONE - high strength, H:H H : H 11.23m: BO°, 10mm clay
fresh, fractured and slightly RN O ' ] 11.38m: J25°, rough
fractured, light grey, fine grained SRR SR ;Il-fzm- B10°- 15°, 5Smm PL(A) = 26MP
=2 a
[ sandstone 1L CUEn | {1 i1 [Msam: o, somm ciay
(12 120 Bore discontinued at 12.0m R RN H "
[ Pt IR I Frr bt
Pt Pt [N
PP [ R
Pt T b
[ 13 RN CLETEC] ettt
r e et Pl
Lol e FEEEnd [N
r [ I e (R
Pt LHirn [N
P N b
[ [ el [
r 4 [ Frrer R
[ FErrnd bt
3 (IR Ferrn (R
P Lt R
el I R
FELLd Lt IR
[ 15 FETLd P (N
s (I Pt It
[l (A 1t R
s P ey Forr 0l
L et et Forrod
b Lt [ I I Pt
1 P I VoL
16 Pt I et
LI Pt I Pl
st L [ R
i e e [N
i e Tt [N
11 FEirn (R
[ 17 I (N [N
P e R
ol L L R
L NN L [N
FE1Ld FLLLL [ N
S I P (I N
[ I P (I I R
18 (I e [ N
[ P e (I N
3 Pt e [ N
1 e [ (O
Pl N AN
(I L bt
e e Forr i
e L F1rrerd (R
i L F1rrt el
3t RN RN T
(I FrEELd R
Frrd [ I L vl
FEEL b N
P11l [ I [ Y
RIG: Bobcat DRILLER: Steve S LLOGGED: Sl CASING: HW to 2.5m

TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.0m; NMLC-Coring to 12.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS:
A A SAMPLING & IN SITU TESTING LEGEND CHECKED
uger sample pp Pocket penetrometer (kPa)
g g:"s[:(u;t;?:‘ipls:mpls gID g:mtg io‘?isalio? d‘ptec(tor( Initials: Sé
andard penetration tes! : P
\l,‘l\7 ‘Iv'\l;bta sampl? {x mm dia.) \F;L gﬁint I?/adpstrzggtt: 1s(50) MPa ( ’ Doug ’as ar tn er s
ater sample
& Cors aning B Watorsesp '8 Water level vee 27/4/10 Geotechnics + Environment - Groundwater
77 /
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CLIENT:

BOREHOLE LOG

SURFACE LEVEL: 73.0 AHD BORE No: 6

Maquarie University

PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 01 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
Description vegagtrt?:ri%f o St?grflg(th | Fracture Discontinuities Sampling & In Situ Testing
_| Depth 915 ——&| Spacing = Test Result
© of |g| TT Ic»l © B - Beddi J - Joint [ [V fa) est es S
(m) GBRLIELEIES | | S e boomeea | 3 5[EF| &
el Strata EEEZpx |wSIB3@SIs |5 82 38 | S-Shew F e Comments
FILLING - brown, silty sand filling ter 1T 171 (AE)
with some clay, humid (| e
T I I
I I AIE
0.7 — i N
SILTY CLAY - very stiff, lightgrey | | | } | N
[ol 1 and orange browr_l,.silty clay, NN Forr oot AE
[ M<Wp, high plasticity | | i
12 P o 510,14
“| SHALE - extremely low strength, 1 oot S N=24
[ light grey shale (N ot I
3 Ll [N
[ L el
_ - becoming very low strength at Lo el
o2 1.8m L1 [ T | Note: Unless otherwise
(I I 1l U] stated, rock is fractured
i I Il 11 | along rough pianar
NN I 1l |l | bedding dipping at 0°>-
Pl |11 1] | 10°orjoints
P [0 R
_2;3 3.0 [ l I L II II - -
3 SILTSTONE - extremely low to [ttt ] | 3m: CORE LOSS:
very low strength, extremely to T — TT—TT] 200mm
highly weathered, fragmented, light 11 —_— o
grey and brown, siltstone with |t —_— (F 11 cls8jo0
some medium strength ironstone R — il
' bands Lo | — Tl
84 11 — ol
Lot 11 - (NN
o L _ Il
1 . (it
t (I —_ (I
(N —- Il
el s b — (N cleol o
I — (I
522 i H—2 5.20m: core LOSS:
b1 NI 850mm
NI | | | |
IMVNE 1| PN
A1 N | I Al :
Fp6 0 | (N
[ inrir|i— 1 |-_-0; I'T | 8.07-7.17m: BO®,
_— [ tained
6.3 CAMINITE - very low and Tow : : : : : o : : i H numerous, ironstaine:
strength, highly weathered, i [ i 1
[ fragmented to highly fractured, grey N OERE: | Ll PL(A) = 1MPa
b brown laminite with medium to high | ! [ L
Lal 7 7 0sL_Strength ironstone bands : I : : KK : : : H
[ | LAMINITE - medium strength, ol B o l PL(A) = 0.9MPa
slightly weathered, fractured to | il [ [ -1 11 7.21-8.1m: BO°,
slightly fractured, grey laminite with MBS L || | numerous clay C |100} 45
approximately 20% fine grained ) XX smear/bands
[ sandstone faminations ! H X I | ”
F 7.4-7.65m: very low strength band PEIET L '
Lal g (NI | oo 1 | Il
813 "TAMINITE - high strength, sTightly { : : : : o } : : H PL(A) = 1.9MPa
weathered then fresh, slightly i = I i || K.83m: B0, clay smear
fractured and unbroken, light grey Ll O | H 43m: J256°, clay band
[ to grey laminite (approximately Wl T Il
FoF 30% fine grained sandstone N Y s Il I 8.71m: BO®, clay band &
i laminations and bands) bl XX L I I \rock fragments~
[ It b (. : 8.86m: BO®, ironstained PL(A) = 1.1MPa
I il I
11 I [ | C [100] 95
(I I : | |
I I | 'k, 9.61m: J30°, rough
I I [N \9.69-11,70m: {x4) BO®-
111 [ 11 118 s° clay veneer
RIG: Bobcat DRILLER:Salib LOGGED: Mikhail/SI CASING: HW to 3.0m

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 2.5m; Rotary to 3.0m; NMLC-Coring to 11.85m
WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample
SAMPLING & IN SITU TESTING LEGEND CHECKED

A Auger sample pp_ Pocket penetrometer (kPa)

D Disturbed sample PID Photo ionisation detector L 6@

B8  Bulk sample S Standard penetration test Initials:

U, Tube sample (x mm dia.) PL Point load strength 1s(50) MPa

W Water sample V  Shear Vane (kPa)

C __ Core drilling D> Water seep ¥ Water level

Date: Z'}/ '://// /0

(/)] Douglas Partners

Geotechnics

- Environment - Groundwater




BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 73.0 AHD BORE No: 6
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 01 Apr 10
(Macquarie University) DIP/AZIMUTH: 90°/- SHEET 2 OF 2
Description Degree of _| Fracture Discontinuities Sampling & In Situ Testing
_| Depth ° Weathering|. 8| spacing " Test Result
o of o |0 . i _ Joi o jod|a est hesults
(m) € |i|§§ (m) B - Bedding J J0|lnt 8 15¢0e &
Strata E§§%$ E ; é,'glz § 52 §g S - Shear D - Drill Break | = o& 4 Comments
o LAMINITE - high strength, slightly [ 1 ¥ T T} 1711
weathered then fresh, slightly L 1l PL(A) = 1.7MPa
fractured and unbroken, lightgrey | | | 1 |} I
to grey laminite (approximately NN It
30% fine grained sandstone Pt Py 0t
t laminations and bands) (continued) | | | | | | e ot
Lol 11 RN ooy C (100 95
i P Pl
L [ bl
[ A (N
: : : : { : Ll H PL(A) = 1.8MPa
11.85 A i -t —
b 12 Bore discontinued at 11.85m RERE T
(I I
Lt [
L R
[ et it
1 1 it
Lef-13
b Pl I
[ bl I
; (I It
L P Forr oIt
i P Pl
P P
314 P et
Pt el
P el
[ [N
(I e
i i
are RN I
L R
(N Lo
Pt ol bl
Lt R
[ FE 1l
516 L Il
[ Lt I
I [ N
[ Il
FrEL [ NN
L Bl
i RN Lol
P bt
L Pl
P [N
P e
[ it (N
Hat18 L1l [N
[ [ (N
- et (R
[ I N
F e R
: Hh NN
[3r1e NEEN Lo il
b (I Il
L I [ NN
i Pt N
[ P [ N
\ P Il
[ L1l 11
RIG: Bobcat DRILLER: Salib LOGGED: Mikhail/S| CASING: HW to 3.0m

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 2.5m; Rotary to 3.0m; NMLC-Coring to 11.85m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp Pocket penetrometer (kPa)
S g:}slt(u;t:gp?:mple ZID ;I{lo!g io(n;isatio‘nr dfetecttor‘ Initials: Sé
anaard pensetration tes .
\L/)\7 wab‘eerssamg?e(x mm dia.) \F;L ggint k:/adpstr:ggth 1s(50) MPa ’ ’ Doug ’ as ‘ ar tn er s
C_Core dilng D Watersosp 1 Wiaterlove 0 27 /0 Geotechnics - Environment - Groundwater
71 /
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BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 70.0 AHD BORE No: 7
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 31 Mar 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 1 OF 2
Description Vl\:l):gtrﬁ:ri?\f o Stﬁgr%(th _| Fracture Discontinuities Sampling & In Situ Testing
2| Depth of NS errr T | Spacing . 2 Test Results
2| (m) 8_; NERE EERIRW) B - Bedding J - Joint g gggg 3
a Foel T - wo o - D - Dri K
. Strata B3Z3ee” |9BIBI3EEG 5 82 B8 | S-Sher D-DBea |~ 1O21® | comments
! FILLING - brown, silty clay filling TTTT1 RER T TT 17 —
with some sand and gravel, M<wp | | | [ 1 | I e AJE
L P P bl H
C P L bod ——
[T o7 , NERE trtd NN | AVE |
L SILTY CLAY - very stiff, orange NEEE (H TN B |
Lal 4 brown and red brown, silty clay with| | | | || N Pl AE
L a trace of.irlonstone gravel, M<Wp, REEE NER A e 51014
\nigh plasticity RN RN Y s N =24
~ becoming light grey and orange BEEE RN T |
brown from 1.2m RN | 11 T
[ (| (I
3 1.9 Lt INEN [N
ol SHALE - very low st th, ligh
a2 grey shal(\el ry low strength, light : : : : : : : : : H H Note: Unless otherwise
[ stated, rock is fractured
[ FEid 1IN I 1l Il | atongrough planar
- P 1 IR | 11 Il | beddingdippingat0®  f—
[ P I [ 11 1] | 10°orjoints
- P 1 IR [ N R
sl 30 [ 1 I 11l
L SANDSTONE - alternate bands of [ Ft—F+L.| 3m: CORE LOSS:
very low to low and medium 1INEEN! 111 [\120mm
strength, highly weathered, 1HHERER; (o1 .12-3.73m: fragmented,
fragmented and highly fractured, 1 IREER (| 11 | stightlyironstained, clay | C | 88| 0
light grey brown, fine grained HERE i || | Smear
F sandstone with some high strength ot | I
Lol 4 ironstone bands il (1
[ 425 1 INEEN; | |l | 4.1m:J, subvertical, PL(A) = 2.6MPa
" LAMINITE - very low to low Mtk i] || | ironstained, rough
strength, highly weathered, 1 INENN- i |l | 4.4-4.8m: fragmented
fragmented and fractured, grey 1 INEENC It Il | into0.01100.05mm
[} taminite some high strengthbands | |1 | | | [ | | | intervals, clay smear, PL(A) = 1.4MPa
Fol (approximately 20% fine grained 1 TR ERC Il \lronstalned
rers sandstone laminations) T E Ll g.gndwz BO°, 50mm clay
25 ' N Bo°
825 TAMINITE - high strength, slightly : : : : : : H g;r?dm- BO®, 50mm clay
[ s b ] - [l (¥s.24m: B0, ironstained | © |1901 35 | piea) = 1.6MPa
[ laminite with some very low 0 [ ': gl':5's‘:’r'::§m: (x7) BO",
strength bands (approximately 30% I I ' Y
ra[e fine grained sandstone laminations A - Ul
L and bands) LI E I'} | 6.08m: B0°, ironstained
T E | |1l 6.08-6.15m: fragmented PL(A) = 1.1MPa
T | [l | 6.41-6.73m: (x7) Bo°,
I T | |1 | 2:5mm clay bands
I | I
Lal7 70 Y | [l | 6.86-6.97m: (x3) BO®,
I LAMINITE - high strength, fresh : : :Tl : ( H 5mm clay bands oL
[ stained, slightly fractured, light grey I r i o o A) = 1.3MPa
[ and grey, laminite (approximately ek | | anzs-;i?lge?. (xe) BO™ 57,
b 20% fine grained sandstone 111 ]l E 1 [
[ laminations) T I E I |
[ FELE g (N |
] P E |
r (] [ N 6.16m: J25 o
.18m: °, roug
i i oo =15
a5 100
[ 85 RAMINITE ~medium henmediam | | | | 1 I LI | 8.53m: Bo®, ironstained,
i to high strength, fresh, fracturedto | | | 1 11 L1l [\ 10mm clay band
i slightly fractured, light grey to grey, | ! | | 1 | (1 1§ |7873m: BO", clay smear
el laminite (approximately 40-50% PEETI]E [ I
b fine grained sandstone laminations | | | | | ][ (I I
[ and bands) P I]E [ I
: i iy
T E ot I_]_
|41t L1t il 9.87m; J35°, healed
RIG: Bobcat DRILLER:Steve S LOGGED: SI CASING: HW to 2.5m

TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.0m; NMLC-Coring to 12.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS: 15% water loss from 9.5m. M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp Pocket penetrometer (kPa) =
g g:]slkugt;?;!pls:mple gID ggolg iogisatio? dtie(ecitort Initials: é Lf

ndargd penetration test .
\lIJ\7 wgerssa;np‘l)? (x mm dia.) \F/’L ;zint I?Iadpstrﬁggth 15(50) MPa ‘ ' Doug'as ‘ artners
er sample ear Vane (kPa;
¢ Cors aring B Walersesp ¥ Wetsr ove pats: 27/ ‘/}/ 19 Geotechnics - Environment - Groundwater
[




BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 70.0 AHD BORE No: 7
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 31 Mar 10
(Macquarie University) DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description Veggtﬁ:ri%fg o Stl?grfgth _| Fracture Discontinuities Sampling & In Situ Testing
=| Depth of ELRERRRE g| Spacing A . o lo®|a | TestResults
{m) o] §|-‘| 1§ |E|§’§ (m) B - Bedding J-Jonr\t g5 8 O Py
Strata 52E30e” [5iS35EE5 " [5 83 88 | S-Stew O-Drilbresk | 7 IOZ1E | Comments
& TAMINITE - medium then medium | T 1 1T T[=g T T 11 e
to high strength, fresh, fracturedto | | | | |} N Iy PL(A) = 1MPa
slightly fractured, light grey togrey, | | 1 1 | | AR | Pl | 10.3-10.4m: (x2) J85° &
laminite (approximately 40-50% (N | | L1 | 70° rough, ironstained
fine grained sandstone laminations | | | | | | | | |
and bands) (continued) N | | | | 10.7m:J45°-90°,
Lal 11 RN ( | | | curved, ironstained,
oL EERE | I | rough C [100{ 79
Pl I | Il \H;gmi ﬁgﬂ :%ugh
& .22m: °, 10mm
145 SANDSTONE - very high strength, : : : : : : 1 H crushed rock, PL(A) = 3.1MPa
L fresh, slightly fractured, light grey, BERR | I undulating, rough e
1 fine grained sandstone with some RERE | Il 11.3-11.4m: (x2) BO®- 5°,
Lol 12 12 0ksiltstone laminations 1 —H—t+ 'l(1=|1elsll1 :T.Ta;ubvertical
Bore discontinued at 12.0m EEEN I 11 11 {b1e8m: B5, clay smear
P I 11 11 |]&J550° healed
(N 1 1l 11.9m: J45°, undulating,
[ P I 11 11 | fough
* Pt | H H
(el Lt |
e BERK IRl
[ [ [N
~ (I [N
[ N el
t P | H H
[ I I |
rB-14 L [N
» 1t N
I L [N
r I [N
r Lt [N
i AN
wl 1 |
e RN I
L [
P [
L (|
i N
[ It
316 [N e b
[ P L
Lt (N
NN I Hl
- T Il
ﬁ i N
ol 11 |
B NEER A
[ Pl R
i ELL ol
I Frrn [ N
! P I H H
I P |
Faik18 P [ NN
[ I [0l
- Pt [
[ I Il
3 NI [ NN
: 1 B
- | |
[ 19 RN NN
P Forr ol
Ll RN
Lt [N
P Pl
P [N
L i1t [
RIG: Bobcat DRILLER:Steve S LLOGGED: SI CASING: HW to 2.5m

TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.0m; NMLC-Coring to 12.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering

(/)] Douglas Partners

Geotechnies - Environment - Groundwater

REMARKS: 15% water loss from 9.5m. M = Moisture content; Wp = Plastic Limit. E = Environmental sample
SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp_ Pocket penetrometer (kPa)
D  Disturbed sample PID Photo ionisation detector itials: e
B Bulk sample S Standard penetration test Initials:
U, Tube sample (x mm dia.) PL Point load strength 1s(50) MPa
W Water sample V  Shear Vane (kPa) X 2 1}
C___Core driling D> Water seep ¥ Water fevel Date: /
[ /




BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 72.0 AHD BORE No: 8
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 29 Mar 10
(Macquarie University) DIP/AZIMUTHO0°/-- SHEET 1 OF 1
Description Q Sampling & In Situ Testing e Well
| Depth Lo 5 3 )
e m) of 8 1 g ﬁl e &eni#tesn% g Constru.ctlon
o Strata Flal 8 0.3m st Details__
F FILLING - brown, silty sand filling with some clay, humid g [ 00 )
0.3 0.2 Blentomte pellet T
“|" SILTY CLAY - stiff to very stiff, light grey and orange 0.4 pug MBS
brown, silty clay, M<Wp, high plasticity 06 pp = 200kPa ;0 h
AR
[ o} o)
R [ s0ZEG
"1 SHALE - very low strength, light grey shale Backfiled with  —~1R]=kQ
20mm pea gravel o = e
W
[o1=bo
O =1+ O
[ ) Xs) o)
M2 -2 Machine slotted SO [s O
[ [ PVCscreen % E.,"o
[ AN AR
L e} e}
: xE:
[ ko))
o0~ [ O
L o|=Fo
83 s RER
[ SRS
F ga¥ - qa
! 3.5 —— End.cap way ke
“| Bore discontinued at 3.5m
- target depth reached
L34 L4
"5:'5 -5
o Lo
jgr_7 -7
Fafe Lg
_3:_9 ~9
RIG: DT 100 DRILLER:R Ennis LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 3.5m
WATER OBSERVATIONS: No free groundwater observed whilst augering. Standpipe installed and dry on 16/4/10

REMARKS: M = Moisture content, Wp = Plastic Limit. E = Environmental sample
*Denotes field replicate sample BD2/290310 collected

SAMPLING & IN SITU TESTING LEGEND CHECKED
Auger sample pp_ Pocket penetrometer (kPa)
Disturbed sample PID Photo ionisation detector — 5 é
Bulk sample S Standard penetration test Initials:

(/)] Douglas Partners

Geotechnics - Environment - Groundwater

Tube sample (x mm dia.) PL Point load strength 1s(50) MPa

Water sample V  Shear Vane (kPa) . q

Core drilling > Water seep £ Water lovel Date: 1)) /
1

oscwo»

~I




BOREHOLE LOG

CLIENT: Maquarie University

SURFACE LEVEL: 74.5 AHD BORE No: 9

PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 29 Mar 10
(Macquarie University) DIP/AZIMUTHS0°/-- SHEET 1 OF 1
Description o Sampling & In Situ Testing _ Well
1| Depth so ) 2 .
€l m) of g% g1 § g Results & g Construction
Strata U} ~l 8 3 Comments Details
0.1 TOPSOIL - brown, silty sand topsoil with some clay, a /t5eAl E | 09
trace of gravel and rootlets, humid / ’
L[ FILLING - brown, silty clay filling with some sand and E 0.4
1 gravel, M<Wp 0.6
b 0.9
1 SHALE - very low strength, light grey shale 1
; E
L
k2 20 2
b Bore discontinued at 2.0m
- target depth reached
;3 r3
'_4 -4
[of
F Ts s
o g
[
Le Ee
Leol L
[ L7 7
s
[
-8 »—8
_8:
Lo o
[ 1
-“g 3
RIG: DT 100 DRILLER:R Ennis LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 2.0m
WATER OBSERVATIONS: No free groundwater observed

REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND

S Su$errbsadmple | ‘F,'?D ggcket penettromdet?r (:<Pa) CHECKéED
isturbed sample oto ionisation detector Lo
B Bulk sample S Standard penetration test Initials: ‘
G, Tibe s ) Fu EonadSroran 65 uea ; Douglas Partners
ater sam ar Vane (kPa o .
C__ Core dn‘lling > Waete: seep £ Water level 03‘9127 / ‘/’// / 0 Geotechnics - Environment - Groundwater
77




BOREHOLE LOG

SURFACE LEVEL: 76.0 AHD BORE No: 10

CLIENT: Maquarie University

PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 29 Mar 10
(Macquarie University) DIP/AZIMUTHS0°/-- SHEET 1 OF 1
Description o) Sampling & In Situ Testing - Well
| Depth So ) L .
Z “(m) of g9 g | & e Results & S Construction
A Strata © [Fid|s Comments Details
I FILLING - brown, silty sand filling with some clay, humid E g‘g
0.3 '
SILTY CLAY - stiff to very stiff, light grey and orange /1
brown, silty clay, M<Wp, high plasticity V4 0.6
i /iN E 0'8 pp = 200kPa
of 1/ '
"\.'1 V4 -1
[ I /1
r 14 1 /1
SHALE - very low strength, light grey shale F——]
X2 20 = = 2
[ Bore discontinued at 2.0m
3 - target depth reached
23 -3
Lol 4 L4
Fets s
; +
& :
Lel-6 Ls
:8:“7 7
L2 :’8 -—8
r
‘EE’Q ~—9
E
RIG: DT 100 DRILLER:R Ennis LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 2.0m
WATER OBSERVATIONS: No free groundwater observed

REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp_ Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector itials:
B Bulk sample S Standard penetration test Initials: S(—
U, Tube sample (x mm dia.) PL  Point load strength {s(50) MPa
W Water sample V  Shear Vane (kPa) | -’
C__ Core drilling D Water seep T Water level Dafe-L /4
7

(/)] Douglas Partners

Geotechnics - Environment - Groundwater




BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 75.9 AMD BORE No: 11
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 29 Mar 10
{Macquarie University) DIP/AZIMUTHS0°/-- SHEET 1 OF 1
Description o Sampling & In Situ Testing - Well
4| Depth <o T 2 .
l (m) of g8l gl 5 Results & s Construction
Strata O |Fl8|s Comments Details
0.1, TOPSOIL - brown, silty sand topsoil with some clay andjwAl_E g'?
trace of rootlets, humid / '
FILLING - brown, silty clay filling with some sand and %4
0.6\ gravel Vi 0.6
[wl SILTY CLAY - siiff, light grey and orange brown, silty V4 0.9
L4 clay, M<Wp, high plasticity {/AANE] T -4
i3 1/
: | SHALE - very low strength, light grey shale gy
F I | Borediscontinued at 1.5m i
F" - target depth reached r
~ _2 _2
FLa L3
-g._4 4
[~Ls L5
L2 " 6
X
8 g -8
&
-S'_g o
Lg
RIG: DT 100 DRILLER:R Ennis LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 1.5m
WATER OBSERVATIONS: No free groundwater observed
REMARKS: M = Moisture content; Wp = Plastic Limit. E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp_ Pocket pensetrometer (kPa)
EB> gislt(urbed Tampla ;ID Fs’holg iogisation d(etectto:;rt initials: 5 é
ulk sample tandard penetration tes! - P

U, Tube sanfple (x mm dia.) PL Point Ioadpstrength 1$(50) MPa ( ’ Doug’as ar t" er s

W Water sample V  Shear Vane (kPa) . D . .

C__Core driling D Waterseep ¥ Waterlevel Date: ) / Geotechnics - Environment - Groundwater
I



BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 73.5AHD BORE No: 12
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 06 Apr 10
(Macquarie University) DIP/AZIMUTHS0°/-- SHEET 1 OF 1
Description Q Sampling & In Situ Testing - Well
2| Depth s 3 9 )
xl (m) of Sl g | g S Results & s Construction
Strata O |F|ld&d]|s Comments Details
0.08 ASPHALTIC CONCRETE g 01
0.2{ 0.2
-\FILLING - grey, sandy gravel (roadbase) filling, humid / 0.4
e FILLING - brown and grey, silty clay filling with some E ios
08 gravel, humid 08
[ 1'0 SHALE - extremely low strength, light grey shale —— E 1'0 .
“| Bore discontinued at 1.0m ’
- target depth reached
R
-_2 -2
-_3 F3
L4 4
Lal
s ':5
-6 -6
Ly -7
_8-
.-8 -8
Lal
o -9
3
RIG: 2T excavator DRILLER:Brad LOGGED: Mikhail CASING: Uncased
TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 1.0m
WATER OBSERVATIONS: No free groundwater observed
REMARKS: E = Environmental sample
SAMPLING & IN SITU TESTING LEGEND CHECKED
D Distarood samele B Bhcts ionieation getecior S
; Initials: [~
b Buksamle e S, Slndar peretaion sl € (/)] Douglas Partners
W Water sample V  Shear Vane (kPa) Date: 27 /¢ //0 . .
C__Core drillng > Watersesp ¥ Waterlevel ol # s Geotechnics - Environment - Groundwaler




BOREHOLE LOG

CLIENT: Maquarie University SURFACE LEVEL: 73.2 AHD BORE No: 13
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 06 Apr 10
(Macquarie University) DIP/AZIMUTHSO0°/-- SHEET 1 OF 1
Description o Sampling & In Situ Testing = Well
= 2 .
2 D((;g)th of §§’ 2 | g é Results & s Construction
Strata O |Fl8]|§ Comments Details
1 0.08~\ ASPHALTIC CONCRETE 0.2
0.3\FILLING - grey, sandy grave! (roadbase) filling, humid / gy EJo3
0,61~ SHALE - extremely low strength, light grey shale —— E g:g
Bore discontinued at 0.6m *
Ly - target depth reached [y
2 Lo
3 :-3
ol
-4 -4
5 -5
..$:
e -6
T -"7
g [
L ,._8 -8
re e
3
RIG: 2T excavator DRILLER:Brad LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 0.6m
WATER OBSERVATIONS: No free groundwater observed
REMARKS: E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED

D Diciroed sample B> Phots ionieation detecior | SC

8  Bulk sampl S Standard i Initials: 5

. 5 S, (/)] Douglas Partners

W Water sample V_ Shear Vane (kPa) 27/ /( > .

C__Cors driling > Waterseep 2 Waterlevel Date: /S‘// Geotechnics - Environment - Groundwater
/




BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 72.3 AHD BORE No: 14
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 06 Apr 10
(Macquarie University) DIP/AZIMUTH90°/-- SHEET 1 OF 1
Description © Sampling & In Situ Testing ~ Well
2 D(?T;]))th of '§§’ g | g ;g Results & § Construction
Strata O |F|8} 8 Comments Details
- O08M\ASPHALTIC CONCRETE =] 0.1
R 0.3\FILLING - grey, sandy grave! (roadbase) filling, humid / g 02
[ SHALE - extremely low strength, light grey shale €] 53
a3 % Bore discontinued at 0.8m ] »
! - target depth reached
o -2
3 °
:.4 I~ 4
Ls -—5
:—s -6
3’
7 -7
-_a -8
-3 [
-_g -9
RIG: 2T excavator DRILLER:Brad LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 0.8m
WATER OBSERVATIONS: No free groundwater observed
REMARKS: E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
D Diderad tampl B Pt (oonamiom sarearar) C
Isturbed sample 0to ionisation detector e
B Bulk sampl S Standard penetration test ‘""'3'515’ (
D, Tune el crm i) B Bonesdsronon 5 s )] Douglas Partners
ater sampie ea
C_ Core driling 5 Water sagp - 8 Waterlevel Date: 27/ ‘f/ L Geotechnics - Environment - Groundwater
777



BOREHOLE LOG

CLIENT: Magquarie University SURFACE LEVEL: 72.0 AHD BORE No: 15
PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 06 Apr 10
(Macquarie University) DIP/AZIMUTHS0®/-- SHEET 1 OF 1
Debth Description g Sampling & In Situ Testing o Well
D - .
& (en‘:) of £3l g & "é Resulls & s Construction
Strata o Fl &l s Comments Details
'H; 005"\ASPHALTIC CONCRETE 01
03\FILLING - grey, sandy gravel (roadbase) filling, humid , E 0;§
05 FILLING - brown, silty clay filling with some gravel, / % 0.4
0 humid / /
_ SILTY CLAY - stiff to very stiff, light grey and brown, / F——] )
[~C1  10M\sily clay with a trace of ironstone gravel, M<Wp, !
r medium plasticity //
SHALE - extremely low strength, light grey shale
Bore discontinued at 1.0m
- target depth reached
_,g-_z r2
la ...3 -3
r
Faf-4 -4
LS5 -5
i L
;
8f-6 Lo
-a -_7 -7
F
Lsls 'ra
] -_9 9
RIG: 2T excavator DRILLER:Brad LOGGED: Mikhail CASING: Uncased

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 1.0m
WATER OBSERVATIONS: No free groundwater observed
REMARKS: E = Environmental sample

SAMPLING & IN SITU TESTING LEGEND CHECKED
D Dichoroed sample Bo Bhots iemsation Gercir” =
8 Bulk sampl S Standard penetration test Initials: (
S S e, SE )] Douglas Partners
W Water sample V  Shear Vane (kPa) R / / 0 , .
¢ Core driing > Watorseep ¥ Waterlevel Date: 27(;/*// Geotechnics - Environment - Groundwaler




CLIENT:

BOREHOLE LOG

SURFACE LEVEL: 71.8 AHD BORE No: 16

Maquarie University

PROJECT: Australian Hearing Hub EASTING: PROJECT No: 71683
LOCATION: University Avenue, Macquarie Park NORTHING: DATE: 06 Apr 10
(Macquarie University) DIP/AZIMUTH90°/-- SHEET 1 OF 1
Description o Sampling & in Situ Testing _ Well
g| Depth 59 s | 2 3 Construction
E o (m) of g3 8| E| 2 Results & 2
Strata O P88 Comments Details
0.07\ ASPHALTIC CONCRETE
0.2 - - £ 02
—\FILLING - grey, sandy gravel (roadbase) filling, humid / 0.3
0.5 FILLING - brown, silty clay filling with some gravel, TANE 8-2
it 08 humid / ‘' / ’
L™ | | SILTY CLAY - stiff to very stiff, light grey and brown, ] »
L silty clay with a trace of ironstone gravel, M<Wp, F——]
1.2[ \medium plasticity
—\SHALE - extremely low strength, light grey shale /
[ Bore discontinued at 1.2m
Lel - target depth reached
l ._2 :'2
g
3 -3
;g
-4 -4
5
5 -5
[ i
.8 [
6 -6
.3 L
-7 -7
.5 L
-8 EB
-8 [
Lo o
o

RIG: 2T excavator

DRILLER:Brad

LOGGED: Mikhail

TYPE OF BORING: 100mm diameter solid flight auger (TC-bit) to 1.2m
WATER OBSERVATIONS: No free groundwater observed

A~

REMARKS: E = Environmental sample
SAMPLING & IN SITU TESTING LEGEND CHECKED

A Auger sample pp_ Pocket penetrometer (kPa)

D  Disturbed sample PID Photo ionisation detactor .

B Bulk sample S Standard penetration test Initials: 5 é

\L,J\; ‘\Wb‘e sampl? (x mm dia.) CL gﬁinl lc\)/ad sniirF\’gt)h 1s(50) MPa

‘ater sampie ear Vaneg ) .

C __ Core drilling > Water seep ¥ Water level Date: 2 7 / %/ /

71/

CASING: Uncased

(/)] Douglas Partners

Geotechnics - Environment - Groundwater



APPENDIX C
Laboratory test Results




Douglas Partners Pty Ltd
ABN 75053 980 117

96 Hermitage Road
West Ryde NSW 2114

(/)] Douglas Partners

PO Box 472 Phone (02) 9809 0666
5 West Ryde NSW 1685 Fax: (02) 9809 4095
Geotechnics - Environment - Groundwater | Aus,,a,,ﬁ sydney@douglaspartners.com.au

RESULT OF CALIFORNIA BEARING RATIO TEST

Form R019 Rev4 July 2006

Client : MACQUARIE UNIVERSITY Project No. : 71683
Report No. : S10-061 A
Project : MACQUARIE UNIVERSITY HEARING HUB Report Date : 14/04/2010
Date Sampled : 07/04/2010
Location : UNIVERSITY AVE, MACQUARIE UNIVERSITY Date of Test: 09/04/2010
Test Location : BH 7
Depth / Layer : 0.7-0.8m Page: 1 of 1
3.0
25 ' L
" B
i
»
z 20 B =
= -
5 A
£ 15 A
5 o
s /
S 10 ) L — L
05| M - -
y ./**_‘__,__—0——4’/4’
0 1 2 3 4 5 6 7 8 9 10 1 12 13
Penetration (mm)
——Top
—@— Bottom
Description: SILTY CLAY - Orange brown and red brown silty clay with a trace of ironstone gravel
Test Method(s): AS 1289.6.1.1-1998, AS 1289.2.1.1-2005

Sampling Method(s):

Sampled by engineering department

LEVEL OF COMPACTION: 99% of STD MDD

MOISTURE RATIO:

103% of STD OMC

SURCHARGE: 4.5kg
SOAKING PERIOD: 4 days

Percentage > 19mm: 0.0%

SWELL: 3.5%

MOISTURE DRY DENSITY
CONDITION CONTENT % tm? RESULTS

At compaction 208 1.66 TYPE PENETRATION C:BR
After soaking 254 1.60 (%)
After test Top 30mm of sample 29.0 ToP 2.5 mm 2.0

Remainder of sample 22.8 5.0 mm 1.5
Field values 176 - 2.5mm 13

BOTTOM

Standard Compaction 20.1 1.67 5.0 mm 1

\

NATA

NATA Accredited Laboratory Number: 828
This Document is issued in accordance with NATA's
iccreditation requirements

Accredited for compliance with [SO IEC 17025

N

TECHNICAL
COMPETENCE

Approved Signatory:
Tested: Ad
Checkad NW

Norman Weimann
Laboratory Manager



2006 Dougas Partners Ply Ltd

Form R016 Rev 6 July 2006

| Douglas Partners Pty Ltd
‘ ' " ABN 75 053 980 117

Douglas Partners o

. q ' West Ryde NSW 1685
Geotechnics - Environment - Groundwater | Auctall

RESULTS OF COMPACTION TEST

96 Hermitage Road
West Ryde NSW 2114
Phone (02) 9809 0666
Fax: (02) 9809 4095

sydney@douglaspartners com au

Client : MACQUARIE UNIVERSITY Project No. : 71683
Report No. : S510-061 A2
Project : MACQUARIE UNIVERSITY HEARING HUB Report Date :  09/04/10
Location : UNIVERSITY AVE, MACQUARIE UNIVERSITY Date of Test:  09/04/10
Page: 1 of 1

1680

1.660

1.640
1820
g
2 1600
a
5§ 1580

1560

1.540

1.520

18 19 20 21 22 23 24 25 26 27 28
Moisture Content (%)
Sample Details Location: BH 7 Particles > 19mm: 0%
De pth: 0.7-08m
Description:  SILTY CLAY - Orange brown and red Maximum Dry Density: 1.67 tim®
brown silty clay with a trace of
ironstone gravel Optimum Moisture Content: 20.0 %

Remarks:
Test Methods: STD AS 1289511, AS 12892 11
Sampling Methods: Sampled by engineering department

r‘lAAT‘A Approved Signatory: /%qu

v NATA Accredited Laboratory Number: 8§28 ested
Pz Docnmient s issued m aceordance with NATA s
Hecked

weateditation requirenients

LAIRE ==y |
TECHNICAL L cied fin comphanes with 150 TEC 17025

Norman Weimann
Laboratory Manager




Envirolab Services Pty Ltd

ABN 37 112 535 645

12 Ashley St Chatswood NSW 2067

l ph 02 9910 6200 fax 02 9910 6201
enquiries@envirolabservices.com.au

www envirolabservices com au

CERTIFICATE OF ANALYSIS 39633

Client:

Douglas Partners
96 Hermitage Rd
West Ryde

NSW 2114

Attention: Scott Easton

Sample log in details:

Your Reference: 71683, Macquarie University
No. of samples: 4 Soils

Date samples received: 07/04/10

Date completed instructions received: 07/04/10

Analysis Details:

Please refer to the following pages for results, methodology summary and quality control data.

Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.

Report Details:

Date results requested by: 14/04/10
Date of Preliminary Report: Not Issued
Issue Date: 12/04/10

NATA accreditation number 2901. This document shall not be reproduced except in full.
This document is issued in accordance with NATA's accreditation requirements.
Accredited for compliance with ISO/IEC 17025.

Tests not covered by NATA are denoted with *.

Results Approved By:

Operghons Manager
Envirolab Reference: 39633 A Page 1of 5
Revision No: R 00

NATA

N

piEFEMTeD PO
TECHNICAL
COMPETENCE



Client Reference:

71683, Macquarie University

Page 2 of 5

Miscellaneous Inorg - soil
Our Reference: UNITS 39633-1 39633-2 39633-3 39633-4
Your Reference | seeemeeeeeeen BH2/0.5-0.7 BH5/0.8-1.0 BH7/0.8-1.0 BH4/0.6-0.8
Date Sampled | ceeeeeeeeee 1/04/2010 29/03/2010 31/03/2010 7/04/2010
Type of sample Soil Soil Soil Soil
Date prepared - 09/04/2010 09/04/2010 09/04/2010 09/04/2010
Date analysed - 09/04/2010 09/04/2010 09/04/2010 09/04/2010
pH 1:5 soil:water pH Units 8.6 6.5 43 44
Chloride, Cl 1:5 soil:water mg/kg 6.5 18 37 17
Sulphate, SO4 1:5 soil:water mg/kg 91 17 130 40
Envirolab Reference: 39633 A
Revision No: R 00 NATA
N
TECHNICAL

COMPETENCE




Client Reference: 71683, Macquarie University

Method ID Methodology Summary
LAB.1 pH - Measured using pH meter and electrode in accordance with APHA 20th ED, 4500-H+.
LAB.81 Anions - a range of Anions are determined by lon Chromatography, in accordance with APHA 21st ED,

4110-B.

Envirolab Reference: 39633

Revision No:

/\
Y NATA
v

ACCREMTED FOR

TECHNICAL
COMPETENCE

Page 3of 5



Client Reference:

71683, Macquarie University

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Sm# | Duplicate results Spike Sm# Spike %
Recovery
Miscellaneous Inorg - soil Base Il Duplicate Il %RPD
Date prepared - 09/04/2 [NT) [NT] LCS-1 09/04/2010
010
Date analysed - 09/04/2 [NT] INT) LCS-1 09/04/2010
010
pH 1:5 soil:water pH Units LAB.1 INT] INT} INT] LCS-1 99%
Chioride, Cl 1:5 mgkg 2 LAB.81 <20 [NT) NT] LCS-1 96%
soil:water
Sulphate, SO4 1:5 mgkg 2 LAB.81 <20 INT] [NT] LCS-1 97%
soil:water
I
Envirolab Reference: 39633 A Page 4 of 5 |
Revision No: R 00
NATA |
ACCREDITED FOR
TECHNICAL

COMPETENCE



Client Reference: 71683, Macquarie University

Report Comments:

Asbestos was analysed by Approved Identifier: Not applicable for this job
INS: Insufficient sample for this test NT: Not tested  PQL.: Practical Quantitation Limit <: Less than  >: Greater than
RPD: Relative Percent Difference NA: Test not required LCS: Laboratory Control Sample NR: Not requested

Quality Control Definitions

Blank: This is the component of the analytical signal which is not derived from the sample but from reagents,

glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples.
Duplicate: This is the complete duplicate analysis of a sample from the process batch. If possible, the sample

selected should be one where the analyte concentration is easily measurable.

Matrix Spike: A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist.
LCS (Laboratory Control Sample): This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample.

Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.

Laboratory Acceptance Criteria:

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency
to meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.

Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.
Matrix Spikes and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and 10-140% for
SVOC and speciated phenols is acceptable. Surrogates: 60-140% is acceptable for general organics and 10-140% for

SVOC and speciated phenols.

Envirolab Reference: 39633 A Page 50of 5
Revision No: R 00
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