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AK:mh
Project 71169
19 June 2009

REPORT ON
GEOTECHNICAL INVESTIGATION
GLENMORE PARK TOWN CENTRE

GLENMORE PARKWAY, GLENMORE PARK

1. INTRODUCTION

This report presents the results of a geotechnical investigation carried out by Douglas Partners
Pty Ltd (DP) for proposed augmentation of an existing shopping centre development at
Glenmore Park Town Centre. The work was carried out in general accordance with the DP
proposal dated 2 April 2009 to AMP Capital Investors Limited, who commissioned the work on 8
May 2009.

A major expansion of the existing shopping centre, including additional 1 — 2 storey
superstructures over a two level basement carpark and a separate 1 — 2 storey building are
proposed for the site. The geotechnical investigation was carried out to provide information for

planning and design purposes.

The purpose of the investigation was to provide information on:

e The soil and rock profile in the vicinity of the proposed works;

e Foundation types, founding levels and allowable bearing pressures;
» Likely excavation conditions and excavation support requirements;
¢ Groundwater issues; and

e Geotechnical issues such as soil and groundwater aggressivity, and potential impacts on

adjacent properties.
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The investigation comprised drilling of exploratory boreholes and in-situ strength testing of soils,
followed by laboratory testing of soil, rock and groundwater samples. Details of the field and
laboratory work are given in the report, together with comments addressing relevant

geotechnical design and construction practice.

2. SITE DESCRIPTION AND GEOLOGY

The site is divided into two parts: the main part of the site refers to the proposed basement

footprint, and the minor part of the site to a proposed detached building.

The main part of the site comprises an irregular-shaped area of about 1.5 ha, and is bounded to
the north, south, east and west by existing public roads. Two single-storey, concrete-clad
commercial buildings are located near the western and eastern site boundary, respectively, of
the main part of the site. Site levels over the main part of the site fall generally in the north
easterly direction with an approximate overall grade of 5 ° and an overall difference in level of

about 10 m.

The minor part of the site comprises an irregular shaped area of about 700 m®. It is bounded by
public roads to the north, east and south, and the retained walkway of an existing supermarket
building to the west. Site levels over the minor part of the site fall generally in the easterly

direction with an approximate grade of 5 ° and an overall difference in level of about 1.5 -2 m.

The existing ground surface over the northern half of the main part of the site was undulated and
sparsely vegetated with grasses, weeds, and three copses of 15 — 20 m tall native trees. Bare
ground was exposed regularly over the northern half of the main part of the site, revealing
gravelly silty sand filling with some cobbles of silty sandstone fragments. An asphalt concrete-
surfaced carpark, with a uniform and gentle slope, is located over the southern half of the main

part of the site.

The existing ground surface over the minor part of the site has a terraced profile falling towards

the east, with a 2 — 2.5 m high, mortared, sandstone block retaining wall supporting an existing
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walkway and outdoor eating area adjacent to a supermarket building on the western side. On
the eastern side, a low retaining wall of similar construction supported an area entirely paved
with masonry pavers, except for a circular, raised garden bed which occupied part of its eastern
side, which also supported a single tree several metres in height. Beyond the toe of the lower

retaining wall, the ground surface was covered with lawn.

Mulgoa Creek flows in a northerly direction 1.3 km west of the site towards the Nepean River.

The Geological Survey of NSW 1:100,000 Geological Series Sheet 9030 (Penrith) indicates that
the site is underlain by Ashfield Shale. Ashfield Shale typically comprises black to dark grey
shales and laminites. No major geological structures, such as dykes or faults, are indicated by

this map for the site and nearby surrounds.

The corresponding Soil Conservation Service of NSW Soil Landscape Series Sheet indicates
that the site is situated in an area of gently undulating rises on Wianamatta Group shales and
that bedrock is overlain by shallow to moderately deep (<1 m), red and brown podzolic soils on
crests, upper slopes and well drained areas. On lower slopes and in areas of poor drainage, the

map indicates that bedrock is overlain by deep (1.5 — 3.0 m), yellow podzolic soils and soloths.

No rock outcrops, natural exposures or cuttings were observed at or near the site.

3. FIELD WORK

3.1 Methods

The field investigation comprised:

e seven boreholes (BH1 — BH7) drilled with a truck-mounted drilling rig to a maximum depth
of 10.0 m. The boreholes were initially drilled to depths of 1.2 — 4.5 m with 110 mm
diameter solid flight augers and rotary drilling techniques, and thereafter, four of the
boreholes were advanced through rock to depths of 5.5 — 10.0 m using diamond coring

techniques to obtain NMLC-sized (51 mm diameter) rock cores.
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o Standard penefration tests (SPTs) carried out at 1.0 — 1.5 m depth intervals over the soil
profile, with disturbed sampling of soils taken directly from the auger tip and the SPT split-

spoon sampler.
¢ Installation of a stand-pipe piezometer in borehole BH5.

e The purging of the piezometer, groundwater level measurement and groundwater sampling

taken after completion of the drilling program.

The boreholes were set out using tape measurement from existing surface features (e.g. fences
and roads), and these locations are shown in Drawing 1 of Appendix A. Ground elevations at

borehole locations were obtained by levelling from temporary benchmarks.

The boreholes were logged by an experienced engineering geologist. They were then backfilled

with excavated spoil on completion, except where the piezometer was installed at borehole BH5.

3.2 Results

Detailed descriptions of the materials encountered at each borehole location are given on the
engineering logs presented in Appendix B, together with notes defining classification methods

and descriptive terms. Drawings 2 and 3 show geological sections through the site.

3.2.1 Sub-surface Profile

3.21.1 Main Part of the Site
In general, the boreholes drilled in the main part of the site (BH1 — BHG6) indicate that it is
underlain by a variable depth of filling overlying natural silty clay that is underlain by interbedded
siltstone, sandstone, shale and laminite. The sub-surface conditions encountered in the

boreholes are summarised as follows:

e ASPHALTIC CONCRETE: carpark pavement surface 0.05 — 0.1 m thick over the southern

half of the main part of the site.

e FILLING: of varying composition across the main part of the site, the base and sub-base
courses of the carpark pavement comprise of sandy clay, gravelly sand and silty clay filling

layers to depths of 0.7 — 1.4 m. Over the remainder of the main part of the site, the filling

Geotechnical Investigation, Town Centre Project 71169
Glenmore Park 19 June 2009

Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014



(/)] Douglas Partners
Geolachnics - Environment - Groundwater Page 5of 21

comprised of apparently engineered, moderately compacted, silty clay filling with minor

proportions of gravels to depths of 1.0 — 2.3 m. The filling was overlying;
e SILTY CLAY: Typically very stiff and 0.2 — 1.7 m thick. The silty clay was overlying;

e BEDROCK: The bedrock generally comprises interbedded siltstone, sandstone, shale and
laminite. Over the up-slope, south western half of the proposed basement footprint, thin
beds of extremely low, very low and low strength siltstone and shale that are highly
weathered overlie thick beds of mainly high and very high strength siltstones and
sandstones that are moderately and slightly weathered grading to fresh with increasing
depth, and slightly fractured and unbroken. Thick interbeds of high strength, fresh and
slightly fractured laminite were encountered below RL 43 AHD. Over the down-slope, north
eastern half of the proposed basement footprint, thin beds of very low strength and highly
weathered sandstone and siltstone overlie generally very low to low strength, highly

weathered and fractured, interbedded siltstone and sandstone.

3.21.2 Minor Part of the Site
Borehole BH7 indicates that the minor part of the site is underlain by filling, natural silty clay and
overlying silty sandy clay. The sub-surface conditions encountered in the boreholes are

summarised as follows:
* PAVERS: 50 m thick, masonry pavement surfacing. The pavers were overlying;

e FILLING: a 100 mm thick gravelly sand filling underlay to the pavers was overlying a 1.5 m

thick layer of silty clay filling, with a minor proportion of gravel. The filling was overlying;
e SILTY CLAY: very stiff in consistency and 1.7 m thick. The silty clay was overlying;

e SILTY SANDY CLAY: hard in consistency.

3.2.2 Groundwater
Free groundwater was initially measured on 18 May 2009 at a reduced level (RL) of 40.9 m AHD
(3.1 m depth) during a return visit to the site to collect a groundwater sample from the earlier
installed piezometer at BH5 after the well was developed. During a later site visit on 9 June
2009, groundwater was measured at RL 38.8 m AHD (5.1 m depth). Comparison with the

borehole records indicates that the phreatic surface intersected very low to low strength
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sandstone on the initial date of measurement, and had later fallen to a level that intersected low

strength siltstone.

4. LABORATORY TESTING

NATA-registered laboratories were used to carry out the following laboratory tests on soil and

groundwater samples obtained during the fieldwork:

. Four (4) moisture contents of soil samples;

. Two (2) Atterberg Limits of soil samples;

. Two (2) chemical analyses of aggressivity (Sulphate + Chloride + pH) of soil samples;

® One (1) chemical analysis of aggressivity (Sulphate + Chloride + pH) of a groundwater
sample; and

. Twenty four (24) Point Load Index tests of rock core samples.

The results of laboratory testing for Atterberg Limits and Corrosion Assessment, reported in

Appendix C, are summarised in Table 1.

Table 1 - Summary of Chemical Laboratory Test Results

Borehole Depth Sample type Soluble Sulphate as Choride pH
(m) S0,(mg/kg) (mg/kg) units
BH2 25-295 Soil <25 <100 5.2
BH5 25-2095 Soll 140 940 5.7
BH5 3.0 Groundwater <16 440 - 540 7.5-77
Geotechnical Investigation, Town Centre Project 71169
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Table 2 — Summary of Engineering Laboratory Test Results

Borehole Depth Moisture Content Liquid Limit Plastic Limit Plasticity Index
(m) (%) (%) (%) (%)
BH3 1.0-1.45 19.6 - - -
BH4 1.0-1.45 15.6 42 18 24
BH4 25-295 9.02 - - -
BH7 25-2095 15.6 42 19 23

The results of Point Load Index testing of rock core samples are reported on the borehole logs

contained in Appendix B, at the relevant depths.

5. PROPOSED DEVELOPMENT

A major expansion of the existing shopping centre, including 1 — 2 storey buildings over a two
level basement carpark and a separate 1 — 2 storey building are all proposed for the site. The
finished level of the Shopping Centre slab is proposed at RL 49.5 AHD, that of Basement Level
1 at RL 46.25 AHD and the Lower Basement Level slab is proposed at RL 43.0 AHD. These
levels are based on the concept design sketches by Designinc, dated 23 May 2009, and
emailed advice from the client dated 2 April 2009.

Column loadings were not available at the time of this report.

6. COMMENTS

6.1 Excavations

6.1.1 Excavation Methods
Depths of excavation will vary across the basement footprint due to variations in existing surface
levels. The proposed Lower Basement slab level is approximately from 0 to 7 m below the
present ground surface level at the site. As shown in Drawings 2 and 3 of Appendix A,

excavations in the up-slope, south western half the proposed basement footprint are expected to
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be carried out in moderately well compacted sand and clay filling, very stiff silty clay, extremely
low to medium and mainly high and very high strength shales, siltstones, sandstones and
laminites. Excavations in the down-slope, north eastern half of the basement are expected to be
carried out through moderately well compacted filling, very stiff silty clay, and very low strength

sandstones and shales.

After breaking out any existing pavements, the filling and silty clay soils should readily be
excavated using conventional earthmoving equipment such as dozers and hydraulic excavators.
Extremely low to low strength rock should be excavatable by light to medium ripping using a
Caterpillar D6 dozer or equivalent and a hydraulic excavator fitted with rock hammer
attachment. Medium strength rock should be excavatable by heavy ripping using a Caterpillar
D2 dozer or equivalent and a hydraulic excavator fitted with rock hammer attachment. High and
very high strength siltstones, sandstones and laminites are likely to require heavy ripping using
a minimum Caterpillar D10 track'dozer or equivalent, in conjunction with hydraulic excavators
fitted with large rock hammers (eg. Krupp 900 kg) or milling heads. The low degree of fracturing
of the high and very high strength rock will make excavation particularly difficult, with low

productivity and high tyne/hammer wear expected.

Excavation for footings and trenches in the south western half of the proposed basement
footprint will also require the use of hydraulic excavators fitted with large rock breakers. At the
proposed basement slab level over the south western half of the proposed basement footprint,
high and very high strength sandstone is intersected and will be particularly difficult based on
the relatively unbroken nature of the rock core samples and may require the use of a rotary rock

saw or milling head.

Prospective excavation contractors should be required to inspect the rock core obtained during
the investigation, to make their own assessment of the feasibility of ripping the high strength

rock using their machines.

6.1.2 Disposal of Excavated Materials
The materials that will be derived from the excavation works will generally include significant
amounts of filling, natural soil and rock from within the proposed bulk excavation footprint. It
should be noted that any off-site disposal will require assessment for re-use or classification of

the excavated material in accordance with the “Profection of the Environment QOperations Act,
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19977 prior to disposal at an appropriately licenced landfill. Further, the burden of proof remains
with the owner and transporter of the spoil materials. Waste classification assessment did not

form part of the present scope of work.

6.1.3 Vibration
Noise and vibration will be caused by excavation work on the site, and precautions will therefore
be required when excavating close to adjacent buildings. The level of acceptable vibration is
dependent on various factors including the type of building structure (e.g. reinforced concrete,
brick, etc.), its structural condition, the frequency range of vibrations produced by the
construction equipment, the natural frequency of the building and the vibration transmitting

medium.

The Australian Standard AS 2187.2 1993 (Explosives Code) recommends the maximum peak
particle velocity (PPV) of 25 mm/s for commercial and industrial structures of reinforced
concrete or steel construction subjected to vibration. A lower PPV limit of 10 mm/s is prescribed
for houses and low-rise residential or commercial buildings. Ground vibration arising from
excavation plant is of a continuous, rather than transient, nature, unlike blasting events. Thus,
more stringent vibration limits than those given for blasting should generally apply. The
heighbouring commercial buildings are probably founded on residual soils and engineered filling
rather than the underlying bedrock surface, and it is therefore suggested that PPV be generally

limited to 5 - 8 mm/s at the building line.

It is noted that vibration levels above 5 mm/s may be disturbing to the adjacent property
occupants and some complaints from neighbours are probable. Some reassurance, possibly via

vibration monitoring, may be necessary.

Vibration monitoring carried out by Douglas Partners at various excavation sites around Sydney
has indicated that to limit vibrations (PPV) to 5 mm/s, a Krupp 600 kg or 900 kg (or equivalent)
hydraulic hammer should not be used within 6 m or 15 m, respectively, from the buildings or

structures in question.

If vibrations are a potential problem, consideration could be given to rock sawing or rock milling
methods of rock excavation. It is possible that this will be required along the eastern and

southern boundaries of the proposed basement footprints.
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To respond to potential claims resulting from construction activities, it is suggested that
dilapidation surveys be conducted on adjoining buildings prior to the commencement of work on
site. Buildings supported on shallow foundations are particularly prone to the detrimental effects
of settlement and vibration. Vibration monitoring should also be considered to manage site work

and provide a level of reassurance to adjacent property owners.

6.1.4 Slope Stability to Open Excavations
The proposed basement excavation footprint, is close to the site footprint. Battered excavation
slopes are therefore considered to be unsuitable for the proposed works as insufficient space is
available. Recommended maximum temporary batter slopes for the sub-surface materials

present are given in Table 3, however, for completeness.

Table 3 — Temporary Batter Slope Ratios

Material Temporary Batter Slope Ratio' (H:V)
Filling 1.5:1
Silty Clay 1.5:1
Extremely low strength rock 1:1
Very low strength rock 0.75:1°
Low strength fractured rock 0.5:1°
Medium strength or better, slightly fractured rock Vertical®

1. For cut heights no greater than 4 m.
2. Subject to inspection by an experienced gectechnical engineer or engineering geologist.

6.2 Excavation Support

6.21 General
Retaining structures will be required to support the basement excavations, both during the

basement construction process and as part of the final structure.

Some forms of shoring and/or underpinning may be designed to be incorporated in the
permanent excavation support. Alternatively, the final structure may be used to prop or brace
the retaining wall system in the longer term, enabling temporary anchors to be released (i.e.
untensioned). Shoring support methods and possibly underpinning systems will generally

require tie-back anchors for stability, particularly where ground movements behind the wall must
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be limited. The legal implications of the use of rock anchors extending onto neighbouring
properties and public land will need to be considered. Approval should be sought from Council

and adjacent property owners.

The following shoring options should be considered for the support of the basement

excavations:

e Contiguous Pile Wall — consisting of closely spaced, or touching, small diameter bored (or
continuous flight auger (CFA) and socketed reinforced concrete piles. The wall may form
part of the final structure, sealed by a shotcrete panel facing that is constructed as the bulk
excavation progresses, or simply by mortar filing the gaps in between the piles (with
appropriate drainage incorporated). One or more rows of ground anchors tied into waling

beams are generally required.

o Soldier Pile/Infill Panel Wall System — consisting of bored or CFA rock socketed piles
installed at typical intervals of 2-3 m centres in advance of excavation. Then, as excavation
proceeds, structurally reinforced shotcrete infill panels, or similar, are constructed in between
the piles. The piles are often designed to also provide foundation support for the perimeter
of the structure. Piles are normally drilled with minimum “toe in” design to provide lateral
restraint at the base of the excavation based on the passive resistance of the rock in which
the pile is socketed. Again, one or more rows of ground anchors tied into waling beams are

generally required.

Soldier piles in conjunction with reinforced shotcrete panels are commonly used in Sydney for
excavation support in cohesive soils overlying weak rocks. Around the perimeter of the
proposed basement in the vicinity of the existing carpark, the upper 0.7 — 1.4 m of the ground
profile consists of moderately well compacted, sandy clay, gravelly sand and silty clay filling
layers. The type of excavation support will need to be varied such that the top 1.5 m of the
ground profile is supported by the provision of continous support to the face in the form of
horizontal laggings or sheeting behind the soldier piles in advance of excavation. Below this
level and around the perimeter of the remainder of the main part of the site, the exposed very
stiff silty clay and rock profile in between the soldier piles is expected to be temporarily self-
supporting for panel depths up to about 2 m, until the ground anchors are installed and the

reinforced infill panels constructed.
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At no stage should progressive vertical excavation exceed 2.5 m without infill panel support
being constructed. However, a maximum depth increment of 1.0 m to 1.5 m is recommended
for excavation over the upper 1.5 m of the profile around the perimeter of the existing carpark,
given the presence of some granular filling. It is possible that adverse jointing may cause
localised instability in the exposed rock (e.g. unstable wedges) which may require remedial
measures prior to shotcreting. It is therefore recommended that regular inspection of the
excavated spaces between soldier piles be carried out by an experienced engineering geologist
or geotechnical engineer during the course of excavation works to advise on stabilisation

measures (e.g. rock bolting).

Given the ground conditions revealed by this investigation, it is considered prudent for soldier
piles to be socketed at least one pile diameter into high strength sandstone, due to the presence
of some moderate angle jointing in the upper extremely low up to medium strength material,
which could lead to possible wedge failures due to sliding along joint planes. Anchoring at
regular intervals down the cut rock face (through the soldier piles socketed into the high strength
sahdstone and siltstone should provide an effective means of transferring anchor loads to the

face of the excavation, thereby stabilising the cut face.

Soldier piles founded below basement level may be designed on the basis of the allowable
foundation pressure given in Section 6.4, to carry structural compression loads associated with

the proposed structure.

Drainage is normally provided behind soldier pile/infill panel wall systems using one of a number
of proprietary strip drains combining a filter fabric and a cellular plastic matrix. A width of
between 100 mm and 300 mm is usually adequate for strip drains, with one or two strips

installed against the face of each panel.

Prospective drilling/piling contractors should be required to inspect the rock core obtained during
the investigation, to determine the feasibility of drilling sockets into the medium and high

strength rock using their machines.

The designer and developer should note that some small degree of wall movement is
unavoidable for conventional anchored pile wall systems. Further, the effects of stress relief, as

described in the following, may cause slight lateral movement within the underlying rock. It is
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therefore recommended that provision is made for some minor remedial works (eg. repair of

cracking) to the adjacent pavements.

6.2.2 Design
The design of temporary shoring systems and the final basement structure should be based on
the more severe of the two mechanisms defined previously, viz. lateral earth pressures and

mobilised wedge loading.

6.2.2.1 Earth Pressures
Excavations braced/anchored either temporarily or permanently will be subjected to earth
pressures from the ground surface down to the top of the high strength rock (refer to Drawings 2
and 3). Table 4 provides active earth pressures and bulk unit weights that are recommended for
the design of gravity, cantilever or single propped/anchored walls, assuming a level surface
behind the wall.

Table 4 - Recommended Active Earth Pressure Coefficients and Bulk Unit Weights

Material K, Yb
Short Long (kN/m’)
term/Temporary term/Permanent

Filling 0.25 0.3 20
Silty Clay 0.25 0.3 20
Extremely low strength rock 0.2 0.25 22
Very low strength rock 0.2 0.25 22
Low strength fractured rock 0.2 0.25 22
Medium strength or better, slightly 0 0 24
fractured rock

Due to the proposed maximum depth of excavation of up to approximately 7 m, it will be

necessary to install several rows of temporary anchors to support the retaining wall system.

Preliminary design for lateral earth pressures for a multi-anchored wall system may be based on
a uniform rectangular earth pressure distribution of 4H units (kPa), where H is the depth to the

top of high strength rock in metres or retained height, whichever is less.
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The additional lateral pressures arising from adjacent pavement areas behind the walls,
particularly due to construction traffic surcharge loading (e.g. 5-10 kPa), should be considered.
To increase the wall stiffness and thereby reduce lateral (inward) wall deflections in these
situations, the active earth pressure coefficients shown in Table 4 should generally be increased

by 50 % for design purposes.

The pressure distribution given above does not include hydrostatic pressures due to the build-up
of groundwater behind any retaining wall. The hydrostatic head should also be considered in
design if positive drainage measures are not incorporated to prevent groundwater pressure
build-up behind the wall. Under these circumstances though, the buoyant unit weight of soil can

be adopted below the design groundwater level used.

Where appropriate, lateral restraint may also be developed by embedding the piles below the
base of the excavation and developing passive pressure. The ultimate passive resistance
available by embedding the piles into the high strength rock intersected at the bulk excavation
level and thus the required minimum “toe in” can be estimated using the value of 6000 kPa.
This value may be adopted below one pile diameter beneath the bulk excavation level. It is
noted that this is an ultimate value and should incorporate a factor of safety to limit wall
movement. Jointing and other defects may be a controlling factor for passive pressure in rock

and therefore will require geotechnical inspection and confirmation during excavation.

Where piles are terminated above the basement excavation level, however, it will be important
to assess the stability of the rock directly beneath each pile. Generally, no passive pressure will
be available and as such, it will generally be necessary to restrain the toe of each or alternate

piles with temporary or permanent rock bolts, as appropriate.

6.2.2.2 Potential Mobilised Wedge Loading
The design of the temporary shoring system and possibly the long-term basement perimeter
wall must also cater for a possible mobilised wedge that would give rise to a total anchor force of
4.3*h? (kN/m) where h is the depth to the joint where failure may occur. This is based on an
anchor inclination of 10° below horizontal and the following assumed material and strength

parameters:

. Planar failure on a joint/fault dipping at 45°, striking parallel to and “daylighting” at the

interface between the weaker rock and underlying high strength rock;
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) Shear strength at interface: ¢' = 25°, ¢ = 0 kPa; and

® Bulk unit weight of rock wedge: y, = 22 kN/m?.

A factor of safety of unity (1.0) may be adopted for this design approach given that it assumes
an unlikely combination of adverse factors likely to be encountered on the site. The anchor
inclination is considered to be the flattest angle that can realistically be used which will allow
relatively easy anchor installation and grouting. Should there be a requirement to increase the
angle of installation of the anchors then, to keep a similar factor of safety to that designed for,

then the anchor capacity would need to be increased as shown in Table 5.

Table 5 — Increased Capacity Requirement for Steeper Anchors

Angle of Installation (degrees below horizontal) | Required Increase in Capacity (%)
10 0
15 6
20 13
25 22

Inspection of the cut faces during the excavation phase should be carried out by an experienced
geotechnical professional to ensure the adequacy of shoring and anchoring design. The
mapping of all actual joints and faults will also allow the recalculation of the horizontal force

required to restrain the actual joint wedges present for final support design.

It is unlikely that the final basement structure (e.g. floor slabs, etc.) will need to be designed to
restrain the full (4.3h?) mobilised wedge load. In most cases it is generally adequate for the
permanent basement walls to be designed to support lateral earth pressures. It is noted that
this approach to permanent support design will however require considerable interaction

between the Structural and Geotechnical Engineers.

6.2.3 Ground Anchors
Where necessary the use of inclined pre-stressed tie-back (ground) anchors is suggested for the
lateral restraint of perimeter piled wall systems. Such ground anchors should be inclined below
the horizontal, as steeply as practicable, to allow anchorage into the stronger bedrock materials

at depth. The design of temporary and permanent ground anchors for the support of piled wall
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systems may be carried out on the basis of the maximum allowable average bond stresses

given in Table 6.

Table 6 - Bond Stresses for Anchor Design

Material Description Maximum Allowable Average Bond Stress (kPa)
Silty Clay 20
Extremely low strength rock 40
Very low strength rock &0
Low strength fractured rock 150
Medium strength, slightly fractured rock 300
High strength or better rock 600

Ground anchors should be designed to have a free length equal to their height above the base
of the excavation {minimum 3 m bond length) and after installation they should be proof loaded
to 125% of the designh working load and locked-off at no higher than 60% of the working load.
Periodic checks should be carried out during the construction phase to ensure that the lock-off

load is maintained and not lost due to creep effects or other causes.

The parameters given above are indicative only and assume that anchor holes are clean and
adequately flushed, with grouting and other installation procedures carried out carefully and in
accordance with normal good anchoring practice. Contractors should justify their own choice of
values by proof testing and periodic checks as bond stress depends a lot on construction

procedures and equipment.

In normal circumstances the building will restrain the basement excavation over the long term
and therefore ground anchors are expected to be temporary only. The use of permanent
anchors would generally require careful attention to corrosion protection. Further advice on
design and specification should be sought if permanent anchors are to be employed at this site.

It may be necessary to obtain permission from Council for installing temporary or permanent
anchors around the perimeter of the site as installation may encroach into Council property. In

addition, care should be taken to avoid damaging buried services including pipes during anchor

installation.
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6.2.4 Ground Movements
For a relatively major excavation such as is proposed, there is a possibility that there will be
some additional horizontal gound movement due to stress relief effects. Release of these
stresses due to the excavation will generally cause horizontal movements along the rock

bedding surfaces and partings.

Based on monitoring experience for excavations in the Sydney region, excavations of over 40 m
length may give rise to lateral stress relief movements in the order of 1 to 2 mm/m of the
excavated height on the adjoining ground surface (i.e. behind the top of the excavation).
Empirical data suggest that most of the movement occurs during or shortly after the bulk

excavation phase.

As noted previously, it is recommended that appropriate allowance be made for the repair of
pavements and public utilities, where excavation is carried out close to such structures. Also,
with respect to nearby buildings it is recommended that dilapidation surveys be carried out prior

to excavation works so that an appropriate response may be made to damage claims.

6.3 Groundwater

The basement excavation is proposed to just below RL 43.0 AHD and therefore little seepage is
expected to occur into the basement, based on the groundwater level noted in the piezometer
installed at borehole BHS, which was measured below the proposed bulk excavation level. Any
seepage that does occur will probably be along the soil-rock interface and through defects in the

rock following periods of intense and/or prolonged rainfall.

Pumping from open sump pits is therefore likely to be a sufficient measure for controlling
groundwater inflow to the excavation during construction. It is suggested that to relieve any
long-term post-construction seepage accumulating below the basement floor, appropriate sub-
floor drainage should be provided for the final structure. In addition, adequate cross-fall of such
drains to one or more permanent sumps should be incorpeorated. It is anticipated that periodic

pumping of sumps may be required using an activated pumping system.
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Groundwater entering excavations and post-construction accumulation of groundwater below
the basement floor will need to be disposed of in accordance with the Protection of the
Environment Operations Act 1997 (POEO Act). Ultimately, this requires that any water
discharged into the natural environment should comply with the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Australian and New Zealand Environment and
Conservation Council (ANZECC) and Agricultural and Resource Management Council of
Australia and New Zealand, October 2000.

The above water quality guideline criteria include trigger criteria values for pH, turbidity,
nutrients, dissolved oxygen and faecal coliforms (unlikely to affect excavation water). An
appropriate strategy would be to carry out initial testing of groundwater samples from the
developed piezometer in borehole BH5 to assess its compliance with the ANZECC water quality
guidelines. Further monitoring would also be needed during construction. If the tested water
quality complies with the guidelines, then it may be pumped directly into the stormwater system,
subject to the approval of the relevant government authorities. Alternatively, the pumped
groundwater would require on-site treatment such as sedimentation and dosing to improve the
quality of water to a sufficient level to comply with the ANZECC requirements before disposal
into stormwater. In some circumstances, if groundwater is substantially contaminated, then it

may be necessary to dispose of it off-site as liquid waste.

6.4 Foundations

6.4.1 Basement
The floor of the basement excavation will be just below RL 43.0 AHD as shown on Sections A-A’
and B-B' (Drawings 2 and 3, respectively). The proposed basement excavation level intersects
high and very high strength sandstone over the south western half of the basement footprint.
Moderately compacted filling, however, is intersected at the proposed basement excavation
level in the north east perimeter of the proposed basement footprint. Structures founded partly
on rock and partly on soil should be avoided, to reduce the risk of adverse differential settlement
across the basement substructure. All foundations should therefore be taken down into rock.
Suitable foundation types over the south western half of the proposed basement footprint

include piles and spread footings such as pads or strip footings. In the vicinity of the proposed
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basement’s north east perimeter, however, piled foundations socketed into rock would be most

suitable.

Footings founded in high and very high strength sandstone over the south western half of the
proposed basement may be designhed for a maximum allowable bearing pressure of 6000 kPa.
Footings founded in extremely low and very low strength siltstone and sandstone over the north
eastern half of the proposed basement, however, may be designed for a maximum allowable

bearing pressure of only 700 kPa.

Foundations proportioned on the basis of the above parameters would be expected to
experience total settlements of less than 1 % of the minimum footing dimension under the
applied working (i.e. serviceability) load, with differential settlements between adjacent columns

expected to be less than half this value.

With regard to proving of foundations, attention is drawn to the suggested minimum
requirements set out in References 1 and 2. |n particular, "spoon” testing (or proof core drilling)
should be undertaken in at least one-third of footings proportioned on the basis of an allowable
bearing pressure of 6000 kPa. If the maximum allowable bearing pressure were limited,
however, to say, 3000 kPa, the foundation proving requirements could be limited to footing

inspections by a geotechnical engineer.

The purpose of "spoon" testing is to check that no significant weak seams exist within a depth of

1.5 times the least footing dimension below the foundation level.

An experienced geotechnical professional should inspect all pile excavations and spread

footings (e.g. pads) prior to the placement of steel and concrete.

6.4.2 Building in Minor Part of Site
Foundations for the proposed 1 — 2 storey building should be taken down below the filling to the

very stiff silty clay, for which a maximum allowable bearing pressure of 100 kPa is

recommended.
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6.5 Seismic Design

Based on the sub-surface conditions encountered at the borehole locations, the site has been
assessed in accordance with Section 4 of AS 1170.4 — 2007 (Structural Design Actions: Part 4 -
Earthquake Actions in Australia) and has been assigned to the site sub-soil Class B, (Rock).
Based on Table 3.2 of AS1170, the Hazard Factor (Z) for the site is 0.08.

6.6 Reinforced Concrete Durability

The results of pH, chloride and sulphate analyses indicate that the concentrations within the soil
and groundwater analysed are non-aggressive (Table 6.1, AS 2159 — 1995). Reference should
be made to Table 6.2 of AS 2159 — 1995 to determine minimum cover to reinforcement required,
based on the exposure classification made in this section and minimum concrete strength to be

used.

DOUGLAS PARTNERS PTY LTD
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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, Gectechnical 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 lessthan 0.002 mm
Silt 0.002 to 0.06 mm
Sand 0.06 to 2.00 mm
Gravel 2.00to 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) (q.— MPa)
Very loose less than § less than 2
Loose a—10 2—3
Medium dense 10—30 a—14
Dense 30—50 15—25

Very dense greater than 30 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 drilling 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 intc the soil and withdrawing with a
sample of the scil in a relatively undisturbed state. Such
samples yield 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 drilling 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. |dentification 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 80—115 mm diameter continuous spiral
flight augers which are withdrawn at intervals to allow
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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 cutlings.
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 praclicable
and the test is discontinued.

The test results are reported in the following form.

¢ 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 resulis 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, Test6.4.1.

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 resulis.

The information provided on the plotted results
comprises: —
+ Cone resistance — the actual end bearing force

divided by the cross sectional area of the cone —

expressed in MPa.

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

» 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 sliff clays.

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

g. (MPa) = (0.4 to 0.8) N (blows per 300 mm)

In clays, the relationship between undrained shear

strength and cone resistance is commonly in the range.—
. = (121018} ¢,

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, elc.
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
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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.

s Perth sand penetrometer — a 16 mm diameter flat-
ended rod is driven with a 9kg 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.

+ 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 Soil 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;

* 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.

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

» 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.

¢ 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 permeabilty 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 it 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 io
interpretation of subsurface condition, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However, the

Company cannol always aniicipale or assume
responsibility for;
+ unexpected variations in ground conditions — the

potential for this will depend partly on bore spacing and
sampling frequency
+ changes in policy or interpretation of policy by statutory
authorities
» 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 Ply Lid

Issued: October 1998 Fage 4 of 4

Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014



(/)

Douglas Partners

Geotechnics - Environment - Groundwater

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 properties - i.e. it can

Weathered be remouided and can be classified according to the Unified Classification System, bui 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 decomposition are evident.
Porosity and strength may be increased or decreased compared {o the fresh rock usally as a result
of iron leaching or deposition. The colour and strength of the original fresh rock substance is no
longer recognisable.

Moderately Mw Rock substance affected by weathering 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 fonger recognisable.

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

Weathered substance usually by limonite has taken place. The colour and texture of the fresh rock is
recognisable.

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 (isiso) and refers to the strength of the rock substance in the direction normal te the
bedding. The test procedure is described by Australian Standard 4133.4.1 - 1893.

Approx Unconfined
Term Symbol Field Guide* Point %oad Index CompresswE Strength
. 5(50 Qu
MPa MPa
Extremely EL Easily remoulded by hand to a material with soil properties <{.03 <086
low
Very low V0L 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 2-6
the specimen with firm blows of the pick point; has dull sound
under hammer. A piece of core 150 mm long 40 mm diameter
may be broken by hand. Sharp edges of cere may he friable
and break during handling.
Medium M Readily scored with a knife; @ piece of core 150 mm long by 0.3-1.0 6-20
50 mm diameter can be braken 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 biow, rock rings under
hammer.
Very high VH Cannot be scratched with a knife. Hand specimen breaks with 3-10 60-200
pick afier more than one blow, rock rings under hammer.
Extremely EH Specimen requires many blows with geological pick to 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 rock 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 not able to be
done,
**  The approximate unconfined compressive strength {q,) shown in the table is based on an assumed ratie to thg point load index of
20:1. This ratio may vary widely.
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STRATIFICATION SPACING

Term Separation of
Siratification Planes

Thinly laminated <6 mm
Laminated & mm to 20 mm
Very thinly bedded 20 mm to 60 mm
Thinly bedded 60mmto0.2m
Medium bedded 02mtod6m
Thickly bedded 06mto2m
Very thickly bedded >2m

DEGREE OF FRACTURING

This classification applies to diamond drili cores and refers to the spacing of all types of natural fractures along which the core is
discontinucus. These include bedding plane partings, joints 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.
Highty Fractured Core lengths are generally less than 20 mm - 40 mm with occasional fragments.
Fractured Core lengths are mainly 40 mm - 200 mm with oceasional shorter and: longer sections.
Slightly Fracturéd Coare lengths are generally 200 mm - 1000 mm with occasional shorter and longer sections.

Unbroken The core does hot 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 tofal length 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 together and counted as one piece.

SEDIMENTARY ROCK TYPES

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

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 (0.086 to 2 mm) grains
Siltstone; More than 50% of the rock consists of silt-sized (less than 0.06 mm) granular particles and the rock is not
laminated.
Claystone:; More than 50% of the rock consists of clay or sericitic material and the rock is not laminated.
Shale: 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 particle size with reference also to the minor consiituents,
eg. clayey sandsfone, sandy shale.

Copyright © 2000 Douglas Partners Pty Ltd
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BOREHOLE LOG

: apital Investors 1 49, o:
CLIENT AMP Capital | i Lid SURFACE LEVEL: 49.0AHD BORE No: 1
PROJECT: Glenmore Park Town Centre EASTING: PROJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: PATE: 13 May 09
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1
P Degree of Lle i F it i i ;
Description Wegthering g Strength | & I;ra:;p[:e Discontinuities Sampling & In Situ Testing
| Depth of ST 1T g @ CPadng . . o |o=|s | TestResulis
m) Bhlz8 5 (S5 {m) B-Bedding J- Joint & |e~a |
¢ Strata z & |3 I%IEIEIEE-— 2o g | S-Shear D-DrtBreak | = S §IFF &
. EZ2zep [WSBZIRAL 5 53 B2 Flog Comments
LSL 005K ASPHALTIC CONCRETE ATTTEE FTTTTT L A
0.25 FILLING - grange sandy clay filling, : : { § E : % : : : : : H H Note: Unless ctherwise
o with some angular gravel, humid REEE ERRRR TR s:ated,rocl;islfractured A
- along rough planar
FILLING - orange brown gravelly F11er Yt oo TN bedc?ing pgllanpesdipping
fine !0 coarse grained sand filling, R 2 EREEEE TN 0°- 10° or joints
ol g umid : BRERE““ARNEREN NI A 20/1¢0mm
r 12‘\5|LTY CLAY - very stiff, grey f NN | 1 |1 5 refusal
“[{mottled red silty clay, damp grrT[— TTT [ TT 1T [ 1-2m: J85~ 80°,
SILTSTONE - low strength, highly I 011 I || R irregular _
weathered, grey siltstane | 11 I I 1"1-33"“{ gg: gOmmicIay R PL(A) = D.4MPa
SILTSTONE - medium and T A e = L Y Y Tt};e-rq'.sam': B 02) 0
el 188 medium to high sirength, i = = i e clay smear '
[¥0° 204 moderately weathered, fraciured to —'Ir- I —-1|— i 1.58m: BO°, 10mm clay
slightly fractured, light grey and — I TTTETH I 1.62m: B0O®, 5mm ¢lan
brown siltstone with fine grained it f=—rrrigrl | -1.75-1.88m: drilling 4
sandstone bands and laminations Fprr = rrygrl | breaks
and some extremely low strength 1 [ i ' N I 1.88m: CORE LOSS: G 1100| 84 | pL(A) = 1.1MPa
bands RIIERE S NN Rl ]12°mm
Lafg Pt =11t 1 lo.04m: CORE LOSS:
¥ — 100mm
LI . P I ! I .1-2.5m; B (x3) 0°, clay
I __[IIIIII { N varcar
[ a5 [t L Y 11 [ TZ.GBm: BO®, 10mm clay
r SN SICTSTONE - medium to high FTETT[—-rrry]!l [ 3.05m; J35°, ironstained | ¢ | 100]| 91
T strength, fresh, slightly fractured, S Il N N | .22m: J45°- 50°,
L £ grey silistone Prerf— (e [ Snloo%owg’gd !
r9ra frrr=freefrefoqi -4m: BO®, 20mm clay
[ trer il | I 48m: BO®, clay smear
[ AN BN |
: I E AR | o s
[ = e i 4.72m; J45°- 50°, PLEA) = TMPa
L[5 &0 P e T HT LT I  Stepped, healed
For ~t SANDSTONE - high strength, rrer b terr [ 4.93m; J30°
[0 fresh, slightly fractured, light grey, kbt [
fine grained sandstone with some RN I EEEEE I
C siltstone laminations prer oo I 6.52-8.08m: B (x2) 0°,
[ IS I ] | ironstained C 1100] 100 [ PL(A) = 2.3MPa
N (I IR ] I I
E° [ SANDSTONE - fightoverymgn | [P HIETT LR
strength, fresh, unbroken, light L
gray, fine grained sandstone with PrEn FEETp |
some siltstone-bands : : : { : : # : : : : PL(A) =6.4MPa
[ I N |
Lol [ I N |
o7
Lef [ I | I N |
[ [ I N |
1 Il drrrryl |
1 [ N NE N |
3 I SN N | c | 100|100
4 [T drrrrl | PL(A) = 2.5MPa
38 [ 111 101 |
[ [ 111 IR NN N |
[ 110 IERERE N |
L [ SEEEEE N | _
i RERR IS ARRER AN PL{A} = 3MPa
[ ®8TAMINITE - high strength, fresh, : : : : } - : : : : | : :
S slightly fractured and unbroken, NERR Crih |
I light grey to grey laminite. C [100(100| p¢a) = 1.7MP
Approximately 50% fine grained : : : : } : : : : : : : A @
sandstone laminations and bands (10 REE K |
[ (I I I PL{A) = 1.7MPa
[ [l [ |
r 10 100 1 - }
Bore discontinued at 10.0m
RIG: DT 100 DRILLER: LC LOGGED: SI CASING: HQto 1.0m

TYPE OF BORING: Solid flight augerto 1.0m; Rotary to 1.2m; NMLC-Coring to 10.0m

WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS:
SAMPLING & IN SITU TESTING LEGEND CHECKEG
A Auger sample pp Pockst penetrometer (kPa)
D  Disturbed sample PID Photo icnisafion detector o [
B Buk sample S Standard panatration test Initials: A
U, Tube sample {(x mm dia.} PL  Pointload strength Is(50) MPa —
W Waler sample vV $near Vane (kPa) , ’1 O ﬂ?
C  Care dilling [> Water seep I \Water level Date:
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BOREHOLE LOG

CLIENT: AMP Capital Investors Lid SURFACE LEVEL: 48.0 AHD BORENo: 2
PROJECT: Glenmore Park Town Centre EASTING: PROJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: DATE: 14 May 09
DIP/AZIMUTH: 90°/- SHEET 1 OF 1
Description Vesg{ﬁ:rﬁf o Stﬁgﬁgl;(th .| Fracture Discontinuities Sampling & In Situ Testing
—| Depth of ‘I g e 2| Spacing ® Test Resulis
=l (m) 98 g 25 {(m) B-Bedding J- Joint gipsia,
Strata z © 3'&';'*3':'&'5; = g0 gg | S-Snear O-Dribreak | 2 |G 8|20 &
- 223eE" |ESISREPSE S S5 22 & Comments
L g-sg\ASPHALT[C CONCRETE ATTTTI T TF T A
L[ " "I\FILLING - orange brown and grey, : : : : : : % ; : : H H
[ gravelly sand filling, humid RERE R I A
FILLING - moderately compacted, RN (111 N
orange brown and grey, silty clay HEER (111 [ 11
[ filling with some gravel, humid EERE C11 (0l
[=pt {engineered filling) AR R Lol LA 3,57
Lo P NN § N =12
135 SILTY CLAY - very stff, orange Lt NN Pl — Pp=500kPa
brown and grey, silty clay with I I I I P N
some fine sand, damp o P Pl o1l
of NN I Forr o1
(L% 207 SILTY CLAY - very stiff, mottied P Fr borr ot
[ red brown and grey, silty clay with FEred L I UL 11| Note: Unless otherwise
[ some ironstona gravel bands, : : : : : : : : : : %: H stated, rock is fractured
3 damp along rough planar —
I [0 I |11 1] | bedding planes dipping s 9,12,20
A SILTSTONE - very low strength, 1IN 11 | 1) 11 | 9%10°orjoints N=32
Ll 5 hjghlywea_the_red. grey and brown M REN 11 I
ht 115 siltstone with ironstone bands it bl L 11 11
| SHALE/SILTSTONE -verylowand | [ | | 11 il (T 11 | 3 35-3.65m: fraclured
very low to Jow strength, highly to il I t] 11 11 [ @lengbedding planes at
moderately weathered, highly N B |1 1|11 iy | average 20mm intervals G [100| 28
3851 fractured, dark grey shalessilistone /] | I} I i 572384 B 62) 0°
. SANDSTONE - high to very high FE E I ir;,n;ta'ineré" 2 0", PL{A) = 2.2MPa
[3r4 strengh, slightly weathered, slightty | | 1 [f1 | i P \s.aam: J85°, rough
focred ortarn freraned || 1| 1 | s s,
b | ironstained
Ll I : PL(A) = 3.7MPa
| [ 7| SANDSTONE - very migh strengtn, | | | 1} ' ' o
Lol s slightly weathered, slightly [T Il (I | n4-87m: J75°, ironstained
- fractured, light grey and brown, fine : : : : : : : : 4.95m: J85°, ironstained PL(A)=7.8MPa
[ grained sandstone
5.35 5.26-7.20m: B (x10) 0°-
[ SANDSTONE - high strength, fresh : : :T: : :I ll 5°, ironstained C |60 %6
[ stained,sligh}lyfractured. light L ih Lol [ PL(A) = 1.3MPa
[ grey, fine grained sandstone Lol Lol |
[ 5.8m: B 0° ironstained
L6 I 11 il
I [ 11 Ifl b1l [II
X Il Bl ) | 6.25m: B o° ironstained
i BERIL I =1
[ 11l It
FE 11l I
(<[ O TAMINITE - high strength, fresh, C11f | ﬂ'_l N
slightly fractured, grey [aminite LTI | ! | 7 2m B 0° ranstainad PL{A) = 1.1MPa
. Pl IR | c |100] 82
PL [N |
P [ PL(A) = 2.6MPa
[T [ N |
= 8.0 [ . [ 11 i ]
Ll “| Bore discontinued at 8.0m NN TR
[Tt N
[ 11E N
i [
I I R
ol [ I1E 1
(RS L R
k P [ I I
[ I [
k L I
r i [ 1l
b Pl N
i L1 1 Il 11
RIG: DT 100 DRILLER: LC LOGGED: JB/S] CASING: HQ to 2.5m

TYPE OF BORING: Sclid flight auger to 2.5m; Rotary to 3.15m; NMLC-Coring {o 8.0m

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 P!D Photo ionisation detector (nitiats: %
B Bulk sample S Standard penatration tast nitiats: '
U, Tube sample (xmmdia.} PL  Pointioad strength 1s{50) MPa et —
W Water sample V  Shear Vane (kFa) . ﬁ % dT
¢ Core driling B Water seep T Waterlevel Data:

T
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BOREHOLE LOG

CLIENT: AMP Capital Investors Ltd SURFACE LEVEL: 46.8 AHD BORE No: 3
PROJECT: Glenmore Park Town Centre EASTING: PROQJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: DATE: 12 May 09
DIP/AZIMUTH:  90°/-- SHEET 1 OF 1
et Description ﬁgg{ﬁ;ﬁ; 2 Stﬁeorfgth . I;?:(t“:;r:'g Discontinuities Sampling & In Situ Testing
o (e”;:) of 33 F If’"g“ﬁ {m) B -Bedding J-Joint 3 o¥ g ° Test Results
SERLISLERSL uo o0 | sosner  D.-Dmimea | = |3 HIEF &
Strata FEEser| [nIBIBIZRIEA |5 55 3% | e | P Ce|® | Comments
0.1 ~ASPHALTIC CONCRETE PFREREE T T[T T I: A
021\ FILLING - orange brown gravelly /' : : : : : : : : : : : : H :I
sand filing. humid BERR IR I A
FILLING - orange brown and grey, HEEE RN 1ol
L 07 K " +
el \S'WC'Egﬁ"’"g’ hurald RERRRZZENRRRRN N I
[ [ SILTY CLAY - very stiff, grey [ I I P I B I I R Il
C mottled red, silty clay with secme 1ttty AaA1Trrnd 111 Ll A 5,711
ironstone gravel, damp RN % FErrg [ b s N=18
CLrbr A et {01 ] pp>400KkPa
N R [ 11 L
Lol 1.7m; becoming grey with ironstone : : ll : : % : : 1[ : : : % H H
I B RESRRZZERRRRNE I
| SHALE - very low strength, highly rerr b= fqrrrii I
weathered, grey shale ||i (= 1|| [ I I | AN
251 — [ I A 4 TN ¢ Y R 2o07igmm
Bore discontinued at 2.51m 1113 EERER Y refusal
_3: -refusal on very low strength, grey | | | | § | EEEEN |1 11
La shale il [T L0
- el [Tl O
{ P [T il 1l
r 1 [T I 1f 11
i L1 1T Iy 1l
- (I I It
[F L1 P I 11l
4 (I I P [ 11l
L [Tt Pl It
(N P10 [
[ P Pl
[ P T e
Lol P Frernd N
e I Dt [
L [ P [
It L [ N
[ 11t P (N
[ Pl P
3 P Frrrn [
[ RN AR
Lo P It Il
[ [ [ I O ! 11l
I Err [Tl It
1 il e [ b
I A [ 110l
Lal [ B Pyl [
s 111t P VoLl
[’ Ll FEEEEE] (bt
Frrn LT I
P [T [
Frran [T [
[ [ P [t [
3 L i [ N
-a e [t iLd I
r [ i [
4111 I A O N
[ (I I I 11 1l
L L1l Frrrnt I 1l
[eal 1 [P [
B! RERN ERERRE NI
9 [ Ftrrn [
[ P [l
e P L1 1l
(I VL Porrn
L P N
= Pl 1T N
[ [ [ L 11 (1
RIG: DT 100 DRILLER: LC LOGGED: JB CASING: Uncased
TYPE OF BORING: Solid flight auger (TC-bit) to 2.51m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS:
SAMPLING & IN SITU TESTING LEGEND CHECHKED
B Disued Sampla T P onaton deraviar [X '
s i Initials:
D, P o) L BT s i (/)] Douglas Partners
C_ Corodriing b Werersatp e water evel e | 7/ / / Geotechnics - Environment - Groundwater
[
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BOREHOLE LOG

CLIENT: AMP Capital Investors Ltd SURFACE LEVEL: 491 AHD BORE No: 4
PROJECT: Glenmore Park Town Centre EASTING: PROJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: DATE: 14 May 09
DIP/AZIMUTH: 90°/- SHEET 1 OF 1
P Degree of Rock ! - . . -
Description Wegthering ! Strength |- l;ra:éﬁ:'e Disconfinuities Sarnpling & In Situ Testing
| Depth of S T 1T 11| SPAchg ] ] o |0 Test Results
“l (m) Sl 8 Eg2| (M | 8-Seding J-Jaint g |86|gx &
Strata 5E23ex |gSIBEEE B 82 38| S-Sww D-OWEmK | FIOSIET| Comments
Lot FILLING - brown, silty clay filling FTTTI AT T 11 A
Fr with some gravel, dry (IO [ | [ 1l
[ I I N
FErnd i (N A
10 [ Il
I It [t Il
L[y 49 [ T rd I
Ce SILTY CLAY - hard, brown and S N -2 7,17,14
[ grey, siity clay with trace of it A T T T S N=31
ironstone gravel (possibly NEEE % HEEEN IR pp=>400kPa
engineered filling) C1L % EERRRE I
r frrrraAtrrrre il
FrrrrpaAarrred P
L2 I O I < I O I I 1t
o L AA L EEEE e Uniess otnerise
[ **SICTY SHALYCLAY -verystitto | | 11D LATgm DEEEEE U E1 D1 Gl e is fratured water added at
i hard, grey locally mottled red, silty 1t Frrrn il along rough planar — 2.5m to clean out
L shaly clay with some finesandand | | F L1 300 F LT [ Il Tl | pedding pianes dipping s hole
F ironstone gravel bands S (7 A [ 1 | o 10%or joints 11,21,30
[ Ls i1 P [ —— N = 51
o, RN EERE N pp>400kPa
"I SANDSTONE - high strength, i 3.2m: CORE LOSS:
moderately to slightly weathered, 1 B 130mm
fragmented 1o fraclured, grey || .33-3.54m; fragmented PL(A) =1.3MPa
brown, fine grained sandstone |1 rock
|| 41m: J60°
L4 40 . | .6Am.: J75°- 85°, rough,
al | SILTSTONE - very high strength, Ll irregular, ironstained
r moderately to slightly weathered, .73.4,55m: 8 (x7) 0°, Cc|ga| 721 PLA)=5MPa
slightly fractured, grey brown I ironstained
4551 silistone : :
SANDSTONE - high strength, I 4,66m: BO®, 2mm clay
[ I moderately to slightly weathered Ll
L -5 then fresh stained, slightly
Ril fractured, grey brown, fine grained L
[ sandstone L
L I §.31-6.50m: B (x7) 0°, PL(A) = 2.9MPa
L [ 1 ironstained
3 [ 11
[ [ 11
of [ 11
I [ 11
63 _ 11 PL{A) =1.7MPa
1 LAMINITE - high strength, fresh (1]
stained, fractured to slightly R
fractured, grey laminite C |100 88
L1l PL(A) = 2.2MPa
L F7 70 . 6.85m: J50° .
Lt /" SANDSTONE - high strength, fresh : : : .ggn: J:"ig;, trggstalned
[ stained, slightly fractured, light 6.93m: JB5°- 00°, a
grey, fine grained sandstone 11 ironstained FL(A) = 1.8MPa
7.51 _ |11 7m: J90°, healed
LAMINITE - high strength, fresh L1 12m: J60°, ironstained
stained, slightly fractured, light grey 7.18-7.67m: B (x4) 0°, _
to grey siltstone I I E ironstained PL{A)=2.4MPa
[<[% B9 Bore discontinued at 8.0m B
[ [l
[ I 11
Lot 11
L |11
3 Pl
[of® P
s Pl
I
I
I
Pl
f 11
RIG: DT 100 DRILLER: LC LOGGED: JB/SI CASING: HQ fo 2.5m
TYPE OF BORING: Solid flight auger fo 2.5m; Rotaryto 3.2m; NMLC-Coring to 8.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS:
SAMPLING & IN SITU TESTING LEGEND CHECHED
A Auger sampla pp Pocket penetrometer (kPa}
S ol e £10 S oz deei e LAY
B L d
U, Tube san?ple {(xmm dia.) PL Puintloadpsirength 1s(50) MPa ] ‘ ' Doug’as Partners
W Waler sample V  ShearVane (kPa)! Date: ff/ﬁqﬂ - .
¢ _ Care diiling - Waterseep ¥ Walerlevel —H Geotechnics - Environment - Groundwaler
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BOREHOLE LOG

CLIENT: AMP Capital Investors Ltd SURFACE LEVEL: 43.9 AHD BORE No: 5
PROJECT: Clenmore Park Town Centre EASTING: PROJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: DATE: 15 May 08
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1
Description stg{fgri?L o Sﬁgr%(th .| Fracture Discontinuities Sampling & In Situ Testing
=| Depth EgerTa e SPacing = Test Result
= of ES*IEI 5t Iglfng (m) B-Bedding  J- Joint 14 g‘;j 8‘2 &8 &e S
Strata 0] g@@@?@é £ 82 83 §-Shear  D-Drill Break | & Se & ° Comments
FILLING - compacted, red brown PrTT T 3T TT A
and brown with grey mottling, silty [ I 1l
clay filling (engineered filling) e b1l
I N A
LI 1 i
[ o | : : : : : [
[y I N
[ bt I 1! H % 1;{.14.2162
P I 1 =
N N - Pp>400kPa
[ [N
i L : F I
Ley I Il i
FoF Note: Unless otherwise
2 20 SILTY CLAY - hard, red mottled AR T ied, Tock is fractured
grey, silty clay with fronstone gravel A EEE Rl T E ong rough planar
bands A PEEEETE Al T bedding planes dipping
| [ 11 T1 ] o6%10°orjoints ——
27 4 AR S 5 11,32
o R E.Qm?ﬂgtﬁf - c\'.regrsrrel;!v; :érg?a?rsg'e S ll_l [0 It refusal
=t B red, ) . T T = N —
L fine grained sandstone / [ I I : I : H I ;?c.)ik3.28m.fragmented
SANDSTONE - very low fo low S I [N
3.38N then low to medium strength, highly B [ [T | 348.4.5m: extremely
to moderately weathered, o FTf (0 TP ] tow strength with
- fragmented, light grey brown, fine [ 1] I 1] It ironstone bands c|s|0
Lol to medium grained sandstone |11 |1 Il
[ SANDSTONE - extremely low LT I T
421| strength, extremely weathered, 11 (N A
light grey, fine grained sandstone | 4.21m; CORELOSS:
with medium strength ironstone T11] I 7| 180mm
4.6 bands Va N IF11 [ h45-538m: highly
[ SILTSTONE - low strength, highly | | [ | { i {-— 11 [Lfacted o fractured
‘3’_5 to moderately weathered, highly Ffrtrp—- e i e clss| o
[ fractured fo fractured, grey brown (I I A L A TR PLIA) = 0.2MPa
Pl siltstone with some extremely low [ I a|i |1} | 5.16m: J85°, ironstained
1 1 L] 14 |
[ [ 52| strength bands =< g 5.38m: CORE LOSS:
L[ Bore discontinued at 5.5m ; : : : : = i Ii: H \120mm
Len S I 01 il
Le ERRN Il
[ 110 It 0l
111 Il
1t I 10l
e Pl
LI (N I
= LT It
LT FLIT AN
[ I 11 1l
(A I 11 1l
AN It 1l
111 Il
[l 11 Il
“Ls IS 11l
r el I 0
I Vol
I e 1
L |
[ Frri [ N
et L1l [0l
[ [° [ [ I bl
[ [ B b
111 I 10 il
et I il
It I 11 1l
- i I 10l
[=( [ | L1l (]
RIG: DT 100 DRILLER: LC LOGGED: JB/SI CASING: HQto 2.5m

TYPE OF BORING: Solid flight auger to 2.5m; Rotaryto 2.8m; NMLC-Coring to 5.5m
WATER OBSERVATIONS: No free groundwater observed whilst augering; 18/05/09 al 3.1m depth; 19/05/09 at 3.0m depth: 9/06/09 at 5.1m depth
REMARKS: Standpipe installed to 5.5m

SAMPLING & IN SITU TESTING LEGEND CHECKED
D Diuvadsamel Blo: Fhots ienisation detacior H:'
Isiurbea sample 1010 10 1 P
B Bulk sarmple S  Standard tration test Initials (
5, SO ) B B S e o )] Douglas Partners
ter sa| ane a
¢ Corodring b Waierseap % Watsrleve Date; /7/ Efef Geotechnics - Environment - Groundwater
[
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BOREHOLE LOG

CLIENT: AMP Capital Investors Ltd SURFACE LEVEL: 44.5 AHD BORE No: 6
PROJECT: Glenmore Park Town Centre EASTING: PROJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: DATE: 12 May 09
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1
P Degree of Rock - - - - .
Desih Description Wegihering 2 Strength | = l;?:émg Discontinuities Sampling & In Situ Testing
— =71 += a
2 m) of BELE g S| | momem s | g e¥g | TesTesuls
Strata $2E3vp” (@EBBBEG| g 83 88 | SSww DPWEe | 192® | Comments
FILEING - hard, brown, silty clay RN FTriid T T A
filing with some angular to [ FLTLb It
sub-angular, fine to medium gravel, [ | | | |1 (A [
rt dry (engineered filling) : : ! : |[ : : : : : : : |l|l H A
! [ L1l [T [ 13 1l
" L PELE L R
1 A
r ET L P P n 5,4,5
[ [ [ Il s >I§O_02P
ol 1 P [ I PP a
i [ b Il
[ I (N
I Frilll [t
r2 [ Frrrtd [ Y B I ]
A RN L rrf o A oA
L [ 23 SILTY CLAY - very saff, red RNy R B [ op>400kPa
el 28 mottled brown and grey, silty clay, 1 Frreti (N LS NB water added
1\ humid RNy BN R oLl at 2.5m to clean
L[ SILTY CLAY - very sliff, orange |[ : : : % 1. : i : : : : : H H out hole
-3 and grey, silty clay with some fine TRRE LA REREE I
d, d
sand, camp ERARN¢o RRRRERRN AT
11 Py N
N R N S N O T
% [
Frrreprrirind [
[4 40 SILTSTONE - very low strength, :l: : : : —- :I: : : : : ; H H s 6,40150mm:
highly weathered, orangeandgrey, | |, , . 1"/ |, . . Ly . refusal
i 4'3'\sandysiltst0ne L LA I L LR
il Bore discontinued at 4.3m ; : : ll Ii E ! : } } % I H H
L [ O I I he b
[ [ [ ET LT [ 101l
-5
X [ 11 [ [ 11l
[ [T (N
L [ Pin [ 1Eind [
Car [ (S Pl
P FEild et
L LT [
= [ P IR R
[ [ P RN
[T [ rrrnd (I
Ll (A [T Eind Pl
i Lrrn [ rrinl N
T Lt Porron
[ T I Pl I
7 RN R [
It b RN
L[ i il [0
Fr P it ot
L[ (I Pt ol ot
[ Iy [ Il
La It 1L [ 10l
[ 1 L [0l
I | e [0l
[ ol e [ I N
k! [ FErtd et
[ F1rrnd FErrtd Pt
s L Ly Il
= [ 111 PLLEL [0l
[ rh 1 e [ 11 1l
I [T 1 [ 30 11
Far P LT [ 10l
[ Pl i N
P [T rEd RN
I | Lt 11
RIG: Scout DRILLER: LC LOGGED: JB CASING: Uncased
TYPE OF BORING: Solid flight auger (TC-hit) to 4.0m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS:
SAMPLING & IN SITU TESTING LEGEND CHECKED
b Dlivoen sample %o Pt il catacor x
i Initials:
b T o o) B Boisadenan i e e (/)] Douglas Partners
ear vane a
& Core diling D Walerseep ¥ Waterlevel Date: ﬁ/ / Geotechnics - Environment - Groundwater
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BOREHOLE LOG

CLIENT: AMP Capital Investors Ltd SURFACE LEVEL: 46.9 AHD BORENo: 7
PROJECT: Glenmore Park Town Centre EASTING: PROJECT No: 71169
LOCATION: Glenmore Parkway, Glenmore Park NORTHING: DATE: 12 May 09
DIPIAZIMUTH: 90°/-- SHEET 1 OF 1
Description Vl\j.fgg{l?gri%fg o Stl?gﬁgth | Fracture Discontinuities Sampling & In Situ Testing
| Depth ST eS| Spacing . . = Test Result
Z (m) of E3§|§| 15| i%If"tEU {m}) B-Bedding J-Joint 2 g‘:j 8‘& s
Strata E%%%EEO EIE@IEI;@@E E §§ §§ S - Shear D-Ddll Break | & ngo Commens
D05R PAVERS LERRRE TT 11711 T 11 11 A
019 FILLING - orange brown, gravelly [ : { : : : : : : : : % } H :;
sand filing, umid : BRRN ERRERE N RIS A
FILLING - grey and brown, silty 11111 NEEEE R
clay filling with some angular to BERE NERER ol
-2_1 sub-angular, fine to coarse gravel, RERE NEREE T
humid NN CErrerp o 1 " 385
1 Lt [N =
[0 LTS |0 T 1 pp=320kFa
165 I A Pl o1
7| SILTY CLAY - very sfiff, grey and [T T I P I I I A I L1 1
Lo orange silty clay with some (I I L [
[ 2 ironstone grave! (possible 11T d I [ N
engineered filling) N R I 0l
N e I
11 P [0l —
AR R RAREN N Y s S48
J LELETgZa bl opaADoiPa
[~La lIIIIIlllllII [
t IlIII/II!lII It 1
a3 RN YZRRERRNI N NI
| SILTY SANDY CLAY - hard, 1110 [
orange and grey, silty sandy clay, BEEER Y AN R
(possiblyhighlyweathered R F: NEREE R
of siltston) AR AR RR N i
r4 FTT e EAr L] A N —
' RERRR Y RERRRRE N I S A
L i
(il 1 - 11T [ LR ] T T
Bore discontinued at 4.45m ERR RERRR T
LT (N I
jﬁ_s [t P Il
L [ Frrr Il
[ LT Il
FL FELET (N
P P I
[Tl PP [ 10t
L=l [P0 11 il [ 1F 11
-6 L [T [ 11l
[ [T F 11 [ 1F 1l
[T [Ty [
11 [ rr [
111 I [N
FTiti N Pl
&= 1l [ Pl ol
7 L1l Cirrrryp e
P S I I I
P Pl I L0l
P P Il
P il o1l
[l Prrnd FErrnd S|
“Lg Ll PYLLL |31
C PP PErLnd [0
P FLTL I I
P i ind It
I E1d [ [ A
[ T P e il
et L FE1rtd [
L e L [T [ 11l
T I N
L) FErrt oLl
[ [ I
Pl Frrrr [N
. NN P [0
o L1111 L)l |
RIG: Scout DRILLER: LC LOGGED: JB CASING: Uncased
TYPE OF BORING: Solid flight auger (TC-bit) to 4.45m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS:
SAMPLING & IN SITU TESTING LEGEND CHECKED
D Dietaroed sl BR Bt iiaton derecior H{
N ample E] ala on Initiats:
R U L e fiwr| L([)] Douglas Partners
ater sample
G Core diing B Waterseep % Waterleval Date: lq Geotechnics - Environment - Grountdwaler
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Douglas Partners Pty Ltd
ABN 75053980 117

' ‘ Doug’as P ar tner s 96 Hermitage Road

West Ryde NSW 2114

Geotechnics - Environment - Groundwaler Australia

PO Box 472
West Ryde NSW 1685

Phone  (02) 9808 0666
Fax: (02) 9809 4095
sydney@douglaspartners.com.au

RESULTS OF MOISTURE CONTENT TEST

Client: AMP CAPITAL INVESTORS LTD Project No: 71169
Report No: 509-119
Project: GLENMORE PARK TOWN CENTRE Report Date: 26/05/09
Date Sampled: 21/05/09
Location: GLENMORE PARKWAY, GLENMORE Date of Test: 21/05/09
PARK Page: 10of 1
TEST DEPTH MOISTURE
LOCATION {m) DESCRIPTION CONTENT
(%}
BH3 1.0-1.45 CLAY - Light grey and brown mottied red brown clay with some 19.8
' sand
BH 4 1.0-1.45 SHALY CLAY - Light grey motfled brown shaly clay 15.6
BH 4 2.5-2.95 SHALY CLAY - Light grey mottled orange brown shaly clay 8.02
BH7Y 2.6-2.95 SILTY CLAY - Brown mottled grey and orange brown silty clay w 15.6

some sand and gravel

@ 2008 DOUGLAS PARTMERS PTY LTD

Remarks:

Z\

FORM MO RULT REV B OF ISSUE ULY 2005

SOUREDTED FOR

TEcHcAL
Document Set ID: é625239

Test Method(s):
Sampling Method(s):

AS 1289.2.1.1-2005

Version: 1, Version Date: 03/07/2014

AS 1289.1.2.1-1998, AS 1289.1.1-2001

Approved Signatory:

Tested: LW
Checked: GSY

NATA NATA Accredited Laboratory Number; 828

This Decument is issued in accordance with
NATA's accreditation requirements.
Accredited for compliance with ISONIEC 17025

ﬁEY S YOUNG

PRINCIPAL



Douglas Partners Pty Lid PO Box 472

ABN 75 053 980 117 West Ryde NSW 1685
(/)] Douglas Partners | oo Phone (v2) 9809 060
: : West Ryde NSW 2114 Fax: 02} 9809 4095
GBDF&G’IHJGS . Enwrﬂﬂmenf e GI‘OUﬂdWHTEI' AUES‘Sf.fGﬁJ; e sy?;f);ey@dozfgfaipar{ners_com_au

RESULTS OF MOISTURE CONTENT, PLASTICITY AND LINEAR
SHRINKAGE TESTS

Client: AMP CAPITAL INVESTORS LTD Project No: 71169
Report No: S08-119
Project: GLENMORE PARK TOWN CENTRE Report Date: 26/05/09
Date Sampled: 21/05/09
Location: GLENMORE PARKWAY, GLENMORE PARK Date of Test: 21/05/09
Page: 1 of 1
TEST DEPTH W: W, Wep Pl *LS
LOCATION (m) DESCRIPTION CODE o | % % % %
BH 4 1.0-1.45 SHALY CLAY - Light grey motfled 2,5 - 42 18 24 -
brown shaly ciay
BH7 2.52.95 SILTY CLAY - Brown mottled grey 25 - 42 19 23 -
and orange brown silty clay with
some sand and gravel
Legend: Code

W Field Moisture Content

Wi Liquid limit

We Plastic limit

Pl Plasticity index

Ls Linear shrinkage from liquid limit condition (Mould length 150mm)

Test Methods:

Moisture Content: A5 12892.1.1 - 2005
Liguid Limit: AS 1289 3.1.2 - 1995
Plastic Limit: AS 12893.21- 1995
Plasticity Index: AS 12893.3.1 - 1995
Linear Shrinkage:  AS 1288 3.4.1 - 1965

@ 2006 DOUGLAS PARTNERS PTY LTD

Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001
Remarks:

Sample history for plasticity tests

AN

Air dried

Low temperature (<50°C) oven dried
Oven (105°C) dried

Unknown

Method of preparation for plasticity tests

8.
6.
7.

Dry sieved
Wet sieved
Natural

*Specify if sample crumbled CR or curled CU

A Tested:

NATA NATA Accredited Laboratory Number: 828

Checked: GSY

LWIFV

FORM NO RUUZ REV { OF ISSUE JULY 2UUG

This Document is Issued in accordance with
NATA's accreditation requirements.
woupEnTED For  Hecredited for compliance with ISONEC 17025

TECHNICAL
COMPETENCE
Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014

Approved Signatory:

GEOFFREY S YOUNG
PRINCIPAL



Envirolab Services Pty Ltd

ABN 37 112 535 645

12 Ashley St Chatswood NSW 2067

l ph 02 9810 6200 fax 02 9910 6201
enquiries@envirolabservices.com.au

www.enviralabservices.com.au

CERTIFICATE OF ANALYSIS 29004

Client:

Douglas Partners
926 Hermitage Rd
West Ryde

NSW 2114

Attention: Grant Jones

Sample log in details:

Your Reference: 71169, Glenmore Park
No. of samples: 3 Waters
Date samples received: 19/05/09
Date completed instructions received: 19/05/09

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: 26/05/09
Date of Preliminary Report; Not Issued
Issue Date: 22/05/09

NATA accreditation number 290 1. This document shall not be reproduced except in full.
. This document is issued in accordance with NATA's accreditation requirements.

Accredited for compliance with ISQ/IEC 170286.

Tests not covered by NATA are denoted with *.

Results Approved By:

i

TacintyfHurst
Operglions Manuager

Envirolab Reference: 29004 A Page 1of 5
Revision No: R 00

NATA

ACCREENTED FCR

TECHNICAL

COMPETENCE

Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014



Client Reference:

71169, Glenmore Park

Miscellaneous Inorganics
Our Reference: UNITS 29004-1 20004-2 29004-3
Your Reference | ceememeeeeo 71169 pH 71169 71169
Sulphate Chloride
Date Sampled @ | e 19/05/2009 19/05/2009 19/05/2009
Type of sample Water Water Water
Date prepared - 20/05/2009 20/05/2009 20/05/2009
Date analysed - 21/05/2009 21/05/2009 21/05/2009
pH pH Units 7.7 75 786
Sulphate, 304 mgil <5 16 <5
Chloride (titration) - water mg/L 440 540 540

Envirolab Reference: 29004
Revision No: R 00

Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014

7\

NATA

N

ACCREDITED FOR

TECHNICAL
COMPETENCE

Page 2of 5



Client Reference: 71169, Glenmore Park

Method ID Methodology Summary
LAB.1 pH - Measured using pH meter and electrode in accordance with APHA 20th ED, 4500-H-+.
LAB.9 Sulphatedeterminedturbidimetrically.
LAB.11 Chloride determined by argentometric titration.

Envirolab Reference: 29004 A

Revision No:

Document Set ID: 6025239

R 00 NATA

\/

ACCREDLTED FCR

TECHNKICAL
COMPETENCE

Version: 1, Version Date: 03/07/2014

Page 3 of 5



Client Reference: 71169, Glenmore Park

QUALITY CONTROL UNITS PQOL METHOD Blank Duplicate Sm# |Duplicate results Spike Sm# Spike %
Recovery
Miscellaneaus [norganics Base Il Duplicate Il %4RPD
Date prepared - 20/05/0 29004-1 20/05/2008 || 20/05/2009 LCS-W1 20/05/09
9
Date analysed - 21/05/2 29004-1 21/05/2009 || 21/05/2009 LCS-Wi1 21/05/2009
009
pH pH Units LAB.1 [NT] 20004-1 7.7]|| 7.8|| RFD: 1 LCS-W1 101%
Sulphate, S04 mgiL. 5 LAB.9 <5 20004-1 <5 || [N LCS-W1 97%
Chloride (titration) - ma/L 20 LAB.11 <20 290041 440 || 440 || RPD: O LCS-W1 102%
water
Envirolab Reference: 29004 A Page 4 of 5
Revision No: R 00 NATA
ACCREDITED FOR
TECHNICAL
COMPETENCE

Document Set ID: 6025239
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Client Reference: 71169, Glenmore Park

Report Comments:

Ashestos was analysed by Approved ldentifier: Not applicable for this job
INS: Insufiicient 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 companent 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 smalfer jobs, however, were analysed af 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.

Dupiicates: <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 phenaols.

Envirolab Reference: 28004 A Page 50f 5
Revision No; R 00

NATA

ACCREDITER FCR
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Envirolab Services Pty Ltd

ABN 37 112 535 845

12 Ashley St Chatswood NSW 2067

' ph 02 9910 6200 fax 02 9910 6201
enquires@envirolabservices.com.ay

www.envirclabservices.com.au

CERTIFICATE OF ANALYSIS 29050

Client;

Douglas Partners
96 Hermitage Rd
West Ryde

NSW 2114

Attention: Grant Jones

Sample log in details:

Your Reference:; 71169, Glenmore Park Town Centre
No. of samples: 2 Soils

Date samples received: 21/05/09

Date completed instructions received: 21/05/09

Analysis Details:

Please refer to the following pages for resuits, 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: 28/05/09
Date of Preliminary Report: Not issued
Issue Date: 28/05/09

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:

rd

TacintgfHurst
Operglions Manager

Envirolab Reference: 29050 A Page1of &
Revision No: R 00 NATA

ACCREDITED FOR

TECHNICAL

COMPETENCE

Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014



Client Reference:

71169, Glenmore Park Town Centre

Miscellaneous Inorg - soil
Qur Reference: UNITS 29050-1 29060-2
Your Reference | seemmeeme- BH2/2.5-295 | BH5/2.5-2.95
Date Sampled @ | - 13/05/2009 13/05/2009
Type of sample Soil Sl
Date prepared - 25/05/2009 25/05/2009
Date analysed - 27/05/2009 27/05/2009
pH 1:5 soil:water pH Units 5.2 57
Sulphate, SO4 1.5 soil:water mgfkg <25 140
Chloride 1.5 soil:water mgikg <100 940

Envirolab Reference; 29050
Revision No: R 00

Document Set ID: 6025239
Version: 1, Version Date: 03/07/2014

7\

NATA

v

ACCHEDITED FCR

TECHNICAL
COMPETENCE

Page 2 of 5



Client Reference: 71169, Glenmore Park Town Centre

Method ID Methodology Summary
LAB.1 pH - Measured using pH meter and electrode in accordance with APHA 20th ED, 4500-H+.
LAB.9 Sulphatedeterminedturbidimetricatly.
LAB.11 Chloride determined by argentometric titration.
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Client Reference: 71169, Glenmore Park Town Centre

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Sm# | Duplicate results Spike Sm# Spike %
Recovery
Miscellaneous Inorg - soil Base l| Duplicate I| %4RPD
Date prepared - 25/5/09 [NT] [NT] LCS-1 25/5109
Date analysed - 27105/0 [NT] [NT) LCS-1 27/05/09
9
pH 1:5 soil:water pH Units LAB.1 [NT] [NT] [NT] LCS-1 101%
Sulphate, SO4 1:5 maskg 25 LAB.9 <25 INT] [NT] LCS-1 95%
soil:water
Chloride 1:5 soll:water malkg 100 LAB.11 <100 [NT} INT] LCS-1 100%
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Client Reference: 71169, Glenmore Park Town Centre

Report Comments:

Asbestos was analysed by Approved [dentifier: 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 laborafory 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.
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