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This report presents the results of a preliminary geotechnical investigation and slope

1 INTRODUCTION

stability risk assessment for the proposed Sector b Warriewood Valley Urban Land
Release at Jubilee Avenue and Forest Road, Warriewood, NSW. The investigation
was commissioned by Mr Denis Leech of Denis Leech & Associates Pty Ltd, on
behalf of Jubilee Investments Pty Ltd, by returned Acceptance of Proposal, Ref:
P10165VBrev1). The investigation was carried out in consultation with Mr Mark du

Cros of Brown Consulting (NSW) Pty Ltd.

The development of the site will comprise subdivision of the site into residential
allotments as shown on Figure 1 and construction of the proposed houses. The
allotments will be accessed via a new road network, as shown on Figure 1, which
will link into the existing roadways at Jubilee Avenue in the north-eastern corner of
the site and Forest Road in the south-eastern corner. Earthworks will be required as
part of the development with excavations along the southern and south-western
sides of the site to maximum depths of about 5.5m and filling in the north-eastern
corner of the southern portion of the site to a maximum of about 4m. Retaining
walls are proposed along the high side of the proposed Roads 1 and 2, as shown on
Figure 1, to support the proposed excavations and retaining walls will also be

required to support the proposed fill.

The scope of this preliminary investigation was to obtain information on the
subsurface conditions in order to provide a broad coverage of the site where current
access permitted as a basis for preliminary comments and recommendations on
earthworks, retaining walls, foundation, pavements and future detailed geotechnical
investigations. The geotechnical slope stability risk assessment has been prepared in
accordance With the requirements of the Interim Geotechnical Risk Management

Policy for Pit]twate_r (adopted 16 June 2003) as discussed in Section 5 below. It is
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understood that the report will be submitted to Council as part of the DA

documentation. Our report is preceded by the completed Council Forms 1 and 1a.

This preliminary geotechnical investigation was carried out in conjunction with a
contamination assessment and an acid sulfate soil assessment by our specialist
division, Environmental Investigation Services {(EIS). Reference should be made to
the report by EIS (Ref: E19333F) for the results of the contamination assessment

and acid sulfate assessment.

2 ASSESSMENT METHODOLOGY

2.1 Subsurface Investigation

Boreholes (BHs) 1 to 13 were auger drilled using our truck mounted JK550 or track
mounted JK250 rigs to depths between 2.0m and 6.0m below the existing ground
surface. The boreholes were drilled in locations accessible for our truck mounted rig
in order to provide a broad coverage of the site. The borehole locations, as shown
on Figure 1, were set out by hand held GPS equipment referenced to known points.
The approximate surface levels of the boreholes, as shown on the borehole logs,
were estimated by interpolation between contours and spot levels shown on the
supplied survey plans by Mudgee Property Services Pty Ltd (Drawing Nos.
6407/6665 and SACKO, dated 23/12/02 and 4/8/00, respectively). The datum of
the levels is Australian Height Datum (AHD).

The strengt!{a and relative density of the subsurface soils were assessed from
Standard Penetration Test (SPT) ‘N’ values, augmented by hand penetrometer
readings on cohesive soil samples recovered in the SPT split tube sampler. The
strength of | the underlying sandstone {where encountered) was assessed by
observation of the drilling resistance of a tungsten carbide (TC) bit attached to the

augers, together with examination of the recovered rock chips.
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Groundwater observations were made both during drilling and soon after completion

of the boreholes. No long term monitoring of groundwater levels was carried out.

Our geotechnical engineer, Mr N Smith, set out the borehole locations, nominated
the sampling and testing locations, and prepared logs of the strata encountered. The
borehole logs, which include field test results and groundwater observations, are
attached to this report together with a set of explanatory notes, which describe the
investigation techniques and their limitations and define the logging terms and

symbols used.

Selected samples were tested by Soil Test Services Pty Lid (STS), a NATA
registered laboratory, to determine moisture contents, Atterberg limits, linear
shrinkages, standard compaction and four day soaked CBR. The results of the
laboratory testing are summarised in Tables A and B. Samples were coliected from
the boreholes for testing as part of the contamination assessment and acid sulfate

assessment by EIS.

2.2 Walkover Assessment

The site was inspected by our Senior Geotechnical Engineer, Mr Daniel Bliss, on
18 March 2005 in order to assess the existing slope stability of the site and the

effect of the proposed development on slope stability.

This assessrhent is based upon an inspection of the topographic, surface drainage
and geoiogidal conditions of the site and its immediate environs. These features
were compared to those of other similar lots in neighbouring locations to provide a
comparativejbasis for assessing the risk of instability affecting the development.
Appendix A beﬁnes the terminology adopted for the risk assessment together with a
flow chart iIH_lstrating the Risk Management Process based on the guidelines given in

AGS 2000 (l%eference 1).
1
|

i
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A summary of our observations is presented in Section 3 below. Our specific
recommendations regarding the development are discussed in Sections 6 and 7

following our geotechnical slope stability assessment.

Figures 2 and 3 present survey plans showing the principal geotechnical features
present at the site and are based on the supplied survey plans by Mudgee Property
Services Pty Ltd. Additional features shown on Figures 2 and 3 have been measured
by hand held clinometer and tape meéasure techniques and hence are only
approximate. Should any of the features be critical to the proposed development,

we recommend they be located accurately using instrument survey techniques.

3 SUMMARY OF OBSERVATIONS
The fol!owing observations were made during the site inspection. These summary

observations may be read in conjunction with the attached Figures 2 and 3.

* The site is located at the toe of moderately sloping hillsides falling towards the
north and east at about 20°. These slopes continue up to the south and west of
the site and flatten out to gently sloping alluvial planes to the east and north.
The site itself generally follows these ground slopes.

* The site can be divided into two portions, accessed from Jubilee Avenue
{northern portion) and Forest Road (southern portion), respectively. Observations

of each portion of the site are detailed below.

Northern Portion

* The northém portion of the site comprises moderate slopes on the southern and
western éides of the site, with the majority gently sloping down towards the
north-east and Narrabeen Creek that runs along the northern site boundary. The
creek banks were heavily vegetated, but were estimated to be sloping at about
10° to 20°.
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¢+ The northern portion was occupied by numerous greenhouses, four metal and

fibro sheds and a sandstone block and weatherboard house, as shown on Figure
2. These building appeared to be in poor to fair condition. The remainder of the
site had a dense grass cover, with many mature trees on the steeper sloping
sections of the siie.

« The steeper slopes on the eastern and southern sides of the site had ground
siopes of about 20° and had many sandstone boulders and cobbles on the
surface. These areas were covered with dense bushland that continued further
up the slopes. The sandstone boulders and cobbles are likely to represent
shallow colluvium that has moved downslope previously.

« A large sandstone outcrop with a height of about 4.5m was present near the toe
of the slopes (as shown on Figure 2} and the sandstone was assessed to be -
slightly weathered and of medium to high strength with bedding at 0° to 20°. A
sub-vertical joint was observed within the sandstone outcrop. Several other
sandstone outcrops were also observed near the existing house on site.

* At the rear {west) of the house was a sandstone cut of up to about 3m high.
The sandstone was éssessed to be distinctly to slightly weathered and of low to
medium strength and contained sub-horizontal bedding partings and extremely
weathered bands and between 0.5m and 2m spacing.

« A sandstone cliff was present below the north-eastern corner of the house, but
inspection of the cliff was not possible due to a dense vegetation that covered
the cliff. The cliff was estimated to be about 5m to 6m high and appeared to be
similar to other exposed ocbserved on site.

* A koppers log wall, which retained the subject site, was located along the eastern
botindary of the site. The wall ranged in height due to the variable ground

surface levels of the adjoining properties and appeared to be in good condition.
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Southern Portion

The southern portion of the site of the site was located on a hill that sloped down
towards the north-east at between 3° and 13°. This portion of -the site was -
occupied by a two storey brick house, with several metal clad sheds and a small,
single storey, brick house located near the northern boundary (see Figure 3). The
house appeared to be in good external condition and the remaining buildings
appeared to be in fair external condition. The remainder of the site was grass
coVer-ed, apart from a gravel driveway off Forest Road.

To the south and west of the house were several concrete block and sandstone
block retaining walls, which were in a fair to goeod condition with some minor
cracking observed. A sandstone block retaining wall was also located along the
southern and western sides of the small house, and this wall appeared to be in
poor condition.

The gravel driveway off Forest Road appeared to have been formed by minor
excavations along its south-western side and fill along its north-eastern side. The

fill embankment, as shown on Figure 3, had a slope of about 30° and was up to

- about 5m high.

Along the eastern boundary of the site was a rendered brick wall and along the
northern boundary was a koppers log wall. Both walls retained the subject site
and appeared to be in good condition. The height of the walls varied due to the

varied ground surface of the adjoining properties.

Adjoining Properties

To the north of the northern portion of the subject site, on the northern side of
Narrabeen? Creek, was predominantly vacant farm land similar to the subject site.

To the west and south of the northern portion and to the west of the southern
portion were bush covered slopes, with the boundaries of the lot off Jubilee

Avenue formed by Forest Road and Boundary Street, which are both unformed.
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* To the south of the southern portion of the site was the unformed Forest Road
and on the far side of the road reserve were the grounds of Mater Maria Catholic
Schoal.

* To the north-east of the site was a residential subdivision occupied by several one
and two storey, brick houses. The houses appeared to be in good external
condition and were located as close as 1m from the common boundaries. The
houses were services by asphaltic concrete roadways of Hillview Crescent and
Bert Close.

* To the east of the southern portion of the site were several two storey, brick
townhouses, located about 5m from the common boundary. The townhouses
appeared to be in good external condition when briefly viewed from within the

subject site.

4  SUBSURFACE CONDITIONS

In summary, the boreholes indicated that the subsurface profile comprises shallow
colluvium overlying residual soils grading into weathered sandstone at shallow
depths within the steeper south-western portions of the site and deep alluvial soils
within the flatter gently sloping portions of the site towards the adjoining creek.
Further comments on these variable subsurface conditions are provided below,
Reference should be made to the borehole logs for detailed descriptions of the

variable conditions encountered.

Filf

Fill was encountered in BHs 1, 5, 9 and 11 to depths of 1.2m, 0.1m, 0.2m and
3.9m, respectively. The fill encountered within BH11 is associated with the filled
embankment for formation of the driveway off Forest Road. Based on the SPT ‘N’

values the filljwas assessed to be moderately compacted.
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Topsaoil

Silty sand topsoil was encountered in the remaining boreholes to depths between

0.2m and 0.5m.

Colluvium

Colluvium soils were encountered in BHs 3, 4 and 8, towards the steeper sloping
portions of the site, to depths of 0.5m to 1.5m. These soils comprised silty sand,
clayey sand and sand with sandstone gravel and cobbles. A sandstone boulder was

encountered in BH8 of 0.6m thickness at a depth of 0.9m.

Residual Soils

Residual soils were encountered in BHs 3, 4 and 10, drilled on the upper slopes of
the site, and comprised silty clay, sandy clay and clayey sand with ironstone and
sandstone gravel bands. The clays were assessed to be of medium to high plasticity
and of very stiff to hard strength. The clayey sands were of loose to medium dense

relative density.

Alluvial Soils

Alluvial soils were encountered in most of the boreholes, with the exception of BHs
3.4, 10 and 12. The alluvial soils comprised a mixture of clayey sand, sandy clay,
silty sand, sand and silty clays. The sands were generally of loose or medium dense
relative density with some dense and dense to very dense sands encountered within
the deeper pfofiles. The clays were generally of medium plasticity and very stiff to

hard strengtﬁ, with some stiff layers.

Sandstone

Sandstone was encountered in BHs 3, 4, 10 and 12 at depths between 0.2m and
3.1m. In BHs 3, 4 and 10 the sandstone was extremely to distinctly weathered and
of extremely low to very low strength for the full depth of the boreholes. However,

in BH12, the sandstone was distinctly weathered and initially of very low to low
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strength, but below a depth of 1.2m was of medium to high strength and caused

refusal of the TC bit at a depth of 2.0m.

Groundwater

Groundwater seepage was observed during the drilling of BHs 1, 2, 6-and 7 at
depths between 4.0m and 5.0m. Groundwater was measured in BHs 5 and 7 at
depths of 4.0m and 5.5m, respectively, at on completion of drilling and in BH7 24
hours after completion. BHs 1, 2 and 6 collapsed on completion at depths of 1.8m,
3.9m and 4.7m, respectively, and further measurements of groundwater levels were
then no longer possible. No groundwater was observed within the remaining

boreholes.

4.1 Laboratory Test Results

Based on the laboratory test resuits the sandy clays and silty clays tested ranged
from low to higﬁ plast.i“city and are assessed to have variable shrink/swell reactivity
from slightly to highly reactive with changes in moisture content. Samples of sand
from BH7 and clayey sand/sandy clay from BH10 were tested for four day soaked
CBR and measured high CBR results of 25% and 9%, respectively.

5 GEOTECHNICAL SLOPE STABILITY RISK ASSESSMENT

The site is underlain by two main subsurface profiles. The steeper southern and
western sections of the site comprise shallow colluvium underlain by residual soils
grading intojweathered sandstone, generally at shallow depths of less than 2m.
These areas iof the site had ground slopes of up to about 20°. The majority of the
site is underiain by a deep alluvial profile of banded clayey sands and sandy clays.

The ground slope of these alluvial areas was generally between 2° and 8°.
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Fvidence of shallow soil movements were observed around the scuthern and western
edges of the site and were also indicated by the colluvium encountered in some of
the boreholes. Sandstone boulders and cobbles were present within the colluvium -

and would have resutted from boulders falls rolling down slope.

No evidence of deep seated instability were observed on site.

5.1 Potential Landslide Hazards

Based on our inspection, the potential landslide hazards for the proposed

development are associated with the following:

A Stability of existing sandstone cliffs in the vicinity of the existing house in the

northern portion of the site.
B Stability of existing retaining walls along the site boundaries.

C Stability of proposed retaining walls, along the high side of the proposed

roads, between the proposed houses and on the low side of the site..
D Stability of hillside slopes:

{i) Upslope of the proposed development.

(il  ‘Beneath the proposed development.

E Stability of the banks of Narrabeen Creek

5.2 Risk Analysis

Our slope stability risk assessment has been based on the preliminary layout of the
proposed development as shown on Figure 1. In order to complete the risk analysis

certain assumptions have been made regarding the use of the final development site
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and the type of houses that will be constructed. Therefore, the risk assessment is

approximate only, but is considered suitable for the current planning purposes.

Table C summarises our gualitative assessment of landslide hazards and of the
consequences should the landslide hazard occur. Based on this, the qualitative risk
to property has been determined. The terminology adopted for this qualitative

assessment is in accordance with the Table A1 given in Appendix A.

Table C indicates that the assessed risk to property is “Very Low to Low” or “Low”
which would be considered acceptable in accordance with the criteria given in

Pittwater Council’s Interim Geotechnical Risk Management Policy (June 2003).

We have also used the indicative probabilities associated with the assesséd likelihood
to calculate the risk to life. The temporal and vulnerability factors that have been

adopted are given in the attached Table D together with the resulting risk calculation.

Our assessed risk to life for the person most at risk is about 5 x 107. This would be
considered to be écceptable in relation to the criteria given in Council’s policy. For
comparison purposes, we note that the risk to life whilst travelling in a car is of the

order of 10,

5.3 Risk Assessment

The Pittwater Amended Interim Policy requires suitable measures ‘to remove risk’.
It is recognised that, due to the many complex factors that can affect a site, the
subjective nature of a risk analysis, and the imprecise nature of the science of
geotechnical engineering, the risk of instability for a site and/or development cannot
be completely removed. it is, however, essential that risk be reduced to at least that
which could| be reasonably anticipated by the community in everyday life and that

landowners be made aware of reasonable and practical measures available to reduce
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risk as far as possible. Hence, where the policy requires that ‘reasonable and
practical measures have been identified to remove risk’, it means that there has been
an active process of reducing risk, but it does not require the geotechnical engineer
to warrant that risk has been completely removed, only reduced, as removing risk is

not currently scientifically achievable.

Similarly, the Pittwater Interim Policy requires that the design project life be taken as
100 years unless otherwise justified by the applicant. This requirement provides the
context within which the geotechnical risk assessment should be made.
The required 100 years baseline broadly reflects the expectations of the community
for the anticipated life of a residential structure and hence the timeframe to be
considered when undertaking the geotechnical risk assessment and making
recommendations as to the appropriateness of a development, and its design and
remedial measures that should be taken to control risk. It is recognised that in a
100 year period external factors that cannot reasonably be foreseen may affect the
geotechnical risks associated with a site. Hence, the Policy does not seek the
geotechnical engineer to warrant the development for a 100 year period, rather to
provide a pgrofessional opinion that foreseeable geotechnical risks to which the

development may be subjected in that timeframe have been reasonably considered.

Our assessment of the probability of failure of existing structural elements such as
retaining walls (where applicable) is based upon a visual appraisal of their type and
condition at the time of our inspection. Where existing structural elements such as
retaining walls will not be replaced as part of the proposed development, where
appropriate we identify the time period at which reassessment of their longevity
seems warranted.
|

In prepariné our recommendations given below we have adopted the above
Interpretatiobs of the Interim Policy requiremenis. We have also assumed that no

activities on‘ surrounding land which may affect the risk on the subject site would be
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carried out. 'We have further assumed that all Council’s buried services are, and will

be regularly maintained to remain, in good condition.

We consider that our risk analysis has shown that the site and existing and proposed
development can achieve the ’Acceptable Risk Management’ criteria in the Pittwater
Interim Policy provided that the recommendations given in Sections 6 and 7 below
are adopted. These recommendations form an integral part of the Landslide Risk

Management Process.

6 COMMENTS AND RECOMMENDATIONS

6.1 Further Geotechnical Investigations

Preliminary comments and recommendations are provided within this report on
design and construction of the proposed subdivisional development. The boreholes
drilled for this preliminary investigation provide a broad coverage of the development
site for initial planning and preliminary design purposes.  However, further

geotechnical investigations will be required as part of the detailed design.
These further geotechnical investigations should include the following:

. Additional boreholes along the .alignment of the proposed retaining walls on the
high side of the site. These borehocles will be required in order to determine the
materials that will need to be retained, including the depth of the colluvium on
these ﬁ)ortions of the site, as well as the excavation conditions. In BHs 3, 4
and 12 sandstone was encountered at depths of less than 2m and was of
extrem?ely low to very low strength in BHs 3 and 4 but of medium to high
streng'ﬂjh in BH12. Due to this medium to high strength sandstone, which
cause& refusal of the TC bit at a depth of 2.0m, cored boreholes may be

\
required to reach the design excavation level, which near BH12 is at a depth of
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about 5.5m. Cored boreholes would also allow the quality of the sandstone to
be assessed in greater detail taking into account the rock strength and the
defects present to determine if vertical unsupported rock . excavations are
feasible.

. Additional boreholes along the road alignments to determine pavement design
parameters. These boreholes would be drilled following set out of the final road
alignments and would be drilled to determine the expected subgrade soils and
allow the collection of additional samples for CBR testing. The subsurface
conditions below the site are variable and representative samples of the various
subgrade soils will need to be tested to determine the suitable CBR values for
design of the pavements.

. Detailed geotechnical assessment of the existing sandstone cliffs on site. the
cliffs below the existing house in the northern portion of the site were covered
with vegetation and a detailed inspection could not be carried out. Once the
vegetation has bee cleared, these cliffs should be inspected by a geotechnical
engineer to assess the stability of the cliffs and any additional support that is
required. This additional support, if required, may then be incorporated within
the design of the proposed retaining wails in front of the house.

. Detailed investigations for classification of the building alloiments in accordance
with AS2870. Prior to construction of the proposed houses, detailed site
specific geotechnical investigations will be required to determine lot
classifications to allow deign of the building footings. Such investigations

* should be carried out following bulk earthworks and once the final allotment

layout has been determined and been set out on site.

The comments and recommendations provided within this report should be reviewed

and amplified following the above detailed investigations.

|
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6.2 Earthworks

Earthworks will be required to achieve the design levels and will comprise
excavations along the southern and south-western edges of the site to a rmaximum
of about 5.5m and filling in the north-eastern corner of the southern portion of the

site tc a maximum of sbout 4m.

6.2.1 Excavations

Excavations are anticipated to encounter colluvial and residual soils and weathered
sandstone. Excavation of the soils should be achievable using conventional
earthmoving equipment, such as hydraulic excavators. Some of the upper extremely
weathered sandstone may also be able to be excavated using such equipment.
Excavation ‘of the sandstone of low strength or greater strength will require
assistance with rock breaking/ripping equipment. For bulk excavations, the use of
large dozers with ripping tynes will be required for effective excavations. Hydraulic

rock hammers would be required for local excavations.

The sandstone in the vicinity of BH12, and possibly at other locations, will be of
medium to high strength and will represent “hard ripping” and large excavation
equipment will be required for effective excavation. The final excavation equipment
should be determined following review of the results of additional boreholes drilled

where the excavations are required.

6.2.2 Subgrade Preparation and Filling

Fill was enik:ountered in BHs 1, 5, 9 and 11 to depths of 1.2m, 0.1m, 0.2m and
3.9m, reschtively. The deeper fill encountered in BH11 is associated with the fill
batter on the eastern side of the existing driveway. We are unaware of any records
of pleceme}nt or compaction control for the fill and as such it must be considered

"Uncontrollkd” and is not suitable for support of footings or slabs. It is

%
!
!
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recommended that as part of the bulk earthworks the uncontrolled fill be fully
excavated and replaced, as required, with controlled engineered fill. This will allow

the use of shallow footings and floor slabs founded within the controlled fiil.

Similarly, where colluvial soils are present and are not removed as part of the bulk
excavation works, these soils should be removed and replaced with engineered fill.
The colluvium will be of variable quality are not suitable as a foundation material. In
addition, obstructions within the colluvium, such as sandstone boulders, may result
in construction difficulties during the installation of piles if the colluvium is left in
place. Replacement of the colluvium with engineered fill would allow the use of

shallow footings for the proposed houses.

Within building and pavement areas the following-measured should be.included as

part of the subgrade preparation and filling works.

» Stripping of surface vegetation and root affected soils.

« Excavation of uncontrolled fill to expose the natural soils.

» Proof rolling of the exposed subgrade with a minimum 7 tonne dead weight
smooth drum vibratory roller. The final pass of the proof rolling should be carried
out without vibration and within the presence of a geotechnical engineer or
experienced geotechnician. The purpose of the proof rolling should be to improve
the compaction of the near surface soils and to detect any weak or unstable
areas.

« During proof rolling care should be taken to avoid damage to nearby structures
and burﬂed services by vibrations transmitted by the roller. If necessary, the
vibratior;s should be reduced or ceased.

. Treatmént of any unstable areas detected during proof rolling by excavation to a
sound base and replacement with engineeréd fill or further advice should be

sought.
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« Placement of engineered fill to the required level in horizontal layers not greater

Page 17

than 200mm loose thickness {but of lesser thickness if light rollers are used).
« Any fill used to raise site levels or replace unstable areas must comprise
engineered fill. Compaction of each fill layer should be done to the specifications

provided below.

Engineered fill should preferably comprise well graded granular materials, such as
ripped rock or crushed sandstone, free of deleterious substances and having a
maximum particle size not exceeding 75mm. Such fill should be compacted in
horizontal layers of not greater than 200mm loose thickness, 1o a density of at least
98% of Standard Maximum Dry Density (SMDD). For backfilling confined
excavations such as service trenches, a similar compaction to engineered fill should
be adhered to, but if light compaction equipment is used then the layer thickness -

should be limited 1o 100mm loose thickness.

The existing fill, natural soils and excavated sandstone may be reused as engineered
fill provided it is free of deleterious materials and particles greater than 75mm in size.
Any clay fill should be compacted in maximum 200mm loose thickness layers to a
density strictly between 88% and 102% of SMDD and a moisture content within
2% of Standard Optimum Moisture Content (SOMC). The use of clay materials as
engineered fill will require a greater attention to moisture content, time for drying of
soils and possibly a greater overall cost for the earthworks. Preferably clay fill

should be used within the lower fill layers.

Density tests should be regularly carried out on the fill to confirm the above
specifications are achieved. The frequency of density testing should be at least one
test per Ia\jer per 500m? or three tests per visit, whichever requires the most tests.
We recommend that at least Level 2 control of fill compaction, as defined by
AS3798, be adhered to on this site. However, where the fill is to support building
loads it shouid be placed under Level 1 control. We can complete the
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abovementioned testing and supervision if required. Preferably the geotechnical

testing authority should be engaged directly on behalf of the client and not by the

- earthworks subcontractor.

6.3 Excavation Batters and Retaining Walls

Detailed design of suitable excavation batters and retaining walls will be required
following the detailed geotechnical investigations, but the following is provided as a

guide for preliminary design.

Excavations within the soils should be formed at temporary batters of no steeper
than 1 Vertical in 1.5 Horizontal (1V:1.5H). These batters should remain stable in
the short term provided all surcharge loads, including construction loads, are kept
well clear of the crest of the batters. Permanent batters should be no steeper than
1V:2H, but flatter batters of the order of 1V:3H may be required to allow access for
maintenance of vegetation. Permanent batiers should be covered with topsoil ahd
planted with a deep rooted runner grass following construction to reduce erosion.
All stormwater run-off must be directed away from all temporary and permanent

slopes.

Steeper batters or even vertical excavations may be appropriate within good quality
sandstone, _but this would need to be assessed as part of the detailed geotechnical
investigations and by inspection by a geotechnical engineer of the sandstone cuts

during excavation.

Cantileveredj retaining walls may be designed based on a triangular earth pressure
distribution jusing an active earth pressure coefficient, K,, of at least 0.33 and a bulk
unit weightiof 20kN/m®. Where walls are restrained from some lateral movements
such as by structural elements, an ‘at rest’ earth pressure coefficient, K,, of at least

0.6 should be used. These coefficients assume horizontal backfill surfaces and
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where inclined backfill is proposed the coefficients would need to be increased or the

inclined backfill taken as a surcharge load. Where good quality sandstone is
encountered then no K values would be required, subject to inspection of the

exposed sandstone by a geotechnical engineer.

All surcharge loads should be allowed for in the design. Full hydrostatic pressures
should be considered unless measures are undertaken to provide complete and
permanent drainage of the ground behind the wall. Caution will be required not to
overcompact and cause excessive lateral pressures on the retaining walls. Only

small rollers should be used for fill compaction adjacent to any retaining wall.

6.4 Foundations

Following completion of the bulk earthworks, it is expected that variable foundation
conditions will be present for the proposed houses, comprising sandstone within
areas where excavations have been undertaken near the southern and south-western
edges of the site, engineered fill within the lower parts of the southern portion of the

site, and alluvial soils within the majority of the northern portion of the site.

The use of shallow footings, such as stiffened raft slabs, would be suitable for most
houses and would need to be designed to accommodate the shrink/swell movements
of the fill and natural soils. Based on the results of this preliminary investigation, it is
expected that most allotments would be classified as Class M or H in accordance
with AS2870, depending on the reactivity of the clays underlying each individual lot
and the fill materials used. The final lot classifications should be determine following
completion of the bulk earthworks and detailed geotechnical investigations at each
allotment.

Footings fou%nded within engineered fill or natural sands of at least loose relative
density or nétural clays of at least stiff strength, may be designed for an allowable
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bearing pressure of 100kPa. The performance expectations, site maintenance,
vegetation precautions and additional architectural and construction requirements

given in AS2870 for reactive sites should also be followed. - -

Where sandstone is encountered within the building footprint, it is recommended
that the entire building be supported on footings founded within the sandstone to
provide uniform support and reduce the risk of differential settlements. Where
sandstone is exposed or is at shallow depths pad or strip footings may be used, but

piled footings may be required where the sandstone is at greater depths.

~ Footings founded with a nominal socket of at least 0.3m into the sandstone may be '
designed for a preliminary allowable bearing pressure of 600kPa. This should be
confirmed by detailed geotechnical investigations .once the building layouts are
known and may resuit in higher bearing pressure being appropﬁate if good quality

sandstone is encountered.

6.5 Pavements -

The pavement subgrade soils should be prepared as detailed in section 6.2.2. the
soaked CBR tests on samples from BHs 7 and 10 measured high CBR values of 25%
and 9%. This high values would be the result of the sand content in the samples

and lower results would be expected where clays are exposed.

Detailed geotechnical investigation should be carried out along the proposed road
alignments to assess the subgrade soils, together with additional soaked CBR tests
on representative subgrade soils. It is expected that the majority of the pavement
subgrades will comprise clayey sands/sandy clays, with areas of sandstone exposed
where exca\%ations are required. For preliminary design, we suggest that a design

CBR value o%f no more than 5% be used for the clayey sand/sandy clays. However,
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where high plasticity silty clays will be exposed lower CBR values of the order of 2%

to 3% may be more appropriate.

Subsoif drains should be provided along the perimeter of the pavements, with inverts
not less than 0.2m below clay subgrade level. The drainage trench should be
excavated with a longitudinal fall to appropriate discharge points so as to reduce the
risk of water ponding. The pavement subgrade should be graded to promote water

flow or infiltration towards the subsoif drains.

Concrete pavements should have a subbase layer of at least 100mm thickness of-
crushed rock to RTA QA specification 3051 (1994) unbound base material {or
equivalent good quality and durable fine crushed rock), which is compacted to at
least 100% of SMDD. Concrete pavements shouid be designed with an effective

shear transmission at all joints by way of either doweled or keyed joints.

7 CONDITIONS TO SATISFY PITTWATER COUNCIL'S INTERIM POLICY

We consider that the proposed development may p'roceed provided the following
specific design, construction and maintenance recommendations are adopted to
maintain and reduce the present risk of instability of the site and to control future
risks. These recommendations address geotechnical issues only and other conditions
may be required to address other aspects. These recommendations are based on the
current preliminary layout of the development and the results of this preliminary
geotechnicalj investigation. These recommendations should also be reviewed
following the additional, more detailed geotechnical investigations are recommended

in section 6.1.

1
L-ast printed 14/04/2005 4:06:00 PM



Ref: 19312VBrpt

Page 22 +(

7.1 Conditicfms Recommended to Establish the Design Parameters

7.1.1

7.1.2

7.1.3

7.1.4

The design and construction of the development should be carried out in
accordance with the recommendations provided within Section 6 above.
Additional geotechnical investigations should be carried out as detailed in
Section 6.1.

All surface water discharging from the roof and paved areas must be diverted
to outlets for controlled discharge to the existing or upgraded stormwater
system.

The Guidelines for Hillside Construction given in Appendix B should be

adopted.

7.2 Conditions Recommended for Detailed Design to be Undertaken for the

Construction Certificate

7.2.1

7.2.2

7.2.3

All structural design drawings must be reviewed by the geotechnical engineer
and endorsed that the recommendations contained in this report have been
adbpted in prinéipie.

All hydraulic design drawings must be reviewed by the geotechnical engineer
and endorsed that the recommendations contained in this report have been
adopted in principle.

The structural engineer is to document on his drawings the design life

adopted for the structural elements.

7.3 Conditions Recommended During the Construction Period

7.3.1

Bulk excavations must be formed at suitable batters as recommended in
section 6.3. Where sandstone is encountered and steeper excavation faces
are adopted these should be inspected progressively by the geotechnical

enginéer. We recommend inspections at 1.5m vertical depth intervals and on

completion.
|
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7.3.2

7.3.3

7.3.4

7.3.5

7.3.6

¢

The geotechnical engineer is to inspect proof rolling of the subgrade below
the jproposed fill areas and roadways prior to placement of fill or construction
of the pavements.

Compaction density of the | fil material must be checked by a NATA
registered laboratory tc at least Level 2 in accordance with, and to the
frequency outlined in, AS3798, and the results submitted to the geotechnical
engineer.

The hydraulic and/or geotechnical engineer is to inspect the subsoil drains to
retaining walls before any backfilt is placed.

An ‘as-built’ drawing of all buried services at the site must be prepared
(including all pipe diameters, pipe depths, pipe types, inlet pits, inspection
pits, etc}. |

The 'geotechnica] '-engineer is to confirm that the development -has been

completed in accordance with the geotechnical report.

7.4 Conditions Recommended for Ongoing Management of the Site/Structure(s)

The following recommendations have been included so that the current and future

owners of the subject property are aware of their responsibilities:

7.4.1

7.4.2

7.4.3

7.4.4

All existing and proposed surface {including roof) and subsurface drains must
be subject to ongoing and regular maintenance by the property owners.
Where sandstone rock faces are left exposed they must be inspected by an

experienced engineer/engineering geologist at ten yearly intervals; including

- provision of a written report confirming scope of work completed and

identifying any required remedial measures.

Noicut or fill in excess of 0.5bm (e.g. for landscaping, buried pipes, retaining
Waills, etc.) is to be carried out on site without prior consent from Pittwater
Colncil.

Wﬁere the structural engineer has indicated a design life of less than

|
10b years then the structure and/or structural elements must be inspected by
\
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a structural engineer at the end of their design life; including a written report

confirming scope of work completed and identifying the required remedial

measures to extend the design life over the remaining 100 year period.

8 GENERAL COMMENTS

The recommendations presented in this report include specific issues to be addressed
during the construction phase of the project. As an example, special treatment of
soft spots may be reqdired as a result of their discovery during proof-rolling, etc.
In the event that any of the construction phase recommendations presented in this
report are not implemented, the general recommendations may become inapplicable
and Jeffery and Katauskas Pty Lid accept no responsibility whatsoever for the
performance of the structure where recommendations are not implemented in full

and properly tested, inspected and documented.

The long-term successful performance of floor slabs and pavements is dependent on
the satisfactory completion of the earthworks. In order to achieve this, the quality
assurance program should not be limited to routine compaction density testing only.
Other critical factors associated with the earthworks may include subgrade
preparation, selection of fill materials, control of moisture content and drainage, etc.
The satisfactory control and assessment of these items may require judgement from
an experienced engineer. Such judgement often cannot be made by a technician
who may not have formal engineering qualifications and experience. In order to
identify potential problems, we recommend that a pre-construction meeting be held
so that all parties involved understand the earthworks requirements and potential
difficulties. This meeting should clearly define the lines of communication and

responsibili‘ty.

Occasionalﬂy, the subsurface conditions between the completed boreholes may be

found to &e different {or may be interpreted to be different) from those expected.

Last printed 14/04/2005 4:06:00 PM



Ref: 19312VBrpt

Page 25 - ‘_1!(

Variation can also occur with groundwater conditions, especially after climatic
changes. If such differences appear to exist, we recommend that you immediately

contact this office.

This report provides advice on geotechnical aspects for the proposed civil and
structural design. As part of the documentation stage of this project, Contract
Documents and Specifications may be prepared based on our report. However, there
may be design features we are not aware of or have not commented on for a variely
of reasons. The designers should satisfy themselves that all the necessary advice
has been obtained. If required, we could be commissioned to review the
geotechnical aspects of contract documenis to confirm the intent of our

recommendations has been correctly implemented.

The offsite disposal of soil may require classification in accordance with the EPA
guidelines as inert, solid, industrial or hazardous waste. We can complete the
necessary classification and testing if you wish to commission us. As testing
requires about seven days to complete, allowance should be made for such testing in
the construction program unless testing is completed prior to construction.
If contamination is found to be present then substantial further testing and delays

should be éxpected.

If there is any change in the proposed development described in this report then all

recommendations should be reviewed.

This report has been prepared for the particular project described and no
responsibili‘ty is accepted for the use of any part of this report in any other context
or for anyi other purpose. Copyright in this report is the property of Jeffery and
Katauskas Pty Ltd. We have used a degree of care, skill and diligence normally
exercised by consulting engineers in similar circumstances and locality. No other

warranty expressed or implied is made or intended. Subject to payment of all fees

Last printed 14/04/2005 4:06:00 PM



Ref: 19312VBmpt

_ "¢

due for the investigation, the client alone shall have a licence to use this report.

The report shall not be reproduced except in full.

Should you have any queries regarding this report, please do not hesitate to contact

the undersigned.

For and on behalf
JEFFERY AND KATAUSKAS PTY LTD

D J Bliss
Senior Geotechnical Engineer

‘'QA Review by:

F Vega >

Senior Associate

Reference 1: Australian Geomechanics Society (2000} “Landsfide Risk Management
Concepts and Guidelines”, Australian Geomechanics, Vol 35, No 1,
March 2000, pp49-92.
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Unit 3, 39 Buffalc Road
Gladesville, NSW 2111
Telephgne: 02 8803 7322

Facsimile: 02 8809 7626 SOIL TEST SERVICES

Email: dtreweek@jkgroup.net.au ABN 43 002 145 173

Ref No:19312VB
Table A: Page 1 of 1

TABLE A
SUMMARY OF LABORATORY TEST RESULTS

AS 1289 TEST METHOD 211 31.2 3.2.1 331 3.4.1
BOREHOLE DEPTH MOISTURE LIQUID PLASTIC PLASTICITY LINEAR
NUMBER m CONTENT LINMIT LIMIT INDEX SHRINKAGE
‘ % % % % %
3 0.50-0.95 30.8 70 26 44 17.0
5 0.50-0.95 9.1 np np np na
5] 1.50-1.95 13.7 28 12 16 4.0
10 0.50-0.95 18.4 40 14 26 95
Notes:

» The test sample for liquid and plastic limit was oven-dried & dry-sieved
 The linear shrinkage mould was 125mm

* np denotes non-plastic

» na denotes not applicable

S This laboratory is aceredited by the National Associstion of Authonseq Signature
b Testing Authorities, Australia, [A.Tatikonda)
: The testis) reportad hergin have been performed
NATA Acceredited |abordiory i apcordance with its scope of actredHation.
! This document shail ot be reproduced except

Number; 1327 ‘ in full,

("
} Date: I IL,L o5

All services provided by STS are subject 1o our standard terms and sonditions. A copy is avaitable on requast.



Unit 3, 38 Buffalo Road
Gladesville, NSW 2111
Telephone: 02 9809 7322
Facsimile: 02 9809 75626
Email: direweek@jkgroup.net.au

TABLE B

SOIL TEST SERVICES
ABN 43 002 145 173

Ref No: 19312VB
Table B: Page 1 of 1

SUMMARY OF FOUR DAY SOAKED C.B.R.TEST RESULTS

BOREHOLE NUMBER 7 10
DEPTH (m) 0.20 - 1.00 0.10 - 1.00
Surcharge (ka) 4.5 4.5
Maximum Dry Density (m®) 161 STD 1.78 STD
Optimum Moisture Content {%) 7.4 17.9
Moulded Dry Density (¥m®) 1.58 1.75
Sample Density Ratio (%) 98 98
Sample Moisture Ratio (%) 100 100
Moisture Conients
Insitu (%) 4.3 18.0
Moulded (%) 7.4 17.9
After soaking and
After Test, Top 30mm(%) 18.6 19.2
Remaining Depth (%) 18.4 18.7
Material Retained on 18mm Sieve (%) 0 0
Swell (%) 0.0 04
C.B.R.value: - @2.5mm penetration 25
@5.0mm penetration 9
NOTES:
» Refer to approptiate Borehole logs for scil descriptions
+ Test Methods :
(a) Soaked C.B.R.: AS 12896.11
{b) Standard Compaction : AS 1289 5.1.1
{c) Moisture Content : AS 1289 2.1.1
i
% This labaratory is sccredited by the National Association of Authorised Signature
NG Testing Authorities, Australia. {A. Tatikkonda}
Tre testis) reportsd herein have been performed
NATA Accredited Laboratory in dccordance with its scope of acoreditation.
This document shaf not be reprotiucad except
Mumber: 1327 In full.
Pete: £y fog

All services provided by ST3 are subject 10 our standsrd terms and conditions, A copy is available on request.
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TABLE C
SUMMARY OF RISK ASSESSMENT TO PROPERTY

L ¢

Landslide Hazard Assessed Assessed Risk Comments
Likelihood | Consequences !
A. Instability of Existing Unlikely Minor to Low Detailed
Sandstone Cliffs Medium Assessment {o be
carried out during
Construction
B. Instability of Existing Rare Minor to Very Low Provided Walls
Retaining Walls Medium fo Low Satisfy Structural
Assessment
C. Instability of Proposed Rare Medium Very Low- | New retaining
Retaining Walls to Low Walls or slopes to
be properly
engineered
. Instability of Hillside
Slope
(i} Upslope of Proposed | Unlikely Minor Low -Stability improved
Development by proposed
retaining walls
(ii) Beneath the
Proposed Rare Medium Very Low
Development to Low
E. Instability of Narrabeen | Unlikely Minor Very Low
Creek Banks to Low




g-OL x 08°6G (q) . g-0L x 0Z'¥ () iy 18 1SON
g-OL x O¥'¢ g-0L *x 089 g-0l % orAR} g-OL x 501 (B) g-OL X0OC'¥ /-0l X08¢G (e) uos.iad 104 sy
1U883.4 U0siad
IS|IYAA SINID0
1'0 (q) £°0 (g} anjied 4 ain
20 L0 1’0 €0 (&) 1°0 L0 (&) 01 Ayjigelauinp
paloaily
gaty Buienoeag
L0 L0 L0 L0 L0 1’0 | 10N j0 ANjiqeqoid
860 = 1000 =
Aep 1ad sinoy 1 Aep 1ad se1nuul {(Aupqeqoud
oBeJane Aeg (q) z abeioae Aeg (q) |erodwa])
ZL00 8G°0 100 €000 = [A40R0) 860 = paloally
= yoam Jad sinoy = Aep Jad sinoy | = >asm Jad sinoy Aep 1ad ssnuiw = Aep tad unoy | Aep iad sinoy ¢ ealy Jo osn

Z abeiane Aeg

1 | ebessne Aeg

7 abeiane Aeg

G abriane Aeg (e)

| obeiane Aeg

ofriane Aeg (e)

Ajleq peiedionuy

sasnouy Z PEeOY

ulylim suosiad (q) s|jem uo suosiad (q)
sjueqg sasnoy punole sAempeot sAeMpeod 0} 1Xau spJieA asnoy Bunsixs ¥siy
N8940 U0 SU0Siad pue ul suoslad aA0ge SUOoSstad 10 suosiad (e) Jeal Ul SU0slad | uIylm suosiad (e) 1e sSU0SIad
Auliqeqold
-0l g-0Ol -0l g-0l g-Ol -0l | (BNUUY aAlledlpu]
pooul|s3!]
Aiun aley Aqun aley aley Ajaxyiun Passassy

juawudojerag
juawdojanaq pasodoid :

syueg | pesodolid jeauag jo adojsdn sjlepn Buiuelay SHeM SHH|D auaispueg
joarD) uaadqelepn adoyg apIsfiiH ado|g apisiiiH | pesodoid | Buimeley Busixy Gunsixg piezeH
s0 Angessuy :{ma | o Aungesur :(ja jo Aujigelsuj 1D jo Aljigeisu) g jo Aujiqelsuj iy apijspuen

1o Ayjgelsy| 13

X

3411 OL INJINSSISSY disiH 40 AHVIANNS

a 3ngvi

MIGAZLEG L 4oy




I Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS k

Borehole No.

BOREHOLE LOG 1

l 11
l Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB } Method: SPIRAL AUGER R.L. Surface: = 20.5m
I Date: 17-3-05 K350 Datum: AHD
Logged/Checked by: N.E.S./f
' @ —
ul o
i [N o 5 - RN
g | 2| 2 | =213 % 2| 3| &%
= % @ E > _g DESCRIPTION © 5 = r=i g & Remarks
T o - = = L= s=£21 ol 5 E
l 58 B = | 5| % |88 3% | £C 283
| 82 jaSm & | & | & |56 232 |52 |£8¢
| 3 FILL: Gravelly sand, fine to madium 5] GRASS COVER
b grained, grey brown, fine o coarse
l grained sandstong gravel. | APPEARS
MODERATELY
N =10 1 L COMPACTED
8,55 -
i - _
CLAYEY SAND: fine to medium M I ALLUVIAL
l grained, yellow brown. -
N=8
2,35 k -
l 2 as above, a
but orange brown mottled grey.
l 1 MD
3 -
47 W L B
N=5
3,23
I °7 Casabove, | i
but grey.
l - END OF BOREHOLE AT 6.0m
= } ]
1: I
19
E 4
8 Z




Jeffery and Katauskas Pty Ltd g(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 2

1/1
Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWCOD VALLEY URBAN LAND RELEASE
Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312vB . Method: SPIRAL AUGER R.L. Surface: = 21.6m
Date: 17-3-05 K550 Datum: AHD
Logged/Checked by: N.E.S./2
E —_~
i) %J @ 5 S g g
@ @ — 3 E=] . -2 = © —~
z . s § E = - é DESCRIPTION 2 § ;:.—3 % 2 gé Remarks
=8 [lo = £ | 5 |£%8 FEE| 521283
0 TOPSOIL: Sand, fine to medium D GRASS COVER
grained, dark grey, with rooflets.
SP SAND: fine to medium grained, grey M L L
N=6 browr. ALLUVIAL
2.3, SGC | CLAYEY SAND: fine to medium I
grained, orange brown and grey. -

:: SC/CL| CLAYEY SAND/SANDY CLAY: fine to M/ MDY/
: medium grained, mediurn plasticity, MC~PL H
grey mottted orange brown.

z
56,8 510

8C CLAYEY SAND: fine to medium M MD
grained, grey mottled orange brown.

77| SCICL| CLAYEY SAND/SANDY CLAY:fineto| W/ | MD/ | 210

N=11 medium grained, medium plasticity, | MC>PL | VSt 280
5,58 grey mottled orange brown. 230
END OF BOREHOLE AT 6.0m
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! Jeffery and Katauskas Pty Ltd J(
CONSULTING GEQTECHNICAL AND ENVIRONMENTAL ENGINEERS -+
l Borehole No.
1 "
I Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
I' | ocation: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER ' R.L. Surface: ~ 27.7m
l Date: 17-3-05 JK550 Datum: AHD
Logged/Checked by: N.E.S./j,
| R -
. o = P
2P E] s || 8] 2 Lzl _z| i3
z ff: E E 5 ol DESCRIPTION 25 EIBEL g % Remarks
l SR gTl = | §| 8 %8 55|52 |22
s AR & 8| & |55 232 ne | f8c
DRY ON 0 TOPSOIL: Silty sand, fine to medium | D-M GRASS COVER
COMPLET- grained, dark grey, with rootiets.
I ION SILTY SAND: fine to medium grained, DM ) COLLUVIUM
‘ - with fine to coarse grained sandsione,
N=11 | ravel and cobbles. /imeePL| H 470
347 SILTY CLAY: high plasticity, grey 580
' " mottled orange brown. 410
1 CLAYEY SAND: fine (o medium M ) 3
grained, grey mottied red brown. |l  RESIDUAL
' 8%1;: SANDSTONE: fine to medium XW-DW | ELL
| g/omim | s .. grained, light grey, with iron indurated
REFUSAL | T bands and clay bands. .VEI3Y LOW
] toror TC BIT
l S ~  RESISTANCE
+os _ WiTH LOW BANDS
3 n
i ] _
l END OF BOREHOLE AT 4.5m
i . _
l i
1 L
1 i
; | 6 — »
| |
!
- |
Q | ]
I 1.
[n
o i l
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I Jeffery and Katauskas Pty Ltd '_F'(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

 BOREHOLE LOG |4

1M
l Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312vB Method: SPIRAL AUGER R.L. Surface: =~ 31.8m
l Date: 17-3-05 JK550 Datum: AHD
: Logged/Checked by: N.E.S./4
i 2 ~
o ]
T [ o g = = o
® = = —_ o = - = = S
= <t @ (S - ° DESCRIPTION osS=l=cC Eg Remarks
T D w IE =2 2 o s = g o =N 6T
EE = £ | 5 |2% BTE| 2 =eg
28 |ndmy £ & g | Em 50| 2% | 558
O |u e fa G | >0 So2|bhe |Tox
DRY ON ¢ TOPSOIL: Silty sand, fine to medium 0 GRASS COVER
' COMPLET- grained, dark grey, with rooflets.
l JON LTy SAND. fine io medium gramad, | | COLLUVIUM
grey, with fine to coarse grained
N = 25 sandstone gravel and sandstone MC=PL | H >600 | RESIDUAL
g cobbles. >600
: 3.8,17 3
l o SANDY CLAY: medium plasticity,
‘ 1= light grey motiled red brown, with X }
oy - \s‘ﬂdstone gravel. XN EL ] '\ﬁzf{élfow
T SANDSTONE: fine to medium R ESISTANGE
<o grained, grey mottled red brown, with -
kv clay and iron indurated bands.
I SANDSTONE: fine to medium XW-DW | EL-VL
LA grained, light grey mottled orange I VERY LOW TO LOW
; : 2_‘5 brown, with a trace of iron indurated | RESISTANCE
. el bands.
s f i -
. IERE VERY LOW
4 i - RESISTANCE
I' I END OF BOREHOLE AT 4.5m
1
| ) i
i
| | |
| k |
|
. | 6 |
i |
i | i
= |
£ |
iI: 1 |
[ !
> : - L
5 |
1 i




?7—7

Jeffery and Katauskas Pty Ltd "¢

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No. |

i
1
 BOREHOLE LOG I
1

Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
I Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: = 22.4m
l Date: 17-3-05 . JK550 Datum: AHD
Logged/Checked by: N.E.S./#
i ¢ :
- = c P
E1E) 2 |28 ¢ A
N b E £ el DESCRIPTION e § .?: % £ E 2 Remarks
i | s 12| 5 |&8 255! B0 |23
S& KE8s £ A G |50 282 | B |Tac
07 ROXX A FILL: Gravelly sand, fine to coarse M
. O grained, grey, fine to medium graine M © | POSSIBLY FILL
l igneous gravel.
SAND: fine to medium grained, grey.
N=4 GLAYEY SAND/SANDY CLAY: fineto| M/ | Vil -
222 medium grained, low piasticity, orange MC=PL | (S) | ALLUVIAL
I T brown.
l MDI | 470
N=12
26,6 Vat— 350
N =25 0
9.11,14 310
iON ‘ Wy -
COMPLE | MC>PL
l ION
as above, MDY 210
N=11 but grey motled orange brown. VSt 310
l 54,7 380 I
I END OF BOREHOLE AT 6.0m
1 _
5 ]
o
: ﬂ
. :
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I Jeffery and Katauskas Pty Lid

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

BOREHOLE LOG

X

Borehole No. T

6

11

Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312VB

Method: SPIRAL AUGER

R.L. Surface: ~ 22.9m

I Date: 17-3-05 K550 Datum: AHD
Logged/Checked by: N.E.S./ &%
i 0 -
— — B
..‘“_-’ % 0 g E o &= % i&.,
-% o % ‘%’ :E: < é DESCRIPTION o E 'g = % g o Remarks
£ = = = | B% SEc| og = £
Bl:iED 3 |5 8|8 2%5| 55 23
G | i o g |30 Sosi oy | Toe
Q % % g TOPSOIL: Silty sand, fine to medium M WEED COVER
R Sp grained, grey, with rootlets. ¥ VD
I SAND: fine to medium grained, grey. ALLUVIAL
I SC/CL| CLAYEY SAND/SANDY CLAY: finetol M/ MD/ B
¢ medium grained, low plasticity, orange MC~PL ]
I brown.
>600
N=22 i >B00
13,411,114 -
_ MD/ | 280
N=12 VSt 240
757 +H 230
> meove WM& -
l but grey motiled orange brown. W
mD/ 160
St- 300
ON V81 220
COMPLET- L
ION &
AFTER :
l 24 HRS |
‘ 1
I ! END OF BOREHOLE AT 6.0m
] ‘ |
= |
l & |
e |
>
o
2 Z
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Jeffery and Katauskas Pty Ltd "

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No. ]

BOREHOLE LOG T

I Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWQOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: ~ 24.0m
l Date: 17-3-05 | JK550 Datum: AHD
Logged/Checked by: N.ES./#
i : :
D 5 @ 5 > & Eg
" = n — I=) = -2 = o ~
2 = @ .| 8 DESCRIPTION oETl E 8 E Y Remarks
= =z = £ 1 &3 25l c2lots
28 ldow ° 53 @ | Es 258 | 85| 856 ¢@
R T e i ] G 20 02| e |Tacx
0 § § § TOPSOIL: Silty sand, fine o medium M GRASS COVER
% ] 8P grained, dark grey, with rootlets. i T
' : N SAND: fine to medium grained, light L ALLUVIAL
\ grey to grey.
N=8 |
I 235 !
l CLAYEY SAND: fine to medium
N=7 grained, dark grey to grey.
3,34
P, CL/SC| SANDY CLAY/CLAYEY SAND: M/ MD/ L
g medium plasticity, fine to medium MC=PL | VSt
grained orange brown.
I N=18 ggg
47,11
NP 340
N=16 | ggg
9,7
l 8.9, | 300
as above, Wi SLIGHT ORGANIC
‘ but dark grey io grey. MC>PL - ODOUR
l |
|
|
!
' | END OF BOREHOLE AT 6.0m
.
T
5] | -
E
>
o
3 7
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Jeffery and Katauskas Pty Ltd ;!(

CONSULTING GEQTECHNICAIL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG | 8

1M
Client; JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
lLocation: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: = 27.0m
Date: 18-3-05 JK550 Datum: AHD
_ Logged/Checked by: N.E.S./2
i 3
§ g @ 2 E o i '§ %
g z @ £ | 2 5 DESCRIPTION LEE| 21 Eg Remarks
R - s | 2 | 3% 22188158
£ 2 | B E|£E8 2|51 2E%
£3 nBma 2 | & | 5 |58 232152 |£8¢8
DRY ON -0 § § % TOPSOIL: Silty sand, fine to medium M GRASS COVER
COI\{]g[I;;ET_ ‘ %1 gp grained, dark grey, with rootlets. " D
SAND: fine to medi ined, light
o ine to medium grained, lig L COLLUVIUM

=

CLAYEY SAND: fine to medium (MD) -
grained, orange brown mottled grey,
with XW sandstone gravel.

SANDSTONE BOULDER: fine to ow | VL —  MODERATE

Forovos coarse grained, light grey mottied TC' BIT
i orange brown. T RESISTANCE WiTH

289,
13/100mm ¢
REFUSAL

] CL | SILTY CLAY: medium plasticity, light| MC>PL [ H [M\coLLuvium

| grey, with fine grained sand. | SOILSTRENGTHTC
RESISTANCE

- 440
N=14 ] 520

46,8 480

SANDY CLAY: medium plasticity, L VSt L
light grey, fine grained sand. -H

430 +
370
480 |

N=19 |
5811

as ahove,
but orange brown mottled fight grey. -

END OF BOREHOLE AT 6.0m

COPYRIGHT

l LN . LOW BANDS
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l Jeffery and Katauskas-Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

BOREHOLE LOG

¢

Borehole No.

9

i1

Client:
Project:

L.ocation:

JUBILEE INVESTMENTS PTY LTD
SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE.
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Joh No. 19312VB

Method: SP!RAL AUGER

R.L. Surface: =~ 25.0m

I Date: 18-3-05 JKS30 Datum: AHD
Logged/Checked by: N.E.S./Z# '
l @ =
{0
2 g " = s o = % %
g =z D = - ] DESCRIPTION wEE| =2 £ o Remarks
BT L = = | 2 i3% SE21 58| 82
= o a 25 R | 01D
l 28 lWSon 3 5| g |E8 28| 25| 558
o Ao i ) B | S50 =02 | he |Toe
DRY ON C TOPSOIL/FILL: Silty sand, fine 0 M RUBBLE ON
COMPLET- S medium grained, grey, with rootlets. M m SURFACE
l ION SILTY SAND; fine to medium grained,
orange brown. ALLUVIAL
N=5
22,3
1 . _
CL/SC| SANDY CLAY/CLAYEY SAND: M/ MD/
medium plasticity, fine fo medium MC>PL | VS
T grained, crange brown. H 380
N=20 | : 380
58,12 | 400
l 21 390 L
87 MD/ | 330
N=27 VSt 260
714,13 250
"as above, | B
I but grey mottled orange brown.
MD/H 530
N=13 450
l 48,7 430
l |
|
l ; END OF BOREHOLE AT 6.0m
| J
i
— i
l S |
= ‘
-
=
o] 71
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! Jeffery and Katauskas Pty Ltd ‘J!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

l Borehole No.

11 |

1 BOREHOLE LOG 10

| 1 END OF BOREHOLE AT 4.5m

COPYRIGHT

l Client: JUB]I_EE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN L_AND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD. WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: = 30.5m
' Date: 18-3-05 | JK550 Datum: AHD
Logged/Checked by: N.E.S./2
1 g :
= [u]
5 18 » | |8l & el 2] $2
= % o g o k] DESCRIPTION eSZ| 2 o E @ Remarks
e - = | = | 8% 22| PA | o585
l 3 § 5ol 3 s g | £8 2 —g 3 5?3 E g ?B
G [ i a G | 50 =3z | B i
DRY ON 0 SCICL | CLAYEY SAND/SANDY CLAY: fine to] M/ MDY/ DRIVEWAY
COMPLET- ; medium grained, medium plasticity, MC=PL | (VS) - GRAVEL ON
I ION orange brown and red brown, with | SURFACE
ironstone gravel bands.
N =12 RESIDUAL
3,68
| . _
| N=25 I L
7.9,16 EE o 5
' 2 - ' d . -
I N> 10 37 AT -
' 10,90/ ¢ £ 3 - SANDSTONE: fine to medium XW-DW | EL-VL L VERY LOW
! 50mm N grained, red brown, with iron indurated| TC' BIT
REFUSAL Foros bands. I RESISTANCE
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i Jeffery and Katauskas Pty Ltd i_!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

| ' Borehole No.

l 171
l Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOQCD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: ~ 29.6m
' Date: 18-3-05 JK550 Datum: AHD
Logged/Checked by: N.E.S./2
o -~
._ = = % g
@ o o <] = L3
g 2 7 z | 3 3 DESCRIPTION 2l %] Eg Remarks
Ep L@ 2 =l g ge 2e5 58| 85
l 32 - = s | &8 £55| g0 1 oET
o O = =8 o L4 =2 < 3 D C o
= @ L0 Q@ ] g c 8 QO =] o O O
G | i O & | 30 SO | e | Tok
DRY ON o FILL: Sandy gravel, fine to medium M- DRIVEWAY
COMPLET}- grained, igneous, grey, fine to - (SRAVEL ON
I 10N medium grained sand, with & trace of i SURFACE
clay fines. L
- " ; M/ | APPEARS
MODERATELY
777 s ’ 2 - COMPACTED
medium grained sand, with a trace O
1 clay fines. W -
FILL: Clayey sand/sandy clay, fine to MCAPL
mediurn grained, medium plasticity, h
grey brown, with fine fo coarse
| grained gravel.
N=13 [
485 . L
| | Bl
N=20
9,10,10
l SANDY CLAY/CLAYEY SAND: M/ D/ L
medium plasticity, fine to medium MC=PL H ALLUVIAL
grained, red brown mottled light grey, I
' with iron indurated bands.
=600
>600
I >600 |
' Tasabove, |
but light grey mottled red brown.
' END OF BOREHOLE AT 6.0m
[
T
I &
a:
—
o
b 7
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l Jeffery and Katauskas Pty Ltd t!(

CONSULTING GEOTEGHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 12

11

Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: ~ 41.8m

Date: 18-3-05 JKS550 Datum: AHD
Logged/Checked by: N.E.S./é

SAMPLES

DESCRIPTION Remarks

B
S

Groundwater
Record
50

Field Tests
Depth {m})
Unified
Classification
Moisture

Z | Condition/
Weathering
Strength/
Rel. Density
Hand
Penetrometer
Readings (kPa.)

D

| TOPSOIL: Silty sand, fine o medium
COMPLET- ; T \grained, grey, with rootlets and fine t

)
ey
<
o
=
(=

) DwW
coarse grained sandsione gravel. L RESISTANCE

<
T
.

LOW TC'BIT

|l~~~~§ Graphic Log

SANDSTONE: fine to coarse grained,
red brown, with iron indurated bands. 3 g{;@gﬂ ODERATE

SANDSTONE: fine to medium M-H MODERATE TO HIGH
grained, light grey mottied red brown. L RESISTANCE

p

COPYRIGHT
L
S

' j S END OF BOREHOLE AT 2.0m TC BIT REFUSAL
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1 Jeffery and Katauskas Pty Ltd t!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

13

11

1 BOREHOLE LOG

l Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l l.ocation: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Joh No. 19312VB Method: SPIRAL AUGER R.L. Surface: = 22.0m
l Date: 18-3-05 K250 Datum: AHD
1 ogged/Checked by: N.E.S./#
| 2 -
. = L m
2 = 2 = | 8 2 _ol Z| 8 3
_‘%; - % E % % - 'SEJ. DESCRIPTION g é 'E ‘%g E i"é., Remarks
I |2 B 3 |55 |58 335 55 |BI%
H& [ i a s |50 2832|358 |28
DRY ON 0 TOPSOIL; Sitty sand, fine to mediurm Y GRASS COVER
[ OMPLET- - grained, grey, with rootlets.
l ION
CLAYEY SAND: fine to medium M Vi-L L ALLUVIAL
grained, orange brown.
i 1 :
~GLAYEY SAND/SANDY CLAY: fine W M| MO/
medium grained, medium plasticity, MC>PL | VSt
orange brown, with ironstone gravel. 330 |
220
as above,
but grey mottled red brown.
270
l 230
D-VD/ B
l H
>600
>500
I >600 |
. END OF BOREHOLE AT 6.0m r
= | I
1! w
[
5
s \ | 7
& —
||
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TOPOGRAPHY

Symbol Ground Profile

VAR VAN CONvex . .
} well defined or angular
T 7 crmoave break of slope
convex
7 v poorly defined or
smooth change of slope
7 7. concave

-+ hreaks of slope )
convex and concave too close together

to allow the use of separate symbols
-~ = = — changes of slope

—e;-e— .sharp
—&—& rounded

Cliff or escarpment or sharp break _
40° or more (estimated height in metres)

ridge crest

5, Uniform Slope

—IOEP Concave Slope
8
————}—" Convex Slope

AAA K
Y V¥V Boitom

Slope direction and angle (Degrees)

Cut or fill slope, arrows pointing down slope

~ Hummocky or irregular ground

EXAMPLE OF USE OF TOPOGRAPHIC SYMBOLS:

GEOTECHNICAL

OTHER FEATURES
Boulder
) Secpage/spring
/40 Swallow hole for runoff
~¥ ¥ Natural water course
T .- =¥ Open drain, unlined
= --|_.— Open drain, lined
———— Fenceline
_____ Property boundary

P Dry Stone Wall

J ———J Major joint in rock face
200 (opening in millimetres)

- T -T- Tension crack
10 (opening in millimetres)

CTr1T1 Masonry or concrete wall

@ Ponding water
Boggy or swampy area

PLAN _
. l) 5 5
-~ 14 » )
N, F s 1 L
—f> R
T, 7
I - O 1
< r’\"—ivv“dq \.E N
o> T OB ok R g oo oy b bl ]
B R AL b 1
1w ~ L
<1>u/ R s b !
| 5 b
q‘l> 2 . B 3 ——- -I._
> B i
2% ‘ o
-l !> & .
5L

GEOTECHNICAL MAPPING

Jeffery and Katauskas Pty Lid d |

SYMBOLS Report No. . 19312VB  Figure No. .4 .. ... .
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Page A1

APPENDIX A

LANDSLIDE RISK MANAGEMENT

DEFINITION OF TERMS

Risk — A measure of the probability and severity of an adverse effect to health, property or
the environment.
Risk is often estimated by the product of probability x consequences. However, a more
general mterpretatlon of risk involves a comparison of the probability and consequences in
a non-produiict form.

Hazard — A 'condition with the potential for causing an undesirable consequence {(the
landslfide). The description of landslide hazard should inciude the location, volume (or area},
classiﬂcatidn and velocity of the potential landslides and any resultant detached material,
and the likelihood of their occurrence within a given period of time.

Elements at Risk — Meaning the population, buildings and engineering works, economic
activities, public services utilities, infrastructure and environmental features in the area
potentially affected by landslides.

Probability — 'i'he likelihood of a specific outcome, measured by the ratio of specific outcomes
to the total number of possible outcomes. Probability is expressed as a number between
0 and 1, with O indicating an impossible outcome, and 1 indicating that an outcome is
certain.

Frequency - .ﬁk measure of likelihood expressed as the number of occurrences of an event in a
given time.. See also Likelihood and Probability.

Likelihood — used as a qualitative description of probability or frequency.

Temporal Probabllzty — The probability that the element at risk is in the area affected by the
landslldmg, at the time of the landslide.

Vulnerability - The degree of loss to a given element or set of elements within the area
affected by the landslide hazard. It is expressed on a scale of O (no loss) to 1 (total loss).
For property, the joss will be the value of the damage relative to the value of the property;
for persons, it will be the probability that a particular life (the element at risk} will be lost,
given the person(s)} is affected by the landslide.

Consequence ! - The outcomes or potential outcomes arising from the occurrence of a
landslide e*pressed qualitatively or guantitatively, in terms of loss, disadvantage or gain,
damage, iniury or loss of life.

Risk Analysis‘ - The use of available information to estimate the risk to individuals or
populationg, property, or the environment, from hazards. Risk analyses generally contain
the followirrg steps: scope definition, hazard identification, and risk estimation.

This appendix is a‘n extract from LANDSLIDE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented in Australian
Geomechanics, Vol. 35, No.1, 2000 which discusses the matter mare fully.
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Risk Estimation — The process used to produce a measure of the level of heaith, property, or
environmedtal risks being analysed. Risk estimation contains the following steps:
frequency analysis, consequence analysis, and their integration.

Page A2

Risk Evaluation — The stage at which values and judgements enter the decision process,’
explicitly or implicitly, by including consideration of the importance of the estimated risks
and the associated social, environmental, and economic consequences, in order to identify
a range of alternatives for managing the risks.

Risk Assessment — The process of risk analysis and risk evaluation.

Risk Control or Risk Treatment — The process of decision making for managing risk, and the
implementation, or enforcement of risk mitigation measures and the re-evaluation of its
effectiveness from time to time, using the results of risk assessment as one input.

|
|

Risk Management — The complete process of risk assessment and risk control (or risk
treatment).

Individual Risk - The risk of fatality or injury to any identifiable {named) individual who lives
within the zone impacted by the landslide; or who follows a particular pattern of life that
might subject him or her to the consequences of the landslide.

Societal Risk ~ The risk of multiple fatalities or injuries in society as a whole: one where
society would have to carry the burden of a landslide causing a number of deaths, injuries,
financial, environmenial, and other losses.

\
Acceptable Risk — A risk for which, for the purposes of life or work, we are prepared to
accept as it is with no regard to its management. Society does not generally consider
expenditure in further reducing such risks justifiable.

Tolerable Risk — A risk that society is willing to live with so as to secure certain net benefits
in the confidence that it is being properly controlled, kept under review and further reduced
as and when possible.

In some situations risk may be tolerated because the individuals at risk cannot afford to
reduce risk even though they recognise it is not properly controlled.

Landslide Intensity — A set of spatially distributed parameters related to the destructive power
of a landslide. The parameters may be described quantitatively or qualitatively and may
include maximum movement velocity, total displacement, differential displacement, depth
of the moving mass, peak discharge per unit width, kinetic energy per unit area.

Note: Referehce should also be made to Figure A1 which shows the inter-relationship of
many of these terms and the relevant portion of Landslide Risk Management.

Reference should also be made to the paper referenced below for Landslide Terminology and
maore detailed| discussion of the above terminology.

This appendix is an extract from LANDSLIDE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented in Australian
Geornechanics, Vol. 35, No.1, 2000 which discusses the matter more fully.
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TABLE A1: LANDSLIDE RISK ASSESSMENT
QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY

Qualitative Meas:}res of Likelihood

_|..

Indicative
Level Descriptor Desecription Annual
' Probabiltty
A ALMOSTi CERTAIN | The event is expected tc occur. >0
B LIKELY ; The event will probably ccour under adverse conditions. =102
c POSSIBLE The event could occur under adverse conditions. =103
D UNLIKELY The event might occur under very adverse circumstances. =104
E RARE | The event is conceivahle but only under exceptional circumstances. ~10%
F NOT CR%DIBLE The event is inconceivable or fanciful. <109

Note: “=" meané that the indicative value may vary by say 1'% crder of magnitude, or more.

Qualitative Measures of Consegquences to Property

Level Descriptor Description

1 CATASTROPHIC Structure completely destroyed or large scale damage requiring major engineering
works for stabilisation.

2 MAJOR Extensive damage to maost of structure, or extending beyond site boundaries
requiring significant stabilisation works.

3 MEDRIUM Moderate damage to some of structure, or significant part of site requiring large
stabilisation works,

4 MINCR Limited damage to part of structure, or part of site requiring some

reinstatement/stabilisation works.
5 INSIGNIFICANT Little damage.

Note: - The “Description” may be edited to suit a particular case.

Qualitative Risk Analysis Matrix — Level of Risk to Property

‘ CONSEQUENCES to PROPERTY
LIKELIHOOD 1: CATASTROPHIC | 2: MAJOR 3: MEDIUM 4: MINOR | 5: INSIGNIFICANT
A — ALMOST CERTAIN VH VH H H 1\
B - LIKELY VH H H M L-M
C - POSSIBLE H H M L-M VI-L
D — UNLIKELY M-H M L-M VE-L VL
E - RARE M-L L-M VEi-L VL V6L
F - NOT CREDIBLE VL VL VL VL VL

1
Risk Level Implications

Risk Level

Example Implications,,

VH | VERY HIGH RISK

Extensive detailed investigation and research, planning and implementation of
treatment options essential to reduce risk to acceptable levels; may be too expensive

and not practical.

H | HIGH R!SKj

Detailed investigation, planning and implementation of treatment options required to
reduce risk to acceptable levels.

M | MODERATE RISK

Tolerable provided treatment plan is implemented to maintain or reduce risks. May be
accepted. May require investigation and planning of treatment options.

L | LOW RISK

Usually accepted. Treatment requirements and respensibility to be defined to maintain

or reduce risk,

VL | VERY LOW RISK

Acceptable. Manage by normal slope maintenance procedures,

Note: (1) The implications for a particular situation are to be determined by all parties to the risk assessment; these are only
given|as a general guide.

(2} Judicious use of dual descriptors for Likelihood, Consequence and Risk to reflect the uncertainty of the estimate

may be appropriate ih some cases.

These tables are an extract from LANDSLIDE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented in Australian
Geomechanics, Vol. 35, No. 1, 2000 which discusses the matter more fully.




RISK CHANGES
MORE INFORMATION
FURTHER STUDIES

SCOPE DEFINITION <
RISK ANALYSIS . ESTABLISH BRIEF, PROPOSED METHODOLOGY A
HAZARD IDENTIFICATION P
CLASSIFICATION OF LANDSLIDE eg shde debris flow, rockial m
EXTENT OF LANDSLIDE eg lacation, area, volume
TRAVEL DISTANCE OF LANDSLIDE
RATE OF MOVEMENT eg creep, slow, fast
T SR A intakid it
: ISK ESTIMATION i
1 CONSEQUENCE ANALYSIS FREQUENCY ANALYSIS
| o
1 ELEMENTS AT RISK ESTIMATE FREQUENCY :
I PROPERTY QUALITATIVE ;
1 ROADS/COMMUNICATIONS QUANTITATIVE .
1 SERVICES
1 PEOPLE HISTORIC PERFORMANCE 1
i TRAVEL DISTANCE :
I TEMPORAL PROBABILITY eg vehicles,persons RELATE TO INITIATING EVENTS |
1 : RABFALL .
!
] VULNERABILITY CONSTRUCTION ACTIVITY N
I RELATIVE DAMAGE EARTHOUAKE "
I PROBABILITY OF INJURY / LOSS OF LIFE SERVICES FAILURE / MALFUNCTION "
1
1 | | ;
]
1 * ]
1 RISK CALCULATION 1
1 ; N A
1 RISK = ({LIKELIHOOD OF SLIDE) x {PROBABILITY OF SPATIAL IMPACT} :
I : x {(TEMPORAL PROBABILITY) x {VULNERABILITY) 1
\ x { ELEMENTS AT RISK} I
i CONSIDERED FOR ALL HAZARDS 1
t ; I
o e ———-————— - .....____..__.-_.......__.__.__...__._'
[RISK ASSESSMENT | |
\ RISK EVALUATION -
! COMPARE TO LEVELS OF TOLERABLE OR ACCEPTABLE RISK “
| ASSESS PRIORITIES AND OPTIONS
CLIENT / OWNER / REGULATOR TO DECIDE TO ACCEPT OR TREAT
1 : TECHNICAL SPECIALIST TO ADVISE
TRIEK TREATMENT '#""'""""""-"':
IRISK MANAGEMENT | . lior RISK CONTROL) TREATMENT OPTIONS RECONSIDER
P 1 ACCEPT RISK "
1 AVOID RISK
) I REDLICE LIKELIHOOD 1
_ i REDAICE CONSEQUENCES !
\ TRANSFER RISK 1
B
: v ,
1 TREATMENT PLAN P !
I DETAIL SELECTED QOPTIONS I 1 A
1 1
| I
] IMPLEMENT PLAN » !
1 POLICY AND PLANNING !
! : !
! : MONITOR AND REVIEW I LA ey
1
1
1

i
1
- ————— -——————— —_———————— v v e =

FIGURE A1: FLOWCHART FOR LANDSLIDE RISK MANAGEMENT

This figure is an extract from LANDSLIGE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented in Australian Geomechanics

Val35, Nai, 2000 which discusses the matter mere fully.
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APPENDIX B ~ SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ADVICE

GEQTECHNICAL Obtain advice from a qualified, experienced geotechnical consultant at Prepare detailed plan and start site works
AGSESSMENT early stage of planning and before site works. before geotechnical advice.

PLANNING

SITE PLANNING

Having obtained geotechnicai advice, plan the development with the
risk arising from the identified hazards and conseguences in mind.

Plan davelopment without regard for the
Risk,

DESIGN AND CONSTRUCT]ON

HOUSE DESIGN

Use Hlexible structures which incorporate properly designed brickwork,
timber of steel frames, timber or panel cladding. Consider use of split
levels, Use decks for recreational areas where appropriate.

Fioor plans which require extensive cutting
and filling. Movement intolerant siructures.

SITE CLEARING

etain natural vegetation wherever practicable,

Indiscriminately clear the site.

ACCESS & DRIVEWAYS

atisfy requirements below for cuts, fills, retaining walls and drainage.

nd parking areas may need 10 be fully supported on piers.

Excavate and fill for site access before
geotechnical advice.

EARTHWORKS
CUTS

FILLS

ROCK QUTCROPS
& BOULDERS

7
S
Council specifications for grades may need to be modified, Driveways
E
F

ctain natural contours wherever possible.

Indiscriminant bulk earthworks.

Minimise depth.
Support with engineered retaining walls or batter 1o appropriate slope.
Provide drainage measures and erosion controb.

Large scale cuts and benching.
Unsupported cuts.
Ignore drainage requirements.

Minimise height.

Strip vegetation and topsail and key into natural slopes priar to filling.
Use clean fill materials and compact to engineering standards.

Batter to appropriate slope or support with engineered retaining wall,
Provide surface drainage and appropriate subsurface drainage.

Loose or poorly compacted fill, which if it
fails, may flow a considerable distance
{including onto properties below).

Block natural drainage lines.

Fill over existing vegetation and topsoil.
include stumps, trees, vegetation, topsoil,
boulders, building rubble etc. in fill.

Remove or stabilise boulders which may have unacceptable risk.
Support rock faces where necessary.

Disturb or undercut detached blocks or
boulders.

RETAINING WALLS

Engineer design to resist applied soil and water forces.

Found on bedrock where practicable.

Pravide subsurface drainage within wall back‘flil and surface drainage on
slape above.

Construct wall as soon as possible after cut/fill operation.

Construct a structurally inadequate wall
such as sandstone fiagging, brick or
unreinforced blockwork.

Lack of subsurface drains and weephoies.

FOOTINGS

Found within bedrock where practicable.

User rows of piers of strip footings eriented up and down siope.
Design for lateral creep pressures if necessary.

Backfill footing excavations to exclude ingress of surface water.

Found on topsoil, loose fill, detached
boulders or undercut cliffs.

SWIMMING POOLS

Engineer dasigned.

Support on piers to rock where practicable.

Provide with under-drainage and gravity drain outlet where practicable.
Design for high soil pressures which may develop on uphill side whilst
there may be little or no lateral support on downhill side.

DRAINAGE
SURFACE

SUBSURFACE

SEPTIC & SULLAGE

‘F'rowde at tops of cut and fill slopes.

‘D:scharge to street drainage or natural water gourses.

Provide generous falls to prevent blockage by siitation and incorporate
‘snlt iraps.

lLine to minimise infiltration and make flexible where possible.

‘Spec:ai structures to dissipate energy at changes of slope and/or
direction.

Discharge at top of fills and cuts.
Allow water to pond bench areas.

‘Provide filter around subsurface drain.

Provide drain behind retaining walls.

Use flexible pipelines with access for maintenance.
Prevent inflow of surface water.

Discharge of roof run-off into absorption
trenches.

'Usually reguires pump-out of Mains sewer systems; absorption trenches
imay be possible in some areas if risk is acceptable.
'Storage tanks should be water-tight and adequately foeunded.

Discharge sullage directly onte and into
slopes.

Use of absorption trenches without
consideration of landslide risk.

EROSION CONTROL &
LANDSCAPING

Control erosion as this may lead to instability.
Revegetate cleared area.

Failure to observe earthworks and drainage
recommendations when landscaping.

DRAWINGS AND SITE VISITS DURING CONSTRUCTION

DRAWINGS Building Application drawings should be viewed by a geotechnicai
consultant.
SITE VISITS Site visits by consultant may be appropriate during construction.

INSPECTION AND MAINTENANCE BY OWNER

OWNER'S
RESPONSIBHLITY

Clean drainage systems; repair broken joints in drains and leaks in

supply pipes.
Where structural distress is evideni seek advice.

if seepage observed, determine cause or seek advice on conseguences.

This table is an extract fr

Vol 25, No 1, March 2000 which discusses the matter more fully.
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EXAMPLES OF GOOD HILLSIDE PRACTICE

? VEGETATION
RETANED

SURFACE DRAINAGE

SroRe
R e \

' - ol ", S8 ANTIE oF S
(UT & Fitt P T L
MINMISED / SR SRS fc cﬁcfw U”fmmqrs .
VEGETATION _ a
e
S E ‘h\“‘—'—h-mm FODTIVGS
m?;&, INTO ROCK

SUBSOR DRAINAGE MAY
BE REQUIRED INSLOPE

SEWERAGE EFFLUENT PUMPED-OUT
OF CONNECTED TO SEWER.
A = TANKS ADEQUATELY FOUNDED
=T ENGINEERED RETARING WALLS
- WITH SURFACE & SUBSURFACE
DRAINAGE CONSTRUCTED -
BEFGRE HOUSE

EXAMPLES OF POOR HILLSIDE PRACTICE

UNSTABILISED ROCK TOPPLES
VEGETATION AND TRAVELS DOWNSLOPE

o REMOVED

STEEP
UNSUPPORTED
{UT FALS

STRUCTURE UNABLE

DISCHARGES OF
16 TOLLRATE
ROOFWATER
SETTLEMENT & CRAEK:‘\ SOAK AWAY

ADGRLY COMPACTED FiLL
TILES UNEYENLY
iND CRACKS PUOL

LOOSE, SﬁTﬂRATEB FiLL SLDES
AND PBSSJBLY FLOWS DPWNSLOPE

ROOFWATER INTRODUCED

mw%m TELY INTD SLOPE
SUPPORTED Q», e Y
" CUT FALS -—" RN
. \Ya mmn AN ﬁﬁ”ﬂg{{“‘m
S IHJLL - ——
VEGETATION SATURATED e, - .
BﬂJED(K

REMOVED SLOFE FALS o, ()

e Lol s T PONDED WATER EWTERS
s SLOPF & A[TIVATES SLP

PDSSIBLE TRAVEL DOWNSLOPE WHILH
MPACTS OTHER DEVELOPHENT

APPENDIX B1 - ILLUSTRATIONS OF GOOD AND FPOCR HILLSIDE PRACTICE

This figure is an extract form LANDSLIDE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented
in Australian Geomechanics, Vol 35, No 1, 2000 which discusses the matter more fully.




CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Jeffery and Katauskas Pty Ltd |
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A.B.N. 17 003 550 801

REPORT EXPLANATION NOTES

iINTRODUCTION !

These notes haVF been provided to amplify the
geotechnical  report in regard to classification
methods, field procedures and certain matters relating
to the Comments \ancl Recommendations section.
Not alt notes are necbssanly relevant to all reports.

The ground is a product of continuing natural and
man-made processes and therefore sxhibits a variety
of characteristics apd properties which vary from
place to place nd can change with time.
Geotechnical engingering involves gathering and
assimilating limited facts about these characteristics
and properties in order to understand or predict the
behaviour of the ground on a particular site under
certain conditions. | This report may coniain such
facts obtained by linspection, excavation, probing,
sampling, testing or|other means of investigation. I
so, they are directly relevant only to the ground at the
place where and time when the investigation was
carried out. ‘

DESCRIPTION AND CLASSIFICATION METHODS

The methods ofl description and classification of
soils and rocks used in this report are based on
Australian Standard |1728, the SAA Site Investigation
Code. In general, descriptions cover the following
properties — soil or rock type, colour, structure,
strength or density, 'and inclusions. Identification and
classification of soil and rock involves judgement and
the Company mfers‘ accuracy only to the extent that
is common in current geotechnical practice.

Scil types are described according to the
predominating particle size and behaviour as set out
in the attached Unified Soil Classification Table
qualified by the grading of other particles present {eg
sandy clay) as set out below:

Soil Classification Particle Size
Clay less than 0.002mm
Silt 0.002 to 0.06mm
Sand 1 0.06 to 2Zmm
Gravel 2 to 80mm

Non-cohesive soils are classified on the basis of
relative density, generally from the results of
Standard Penetration Test {SPT} as below:

Relative Density SPT ‘N’ Value
‘ (blows/300mm)
Very loose less than 4
Loose 4 -10
Medium dense 10 - 30
Dense 30 - BO

Very Dense greater than b0

Standard Sheets\Report Explanation: Notes
August 2001
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Cohesive soils are classified on the basis of
strength  {consistency) either by use of hand
penetrometer, laboratory testing or engineering
examination. The strength terms are defined as
follows.

Unconfined Compressive

Classification Strength kPa

Very Soft less than 2b

Soft 25 - 50

Firm 50 - 100

Stiff 100 - 200

Very Stiff 200 - 400

Hard Greater than 400
Friable Strength not attainabie

- soil crumbles

Rock types are classified by their geological
names, together with descriptive terms regarding
weathering, strength, defects, etc. Where relevant,
further information regarding rock classification is
given in the text of the report. In the Sydney Basin,
“Shale” is used to describe thinly bedded to laminated
siltstone.

SAMPLING

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

Disturbed samples taken during drilling provide
information on plasticity, grain size, colour, moisture
gontent, minor constituents and, depending upon the
degree of disturbance, some information on strength
and structure. Bulk samples are similar but of greater
volume required for some test procedures.

Undisturbed samples are taken by pushing a thin-
walled sample tube, usually 50mm diameter {known
as a UB0D), into the soil and withdrawing it with a
sample of the soil contained in a relatively
undisturbed state. Such samples yield information on
structure and sirength, 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 used
are given on the attached logs.

INVESTIGATION METHODS

The following is a brief summary of investigation
methods currently adopted by the Company and
sorme comments on their use and application. Al
except test pits, hand auger drilling and portable
dynamic cone penetrometers require the use of a
mechanical drilling rig which is commonly mounted
on a truck chassis.

Page 1 of 4



Test Pits: These are normally excavated with a
backhoe or a tracked excavator, allowing close
examination of the insitu soils if it is safe to descend
into the pit. The depth of penetration is limited to
about 3m for a backhoe and up to 8m for an
excavator. Limitations of test pits are the problems
associated with  disturbance and difficulty of
reinstatement and the consequent effects on close-by
structures. Care must be taken if construction is to
be carried out near test pit locations to either properly
recompact the backfill during construction or to
design and construct the structure so as not to be

adversely affected by poorly compacted backfill at

the test pit location.

Hand Auger Drilling: A borehole of 50mm to 100mm
diameter is advanced by manually operated
equipment. Premature refusal of the hand augers can
occur on a variety of materials such as hard clay,
gravel or ironstone, and does not necessarily indicate
rock level.

Continuous Spiral Flight Augers: The borehole is
advanced using 75mm to 115mm diameter
continuous spiral flight augers, which are withdrawn
at intervals to allow sampling and insitu testing., This
is a relatively economical means of drifling in clays
and in sands above the water table. Samples are
returned to the surface by the flights or may be
collected after withdrawal of the auger flights, but
they can be very disturbed and layers may become
mixed. Information from the auger sampling (as
distingt from specific sampling by SPTs or
undisturbed samples) is of relatively lower reliability
due to mixing or softening of samples by
groundwater, or uncertainties as to the original depth
of the samples. Augering below the groundwater
table is of even lesser reliability than augering above
the water table. Use can be made of a Tungsten
Carbide (TC) bit for auger drilling into rock to indicate
rock quality and continuity by variation in drilling
resistance and from examination of recovered rock
fragments.

Wash Boring: The borehole is usually advanced by a
rotary bit, with water being pumped down the driil
rods and returned up the annulus, carrying the drill
cuttings. Only major changes in stratification can be
determined from the cuttings, together with some
information from “feel” and rate of penetration,

Mud Stabilised Drilling:  Either Wash Boring or
Continuous Core Drilling can use drilling mud as a
circulating fluid to stabilise the borehole. The term
“mud” encompasses a range of products ranging
from bentonite to polymers such as Revert or Biogel.
The mud tends to mask the cuttings and reliable
identification is only possible from intermittent intact
sampling {eg from SPT and U50 samples) or from
rock coring, ete.

'Standard Sheets\Report Explanation Notes
August 2001
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Continuous Core Drilling: A continuous core sample
is obtained using a diamond tipped core barrel.
Provided full core recovery is achieved (which is not
always possible in very low strength rocks and
granular soils), this technique provides a very refiable
{but relatively expensive) method of investigation. In
rocks, an NMLC triple tube core barrel, which gives a
core of about 50mm diameter, is usually used with
water flush. The length of core recovered is
compared to the length drilled and any length not
recovered is shown as CORE LOSS. The location of
losses are determined on site by the supervising
engineer; where the location is uncertain, the loss is
placed at the top end of the drill run.

Standard Penetration Tests:  Standard Penetration
Tests {SPT} are used mainly in non-cohesive soils, but
can also be used in cohesive soils as a means of
indicating 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 F3.1.

The test is carried out in a borehole by driving a
50mm diameter split sample tube with a tapered
shoe, under the impact of a 63kg hammer with a free
fall of 760mm. It is normal for the tube to be driven
in three successive: 150mm increments and the ‘N’
value is taken as the number of blows for the last
300mm. In dense sands, very hard clays or weak
rock, the full 450mm penetration may not be
practicable 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 150mm of, say,
4, & and 7 blows, as

N =13
4,8,7

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

N>30
15, 30/40mm

The results of the test can be related empirically to
the engineering properties of the soil.

Occasionally, the drop hammer is used to drive
50mm diameter thin walled sample tubes {UbQ) in
clays. In such circumstarces, the test results are
shown on the borehole logs in brackets.

A modification to the SPT test is where the same
driving system is used with a solid 60° tipped steel
cone of the same diameter as the SPT hollow
sampler. The solid cone can be continuously driven
for some distance in soft clays or loose sands, or may
be used where damage would otherwise occur to the
SPT. The results of this Solid Cone Penetration Test
(SCPT) are shown as "N¢” on the borehole logs,
together with the number of blows per 150mm
penetration.
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Static Cone Penetrometer Testing and Interpretation:

Cone penetrometer testing (sometimes referred 1o as

a Dutch Cone} destribed in this report has been

carried out usingli an Electronic Friction Cone

Penetrometer (EFCR). The test is described in

Australian Standard 1289, Test Fb.1.

In the tests, a 35mm diameter rod with a conical
tip is pushed contintiously into the soil, the reaction
being provided by g 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 frictional resistance on
a separate 134mm long slesve, immediately behind
the cone. Transducers in the tip of the assembly are
electrically connected by wires passing through the
centre of the push rods to an amplifier and recorder
unit mounted on thejcontrol truck.

As penetration occurs (at a rate of approximately
20mm per second] the information is output as
incremental digital récords every 10mm. The results
given in this report have been plotted from the digital
data.

The information provided on the charts comprise:

« 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 as a percentage.

The ratios of the sleeve resistance o cone
resistance will vary with the type of soil encountered,
with higher relative friction in clays than in sands.
Friction ratios ofl 1% to 2% are commonly
encountered in sahds and occasionally very soft
clays, rising to 4%/ to 10% in stiff clays and peats.
Soil descriptions based on cone resistance and friction
ratios are only inferjed and must not be considered as
exact. |

Correlations between EFCP and SPT values can be
developed for both!'sands and clays but may be site
specific. ?

Interpretation of EFCP values can be made to
empirically derive modulus or compressibility values
1o allow calculation of foundation settlements.

Siratification cah be inferred from the cone and
friction traces and|from experience and information
from nearby boreholes etc. Where shown, this
information is presented for general guidance, but
must be regarded as interpretive. The test method
provides a continuous profile of engineering properties
but, where precise information on soil classification is
required, direct drilling and sampling may be
preferable.

Portable Dynamic| Cone Penetrometers: Portable
Dynamic Cone Penetrometer (DCP) tests are carried
out by driving a rpd into the ground with a sliding
hammer and counting the blows for successive
100mm increments of penetration.

Standard Sheets\Report Explanation Notes
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Two relatively similar tests are used:

. Cone penetrometer {commonly known as the
Seala Penetrometer) — & 16mm rod with a 20mm
diameter cone end is driven with a 9kg hammer
dropping 510mm (AS1289, Test F3.2). The test
was developed initially for pavement subgrade
investigations, and correlations of the test results
with California Bearing Ratio have been published
by various Road Authorities,

« Perth sand penetrometer — a 16mm diameter flat
ended rod is driven with a 9kg hammer, dropping
800mm (AS1289, Test F3.3). This test was
developed for testing the density of sands
{originating in Perth) and is mainty used in granular
soils and filling.

LOGS

The borehole or test pit logs presented herein are
an engineering and/or geological interpretation of the
sub-surface conditions, and their reliability will depend
to some extent on the frequency of sampling and the
method of drilling or excavation. ldeatly, continuous
undisturbed sampling or core driliing will enable the
rost reliable assessment, but is not always
practicable or possible or justify on aconomic
grounds. In any case, the boreholes or test pits
represent only & very small sample of the total
subsurface conditions.

The attached explanatory notes define the terms
and symbols used in preparation of the logs.

Interpretation of the information shown on the
logs, and its application to design and construction,
should therefore take into account the spacing of
boreholes or test pits, the method of drilling or
excavation, the frequency of sampling and testing
and the possibility of other than “straight line"
variations between the boreholes or test pits.
Subsurface conditions between boreholes or test pits
may vary significantly from conditions encountered at
the horehole or test pit locations.

GROUNDWATER
Where groundwater levels are measured in

boreholes, there are several potential problems:

« Although groundwater may be present, in low
permeability soils it 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 and may not
be the same at the time of construction.

« The use of water or mud as a drilling fluid will
mask any groundwater infiow, Water has to be
blown out of the hole and drilling mud must be
washed out of the hole or “reverted” chemically if
water observations are to be made.

Moare reliable measurements can be made by
installing standpipes which are read after stabilising at
intervals ranging from several days to perhaps weeks
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for low permeability soils. Piezometers, sealed in a
particular  stratum, may be advisable in low
permeability soils or where there may be interference
from perched water tables or surface water,

FILL

The presenice of fill materials can often be
determined only by the inclusion of foreign objects
{eg bricks, steel etc) or by distinetly unusual colour,
texture or fabric. Identification of the extent of fill
materials will also depend on investigation methods
and frequency. Where natural soils similar to those at
the site are used for fill, it may be difficult with
fimited testing and sampling to reliably determine the
extent of the fill.

The presence of fill materials is usually regarded
with caution as the paossible variation  in density,
strength and material type is much greater than with
natural soil deposits. Consequently, there is an
increased risk of adverse engineering characteristics
or behaviour. If the volume and quality of fill is of
importance to a project, then frequent test pit
excavations are preferable to boreholes. -

LABORATORY TESTING

Laboratory testing is normally 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.

ENGINEERING REPORTS
Engineering reports are prepared by qualified

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

Every care is taken with the report as it relates to
interpretation of subsurface conditions, discussion of
geotechnical. aspects and  recommendations or
suggestions for design and construction. However,
the Company cannot always anticipate or assume
responsibility for:

+ Unexpected variations in ground conditions — the
potential for this will be partially dependent on
borehole spacing and sampling frequency as well
as investigation technique.

+ Changes in policy or interpretation of policy by
statutory authorities.

« The actions of persons or contractors responding
to commercial pressures.

If these occur, the company will be pleased to
assist with Investigation or advice to resolve any
problems occurring.
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SITE ANOMALIES

In the event that conditions encountered on site
during construction appear to vary fram those which
were expectad 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 that 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, 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 comniractual
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.

Copyright in all documents {such as drawings,
barehote or test pit logs, reports and specifications)
provided by the Company shall remain the property of
Jeffery and Katauskas Pty Ltd. Subject to the
payment of all fees due, the Client alone shall have a
licence to use the documents provided for the sole
purpose of completing the project to which they
relate.  license to use the documents may be
revoked without notice if the Client is in breach of
any objection to make a payment to us.

REVIEW OF DESIGN

Where major civil or structural developments are
proposed or where only a limited investigation has
been completed or where the geotechnical conditions/
constraints are quite complex, it is prudent to have a
joint  design review which involves a senior
geotechnical engineer.

SITE INSPECTION
The company will always be pleagsed to provide

engineering inspection  services for geotechnical

aspects of work to which this report is related.
Requirements could range from:

i} a site visit to confirm that conditions exposed are
no worse than those interpreted, to

i} a visit to assist the contractor or other site
personnel in identifying various soil/rock types
such as- appropriate footing or pier founding
depths, or ‘

ili) full time engineering presence on site.

Page 4 of 4
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A.BN. 17 003 550 801 A.C.N. 003 550 801 +

LOG SYMBOLS

Groundwater Record Standing water level. Time delay following completion of drilling may be shown.

Extent of borehole collapse shortly after drilling.

Groundwater seepage into borehole or excavation noted during drilling or excavation.

ER

Samples Soil sample taken over depth indicated, for environmental analysis.

i Ubs9o Undisturbed 50mm diameter tube sample taken over depth indicated.
‘ DB Bulk disturbed sample taken over depth indicated.

ps Small disturbed bag sample taken over depth indicated.

Field Tests . N =17 Standard Penetration Test {SPT) performed between depths indicated by lines. Individual figures
' 4 7. 10 show blows per 150mm penetration. ‘R” as noted below. :

Ne = 5 Solid Cone Penetration Test (SCPT) performed between depths indicated by lines. tndividual figures
show blows per 150mm penetration for 60 degree solid cone driven by SPT hammer. ‘R’ refers to
apparent hammer refusal within the corresponding 150mm depth increment.

7

3R

VNS = 256 vVane shear reading in kPa of Undrained Shear Strength.

Moisture Condition
{Cohesive Soils}

% PID = 100 Photoionisation detector reading in ppm (Soil sample headspace test).
% MC>PL Moisture content estimated to be greater than plastic limit.

} MC~PL Moisture content estimated to be approximately equal to plastic limit.

MC <PL Moisture content estimated to be less than plastic limit.

{Cohesionless Soils) } D DRY - runs freely through fingers.

: M MOIST - does not run freely but no free water visible on soil surface.

w WET - free water visible on soil surface.

Strength {Consistency) VS VERY SOFT
Cohesive Soils

v

Unconfined compressive strength less than 25kPa
5 SOFT - Unconfined compressive strength 25-50kPa

F FIRM - Unconfined cornpressiverstre ngth 60-100kPa

VSt VERY STIFF Unconfined compressive strength 200-400kPa
H HARD - Unconfined compressive strength greater than 400kPa

£ ) Bracketed symbol indicates estimated consistency based on tactile examination or other tests.

Density Index/ Relative Density Index (Io) Range {%} SPT ‘N’ Value Range (Blows/300mm}
Density (Cohesionless .
Sofls) Vi | Very Loose <15 0-4

L Loose 15-3b 4-10
MD Medium Dense 35-85 10-30
D Dense 65-85 30-50
vD Very Dense >B5 >B0

{ ) Bracketed symbol indicates estimated density based on ease of drilling or other tests.

Hand Penetrometer 300 Numbers indicate individual test results in kPa on representative undisturbed material unless noted
Readings .
250 otherwise.

Remarks ' bit Hardened steel 'V' shaped bit-

‘TC’ bit Tungsten carbide wing bit.

I 60 Penetration of auger string in mm under static load of rig applied by drill head hydraulics without
rotation of augers.

Ref. Standard Sheets Log Bymbots
August 2001 :

l S5t STIFF - Unconfined compressive strength 100-200kPa
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LOG SYMBOLS

ROCK MATERIAL WEATHERING CLASSIFICATION

Residuat Soil

Extremely weathered rock xw Rock is weathered to such an extent that it has “soil” properties, ie it either disintegrates or can be
remoulded, in water.

Distinctly weathered rock bw Rock strength usually changed by weathering. The rock may be highly discoloured, usually by
ironstaining. Porosity may be increased by leaching, or may be decreased due to deposition of
weathering products in pores.

Slightly weathered rock ) SwW Rock is slightly discoloured but shows littte or no change of strength from fresh rock.

Fresh rock T N FR Rock shows no sign of decompaosition or staining.

ROCK STRENGTH

Rock strength is defined by the Point Load Strength Index (Is 50) and refers to' the strength of the rock substance in the direction normal to the
bedding. The test procedure is describsed by the Internatinnai Journal of Rock Mechanics, Mining, Science and Geomechanics.. Abstract
Volume 22, No 2, 1985. o . i

‘Extremely Low: | . Easily remoulded by hand to a mater'iaf with soil properties.
- . 0.03 . .
Very Low: VL May be crumbled in the hand, Sandstone is "sugary” and friable,
- 0.1
Low: . . L A piece of core 150mm long x 50mm dia. may be broken by hand and easlly scored
: o | with a knife, Sharp edges of core may be friable and break during handling.
- — : 3 '
Medium Strength: M ) A piece of core 150mm long x 50mm dia. can be broken by hand with difficuity.
_ - 1 - .Readily scored with knife, :
High: _ | H A piece of core 150mm iong x BOmm dia. core cannot be broken by hand, can be
_ _ 3 slightly scratched or scored with knifs; rock rings under hammer.
Very High: VH A piece of core 150mm tong x 50mm dia. may be broken with hand-heid pick after
. more than one blow. Cannot be seratched: with pen knife; rock rings under hammer.
10
Extremely High: EH A piece of core 150mm long x 50mm dia. is very difficult to break with hand-held
. hammer. Rings when struck with a hammer. :

ABBREVIATIONS USED IN DEFECT DESCRIPTION

Bedding Plane Parting Defect orientations measured relative to the normal 1o the long core axis

cs Clay Seam {fe relative to horizontal for vertical holes)

J Joint

P Planar

Un Undufating

s Smooth

R Rough

5 fronstained
XWS Extremely Weathered Seam

Cr Crushed Seam

60t Thickness of defect in millimetres

Ref: Standard Sheets Log Symbols
August 2001
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1 INTRODUCTION

Jubilee Investtl*nents Pty Ltd commissioned Environmental Investigation Services (EIS),
a division of Jeffery & Katauskas Pty Ltd (J&K), to undertake a preliminary
environmental site screening to assess the likelihood of contamination of the
subsurface soils and an acid sulfate soil assessment for the proposed Sector 5
Warriewood Valley Urban Land Release at Jubilee Avenue and Forest Road,
Warriewood, NSW. The site is identified as Lot 1 in DP 5055 and Lot B in DP 370222
{subsequently described as Lot 1 and Lot B} and at the time of the investigation was
occupied by residential buildings, glasshouses and bushland. The site location is
shown on Figure 1 and the investigation was confined to the site boundaries as shown
on Figure 2.

The screening was undertaken generally in accordance with an EIS proposal of
28 February 2005 and Jubilee Investments Pty Ltd acceptance by facsimile of
1 March 2005,

The proposed development consists of subdivision of the site into residential allotments
and construction of one and two storey residential town-houses with carparks, access
roads and gardens.

This report describes the investigation procedures and presents the results of the
preliminary environmental site screening, together with comments, discussion and
recommendations.

A geotechnical investigation was performed -concurrently with the environmental site

screening by J&K and the results are presented in a separate report (Ref. 19312VBrpt,
dated 12th April, 2005).

2 ASSESSMENT OBJECTIVES

2.1 Investigation Objectives

The primary objjective of the investigation was to assess the soil conditions at the site
in relation io %the suitability of the site for the proposed land use. A secondary
investigation dbjective was to undertake an acid sulfate soil assessment for the
proposed land use.

2.2 Scope of Work

The scope of work undertaken to achieve the objective included:

Ref: £19312Frpt.dod April 2005
Last printed 13/04/2005
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Assessment of historical site use, including review of historical aerial
photographs, land title records search, review of the deposited plan and
development applications/building approvals held by Council.

Review of regional geology and groundwater conditions, including the location of
registered groundwater bores and major underground services in the vicinity of
the site.

Search 'of WorkCover Dangerous Goods Licenses for underground fuel storage
tanks (USTS), and investigation/remediation orders issued by the NSW EPA.
Design and implementation of a field sampling program.

Preparation of a report presenting the results of the assessment of potential soil
contamination and acid sulfate soils.

Field work for the investigation was undertaken on 17 and 18 March 2005.

2.3 Data Quality Objectives

The purpose of Data Quality Objectives is to develop criteria to assess the reliability of
the laboratory data. The Data Quality Objectives established for this project are
summarised below:

Collection and analysis of 10% of the field samples as inter-laboratory
duplicates.

Relative percentage differences (RPDs) were calculated for inter-laboratory
duplicates. The RPD was calculated as the absolute value of the difference
between the initial and repeat result divided by the average value, expressed as
a percehtage. The following acceptance criteria were used to assess the RPD
results:

. For results that were greater than 10 times the Practical Quantitation
Limit {PQL) RPDs less than 50% were considered acceptable.

. For results that were between 5 and 10 times PQL RPDs less than 75%
were considered acceptable.

. For results that were less than 5 times the PQL RPDs less than 100%

were considered acceptable.
Review jof iaboratory QA/QC data (including surrogate recovery, repeat analysis,
duplicates, matrix spikes and method blanks).

The success of the Data Quality Objectives is based on assessment of the data set as
a whole and not on individual acceptance or exceedance within the data set.

Rei: £189312Fmpt.dog April 2005
Last printed 13/04/2005
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3 SITE INFORMATION

3.1 Site Description

The site identification details are summarised below:

Site Owner: Jubilee Investments Pty Ltd

Site Address: Jubilee Avenue & Forest Road, Warriewood
Lot & Deposited Plan: Lot 1 in DP 5055 & Lot B in DP 370222
Local Government Authority: Pittwater City Council

Current Zoning: Residential/Commercial

Site Area: Approximately 84,521m?2

AHD: ‘ Approximately 25m

Geographical Location (MGA): N: 627170 E: 340850 (approximately)
Site Locality Plan: Refer to Figure 1

Site Layout Plan Refer to Figure 2

The site compirises of Lot 1 and Lot B. Lot 1 is bound by Narrabeen Creek to the
north, Jubilee jAvenue 1o the north-east, residential buildings to the east, Boundary
Street to the West, Lot B to the south-east and by bushiand to the south. The site is
located in an ' undulating topographic setting that generally falls to the north to
Narrabeen Creek. Relatively flat areas exist at the site together with localized areas of
more steeply sloping topography (up to approximately 8° to 10°) towards the south and
west. The south and west boundaries of the site form a steep cliff face (up to
approximately 20° to 25°) with sandstone outcrops.

Lot B is bound by Hill View GCrescent and Bert Close to the north, Forest Road to the
south, residentﬁal buildings to the east, Lot 1 to the north-west and by bushland to the
west. The site% is located in an undulating topographic setting that generally falls to the
north-east.

At the time of: the investigation the area to the north of Lot 1 was occupied by two
brick buildings and a metal shed with an access road from Jubilee Avenue. Two rows
of eighteen glasshouses were present to the south of the access road. Each
glasshouse covered an area of approximately 112m?2 The area to the south of the
glasshouses was occupied by two metal sheds with a chicken coup. The west, south
and east boundaries of the site were vegetated with moderate to dense undergrowth,
shrubs and medium to large trees. A two storey brick building was located to the
south-west of the site.

Ref: E12312Frpt.doc April 2005
l.ast printed 13/04/2005
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The area to the north of Lot B was occupied by a timber building. The centre section
of the site was occupied by a two storey brick building with a metal carport and
awning. An access road was located from Forest Road to the building. The areas to
the north-east, east and south of the site were vegetated with moderate to dense
undergrowth, shrubs and medium to large trees.

3.2 Regional' Geology and Hydrogeology

The 1:100,000 geological map of Sydney (Map 9130, 1:100,000 Department of
Mineral Resources - 1983) indicates the site is located near the boundary of three
geological profiles. The area to the west of the site is underlain by Hawkesbury
Sandstone, with the Newport Formation to the east of the Hawkesbury Sandstone.
The Newpaort Formation is predominantly sandstone with some shale. To the east of
the site, in the vicinity of the creek the area is underlain by Quaternary alluvium, which
consists of a mixture of sands and clays associated with creek line deposits.

Department oﬁ Infrastructure, Planning and Natural Resources {DIPNR) were researched
for the investigation and indicated that one registered groundwater bores lie within
Tkm of the site. The details are summarised below:

Ref No iApprox. distance | Approx. direction Depth(m) Registered
from site(m) from site Purpose
GW014463 | 850 North-west 1.5 Recreation

The stratigraphy of the site is expected to generally consist of alluvial clayey sandy soil
overlying relatively shallow bedrock. Based on these conditions, groundwater is not
considered to be a significant resource in the area.

3.2.1 Acid Sulfate Soil Risk Map

The acid su[fa!te soil risk maps indicate areas of high risk, low risk and no known
occurrence ofiacid sulfate soils. The Acid Sulfate Soil Risk Map for Hornsby/Mona
Vale (Acid Sulfate Soil Risk Map- 9130 S1 edition 1, December 1995, 1:25000,
Department of Land and Soil Conservation) indicates that the site is located in an area
of “low probability” adjacent to Narrabeen Creek. The map indicates that there is a low
possibility of occurrences of acid sulfate soils associated within soils at depths greater
than 3m. Typical landform types consist of elevated alluvial plains and levees
dominated by |fluvial sediments, plains and dunes dominated by Aeolian soils and
lacustrine and alluvial bottom sediments.

Ref: E19312Frpt.doc April 2005
Last printed 13/04/2005
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The majority of these landforms are not expected to contain acid sulfate soil materials.
However, highly localised occurrences may be found and disturbance of these soil
materials will result in an environmental risk that will vary with elevation and depth of
disturbance.

4  SITE HISTORY ASSESSMENT

4.1 Aerial Photographs

Aerial photographs were reviewed as part of the assessment of the site history. The
following information was obtained:

1930 - The photograph was of very poor quality. The site {Lot 1 & Lot B) and
the immediate surrounds were located within a relatively large area of
bushland. Narrabeen Creek was located to the north of Lot 1. A dirt
track was located to the north of the site at the present location of Mona
Vale Road. '

1961 - The site and immediate surrounds appeared similar to the 1930
photograph. Numerous dirt tracks were located on Lot 1. The area to
the east of the site was partially cleared. A dirt track was located to the
north-east of the site at the present location of Jubilee Avenue.

1961 - Lot 1 was cleared and glasshouses existed over most of the site. Three
rows of glasshouses were located at the centre of the site. A row of
glasshouses was located to the west of the site. A large building was
located on the south-west section of the site. Two small buildings were
located on the north boundary. An unpaved access road ran from Jubilee
Avenue to Lot 1. The area to the north of the Narrabeen Creek
contained glasshouses. The area to the east of Lot 1 was vacant and
cultivated. A small shed was located to the north-west section of Lot B.
The area to the north and north-east of the site contained glasshouses.

1970 - Qot 1 and immediate surrounds appeared similar to the 1961 photograph.
The north-west section of Lot B contained four small buildings
surrounded by cultivated land. A dirt track was located at the present

location of Forest Road. A dirt frack ran from Forest Road to the

buiidings on site.

Ref: E19312Fmpt.dog ' April 2005
Last printed 13/04/2005




Praliminary Sife Confamination And Acid

Suifate Soif Assessment 6
Secior 5 Warrmewood Vafley Land Release M
Warrfawood, MSW

R
T

[

1978 - The site and immediate surrounds were similar to the 1970 phoctograph.
The glasshouses located to the west of Lot 1 had been demolished.

1986

The site and immediate surrounds were similar to the 1978 photograph.
The g¢lasshouses located to the north of Lot 1, adjacent to Narrabeen
Creek had been demolished. Jubilee Avenue and Forest Road were
paved.

1994

The site and immediate surrounds were similar to the 1986 photograph.
A large warehouse with a hardstand area was located to the north-east
of Lot 1. The area to the east of Lot B contained buildings, access roads
and gardens.

2002 - The glasshouses located on the south and west sections of Lot 1 had
been demolished and the land was vacant. Lot B and immediate
surrounds appeared similar to the 1994 photograph.

4.2 Land Title Search

A limited historical land title search is in progress on our behalf by the NSW Land Titles
Office. The results of the search will be forwarded when received.

4.3 Council Becords

A search of iDeveIopment Application (DA} and Building Approval (BA} records/the
property file held by Pittwater City Council is in progress and the results of the search
will be forwarﬂed when received.

4.4 WorkCover Database Records

A records search for underground storage tanks was undertaken on our behalf by
WorkCover. The records did not indicate the existence of any licences for underground
storage tanks at the site.

4.5 NSW EP?A Records

A search of the NSW EPA on line database did not indicate the existence of any EPA

notices for the site under section 58 of the Contaminated Land Managemeni Act
{1997).
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4.6 Summary of Historical Site Use

The search of historical information has indicated the following:

. Aerial photographs indicate that Lot 1 has been used for agricuftural and
residential purposes since at least 1961 and Lot B has been used for residential
purposes since at least 1970.

. There are no recorded notices listed on the NSW EPA register and WorkCover
have no records of underground storage tank licenses issued for the site.

4.7 Potential Contamination Sources

4.7.1 General Contamination Processes

Contamination of surface and subsurface soils generally arises from previous land use
that can include petroleum hydrocarbon and warehouse storage, manufacturing
processes and pesticide and fertiliser usage. Imported fill soils may contain
contaminants derived from unknown sources. Migration of contaminants can occur in
permeable subsurface soil or fill materials and via man-made and natural drainage
systems. The extent of contamination migration is dependent on the hydrogeological
environment and the chemical and physical characteristics of the contaminants.
Contamination migration in clayey soils can be expected to be limited, whilst sandy
soils are conducive to greater spatial migration.

Backfill to selfvice trenches can form contamination migration pathways via poorly
compacted or permeable backfill. Backfill may also be contaminated.

The general history of contamination of sites in the Sydney region indicates that
analysis for héavy metals including lead, copper and zinc should be incorporated in the
schedule of laboratory testing. In addition screening tests should be performed on
selected samples for polycyclic aromatic hydrocarbons (PAHs), organochlorine
pesticides {OCs), polychlorinated biphenyls (PCBs), petroleum hydrocarbons (TPH) and
monocyclic aromatic hydrocarbons {BTEX).

4.7.2 Potential Site Specific Contamination
Potential cont?mination associated with agricultural activities (pesticides, fertilisers,
insecticides etb.) and potentially contaminated uncontrolled fill material imported on-
site are considered to be the main potential contamination sources. No obvious
surrounding land use that would have significant potential for migration of
contamination onto the site was identified.

|

|

\
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4.8 Potentiali Receptors

The main potential contamination receptors are considered to include:

. Narrabeen Creek located adjacent to the north boundary of the site.

. Site visitors, workers and adjacent property owners, who may come inio
contact with contaminated soil and/or be exposed to contaminated dust arising
from construction activity.

. Future site occupants.

4.9 Contaminant Laydown and Transport Mechanisms

At this site, mobile contaminants would be expected to move down to the rock surface
and migrate laterally down-slope from the source. The movement of contaminants
would be expected to be associated with groundwater flow and seepage at the top of
the bedrock.

5 ASSESSM}ENT CRITERIA DEVELOPMENT

5.1 Regulatory Background

In 1997 the NSW Government introduced the Contaminated Land Management Act,
1997 (CLM Act). This act, associated regulations, State Environmental Planning Policy
(SEPP) No.55 - Remediation of Land {1998) and associated NSW EPA guidelines, were
designed to provide uniform state-wide control of the management, investigation and
remediation of contaminated land.

Prior to grantirﬁng consent for any proposed rezoning or development, SEPP55 requires
the consent authority to:

. consider whether the land is contaminated;

. consider whether the site is suitable, or if contaminated, can be made suitable
by remediation, for the proposed land use;

. be satisfied that remediation works will be undertaken prior to use of the site for

the proposed use.

Should the asjsessment indicate that the site poses a risk to human health or the
environment, {emediation of the site is required prior to commencement of the
proposed dev&%lopment works. SEPP55 requires that the relevant local council be
notified of all remediation works, whether or not development consent is required.
Where development consent is not required, 30 days written notice of the proposed
works must be provided to council. Details of validation of remediation work must also
be submitted to Council within one month of completion of remediation works,

Ref: E19312Fmpt.do April 2005
Last printed 13/04/2005



Prefiminary Site Contamination And Acid

Sulfate Soif Assessment 9
Sector 5 Warriewood Valley [and Release T
Warriewood, NSW

[

(i

The consent authority may request that a site audit be undertaken during, or following
the completioﬁ of the site assessment process. Under the terms of the CLM Act the
NSW EPA Site Auditor Scheme was developed to provide a system of independent
review for assessment reports. An accredited Contaminated Site Auditor is engaged to
review reports prepared by suitably qualified consultants to ensure that the
investigation has been undertaken in accordance with the guidelines and confirm that
the sites are suitable for their intended use.

Section 59(2) of the CLM Act states that specific notation relating to contaminated
land issues must be included on S.149 planning certificates prepared by Council where
the land to which the certificate relates is:

. within an investigation or remediation area.

. subject to an investigation or remediation order by the EPA.

. the subiect of a voluntary investigation or remediation proposal.
. the subject of a site audit statement.

Submission of contaminated site investigation and validation reporis to council as part
of rezoning or development application submissions may also result in notation of
actual or potential site contamination on future $S.149 certificates prepared for the site.

Section 60 of the CLM Act sets out a positive duty on an owner, or person whose
activities cause contamination, to notify the EPA if they are aware that the
contamination presents a significant risk of harm.

Off-site disposal of fill, contaminated material and excess soil/rock excavated as part of
the proposed development works is regulated by the provisions of the Protection of the
Environment Dperations Act {POEO Act 1997) and associated regulations and
guidelines inéluding the NSW EPA Environmental Guidelines: Assessment,
Classification and Management of Liquid and Non-liguid Wastes (1999). All materials
should be classified in accordance with these guidelines prior to disposal.

Section 143 of the Protection of the Environment Operations Act 1997 states that if
wasle is transported to a place that cannot lawfully be used as a waste facility for that
waste, then the transporter and owner of the waste are each guilty of an offence. The
transporter andl owner of the waste have a duty to ensure that the waste is disposed
of in an approﬁriate manner.

5.2 Soil Contaminant Threshold Concentrations

The soil investigation levels adopted for this investigation are derived from the NSW
EPA document| Guidelines for the NSW Site Auditor Scheme (1 998) and the National
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Environmental Protection Council document National Environmental Protection
(Assessment of Site Contamination) Measure 1999. The contaminant thresholds listed
below are levels at which further investigation and evaluation is required to assess
whether the site is considered suitable for the proposed urban land use.

To accommodate the range of human and ecological exposure setfings, a number of
generic settings are used on which the Health based Investigation Levels (HILs) can be
based. Four categories of HiLs are adopted for urban site assessments. Contaminant
levels for a standard residential site with gardens and accessible soil (Column A in
Table A-T) are based on protection of a young child resident at the site. The remaining
categories {Columns D to F} present alternative exposure settings where there is
reduced access to soil or reduced exposure time. These categories include residential
land use with limited soil access, recreational and public open space and
commercial/industrial use. Where the proposed land use will include more than one
land use category {eg. mixed residential/commercial development) the exposure setting
of the most “sensitive” land use is adopted for the site.

Threshold concentrations for petroleum hydrocarbon contaminants including total
petroleum hydrocarbons {TPH) and monocyclic aromatic hydrocarbon (BTEX)
compounds have previously been established in the NSW EPA Contaminated Sites:
Guidelines for Assessing Service Station Sites {1994) publication and this document is
referenced in the 1998 Site Auditor Guidelines. Heavy fraction petroleum hydrocarbon
aliphatic/aromatic component threshold concentrations have also been introduced in
the National Environmental Protection (Assessment of Site C‘onfammat;on} Measure
1999 (NEPC Guidelines).

The urban interim Ecological Investigation Levels (ElLs) are generic values based on
phytotoxicity data for plant response to specific contaminants in a sandy loam matrix
and are included in the contaminated site assessment where the proposed land use
includes gardens and accessible soils.

5.2.1 Site Assessment Criteria for Soil Contaminants

The residential exposure setting has been acdopted for this assessment and the
appropriate soil criteria are listed in the following table:
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Site Soil Assessment Criteria {mg/kg)

Contaminant HIL Column A Guidelines for Ecological

Exposure Setting Assessing Service Investigation Levels
Station Sites (1994)

Inorganics

Arsenic {total) 100 20

Cadmium 20 3

Chromium (I} 12% 400

Copper 1000 100

Lead 300 600

Mercury (inorganic) 15 1

Nickel 600 60

Zinc 7000 200

Organic Contaminants

TPH {Cg-Co) 65

TPH {(C10-C38}) 1000

Benzene | 1

Toluene ‘ 1.4

Ethylbenzene : 3.1

Total Xylenes . 14

Total PAHs 20

Benzo(a)pyrene 1

Aldrin + Dieldrin 10

Chlordane ‘ 50

DDT+ DDD + DDE 200

Heptachlor 10

PCBs (Total) . 10

For the purpose of off-site disposal, the classification of 'soil into 'inert', 'solid’,
'industrial’ and ‘hazardous' waste categories is defined by chemical contaminant
criteria outlined in the NSW EPA Environmental Guidelines: Assessment, Classification
and Management of Liquid and Non-Liquid Wastes - 1999. These chemical
contaminant criteria are summarised in Table A-2.

5.3 Evaluatioﬁ of Soil Analysis Data and Contaminant Threshold Concentrations

Assessment of the soil analytical data using the soil contaminant threshold
concentrations has been undertaken in accordance with the methodology outlined in
the MNational Ehvfronmental Protection {Assessment of Sfte Contamination) Measure
(1999) Schedule 7(a) Soil Investigation Levels and the statistical analysis methods
outlined in theﬂVSW EPA Contaminated Sites Sampling Design Guidelines (1995).

\
i
|
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The following criteria have been adopted for assessment of the analytical data:

. For a site to be considered suitable for the proposed land use the 95% Upper
Confidence Limit {(UCL) value of the arithmetic mean concentration of each
contaminant should be [ess than the applicable contaminant threshold
concentration.

. The relevance of localised elevated values must also be considered and should
not be obscured by consideration only of the arithmetic mean of the results. The
resulis must also meet the following criteria:

. the standard deviation of the results must be less than 50% of the soil
assessment criteria; and
. no single value exceeds 250% of the relevant soil assessment criteria.

Where contamination results exceed the site criteria developed above a method of
remediating the site is to physically and selectively remove the contamination hotspots
from the site. This process should be continued until statistical analysis of the data
meets the above criteria. Validation of the remediated site is generally required to
demonstrate that the site is suitable for the proposed land use.

5.4 Acid Sulfate Soil

Acid sulfate soil (ASS) is the common term for naturally occurring soil and sediment
that contains iron sulfides which, when exposed to oxygen generate sulfuric acid.
These soils are formed from iron rich sediment and sulfate {(found in seawater} in the
presence of sulfate reducing bacteria and pleniiful organic matter. These conditions
are generally found in mangroves, salt marsh vegetation or tidal areas and at the
bottom of coastal rivers and lakes. Disturbance and exposure to air of these sulfides,
commonly through drainage or excavation, causes oxidation and the eventual
production of sulfuric acid. This sulfuric acid can then drain into waterways through
groundwater and surface flows. The impacts of acid drainage can include fish kills and
cause disease, oyster damage and mortality, adverse impacts on soil structure and
stability and damage to steel and concrete structures including bridge and buiiding
footings and corrosion of underground pipes.

The NSW gov%ernment formed the Acid Sulfate Soils Management Advisory Committee
(ASSMAC) in 1994 to coordinate a response to acid sulfate soil issues. In 1998 this
group released the Acid Sulfate Soil Manual providing best practice advice for planning,
assessment, 'management, laboratory methods, drainage, groundwater and the
preparation of|acid sulfate soil management plans.
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These guidelines replaced the NSW EPA Guidelines for Land Management in NSW
Coastal Areas, Assessing and Managing Acid Sulfate Soifs (1995) and the Acid Suffate
Soils, Assessment and Management Guidelines, NSW EPA, DUAP and the Acid Sulfate
Soils Management Advisory Committee, Draft, November 1997.

54.1 Assessment Guidelines and Criteria

Assessment of acid sulfate soil conditions and the impacts of the proposed
development are based on information provided in the Acid Sulfate Soil Assessment
Guidelines presented in the ASSMAC Acid Sulfate Soil Manual (1998). The guidelines
include information on how to assess whether the site is likely to be within an acid
sulfate soil area, whether an acid sulfate soil management plan should be prepared,
and how to develop mitigation methods for the proposed development.

The assessment guidelines include recommendations for the density of sampling
locations with the site. A minimum of four sampling locations should be undertaken
for site with an area up to 1 Ha in size to assess development constrainis. The
sampling locations should include all areas where significant disturbance of soils will
occur and/or areas with a high environmental sensitivity. In some instances more
intensive sampling, at a density of 50m to 70m grid spacing may be necessary.

The depth of fnvestigation should be at least one metre beyond the depth of proposed
excavation/disturbance or estimated drop in watertable height, or to a minimum of two
metres below existing ground level, whichever is greatest.

Standard methods for the laboratory analysis of samples are presented in the
Laboratory Methods Guidelines presented in the ASSMAC Acid Sulfate Soil Manual
{1998). The principie analytical methods are:

* TOS - Total Oxidisable Sulfur;

* POCAS - Peroxide Oxidation Combined Acidity and Sulfate.

POCAS testing provides a greater understanding of oxidisable sulfur content of the soil,
particularly where the sail pH is less than 5.5 and is generally the preferred method.

The assessment guidelines include “action criteria” for the assessment of laboratory

analysis results and provide trigger levels for the preparation of an acid sulfate soil
management plan.
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For developments where greater than 1000 tonnes of acid sulfate soil material will be
disturbed the following “action criteria” apply for medium textured soils {5-40% soil is
<0.002mm diameter}:

* pH- less than 5.5

* Acid Trail Criteria: TPA/TSA (pH5.5) — greater than 18mol H*/tonne.

* Sulfur Trail Criteria: Spps — greater than 0.03% sulfur oxidisable.

Levels of oxidisable sulfur within a soil or sediment can indicate the risk to the
environment if the sail is disturbed. For all soils with results greater than the “action
criteria” a soil management plan must be developed to manage the potential harm to
the environment. As a general rule the highest resuit from either the “acid trail” or
“sulfur trail” should be used as the action criteria.

6 ASSESSMENT PLAN AND METHODOLOGY

The NSW EPA Sampling Design Guidelines (1995] for contaminated site investigations
state a minimum of 95 evenly spaced sampling points should be undertaken for a site
of this size (approximately 84,521m2). A total of 29 sampling locations were
undertaken for the Phase 1 preliminary investigation. This density is considered to be
adequate for a preliminary investigation. Samples were obtained from the 13
geotechnical boreholes that were disiributed relatively evenly over the site. An
additional 16 locations (Ref Figure 3) were sampled from the glasshouses {composite
samples with 2 sub-samples from each glasshouse) to target potential past use and
spillage/contamination etc. associated with glasshouse agricuitural production.

The 13 geotebhnicai boreholes were drilled on a relatively uniform grid with a spacing
of up to 120m between sampling points. A systematic sampling plan was considered
most appropriate for this investigation as:

. no specific potential contaminant sources were identified by the available site
history {apart from the glasshouses described below).
. the distribution of contamination is expected to be associated with imported

potentially contaminated fill material and is therefore likely to be random.

The 16 additional samples from the glasshouses were collected on a judgemental

sampling plan with a spacing of up to 20m between sampling points (two locations per

glasshouse}. A judgemental sampling plan was considered most appropriate for the

additional sampling as:

. specific potential contaminant source associated with agricultural activities in
the glasshouses were identified by the available site history and site visit.
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. the dis&ribution of contamination is expected to be associated with the use of
chemicals ({fertilisers, pesticides, insecticides, etc) in the glasshouses and is
therefore likely to be localised.

7 INVESTIGATION PROCEDURE

7.1 Subsurface Investigation and Soil Sampling Methods

Subsurface investigations were undertaken using a truck mounted hydraulically
operated drill rig equipped with spiral fiight augers. Soil samples were obtained from a
Standard Penetration Test (SPT) sampler or directly from the auger when conditions did
not allow use of the SPT sampler.

The SPT sampler was washed with phosphate free detergent and rinsed following each
sampling event. The spiral flight augers were decontaminated using a scrubbing brush
and potable water and Decon 90 solution {phosphate free detergent) followed by
rinsing with potable water. Sampling personnel used disposable Nylex gloves during
sampling activities.

Soil and rock samples were obtained at various depths, based on observations made
during the field investigation. All samples were placed in glass jars with plastic caps
and teflon seals with minimal headspace. During the investigation, samples were
preserved by immediate storage in an insulated sample container with ice. Each
sample was labelled with a unigue job number, the sampling location, sampling depth
and date. All samples were recorded on the borehole logs presented in Appendix A and
on the chain of custody {COC) record presented in Appendix B.

On completioh of the fieldwork, the samples were delivered in the insulated sample
container to a NATA registered laboratory for analysis under standard chain of custody
procedures. Detailed EIS field sampling protocols are included in Appendix D.

7.1.1 Photoionisation Detector {(PID) Screening

A portable PID was used in this investigation to assist with selection of samples for
laboratory hydrocarbon (TPH/BTEX) analysis. The PID is sensitive to volatile organic
compounds. %The sensitivity of the PID is dependent on the organic compound and
varies for diffbrent mixtures of hydrocarbons.” Some compounds give relatively high
readings and some can be undetectable even though present in identical
concentrations. The portable PID is best used semi-quantitatively to compare samples
contaminated by the same hydrocarbon source.
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The PID is cafibrated before use by measurement of an isobutylene standard gas. All
the PID measurements are quoted as parts per million (ppm) isobutylene equivalents.

Photoionisation detector (PID} screening of detectable volatile organic compounds
(VOC) was undertaken on soil samples using the soil sample headspace method. VOC
data was obtained from partly filled glass jar samples following equilibration of the
headspace gases. The PID headspace data is included on the COC documents.

7.2 Laboratc)rv Analysis

7.2.1 Soil Samples

Analysis of soil samples was undertaken by NATA registered laboratory using
analytical methods detailed in the Schedule B{3) NEPC (1999) Guideline on Laboratory
Analysis of Potentially Contaminated Soils. Laboratory analysis was undertaken by
SGS Environmental Services Pty Ltd (NATA Accreditation No. 2562).

For this investigation selected soil samples were analysed for contaminants using the
following laboratory techniques:

. Heavy metals - Nitric acid digestion. Analysis by [CP.

o Low level mercury - cold vapour AAS.

- OC/OP: pesticides and PCBs - Extracted with acetone/hexane. Analysis by
GC/ECD.

. PAHs — Soil extracted with dichloromethane/acetone. Analysis by GC/MS.

. TPH (vblatile) - Soil extracted with methanol. Analysis by P&T GC/PID.

. TPH - Soil extracted with dichloromethane/acetone. Analysis by GC/FID.

. BTEX — Soil extracted with methanol. Analysis by P&T PID. Confirmed with
columni flame ionisation detection.
. Acid Sulphate Soil - Peroxide Oxidation-Combined Acidity and Sulfate (POCAS)

7.3 Composites

Composite samples were prepared in the laboratory from equal masses of near surface,
similar soil type sub-samples from the glasshouses in order to provide economical
screening for| non-volatile heavy metals and organic pesticide contaminants. The
assessment of contaminant concentrations must take into account the possibility that
only one of the individual sub-samples forming the composite is contaminated. The
maximum possible concentration is calculated by multiplying the composite result by

the number of individual sub-samples in the composite. In the case of two sub-
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samples forming the composite, the maximum potential concentration of any
contaminant is two times the measured composite concentration.

8 RESULTS OF INVESTIGATION

8.1 Subsurface Conditions

Site details and borehole iocations are shown on Figure 2. For details of the
subsurface soil profile reference should be made to the borehole logs in Appendix A. A
summary of the subsurface conditions encountered by the boreholes is presented
below:

Topsoil
Topsoil was encountered in all boreholes except BH1, BH5, BH10 and BH11 to
depths, of approximately 0.2m to 0.5m. The silty sand topsoil was generally
fine to medium grained and grey to dark grey. The topsoil generally contained
traces of rootlets and sandstone gravel.

Fill :
Fill was encountered in BH1, BH5 and BH11 to depths of approximately 0.1m to
3.9m. The gravely sandy fill was generally fine to medium grained and grey to
grey brown. The fill generally contained sandstone and .ironstone gravel and
traces of clay fines.

Natural Soils
Natural soils were encountered in all the boreholes except BH12 (BH12
encountered fill directly overlying sandstone} to depths of approximately 1.0m
to 6.0m. BH2, BH3, BH4, BH5, BH6, BH7, BH8 and BH9 encountered siity
sand overlying clayey sand. The silty sand was generally fine to medium
grained and light grey to orange brown. The clayey sand was generally fine to
medium grained with medium plasticity clay and grey brown to light grey
mottled red brown. BH1, BH10, BH11 and BH13 encountered clayey sand
underl%ing the bedrock. The clayey sand was generally fine to medium grained
with medium plasticity clay and brown mottled grey to orange mottled brown.
The clayey sand in BH10 and BH13 contained ironstone gravel.

Bedrock
Sandstone bedrock was encountered in BH3, BH4, BH10 and BH12 at depths of
approxi‘ ately 0.2m to 3.1m. The sandstone was generally fine to medium
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graineq, extremely to distinctly weathered and light grey to red brown. The
sandstone corntained iron indurated bands.

Groundwater
Seepage was encountered in BH1, BH2, BH5, BH6 and BH7 during drilling to
depths of approximately 4.0m to 5.0m. Seepage was not encountered in BH3,
BH4, BHS, BH9, BH10, BH11, BH12 and BH13 during or after the completion of
drifling: Standing water levels were recorded in BH5 and BH7 twenty four hours
after completion of drilling at depths of approximately 4.0m to 5.5m.

8.2 Laboratdrv Results - Soil

The Iaboratoré/ analysis results for soil samples are summarised in Table B to Table E
inclusive and analysis reports are presented in Appendix B. The site soil assessment
criteria for the investigation are specified in the “Site Assessment Criteria for Soil
Contaminants” section earlier in this report. The resulis of the analyses are
summarised below.

Sixteen comppsite glasshouse soil samples were prepared in the laboratory to provide
economical screening for heavy metals and organic pesticide contaminants. Composite
details are as follows:

* Composite 1 = GH1A (0.0-0.1m) & GH1B (0.0-0.1m)

* Composite 2 = GH2A (0.0-0.1m) & GH2B (0.0-0.1m)

* Composite 3 = GH3A (0.0-0.1m) & GH3B (0.0-0.1m)

» Composite 4 = GH4A (0.0-0.1m) & GH4B (0.0-0.1m)

* Composite 5 = GH5A (0.0-0.1m) & GH5B (0.0-0.1m)

+ Composite 6 = GHBA (0.0-0.1m) & GH6B (0.0-0.1m)

* Composite 7 = GH7A (0.0-0.1m) & GH7B (0.0-0.1m)

« Composite 8 = GH8A (0.0-0.1m) & GH8B (0.0-0.1m)

* Composite 9 = GHOA (0.0-0.1m) & GHOB (0.0-0.1m)

* Composite 10 = GH10A (0.0-0.1m) & GH10B (0.0-0.1m)
Composite 11 = GH11A (0.0-0.1m) & GH11B (0.0-0.1m)

Composite 12 = GH12A (0.0-0.1m) & GH12B (0.0-0.1m)

Composite 13 = GH13A (0.0-0.1m) & GH13B (0.0-0.1m)

Composite 14 = GH14A (0.0-0.1m) & GH14B (0.0-0.1m)

Composite 15 = GH15A (0.0-0.1m) & GH15B (0.0-0.1m)

Composite 16 = GH16A (0.0-0.1m) & GH16B (0.0-0.1m)

NN S S [ N B B

Comparison of the composite sample results to guideline levels below is based on
adjusting the guideline levels to reflect the composite nature of the samples.

Ref: E19312Fmpt.doe April 2005
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Heavy Metals '
Fourteen individual soil samples were analysed for heavy metals. The results of
the analyses were below the site assessment criteria.

Sixteen composite soil samples were analysed for heavy metals. The results of
the analyses were below the site assessment criteria.

Petroleum Hydfocarbons {TPH] and Monocyclic Aromatic Hydrocarbons (BTEX)
PID headspace readings on all samples screened for this investigation were zero.
Fourteen individual soil samples were analysed for petroleum hydrocarbons and
BTEX compounds. The results of the analyses were below the site assessment
criteria.

Polycyclic Aromatic Hydrocarbons (PAHs)
Fourteen individual soil samples were analysed for a range of PAHs including
Benzola)pyrene. The resuits of the analyses were below the site assessment
criteria.

Organochlorine (OC} Pesticides and Organophosphate {OP) Pesticides _
Fourteen individual soil samples were analysed for a range of OC pesticides.
The resmts of the analyses were below the site assessment criteria.

Sixteenhomposite soil samples were analysed for a range of OC and OP
pesticides. The results of the analysis were below the site assessment criteria.

Polychlorinated Biphenyls (PCBs)
Fourteen individual soil samples were analysed for a range of PCBs. The resulis
of the analyses were below the site assessment criteria.

PID Screening -‘ Volatile Organic Compounds {VOCs)
PID soiﬂ sample headspace readings were all zero ppm equivalent isobutylene.
These resuits indicate a lack of PID detectable volatile organic contaminants.

Asbestos
Thirteen soil samples were analysed for asbestos. Sample BH9 {0.0m to 0.1m)
was found to contain Chrysotile and Amosite asbestos.

Ref: E18312Frpt.dog April 2005
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Acid Sulphate Soil
Seven individual soil samples were analysed for acid sulfate soils (Peroxide
Oxidation-Combined Acidity and Suifate). The results of the analyses are
summarised below:

Sample Depth Soil pHi pHox Spos TSA TPA
Location| (metres) Type Yowu/wv mol mol
H+ Aonne | HT /tonne

BH1 5.5-6.0 Silty Sand 4.5 3.5 <0.005 12.2 48.9
BH2 2.5-3.0 Clayey Sand 4.5 3.8 <0.005 245 44.3
BH5 4.0-4.5 Clayey Sand 5.8 7.2 0.006 <10.2 < 10.2
BiH6 4.0-4.5 Clayey Sand 5.0 4.4 0.009 36.7 44.8
BH7 5.5-6.0 | Clayey Sand 4.7 4.1 0.006 <10.2 40.8
BHS 4.0-4.5 Clayey Sand 4.3 3.5 0.008 25.0 59.1
BH13 4.0-4.5 Clayey Sand 4.6 4.1 0.009 <10.2 46.9

TSA results for samples BH2, BH6 and BH9 were greater than the ‘action
criteria’ of 18molH T /tonne soil. The TPA results for all the samples except
BH5 were greater than the ‘action criteria’ of 18molH ¥ /tonne soil. The ‘sulfur
trail” results {Spos%]) for all samples were less than the ‘action criteria’ of
0.03%.

The results indicate that the soil is naturally acidic and is not considered to be
caused by the sulfide content of the soil.

8.3 Assessment of Analytical QA/QC

The objective of the assessment of the laboratory QA/QC is to ensure that the sample
data is reliable. All laboratory reports for project E19312F have been checked and
issued as final by the following NATA Registered Laboratories unless stated otherwise:

. Laboratory SGS Laboratories Pty Lid
NATA Accreditation No. 2562
Report numbers: 36066, 36066A

Chain of custody documentation and/or sample receipt advice notices were signed and
dated by SGS laboratory stating that all samples were received cool, in good order and
in suitable containers. . Compliance of holding times was met for all analyses
undertaken by the above laboratory. EIS and laboratory QA/QC procedures for the site
screening are summarised in the following table:

Ref: E19312Frpt.doe April 2005
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QA/QC Procedure
Contaminant Total no. of Repeat Matrix Lab Surrogate
Samples Analysis Spike Blank Spike
Heavy metals 30 2 2 2 -
TPH 14 1 1 1 -
BTEX 14 1 1 1 14
PAH 14 1 1 1 14
PCB 14 1 - 1 14
OC pesticides 30 2 2 2 30
OP pesticides 16 1 1 1 16
Asbestos 13 - - - -
POCAS 7 1 - 1 -

The following comments are an overall summary of the quality of the analytical
component of the project:

1. Sample integrity and container requirements were documented as satisfactory.

2. All sample and extraction and analyses were performed within the required
hoiding times. o

3. Matrix spike duplicate and surrogate recovery values indicated that the
laboratory accuracy was very good, and that no outliers were reported.

4. All method blanks were found to be free of analyte concentrations above the
PQLs.

The QA/QC data reported by SGS laboratory for the documented soil samples were
assessed to be of sufficient quality to be considered acceptable for the environmental
assessment of EIS project E19312F.

9 COMMENTS AND RECOMMENDATIONS

The preliminary environmental site screening undertaken for the proposed Sector 5
Warriewood Valley Urban Land Release at Jubilee Avenue and Forest Road,
Warriewood, was designed to assess the suitability of the site for the proposed land
use.

The proposed pevelopment consists of subdivision of the site into residential allotments
and constructipn of one and two storey residential town-houses with carparks, access
roads and gardens.

|
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The site screéning included performance of a site inspection, review of historical site
use, including examination of regional aerial photographs and review of geology and
groundwater conditions.  Historical information and inspection of the site and
surrounding areas did not indicate any obvious on-site or nearby off-site activity that
could be expected to generate significant soil or groundwater contamination apart from
potential coniamination associated with agricuftural activities (pesticides, fertilisers,
insecticides eic). The site soil/fill sampling was subsequently undertaken on the basis
of a relatively uniform exploration spacing apart from specific investigation in the
vicinity of the glasshouses.

The results of the laboratory tests on selected soils samples covered a range of
contaminants commonly encountered in the Sydney region. Elevated levels of
contaminants were not detected in the samples analysed. All results were less than
appropriate Health Investigation Levels.

Asbestos fibrés were detected in a fill soil sample from BHS (0.0m to 0.1m). Surface

- rubble was éncountered at this location. There was no visual indication of the

presence of asbestos in the fill soil sample. No fibre cement sheeting fragments were
detected during inspection of the site during the geotechnical.investigation. The
detection of the asbestos fibres appeared to be an anomaly as all other asbestos
results were hegative {thirteen analyses in total). Further inspection by an asbestos
specialist is recommended, together with additional surface soil sampling of the area
surrounding the BH9 location to better assess the fill soil.conditions. In the event that
additional asbestos is encountered, a remedial strategy will be necessary for the site.

In order to assess the presence of actual or potential acid sulfate soil, Peroxide
Oxidation-Corﬁnbined Acidity and Sulfate (POCAS) analyses were undertaken on selected
soil samples dbtained during the investigation. Analyses of samples has indicated that
there is a véry low potential for the generation of actual acid sulfate conditions
following the disturbance of the natural soils at the site. The acidic nature of the soil is
not considereéj to be caused by the sulfide content of the soils. Preparation of an acid
sulfate soil management plan is not considered necessary for the proposed
development.

The acidic naiture of the natural soils at the site should be taken into consideration
when foundations are designed for the proposed development. Concrete that may
come into contact with these soils (ie. building piled footings, floor slabs and driveway
pavements} should be designed to resist acid and sulfate attack. Reference should be
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made to the Cement and Concrete Association of Australia Technical Note TN57 for
appropriate precautionary measure.

Further analysis of samples for waste classification will be required if off-site disposal
of excess soil is undertaken as part of the proposed development. Fill and
contaminated soil disposal costs are significant and may affect project viability. These
costs should 'be assessed at an early stage of the project development to avoid
significant future unexpected additional costs.

Groundwater was not encountered in most of the boreholes drilled for this project (to a
maximum depth of 6m). Groundwater is not considered to be a significant resource in
the area and on this basis has not been considered in any further detail for this
screening.

The boreholes drilled for the investigation have enabled an assessment to be made of
the existence of significant, large quantities of contaminated soils. The conclusions
based on this investigation are that, while major contamination of the site is not
apparent, problems may be encountered with smaller scale features between
boreholes.  EIS adopts no responsibility whatsoever for any problems such as
underground storage tanks, buried items or contaminated material that may be
encountered between sampling locations at the site. The proposed construction
activities at the site should be planned on this basis, and any unexpected problem
areas that are? encountered between boreholes should be immediately inspected by
experienced erfvironmental personnel. This should ensure that such problems are dealt
with in an aphropriate manner, with minimal disruption to the project timetable and
budget.

During demolition works, the site should be inspected by experienced environmental
personnel to assess any unexpected conditions or subsurface facilities that may be
discovered between investigation locations. This should facilitate appropriate
adjustment of the works programme and schedule in relation to the changed site
conditions,

Based on the scope of work undertaken, the site is considered to be suitable for the
proposed development provided that a suitably qualified asbestos consultant inspects
the site. Normal good engineering site management practice including control of run-
off and dust suppression is recommended during earthworks and construction.
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10 LIMITATIONS

The conclusions developed in this report are based on site conditions which existed at
the time of the site assessment. They are based on investigation of conditions at
specific locations, chosen to be as representative as possible under the given
circumstances, and visual observations of the site and vicinity, together with the
interpretation of available historical information and documents reviewed as described
in this report.

Subsurface soil and rock conditions encountered between investigation locations may
be found to be different from those expected. Groundwater conditions may also vary,
especially after climatic changes.

Previous industrial use of this site may have involved excavation for the foundations of
buildings, services, and similar facilities. In addition, unrecorded excavation and burial
of material méy have occurred on the site. Backfilling of excavations could have been
undertaken with potentially contaminated material that may be discovered in discrete,
isolated locations across the site during construction work.

During construction at the site, soil, fill and any unsuspected materials that are
encountered should be monitored by qualified environmental and geotechnical
engineers to confirm ass‘l.imptions made on the basis of the limited investigation data,
and possible changes in site level and other conditions since the investigation. Soil
materials considered to be suitable from a geotechnical point of view may be
unsatisfactory from a soil contamination viewpoint, and vice versa.

This report has been prepared for the particular project described and no responsibility
is accepted fqr the use of any part of this report in any other context or for any other
purpose. Copyright in this report is the property of EIS. EIS has used a degree of care,
skill and diligence normally exercised by consulting engineers in similar circumstances
and locality. No other warranty expressed or implied is made or intended. Subject to
payment of all fees due for the investigation, the client alone shall have a licence to
use this report.
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Should you require any further information regarding the above, please do not hesitate
to contact us.

Yours faithfully
For and on behalf of
ENVIRONMENTAL INVESTIGATION SERVICES

»“7; - - N

\ulied .8
Vittal Boggaram
Environmental Scientist

A Lt

E H Fletcher
Principal Engineer
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AAS
AHD
ANZECC
B{a)P
BH
BTEX
cocC

DP

DQo
EiL

EPA NSW
GC-ECD
GC-FiD
GC-MS
HIL

HM
ICP-AES
NATA
NEPC
NHMRC
OCPs
PAH
PCBs
FID

PQOL
P&T
RPD
SWL

TP

TPH
USEPA
UsT
vOC
UCL

I

W

ABBREVIATIONS

Atomic Absorption Spectrometry

Australian Height Datum

Australian and New Zealand Environment Conservation Council
Benzo{a}Pyrene

Borehole

Benzene, Toluene, Ethyl benzene, Xylene

Chain of Custody documentation

Deposited Plan

Data Quality Objective

Ecological Investigation Level

Environment Protection Authority, New South Wales
Gas Chromatograph-Electron Capture Detector

Gas Chromatograph-Flame lonisation Detector

Gas Chromatograph-Mass Spectrometer

Health Based Investigation Level

Heavy Metals

Inductively Couple Plasma — Atomic Emission Spectra
National Association of Testing Authorities, Australia
National Environmental Protection Council

National Health and Medical Research Council
Organochlorine Pesticides

Polycyclic Aromatic Hydrocarbons

Polychlorinated Biphenyls

Photoionisation Detector

Practical Quantitation Limit

. Purge & Trap

" Relative Percentage Difference
- Standing Water Level

- Test Pit

Total Petroleum Hydrocarbons
United States Environmental Protection Agency

. Underground Storage Tank

Volatile Organic Compounds
Upper Confidence Limit
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1 REFERENCE BOCUMENTS

. ANZECC/ARMCANZ {2000) Australian and New Zealand Guidelines for Fresh
and Marine Water Quality.

. DUAP/NSW EPA (1998) Managing Land Contamination: Planning Guidelines
SEPP 55 - Remediation of Land.

. NEPM = (1999) National Environmental Protection (Assessment of Site
Contamination) Measure {(NEPC Guidelines).

. NSW EPA (1994} Contaminated Sites: Guidelines for Assessing Service Station
Sites.

. NSW EPA (1995) Contaminated Sites: Sampling Design Guidelines.

. NSW EPA (1997) Contaminated Sites: Guidelines for Consultants Reporting on
Contaminated Sites.

. NSW EPA (1998) .Contaminated Sites: Guidelines for the NSW Site Auditor
Scheme.

. NSW EPA (1999) Contaminated Sites: Guidelines on Significant Risk of Harm
and the Duty to Report.

. NSW EJPA (1999) Environmenta! Guidelines: Assessment, Classification and
Management of Liquid and Non-liquid Wastes.

- NSW Législation (1997) Contaminated Land Management Act.

d NSW Legislation (1997) Protection of the Environment Operations Act No156
which includes Schedule 2 of the Clean Waters Regulations 1972 made under
the Clean Waters Act (1970).
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ENVIRGNMENTAL INVESTIGATION SERVICES

IMPORTANT INFORMATION ABOUT YOUR
ENVIRONMENTAL SITE ASSESSMENT

These notes have been prepared by Environmental Investigation Services (EIS) to
assist with the assessment and interpretation of this assessment report.

An Environmental Assessment Report Is Based on a Unique Set of Project Specific

Factors

This assessment report has been prepared in response to specific project

requirements as stated in the EIS proposal document which may have been limited

by instructions from the client. This report should be reviewed, and if necessary,

revised if any of the following occur: ;

e the proposed land use is altered;

» the defined subject site is increased or subdivided:

* the proposed development details including size, configuration, location,
orientation’ of the structures are modified;

» the proposed development levels are aitered, eg addition of basement levels; or

¢ ownership of the site changes.

EIS/J&K will hot accept any responsibility whatsoever for situations where one or

more of the above factors have changed since completion of the assessment. If the

subject site is sold, ownership of the assessment report should be transferred by

EIS to the new site owners who will be informed of the conditions and limitations

under which the assessment was undertaken. No person should apply an

assessment for any purpose other than that originally intended without first

conferring with the consultant. ‘

Chariges in Subsurface Conditions

Subsurface conditions are influenced by natural geological and hydrogeological
process and human activities. Groundwater conditions are likely to vary over time
with changes iin climatic conditions and human activities within the catchment (eg.
water extraction for irrigation or industrial uses, subsurface waste water disposal,
construction related dewatering). Soil and groundwater contaminant concentrations
may also vary over time through contaminant migration, natural attenuation of
organic contaminants, ongoing contaminating activities and placement or removal of
fill material. The conclusions of an assessment report may have been affected by
the above factors if a significant period of time has elapsed prior to commencement
of the proposed development.

This Assessment Is Based on Professional Interpretations of Factual Data

Site assessments identify actual subsurface conditions at the actual sampling
locations at the time of the investigation. Data obtained from the sampling and
subsequent laboratory analyses, available site history information and published
regional information is interpreted by geologists, engineers or environmental
scientists and; opinions are drawn about the overall subsurface conditions, the
nature and extent of contamination, the likely impact on the proposed development
and appropriate remediation measures. Actual conditions may differ from those
inferred, because no professional, no matter how qualified, and no subsurface
exploration prJlgram, no matter how comprehensive, can reveal what is hidden by
earth, rock 'an\d time. The actual interface between materials may be far more
gradual or abrppt than an assessment indicates. Actual conditions in areas not

Ref: ESA Info
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TABLE A-1

ENVIRONMENTAL AND HEALTH-BASED SOIL INVESTIGATION LEVELS (mg/kg)

Health Investigation Levels (HILs)’
‘Standard)‘aresidential D 2 F NS_W EPA
acsesable i eme. | Fosdertelvit Interim Urban | 3tidelines
grown produce minimal ) | Ecological for . Back-
Substances cantributing less than °'l%°§§2-'t§§§;ﬂ ’:’" Parks, recreational c‘i’;“’!zz::"'r'gd‘.‘ma" G1C Assessing| ground
10% of vegetabls and dw:IEn < with ﬁfﬂ open space and Su‘;h e sﬁc ”;':iz Investigation Service Ranges'
fruit m_t?kE: no and pegrmamsnﬂyy . piaying fields: offices as vfell = |Levels (EILS)1 3 9
p_uultryg. includes paved yard spage includes secondary factories and indusirial Station
chxldrg:ririiy-cara such as high-riss schools sites Sitesz
Kinderga rtelns. apampents and
preschools and Hats
primary schools
METALS/METALLOIDS
Arsenic {total) 160 400 200 500 20 1-50
Barium 300 100-3000
Beryllium 20 80 40 100
Cadrmium 20 80 40 100 3 1
Chromium(I11) 12% 48% 24% 60% 400
Chromium{V1) 100 400 200 500 1
Chromium (total) - 5-1000
Cobalt 100 400 200 500 1-40
Copper 1000 4000 2000 5000 100 . 2-100
Lead 300 1200 600 1500 600 2-200
Manganese 1500 6000 3000 7500 500 850
Methyi mercury 10 40 . 20 50
Mercury (inorganic) 15 60 3G - 75 1 0.03
Nickel . 600 2400 600 3000 . 60 5-500
Vanadium 50 20-500
Zinc N o 7000 28000 14000 - 35000 200 10-300
ORGANICS |
Aldrin + Dialdrin 3 10 40 20 50
Chlordane 50 200 100 250
DDT + DDD + DDE 200 800 400 1000
Heptachlor 10 40 20 50
Polycyclic aromatic 20 80 440 100
hydrocarbons {PAHs)
Benzo{a)pyrene 1 4 2 5
Phenaol 8500 34000 17000 42500
PCBs (total) 10 40 20 50
Patroleum Mydrocarbon
Components (canstifuents)]
>C16 - C35 Aromatics S0 360 180 450
>C16 - C35 Aliphatics 5600 22400 11200 28000
>(C35 Aliphatics 56000 224000 112000 280000
C6-C9o 65
C10-C40 1000
Benzens 1
Toluene 1.4
(Ethyl Benzene 3.1
Total Xylenes 14
OTHER
Boron 3000 12000 8000 15000
Cyanides (complexed) 500 2000 1000 2500
Cyanides (ireg) 250 1000 500 1250
Phospnorus 2000
Suifur 600
Sulfate 2000

Reference should be made to the following guidelines for further detalls (as referenced in the above table):

1 National Environment Brotection {Assessment of Sita Contamination) Measure - 1989, National Environment Pratection Couril.

setlings based on Jand use Have been established for HILs and details are outlined in Taylor and Langley 1998.
2 NSW EPA Guidslines for Assessing Service station Sites - 1994,

Human exposure

Ref: NEPM Guidelines - January 2001
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TABLE B
SUMMARY OF LABORATORY TEST DATA
HEAVY METALS - SOILS
All data in mg/kg unless stated otherwise

ANALYTE ‘ Arsenic | Cadmium | Chromium|  Copper Lead Mercury Nickel Zing
PQL - 8GS 3 G5 0.5 0.5 2 0.05 0.2 0.5
Guidaline conceniration-HIL * 100 20 12% 1000 3G0 15 600 7000
Guideline concentration -EJL * 20 3 400 100 600 ] 1 &80 200
SAMPLE (Depth in matres)

BH1 {0.0-0.1) LPQL LPQL 1 LPQL LPQL LPQI. 0.2 4
BHT {1.2-1.5) LPQL LPQL 2 LPQL 2 LPQL 0.3 4
BHz (3.0-0.1) LPQL LPQL 3 24 20 LPQL i 56
BH3 (0.0-0.1} LPQI. LPQL 5] 4 17 0.1 0.8 37
BH4 (0.0-0.1) LPQL LPQL 3 9 44 LPQL 1 80
BH5 (0.0-0.1) LPQL LPQL 0 8 12 LPQL 11 130
BH6 (0.0-1.0) LPQL LPQIL 10 36 38 0.1 4 250
BH7 {0.0-0.1) LPQL LPCH, 2 9 27 LPQIL 0.9 49
BHS {0.0-0.1) LPQI, LPOL LPQL 0.9 LPQL. LPQL 0.3 5
BHS (G.5-0.9} ] LPQL LPQL 8 100 86 _PQL 3 330
BH10 (0.0-0.1) ; _PQL LPQL 22 15 11 LPQL 50 44
BH11 (C.0-0.1) : LPQL LPQIL. 35 38 15 LPQL, 120 67 -
BH12 (0.0-0.1) LPQI LPQL 8 i 7 LPQL 3 g
BH13 (0.0-0.1} : LPQL LPQL 4 8 23 LPQL 2 40
Total no. of samples 14 14 14 14 14 14 14 14
Maximum Value 0 0 35 100 86 0.1 120 330
Mean Value NA NA 9 21 25 1] 14 79
[EXPLANATION:

[*: National Environment Pratection (Assessment of Site Contamination) Measure 1999 (NEPC Guidelings)
Hii. - Golumn A, Residenijal with accessible soils
EIL - Interim Urban Ecological Investigation Lavels (EiLs)

Concentration above HiL

Concentration above ElL 100

PQL: Practical Quantitation Limit
NA: Not Analysed

NOTE: Statistical analysis onky shown
where appropriate.

E19312F
Aprll, 2005
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TABLE B-1

SUMMARY OF LABORATORY TEST DATA
HEAVY METALS - GLASSHOUSE SOILS
All data in mg/kg unfess stated otherwise

Concentration above HIL
Conceniration above EIL

PQL: Practical Quantiation Limit
LPOL: Less than PQL
MA: Not Analysed

where appropriate,

NOTE: Statistical analysis only shown

100
100

ANALYTE Arsenic | Cadmium | Chromium| Copper Lead Mercury Nickel Zing
PQL - 8GS ' 3 0.5 0.5 0.5 2 0.05 0.2 0.5
Guideline concentration-HIL * 100 20 12% 1000 300 15 800 7000
Guideline concentration -EIL_* 20 3 400 100 600 1 B0 200
SAMPLE {Depth in metres}

Compaosite 1 LPQL. LPQL 9 62 28 LPQL 5 84
Composite 2 LPQL LPGI. 11 51 26 LPQL 5 98
Composite 3 LPQL LPQL 10 59 28 LPQL 6 120
Composite 4 LPQL LPQL 9 69 27 LPCIL 3] 120
Composite 5 ‘ LPQL LPQL 10 66 33 0.05 8 130
Composite 6 | |.PQL LPQL 13 58 25 0.06 5 110
Composite 7 i LPQL LPQL 12 56 23 0.05 5 96
Composite 8 : LPQL LPQL 11 77 30 LRPQL 5 120
Composite 9 LPQL LPQL 12 59 28 0.06 4 110
Compaosite 10 LPQL _LPQL 4 72 32 LPQL 2 250
Composite 11 LPQL. LPQL 3 40 18 LPQL 1 89
Composite 12 LPQL LPQL 13 87 30 0.07 8 180
Composite 13 LPQL. LPQL 11 78 27 0.05 5 120
Composiie 14 LPQL LPQL 11 60 23 0.08 4 130
Composite 15 LPOL LPQL 11 72 22 LPQI 5 120
Compaosite 16 LPQL LPQL 12 68 21 0.05 5 94
Total no. of samples 186 16 18 16 16 16 16 16
Maximum Value 0 0 13 87 33 0.08 6 250
Mean Value NA NA 10 65 26 o] 5 122
EXPLANATION:

*: National Environment Protection {Assessment of Site Contamination) Measure 1999 (NEPC Guidelines)
HIL - Column A, Residential with accessible soils
EIL - tnterim Urban Ecclogical Investigation Levels ( (EILs)

Composite 1 = GH1A {0.0-0.1m) & GH1B (0.0-0.1m)
Composite 2 = GH2A (0.0-0.1m) & GH2B {0.0-0.1m)
Composite 3 = GH3A (0.0-0.1m) & GH38 (0.0-0.1m)
Composite 4 = GH4A (0.0-0.1m) & GH4B (0.0-0.1my}
Composite 5 = GH5A (0.0-0.1m) & GH5B (0.0-0.1m)
Composite 6 = GHEA (0.0-0.1m) & GHEB (0.0-0.1m)
Composiie 7 = GH7A (0,0-0.1m) & GH7B (0.0-0.1m)
Composite 8 = GHBA (0.0-0.1m) & GHBEB (0.0-0.1m}
Composite 9 = GHIA {0.0-0.1m) & GHSB (0.0-0. m}
Composite 10 = GH10A (0.0-0.1m} & GH10B (0.0-0.1m)
Composite 11 = GH11A (0.0-0.1m} & GH11B {0.0-0.1 m)
Composite 12 = GH12A (0.0-0.1m) & GH12B (0.0-0.1 m)
Composite 13 = GH13A (0.0-0.1m) & GH13B (0.0-0.1m})
Composite 14 = GH14A (0.0-0.1m) & GH14B (0.0-0.1 m}
Composite 15 = GH15A {0.0-0.1m) & GH15B {0.0-0.1m)
Composite 16 = GH16A (0.0-0.1m) & GH168 (0.0-0.1m)

E19312F
April, 2005
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TABLEC
SUMMARY OF LABORATORY TEST DATA
ORGANICS - SCILS
All data in mg/kg unless stated otherwise

ORGANICS Total B{a)P Aldin and Chiordane [DDT & DDD & Heptachior PCBs
PAHs Digldrin DPE

PQL - 8G3S - 0.05 0.1 0.1 0.1 0.1 0.1
Guideline concentration * 20 1 10 50 200 10 10
SAMPLE

BH1 (0.0-0.1) 0 LEQL LPQL LPQL LPQL LPQL LPCL
BH1 (1.2-1.5) 1] LPQL LPQL LPOL LPQL LPQL LPQL
BH2 (0.0-0.1% 0 LPQL LPQL LPOL LPQL LPQL LPQL
BH3 {0.0-0.1) i} LPQL LPQL LPQL LPOL LPAL LPQL
BH4 {0.0-0.1) 0 LPQL. LPQL LPQL LPQL LPQL LFPQL
BH5 (C.0-0.1) 0 LPQL LPQL LPQL LPQL LPQL LPQL
BH6 (C.0-1.0) i LPQL LPQL LPOL 0.9 LPQL LPQL
BH7 (0.0-0.1) 0 LPQL LPQL LPQL LPQL LPGQL LPQL
BHB (0.0-0.1) Q LPQL LPQL LPQL LPQL LPQL LPQL
IBH2 (0.5-0.9) 0 LPQL LPQL LPQL 1.4 LPQI LPQL
BH10 (0.0-0.1) 3] LPQL LPQIL LPGL LPQL LPQL LPQL
BH11 (0.0-0.1) 0 LPGL LPQL LPGL LPQL LPQOL LPQL
BH12 (0.0-0.1) 1] LPQL LPQL LPGL LPQL LPQL LPQL
BH13 (0.0-0.1) 0 LPQL LPAL LPQL LPQL LPQL LPQL
Total no. of samples 14 14 14 14 14 14 14
[Mzximum Value i [ 0 0 1.4 0 0

EXPLANATION:
" National Environment Protaction (Assessment of Site Contamination) Measure 1999 (NEPG Guidelines)
Coiumn A, Residential with accessible soils

Concentration above guidefine level ::

ABBREVIATIONS:

FCBs: Pelychiorinated Biphenyls

PAH: Polycyclic aramatic hydrocarbons

B{a)P: Benzo{alpyrene

PQL: Practical Quantitation Limit

LPQL: Less than PQL

NOTE: Statistical analysis only shown where appropriate

E193712F
April, 2005




Freliminary Site Contamination and
Acid Sulfate Soil Assessment

Sector 5, Warrlewood Valley Land Release, Warriewood ‘

[
HEE
i

TABLE C-1
SUMMARY OF LABORATORY TEST DATA
ORGANICS - GLASSHOUSE SOILS
All data in ma/kg unless stated otherwise

ORGANICS op Aldin and Chlordane DDT & DDD & Heptachlor
Pesticides Dieldrin DOE
PQL - 5GS ) 0.1 0.1 0.1 0.1 0.1
Guideline concentration * - 10 50 200 10
SAMPLE
Composite 1 LPQL LPQL LPQL 2 LPGQL
Composite 2 LPQL LPQL LPQL 1.7 LPQL
Composite 3 LPCH_ LPQL LPGL 2.9 LPQL
Composite 4 LPAL LPQIL LPGL 2.1 LPQL
Composite 5 LPQL LPQL LPQL 2.7 LPQL
Composite 6 LPQL LPQL LPQL 1.6 L.PQL
Composiie 7 LPQL LPQL LPQL 19 LPQL
Composite 8 LPQAL LPQL LPQL 1.9 LPQL
Compaosite 9 LPQL LPQL, LPQL 26 LPQL
Composite 10 LPQL LPQL LPQL 0.4 LPQL
Composite 11 LPQL LPQL LPQL LPQL LPQL
Composite 12 LPQL LPOL LPQL 2.1 LPQL
Composite 13 LPQL LPCH. LPQL 2.8 LPCH.
Composite 14 LPQL LPQL LPQL 2.4 LPQL
Composite 15 LPQL LPQL LPGL 1.2 LPQL
Composite 16 LPOL LPQL EPQIL. 0.8 LPQL
Total no. of samples 16 18 16 16 186
Maximum Value ; 0 0 0 2.9 0
{Mean Value NA NA NA 1.94 NA

EXPLANATION:
Column A, Residential with accessible soils
Conceniraiion abové guidetine level

ABBREVIATIONS:

PCBs: Polychlorinated Biphenyis

PAH: Polycyelic aromatic hydrocarbons
B(a)P: Benzo{a)pyrene

PQL: Practical Quarititation Limit

LPQL: Lessthan PQL

NA: Not Analysed

*: National Environment Protection [Assessment of Site Contamination) Measure 1999 (NEPC Guidelines)

Compasite 1= GH1A (0.0-0.1m) & GH18 (0.0-0.1m)
Compesite 2 = GH2A (0.0-0.1m) & GH2B (0.0-0.1m}
Composite 3= GH3A (0.0-0.1m) & GH3B (0.0-0.1m}
Composits 4 = GH4A (0.0-0.1m) & GH45 (0.0-0.tm)
Composite 5 = GHBA {0.0-0.1m} & GHSE (0.0-0.1m)
Composite € = GHBA {0.0-0.1m) & GH6R (0.0-0.1 m)
Composite 7 = GH7A (0.0-0.1m) & GH7B (0.0-0.1m)
Composite 8 = GH8A (6.0-0.1m) & GHBE (0.0-0.1m)
Camposite 8 = GHIA (0.0-0.1m) & GH9B (0.0-0.1m)
Composite 10 = GH10A (0.0-0.1m) & GH10B {0.0-0.1m)
Composite 11 = GH11A {0.0-0.1m) & GH31B {0.0-0.1m)
Compasite 12 = GH12A {0.0-0.1m) & GH12B (0.0-0.1m)
Composite 13 = GH13A (0.0-0.1m) & GH138 (0.0-0.1m)
Composita 14 = GH14A (0.0-0.1m) & GH14B (0.0-0.1m)
Compasite 13 = GH15A (0.0-0.1m) & GH158 (0.0-0.1m)
Cemposite 16 = GH16A (0.0-0.1m) & GH16B (8.0-0.1m}

E19312F
April, 2005




Prefiminary Site Cantamination and
Acid Sulfate Soif Assessment
Sector 5. Warrfewood Valtey Land Release, Warriswaod

! TABLED
! SUMMARY OF LABORATORY TEST DATA
PETROLEUM HYDROCARBONS
All data in mg/kg uniess stated otherwise

PETROLEUM HYDRQCARBONS
Total Petroleum Hydrocarbons Benzene | Teluene Ethyl Total PID
Cels | CioCla | CisCas | CaaCos Benzane | Xylenes || Reading

POL - 5GS ) 20 20 50 50 0.5 0.5 0.5 1.5

Guideline concentration * 55 1000 1 1.4 3.1 14

SAMPLE (Depth inimelres)

BH1 {0.0-G.1) ) LPGL LPQL LPQL LPQL LPQL LPQL LPQL LPQI 0
BH1 {1.2-1.5) ; LPQL LPQL LPQOL LPQL LPQL LPQL LPQL LPQL 0
BH2 (0.0-0.1 LPQL LPQL LPQL LPQL LPQAL LPQL LPQL LPGL 0
BH3 (0.0-0.1) LPQL LPQL LPQL LPQL LPQL LPQL LPQL LPQL G
BH4 (0.0-0.1) . LPQL LPQL LPQL LPQL LPQL LPQL LPQL LPGL [
|BH5 (0.0-0.1) : LPOL LPQL LPQL LPQL LPQL LPQL LPQL LPQL 0
|[BHS (0.0-1.3) LPQL LPQL LPQL LPQL LPQL LPQL LPQL LPQL, 0
BH7 {0.0-0.1) LPQL LPQL LPQL LPQL LPQL LPAL LEQL LPQL 9
BHS {0.0-0.1) LPQL LPQL LPQL. LPQL LPQL LPQL LFPQL LPQL 0
BHS (0.5-0.9) LPQL LPQL LPQL LPQL LPGL LPQL, LPQL LPQL 0
BH10(0.0-C.1) LPGQL LPQL LPQL LPQL LPQL LPQL LPQL LPQL g
BH11 (C.0-C.1) i LPQE LPUL LPQL LPQL LPQL LPQL LPQL LPQL 8]
BH12 (0.0-0.1) LPQL LPQL LPQL LPQL LPQAL LPQL LPQL LPQL 0
BH13 (0.0-0.1} LPQL LPQL LPQL LPOL LPAL LPQL LPQL LPQL [i]
Total no. of samples 14 14 14 14 14 14 14 14 14
Maximum Value g 2 1] Q 0 0 o] o 8]

EXPLANATION:
* EPA Guidelines fr Assessing Service Station Sites - 1994

Concentration above Guideline Level
Taluene guideline of 15.5mg/kg can be adopted as corrected value based on original data (ve de Plasss et al 1993)

PQL: Practical Quantitation Lirsit
LPQL: - Less thanPractical QuantitationLimit
NOTE: Statistical analysis only shown where appropriate

E19312F
April, 2005
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Sector 5, Warriewood Valley Land Release
Warriewood, NSW
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LEGEND:

® Sample Location

DP 5055 2 P

\ GH1A Indicates the investigation number
Composite 1 = GH1A (0.0-0.1m) & GH1B (0.0-0.1m)
Composite 2 = GH2A (0.0-0.1m) & GH2B (0.0-0.1m)
Composite 3 = GH3A (0.0-0.1m) & GH3B (0.0-0.1m)
Composite 4 = GH4A (0.0-0.1m) & GH4B (0.0-0.1m)
Composite 5 = GH5A (0.0-0.1m) & GH5B (0.0-0.1m)
Composite 8 = GHBA (0.0-0.1m) & GHEB (0.0-0.1m)
Composite 7 = GH7A (0.0-0.1m) & GH7B (0.0-0.1m)
Composite 8 = GHBA (0.0-0.1m) & GH8B (0.0-0.1m}

Composite 9 = GH9A (0.0-0.1m) & GH9B (0.0-0.1m)
' : 7 Composite 10 = GH10A (0.0-0.1m) & GH10B (0.0-0.1m)
: g ‘ Composite 11 = GH11A (0.0-0.1m) & GH11B (0.0-0.1m)
| J 1 Composite 12 = GH12A (0.0-0.1m) & GH128 (0.0-0.1m)
\ Composite 13 = GH13A (0.0-0.1m) & GH13B (0.0-0.1m)
Composite 14 = GH14A (0.0-0.1m} & GH14B (0.0-0.1m)
Composite 15 = GH15A (0.0-0.1m) & GH15B (0.0-0.1m)
Composite 16 = GH16A (0.0-0.1m) & GH16B (0.0-0.1m)
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NEW POSITIGN
SCALE (M)

NOTE: Reference should be made ﬁ.o the
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text for a full understanding of this plan.

GLASSHOUSE SAMPLE LLOCATION PLAN
Sector 5, Warriewood Valley Land Release
Warriewood, NSW
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| Jeffery and Katauskas Pty Ltd 4!(

CONSULTING GEOTEGHNICAL AND ENVIRONMENTAL ENGINEERS

COPYRIGHT

BOREHOLE LOG | 1

Borehole No.

1M1

Client:
Project:

Location:

JUBILEE INVESTMENTS PTY LTD
SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312VB

Method: SPIRAL AUGER R.L. Surface: = 20.5m

JKSS0 Datum: AHD

Date: 17-3-05
Logged/Checked by: N.E.S./f
i3 -
| L ®
8 % @ = 5 o = 2 g‘;
g z T € = ] DESCRIPTION oEE |28 Ew Remarks
E 5 o £ | 5|22 Z2E| 5o |2ET
g8 A ] oy & | Ew cs52| L8| &850
o (o5 i [ 8 |50 SO | 0K ([Toe
¢ FILL: Gravelly sand, fine to medium D GRASS COVER
grained, grey brown, fine to coarse -
grained sandstone gravel. I APFEARS
MODERATELY
N=10 COMPACTED
8,55
1 -
CLAYEY SAND: fine to medium ™M L ALLUVIAL
grained, yellow brown. F
N=8&
2,35
as above, B
but orange brown maottled grey.
MD
N=26
8,12,14
W L B
N=5
3,2,3
as above, I
but grey.
END OF BOREHOLE AT 6.0m
.




!
| Pty Ltd
Jeffery and Katauskas Pty 4_]_'(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

COPYRIGHT

Borehole No.

BOREHOLE LOG 2

11

Client:
Project:

Location:

JUBILEE INVESTMENTS PTY LTD
SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312VB

Date: 17-3-05

Method: SPIRAL AUGER R.L. Surface: = 21.6m
JKES Datum: AHD

Logged/Checked by: N.E.S./2»

@ -~
(0]
- = c oo
z =Y @ £ j a DESCRIPTION oSt |=c g & Remarks
55 P 5 a o BOgEI e | DED
28 |Bm B & | 8 |E8 558|285 | 558
Gr |50 T o o | D0 SO0 |y |Tor
TOPSOILL: Sand, fine to medium D GRASS COVER
grained, dark grey, with rootlets.
SAND: fine to medium grained, grey M L L
fg’ ; g brown, ALLUVIAL
" CLAYEY SAND: fine to medium I
grained, orange brown and grey. -
N=10
3,37 ‘
CLAYEY SAND/SANDY CLAY: fineto| M/ MD/
! medium grained, medium plasticity, MC=PL H
i grey mattled orange brown,
|
| 420
5,6'8 i 51 0
|
|
| CLAYEY SAND: fnefomedium | M | MD | i
grained, grey motiled orange brown.
_ CLAYEY SAND/SANDY CLAY: fine to| W/ MDY/ 210 |
N=11 medium grained, medium plasticity, | MC>PL | V&t 280
5,56 grey mottled orange brown. 230
END OF BOREHOLE AT 6.0m




|
| Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHN]C}%L AND ENVIRONMENTAL ENGINEERS

BOREHOLE LOG

k

Borehole No.

3

171

Client:

Project:

Location:

JUBILEE INVESTMENTS PTY LTD
SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOQOD, NSW

Job No. 19312VB

Method: SPIRAL AUGER

R.L. Surface: ~ 27.7m

COPYRIGHT

. JKEE0 .
Date: 17-3-05 Datum: AHD
Logged/Checked by: N.E.S./i
@ -~
" 5 = 5 0
2 % w g 2 =) = =
3 < E El 2 g DESCRIPTION oEE]z2! Eg Rermarks
o v 2 = 2 | o 52288 £E
R < = 0. L @ BoElI - |moD
28 [WBmke © & g | Ea °c52 | ST | 563
G |jWon i Q ® |50 =os| b |[tdx
DRY ON 0 ; § § TOPSOIL: Silty sand, fine to medium | D-M GRASS COVER
COMPLET- - = grained, dark grey, with rootlets. -
ION fosl s SILTY SAND: fine fo medium grained,| —M | COLLUVIUM
with fine to coarse grained sandstoneg,
N =11 . CH [ \grave! and cobbles. [ MC>PL | H 470
34,7 | SILTY CLAY: high plasticity, grey 580
” mottled orange brown. 410
1 SC | CLAYEY SAND: fine 1o medium M IR,
grained, grey mottled red brown. RESIDUAL
B%PT - SANDSTONE: fine to medium XW-DW | EL-L
mm . ; - e
Loimm | grained, light grey, with iron indurated
REFUSAL | | i bands and clay bands. .VEBY LOW
| TC' BIT
24 RESISTANCE
i WITH LOW BANDS
atf
4 e

END OF BOREHOLE AT 4.5m




l Jeffery and

COPYRIGHT

BOREHOLE LOG

Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

"¢

Borehole No.

4

171

Client:
Project:

Location:

JUBILEE INVESTMENTS PTY LTD
SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312vB
Date: 17-3-05

Method: SPIRAL AUGER

JKB50

Logged/Checked by: N.E.S./z,

R.L. Surface: =~ 31.8m
Datum: AHD

i -
| L m
I % @ o S o = £ ‘%
g < ? | 2 i DESCRIPTION o5E |z 2 Eg Remarks
2% c ol s | £ |3% 25| 291285
3¢ g 3 g | B IEE 258|2351558
O W [ 0 g 50 S02 | e iTow
DRY ON TOPSOIL: Silty sand, fine to medium D GRASS COVER
COMPLET- \grained, dark grey, with rootlets.
HON SM SILTY SAND: fine to medium grained, M Ly COLLUVILM
grey, with fine 1o coarse grained
N =95 CL \sandstone gravel and sandstone / MC=PL | H =600 RESIDUAL
5817 cobbles. >600
” i SANDY CLAY: medium piasticily,
g light grey mottled red brown, with X\
Pl 7 andstone gravel. f X B .‘.;%Bgl.ll‘,ow
A SANDSTONE: fine o medium RESISTANCE
oo grained, grey mottled red brown, with
L clay and iron indurated bands.
; SANDSTONE: fine to medium XW-DW | EL-VL
i T oo grained, light grey mottled orange VERY LOW TO LOW
L oE brown, with a trace of iron indurated RESISTANCE
1 soe o= bands.
| S
R
i k-
o Ei
[ -
s VERY LOW
AL RESISTANGE
] END OF BOREHOLE AT 4.5m
; i
5
6 -
;




Jeffery

BOREHOLE LOG 9

and Katauskas Pty Ltd ‘](
+

CONSULTING GEOTEC:HNIC}‘AL AND ENVIRONMENTAL ENGINEERS

Borehole No.

1/1

Client:

Project:

L ocation:

JUBILL’-ZE INVESTMENTS PTY LTD

SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312VB
Date: 17-3-05

Method: SPIRAL AUGER R.L. Surface: ~ 22.4m
JK550 Datum; AHD

Logged/Checked by: N.E.S./#

COPYRIGHT

@ ~
= P
X Q
% S| » | .| 8| £ ol =z B2
= < & = - a DESCRIPTION o E=| =8 E g Remarks
gz L2 »— = | £ | g% =21 58| _E£E
L = = c | &% EoR| £C | 08D
© 8 i o 5| &£ |Es 862!/ 235|558
A |WES6 i a d | 38 =0 or |Iae
0 KX XA FILL: Gravelly sand, fine to coarse M
sp \grained, grey, fine to medium grainef M L) L POSSIBLY FILL
igneous gravel,
SAND: fine to medium grained, grey.
N=4 CLAYEY SAND/SANDY CLAY: fineto] M | VL-L/ -
299 mediurn grained, low plasticity, orange] MC=PL | (St} | ALLUVIAL
- brown.
MD/ 470
N=12 VSt | 350
26,6 H
| -
|
|
470
N=25 280
9,11,14 310
ON Wi i
COMPLE MC>PL
ION
_ | as above, MDY/ 210
N=11 : but grey mettled orange brown. VSt 310
547 | 380
i -
END OF BOREHOLE AT 6.0m
.




| * Lt
Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICNL AND ENVIRONMENTAL ENGINEERS

Borehole No.
' : -1/1
i
- T
I Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 18312VB Method: SPIRAL AUGER R.L. Surface: = 22.9m
. Date: 17-3-05 JKS50 Datum: AHD
Logged/Checked by: N.E.S./2
[4s] —
l o = it &-
- 8
§ % % = g 3 DESCRIPTION o E £l ‘g £ Y Remarks
sz 21 B | 2| 2| 5¢ ss&| 88 85
a o =] = 2 = W 8oz ® % - <
l g mBza 2 | & 5 |53 S32152 1888
0 § § § % § TOPSOIL: Silty sand, fine to medium M WEED COVER
7 Sp ~grained, grey, with roollets. v D
l TR SAND: fine to medium grained, grey. L ALLUVIAL
N=17
. 4,89
' 7ISCI/CL{ CLAYEY SAND/SANDY CLAY: finetol M/ MDY/ B
y medium grained, low plasticity, orange; MC=PL H
brown.
l =600
N =22 >600
13,11,11
| i
| Mo/ | 280
N=12 || Vst | 240
' 7,57 | -H 230
|
I |
_aga“l;o;é, mmmmmmmmmm MC=PLY | "
but grey mottled orange brown. W
l MD/ 160
N=11 st- 300
' 36,5 VSt 220
. END OF BOREHOGLE AT 6.0m
i
l &
1l
&
. |



l Jeffery and

Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

¢

l Borehole No.
l 1/1
|
I Client: JUBILEE INVESTMENTS PTY LTD
. Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOQOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: ~ 24.0m
Iwer
l Date: 17-3-05 JKS50 Datum: AHD
Logged/Checked by: N.E.S.//A
I 4 g
(0]
32 g @ —_ g é -2 = % ]
S < @ £ = [ DESCRIPTION w5E| 22 Ea Remarks
Tz | Y - = | £ |38% S22 | 88| .55
o = O = 0 O e =N =]
0 § § § § TOFSOIL: Silty sand, fine to medium M GRASS COVER
TGP grained, dark grey, with rootlets. Y y
A SAND: fine to medium grained, light
l arey to grey. ALLUVIAL
N=§
' I 2,35
SC CLAYEY SAND: fine to medium
N=7T grained, dark grey to grey.
334
CL/SC| SANDY CLAY/CLAYEY SAND: W/ MD/
I medium plasticity, fine 1o medium MC=PL | V5t
grained orange brown.
N=18 o
47,11 240
l 380
N=16 220
8,87 300
l as above, W SLIGHT ORGANIC
hut dark grey to grey. MC>PL ODOUR
| i
ON
COMPLE
ION &
AFTER
l 4 HRS END OF BOREHOLE AT 6.0m
=
X
I: '
v
>_
o
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BOREHOLE LOG 8

Client: JUBIQEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
Location: JUBILl:EE AVENUE AND FOREST ROAD, WARRIEWOOQOD, NSW

Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: = 27.0m
IWEEM
Date: 18-3-05 yKS50 Datum; AHD
Logged/Checked by: N.E.S./2»

DESCRIPTION Remarks

SAMPLES

roundwater
ecord

50
DS

Field Tests
Unified
Classification
Moisture
Weathering
Strength/

Rel, Density
Hand
Penetrometer
Readings (kPa.}

G
R

DRY ON TOPSOIL: Silty sand, fine to medium GRASS COVER

Depth {m)
*{~ Graphic Log

[COMPLET| \grained, dark grey, with rootlets,

ION
N>22 |
29,
131100mm

Z| £|Condition/

[
- Jrnnnd
Laannd

Sp

a—

SAND: fine to medium grained, light L) L COLLUVIUM

grey,
SC | CLAYEY SAND: fine to medium (MD) -
grained, crange brown mottled grey,
with XW sandstone gravel,

=

REFUSAL 1 - | SANDSTONE BOULDER: fine to bw | viL - MODERATE

: coarse grained, light grey mottled TC'BIT
- orange brown. I RESISTANCE WITH

L LOW BANDS

3
cooromovana

grey, with fine grained sand.  SOIL STRENGTH ¢
RESISTANCE

| 3
on e =
468 1 480

CL | SANDY CLAY: medium plasticity, | st | L
light grey, fine grained sand. -H

430
370
480

N=18
5,8,11

as above,
but orange brown mottled light grey. -

END OF BOREHOLE AT 6.0m
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Borehoie No.

9

11

Client:

Project:

Location:

JUBILE

SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

EE INVESTMENTS PTY LTD

Job No. 19312VB

Method: SPIRAL AUGER

R.L. Surface: = 25.0m

) JKES0 )
Date: 18-3-05 Datum: AHD
Logged/Checked by: N.E.S.//Z
&3 -~
_l L ®
ks z o 2 | B o =z £
g = Ei . E = q DESCRIPTION wEE| 22 £w Remarks
o o3 K = L | gE S22 53 =
=1 o = a8 | &8 E85| s 1z@e%Q
28 |3 T & ¢ | Ed cco| 23| &6 D
o [0 i O 5 | 50 SO |y |Tow
DRY ON ¢ m TOPSOILFILL: Silty sand, fine to M RUBBLE ON
COMPLET- T em medium grained, grey, with rootlets. M L SURFACE
ION S SILTY SAND: fine to medium grained,
orange brown. ALLUVIAL
N=5
2,23
CL/SC| SANDY CLAY/CLAYEY SAND: M/ MD/
; s medium plasticity, fine fo medium MC>PL | VSt-
! grained, orange brown. H 380
N=20 |i 380
5,8,12 i 400
1 30 L
MDY/ 330
N=27 VSt 260
7,14,13 250
“asabove, | i
but grey mottled orange brown.
N =13 MD/H 45128
4.6,7 430
END OF BOREHOLE AT 6.0m
.




l Jeffery and Katauskas Pty Ltd ‘](
+

CONSULTING GEQTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG | 10

' 1M
|
l Client: JUBILEE INVESTMENTS PTY LTD
Project: SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
l Location: JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: ~ 30.5m
! (174~
l Date: 18-3-05 j JKSS Datum: AHD
| Logged/Checked by: N.E.S./j?
l @ -
“ = L ®
& % £ - é” % - -;l:‘ 2 %
% - 3{3 E E B - ;:_, DESCRIPTION a;’é s :_,;-a] e g % Remarks
£% = | £ | 5 |&% 82§ 5Cves
& (S X} & g | Em 59| 23| 558
G hn it o o 20 S02 e |Toc
DRY onMl D SC/CL| CLAYEY SAND/SANDY CLAY: fine to M/ MD/ DRIVEWAY
COMPLET- / medium grained, medium plasticity, MC=PL | (V&) I GRAVEL ON
ION ‘ orange brown and red brown, with SURFACE
' . ; ironstone gravel bands. i
N=12 || RESIDUAL
l 366 ||
' N=25
7,916
N> 10 L
10,10/ ‘ L SANDSTONE: fine to rmedium XW-DW | EL-VL L VERY LOW
50mm ! - grained, red brown, with iron indurated TC' BIT
REFUSAL T bands. I RESISTANCE
1 ) _
l END OF BOREHOLE AT 4.5m
l 5 - —
i ) ﬁ
|
i
e |
l & |
n: |
>
(a9
2 Z
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Borehole No.

11

11

Client:
Project:

Location:

J'LJBILEE INVESTMENTS PTY LTD

SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 19312VB

Method: SPIRAL AUGER R.L. Surface: =~ 28.6m

| IrEE
Date: 18-3-05 i JKS50 Datum: AHD
Logged/Checked by: N.E.S./ 2
@ -
= | L
E % I | 2 E o z % %
g < e B T g DESCRIPTION wEE| 2 £Ea Remarks
etz i - = 2 | ws 520|529 s 2
E 5 N = il 285 S| Po ==
s Q ) [ [=% & B i B T © o
8 w3 T | g | & |E& c58| 235|558
cCr o i =] &) SG SO0 | b |To
DRY ON i 0 FILL: Sandy gravel, fine to medium M-W DRIVEWAY
[COMPLET- grained, igneous, grey, fine to GRAVEL ON
ION medium grained sand, wiih a trace of SURFACE
2y fines. : APPEARS
- FILL: Sandy gravel, fine to medium M/
N7 . 174 grained, sandstone, grey, fine to MC=PL MODERATELY
T medium grained sand, with a trace o COMPACTED
lay fines. v -
FILL: Clayey sand/sandy clay, fine to MCAPL
medium grained, medium plasticity, -
I grey brown, with fine to coarse
grained gravel.
N=13
4,8,5
N=20 |
210,50 |,
|
i SANDY CLAY/CLAYEY SAND: MY/ D/ L
3 medium plasticity, fine to medium MC=PL H ALLUVIAL
; grained, red brown mottled light grey,
} with iron indurated bands. L
>600 |
N=42 >600
12,17,25 600 |
| “asabove, |
but light grey meitled red brown,
END OF BOREMOLE AT 6.0m
5
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l Borehole No.
l 11
|
' Client: JUB!L}EE INVESTMENTS PTY LTD
Project: SEC'IJ;OR 5, WARRIEWQOOD VALLEY URBAN LAND RELEASE
. Location: J|UBIEEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW
Job No. 19312VB Method: SPIRAL AUGER R.L. Surface: = 41.8m
' Date: 18-3-05 JKS50 Datum: AHD
| Logged/Checked by: N.E.S./2
W : —
14] : ©
' 5 i | o 5 -] BL
S 2 2 g ] 3 & DESCRIPTION |8 B%
£o 0 ° E L _— 2G| £5 58 Remarks
l 55 |9 = 2| 5128 282§/ 5-|2¢cs
G& 0988 & 5 |50 =23z | 582|288
DRY ON P e § § § § § TOPSOIL: Silty sand, fine to mediom M
COMPLET|- s grained, grey, with rootlets and fine —
HON F=ry - \coarse grained sandstoges garr;vel. 7 DW | VL-L | LOW TC' BIT
‘ E vl SANDSTONE: fine to coarse grained, \?\Eﬁﬁ&éﬁ%i ATE
l 1 + red brown, with iron indurated bands. " BANDS
I h SANDSTONE: fine to medium M-H MODERATE TO HIGH
l ; ' REE grained, light grey mottled red brown. - RESISTANCE
l 2 END OF BOREHOLE AT 2.0m “TC' BIT REFUSAL
3 L
1 N ]
l | s i
3
|
|
I |
1 |
= |
l o |
T \
&
ot 7

1
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BOREHOLE LLOG

K

Borehcle No.

13

171

Client:

Project:

Location:

JUBILEE INVESTMENTS PTY LTD
SECTOR 5, WARRIEWOOD VALLEY URBAN LAND RELEASE
JUBILEE AVENUE AND FOREST ROAD, WARRIEWOOD, NSW

Job No. 18312VE

Method: SPIRAL AUGER

JK250

R.L. Surface: = 22.0m

Date; 18-3-05 Datum: AHD
Logged/Checked by: N.E.S./#
i -
| —
k> g " 2 | & o 2| £%
£ < F £ g DESCRIPTION 055|282 E g Remarks
e w P = £ o= 52258 BE
S8 I 5 S| 518% i2%| 520|223
=] o) o ) 14 c @ Ood| =573 o o O
G Woo i a] G {300 SO0 | e |Tax
DRY ON 0 TOPSOIL: Sitty sand, fine to medium M GRASS COVER
COMPLET]- grained, grey, with rootlets.
ION
_ CLAYEY SAND: fine to medium M VL-L ALLUVIAL
N=4 gralned, orange brown.
1.2,2
.
| CLAYEY SAND/SANDY CLAY: fineto| M/ | MD/ |
medium grained, medium plasticity, MC>PL | VSt
ocrange brown, with ironstone gravel. 330
N=11 220
3,56
2 p—
as above,
but grey mottled red brown.
] 270
N=42 230
8,13,2¢
4
D-vD/
H
>600
N=50 >600
10,24,26 | >600
5t
N END OF BOREHOLE AT 6.0m
7
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REPORT EX

INTRODUCTION
These notes ha

PLANATION NOTES

ve been provided to amplify the

geotechnical report in regard 1o classification
methaods, field procedures and certain matters relating

to the Comments

| and Recommendations section.

Not all notes are necessarily relevant to all reports.

The ground is a

product of continuing natural and

man-made processes and therefore exhibits a variety
of characteristics and properties which vary from

place 1o place

and can change with time.

Geotechnical engineering involves gathering and

assimilating limited
and properties in o
behaviour of the g
cerfain conditions.
facts obtained by

facts about these characteristics
rder to understand or predict the
round on a pariicular site under

This report may contain such
inspection, excavation, probing,

sampling, testing or other means of investigation. If

so, they are directly
place where and t
carried out.

DESCRIPTION AND
The methods of

relevant only 1o the ground at the
me when the investigation was

CLASSIFICATION METHODS

! description and classification of
soils and rocks us
Australian Standard
Code. In general,
properties — soil
strength or density,
classification of soil
the Company infers

ied in this report are based on
17286, the SAA Site Investigation
descriptions cover the following
or rock type, colour, struciure,
and inclusions. ldentification and
and rock involves judgement and
raccuracy only to the extent that

is commaon in current geotechnical practice.

Soil  types arq described according to the
predominating particle size and behaviour as set out
in the attached ¢nified Soil Classification Table
gualified by the grading of other particles present (eg
sandy clay) as set out below:

Soil Classification
Clay
Siit
Sand
Gravel

Non-cohesive s0

refative density,

Particle Size

less than 0.002mm
0.002 to 0.06mm
0.06 to 2mm

2 to 60mm

ils are classified on the basis of
enerally from the results of

Standard Penetration Test {SPT) as below:

Relative Density

Very loose
Loose
Medium dense
Dense

Very Dense

Standard SheetsiReport Explanation N
August 2001

SPT ‘N’ Value
{blows/200mm}
less than 4

4 - 10

10 - 30

30 - B0
greater than b0

ates

<4

Cohesive soils are classified on the basis of
strength  (consistency) either by use of hand
penetrometer, laboratory tesling or engineering
examination. The strength terms are defined as
follows,

Unconfined Compressive

Classification Strength kPa

Very Soft less than 25

Soft 25 - B0

Firm 50 - 100

Stiff 100 - 20C

Very Stiff 200 - 40C

Hard Greater than 400
Friable Strength not attainable

— soll crumbles

Rock types are classified by their geological
names, together with descriptive terms regarding
weathering, strength, defects, etc. Where relevant,
further information regarding rock classification is
given in the text of the report. In the Sydney Basin,
“Shale” is used to describe thinly bedded to laminated
siltstone.

SAMPLING

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

Disturbed samples taken during drilling provide
information on plasticity, grain size, colour, moisture
content, minor constituents and, depending upon the
degree of disturbance, some information on strength
and structure. Bulk samples are similar but of greater
volume required for some test procedures.

Undisturbed samples are taken by pushing a thin-
walled sample tube, usually B0mm diameter {(known
as a Ub0), into the soil and withdrawing it with a
sample of the soil contained 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 used
are given on the attached logs.

INVESTIGATION METHQODS

The following is a brief summary of investigation
methods currently adopted by the Company and
some commenis on their use and application. Al
except test pits, hand auger drilling and portable
dynamic cone penetrometers require the use of a
mechanical drilling rig which is commonly mounted
on a truck chassis.

Page i of 4



Test Pits: These are normally excavated with a
backhoe or a tracked excavator, allowing close
examination of the insitu soils if it is safe to descend
into the pit. The depth of penetration is limited to
about 3m for a backhoe and up to 6m for an
excavator. Limitations of test pits are the problems
associated with .disturbance and difficulty of
reinstaterment and the conseguent effects on close-by
structures. Care must be taken if construction is to
be carried out near test pit locations to either properly
recompact the backfill during construction or to
design and construct the structure so as not to be

adversely affected by poorly compacted backfill at

the test pit location.

Hand Auger Drilling: A borehole of 50mm to 100mm
diameter is advanced by manually operated
equipment. Premature refusal of the hand augers can
occur on a variety of materials such as hard ciay,
gravel or ironstone, and does not necessarily indicate
rock level.

Continuous Spiral Flight Augers: The borehole is
advanced using 7bmm to 11bmm diameter
continuous spiral flight augers, which are withdrawn
at intervals to allow sampling and insitu testing. This
is a relatively economical means of drilling in clays
and in sands above the water table. Samples are
retirned to the surface by the flights or may be
collected after withdrawal of the auger flights, but
they can be very disturbed and layers may become
mixed. Information from the auger sampling (as
distinct from specific sampling by SPTs or
undisturbed samples) is of relatively lower reliability
due: to mixing or softening of samples by
groundwvater, or uncertainties as to the original depth
of the samples. Augering below the groundwater
table is of even lesser refiability than augering above
the water table. Use can be made of a Tungsten
Carbide (TC) bit for auger drilling into rock to indicate
rock quality and continuity by variation in drilling
resistance and from examination of recovered rock
fragments.

Wash Boring: The borehole is usually advanced by a
rotary bit, with water being pumped down the drill
rods and returned up the annulus, carrying the drill
cuttings. Only major changes in stratification can be
determined from the cuttings, together with some
information from “feel” and rate of penetration.

Mud - Stabilised Drilling: Either Wash Boring or
Continuous Core Drilling can use drilling mud as a
circulating fluid to stabilise the borehole. The term
“mud” encompasses a range of products ranging
from bentonite to polymers such as Revert or Biogel.
The mud tends to mask the cuttings and reliable
identification is only possible from intermittent intact
sampling (eg from SPT and U550 samples} or from
rock coring, ete.

Srandard Sheeis\Report Explanation Notes
August 2001

k

Continuous Core Drilling: A continuous core sample
is obtained using a diamond tipped core barrel.
Provided full core recovery is achieved {which is not
always possible in very low strength rocks and
granuiar soils), this technique provides a very refiable
{but relatively expensive) method of investigation. In
rocks, an NMLC triple tube core barrel, which gives a
core of about 50mm diameter, is usually used with
water flush. = The length of core recovered is
compared to the length drilled and any length not
recovered is shown as CORE LOSS. The location of
losses are determined on site by the supervising
engineer; where the location is uncertain, the loss is
placed at the top end of the drill run.

Standard Penetration Tests: Standard Penetration
Tests (SPT) are used mainly in non-cohesive soils, but
can also be used in cohesive soils as a means of
indicating 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 F3.1.

The test is carried out in a borshole by driving a
50mm diameter split sample tube with a tapered
shoe, under the impact of a 83kg hammer with a free
fall of 760mm. It is normal for the tube to be driven
in three successive 150mm increments and the ‘N’
value is taken as the number of blows for the last
300mm.  In dense sands, very hard clays or weak
rock, the full 450mm penetration may not be
practicable 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 150mm of, say,
4, 6 and 7 blows, as

N =13
4,6, 7

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

The results of the test can be related empirically to
the engineering properties of the soil.

Occasionally, the drop hammer is used to drive
BOmm diameter thin walled sample tubes {U50) in
clays. In such circumstances, the test results are
shown on the borehole logs in brackets.

A modification to the SPT test is where the same
driving system is used with a solid 60° tipped steel
cone of the same diameter as the SPT hollow
sampler.. The soilid cone can be continuously driven
for some distance in soft clays or loose sands, or may
be used where damage would otherwise ocecur to the
SPT. The results of this Solid Cone Penetration Test
{S8CPT} are shown as "N.” on the borehole logs,
together with the number of blows per 150mm
penetration.
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Static Cone Penetrameter Testing and Interpretation:
Cone penetrometer testing (sometimes referred to as
a Dutch Cone) described in this report has been
carried out using} an FElectronic Friction Cone
Penetrometer (EFCP). The test is described in
Australian Standard |1289, Test F5.1.

In the tests, a 3bmm diameter rod with a conical
tip is pushed continuously into the soil, the reaction
being provided by & specially designed truck or rig

which is fitted with an hydrauiic ram system. =

Measurements arej made of the end bearing
resistance on the cone and the frictional resistance on
a separate 134mm|long sleeve, immediately behind
the cone. Transducers in the tip of the assembly are
electrically connected by wires passing through the
centre of the push rods to an amplifier and recorder
unit mounted on ‘che} control truck.

As penetration decurs (at a rate of approximately
20mm per secondt the information is output as
incremental digital records every 10mm. The results
given in this report have been plotted from the digital
data.

The information provided on the charts comprise:

« 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 1o cone
resistance, expressed as a percentage.

The ratios of fthe sleeve resistance to cone
resistance will vary with the type of soil encountered,
with higher relativel friction in clays than in sands.
Friction ratios of! 1% to 2% are commonly
encountered in sands and occasionally very soft
clays, rising to 4% to 10% in stiff clays and peats.
Soil descriptions based on cone resistance and friction
ratios are only inferred and must not be considered as
exact. !

Correlations between EFCP and SPT values can be
developed for both sands and clays but may be site
specific. ?

Interpretation of EFCP values can be made to
empirically derive moduius or compressibility values
to allow caleulation of foundation settlements.

Stratification can be inferred from the cone and
friction traces and from experience and information
from nearby boreHoIes etc.  Where shown, this
information is presented for general guidance, but
must be regarded as interpretive. The test method
provides a continuoﬂgs profile of engineering properties
but, where precise information on soll classification is
required, direct drilling and sampling may be
preferable. .

Portable Dynamic Cone Penetrometers: Portable
Dynamic Cone Penetrometer (DCP) tests are carried
out by driving a rod into the ground with a sliding
hammer and counting the blows for successive
100mm increments of penetration.

Standard Sheeis\Report Explanation Notes
August 2001 :

Two relatively similar tests are used:

» Cone penetrometer {commonly known as the
Scala Penetrometer} — a 18mm rod with a 20mm
diameter cone end is driven with a 9kg hammer
dropping 510mm {AS1289, Test F3.2). The test
was developed initially for pavement subgrade
investigations, and correlations of the test resuits
with California Bearing Ratioc have been published
by various Road Authorities.

» Perth sand penetrometer — a 16mm diameter flat
ended rod is driven with a 9kg hammer, dropping
600mm {(AS1289, Test F3.3}. This test was
developed for testing the density of sands
{originating in Perth) and is mainly used in granular
soils and fifling.

LOGS

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

The attached explanatory notes define the terms
and symbols used in preparation of the logs.

Interpretation of the information shown on the
logs, and its application to design and construction,
should therefore take into account the spacing of
boreholes or test pits, the method of drilling or
excavation, the frequency of sampling and testing
and the possibility of other than “straight line”
variations between the boreholes or test pits.
Subsurface conditions between boreholes or test pits
may vary significantly from conditions enceountered at
the borehole or test pit locations.

GROUNDWATER
Where groundwater levels are measured in

boreholes, there are several potential problems:

» Although groundwater may be present, in low
permeability soils it 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 and may not
be the same at the time of construction.

+« The use of water or mud as a drilling fluid will
mask any groundwater inflow. Water has to be
blown out of the hole and drilling mud must be
washed out of the hole or “reverted” chernically if
water observations are to be made.

More reliable measurements can be made by
installing standpipes which are read after stabilising at
intervals ranging from several days to perhaps weeks
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for low permeability soils. Piezometers, sealed in a
particular stratum, may be ~advisable in low
permeability soils or where there may be interference
fromn perched water tables or surface water.

FiLL

- " The presence of filll materials can often be

determined only by the inclusion of foreign objects
{eg bricks, steel eic) or by distinctly unusual colour,
texture or fabric. Identification of the extent of fill
materials will also depend on investigation methods
and frequency. Where natural soils similar to those at
the site are used for fill, it may be difficult with
limited testing and sampling to reliably. determine the
extent of the fill.

"The presence of fill materials is usually regarded
with caution as the possible variation in density,
strength and material type is much greater than with
natural soil deposits.  Consequently, there is an
increased risk of adverse engineering characteristics
or behaviour. If the volume and quality of fill is of
importance to a project, then frequent test pit
excavations are preferable to boreholes.

LABORATORY TESTING

Laboratory testing is normally 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.

ENGINEERING REPORTS

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

Every care is taken with the report as it relates to
interpretation of subsurface conditions, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However,
the Company cannot always anticipate or assume
responsibility for:
¢ Unexpected variations in ground conditians — the

potential for this will be partially dependent on

borehole spacing and sampling frequency as well
as investigation technigue.

+ Changes in policy or interpretation of policy by
statutory authorities.

» The actions of persons or contractors responding
to commercial pressures.

If these occur, the company will be pleased to
assist with investigation or advice to resolve any
problems cccurring.

Standard Sheets\Report Explanation Nates
August 2001

¢
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 reguests that it immediately be
notified.  Most problerns are much more readily
resolved when conditions are exposed that at some
tater 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, 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 docurment. 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.

Copyright in all documents (such as drawings,
borehole or test pit logs, reports and specifications)
provided by the Company shall remain the property of
Jetfery and Katauskas Pty Ltd. Subject to the
payment of all fees due, the Client alone shall have a
licence to use the documents provided for the sole
purpose of completing the project to which they
relate.  License to 'use the documents may be
revoked without notice if the Client is in breach of
any objection to make a payment to us.

REVIEW OF DESIGN
Where major civil or structural developments are
proposed or where only a limited investigation has

been completed or where the geotechnical conditions/

constraints are quite complex, it is prudent to have a
joint design review which involves a senior
geotechnical engineer.

SITE INSPECTION
The company will always be pleased to provide

engineering inspection services for geotechnical

aspects of work to which this report is related.
Requirements could range from:

i} a site visit to confirm that conditions exposed are
no warse than those interpreted, to

ii} a visit to assist the contractor or other site
personnel in identifying wvarious soil/rock types
such as appropriate footing or pier founding
depths, or .

i) full time engineering presence on site.

Page 4 of 4
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Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL & ENVIRONMENTAL ENGINEERS

GRAPHIC LOG SYMBOLS
FOR SOILS AND ROCKS

o

SOIL

FILL

CLAY (CL, CH)

CSILT ML, MH)

SAND (SP, SW)

GRAVEL (GP, GW)

SANDY CLAY (CL, CH}
SILTY CLAY (CL, CH)
|

CLAYEY SAND (SC)

SILTY SAND (Sh)

GRAVELLY CLAY (CL, CH)

CLAYEk GRAVEL {GC)

SANDY SILT {ML}

i

1
|

PEAT iND ORGANIC SOILS

‘ .
\
\
\

ROCK

LA SRR
aNesnm

| il
T 111

I L1l
LLL 1

CONGLOMERATE

SANDSTONE

SHALE

SILTSTONE, MUDSTONE,

CLAYSTONE

LIMESTONE

PHYLLITE, SCHIST

TUFF

GRANITE, GABBRO
DOLERITE, DIORITE
BASALT, ANDESITE

QUARTZITE

DEFECTS AND INCLUSIONS

e

CLAY SEAM

SHEARED OR CRUSHED
SEAM

BRECCIATED OR
SHATTERED SEAM/ZONE

IRONSTONE GRAVEL

ORGANIC MATERIAL

OTHER MATERIALS

CONCRETE

BITUMINOUS CONCRETE,
COAL

COLLUVIUM
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Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

AB.N. 17 003 550 801

A.C.N. 003 B5C 801

LOG SYMBOLS

Groundwater Record ! Standing water fevel. Time delay following completion of drifling may be shown.
"‘e_ Extent of borehole collapse shortly after drilling.
> Groundwater sespage into borehole or excavation noted during drilling or axcavation.
Samples ES Soil sample taken over depth indicatad, for environmental analysis.
: uso Undisturbed 50mm diameter tube sample taken over depth indicated.
i DB Bulk disturbed sample taken over depth indicated.
\ DS Small disturbed bag sample taken over depth indicatad.
|
Field Tests i N =17 Standard Penetration Test {SPT} performed between depths indicated by lines." Individual figures
i 47 10 show biows per 150mm penetration. ‘R’ as noted below.
i -
} Ne = 5 Solid Cone Penetration Test {SCPT} performed between depths indicated by lines. Individual figures
| show blows per 150mm penetration for 60 degree solid cone driven by SPT hammer. ‘R’ refers to
7. apparent hammer refusal within the corresponding 150mm depth increment.
3R
VNS = 25 Vane shear reading in kPa of Undrained Shear Strength.
PID =100 Photoionisation detector reading in ppm {Soil sample headspace test).
Meisture Condition MC>PL Maisture content estimated to be greater than plastic imit.
{Cohesive Soils} ) . ) L
MC=PL Moisture content estimated to be approximately -equal to piastic limit.
1 MC<PL Moisture content estimated 1o be less than plastic limit.
!
{Cohesionless Soils) D CRY - runs freely through fingers.
| .
1 M MOIST - does not run freely but no free water visible on soil surface.
} w WET - free water visible on soil surface.
Strength (Consistency)l VS VERY SOFT - Unconfined compressive strength less than 26kPa
Cohesive Soils ) .
S SOFT - Unconfined compressive strength 25-50kPa
F FIRM - Unconfined compressive strength 50-100kPa
St STIFF - Unconfined compressive strength 100-200kPa
| VSt VERY STIFF - Unconfined compressive strength 200-400kPa
\
i H HARD - Unconfined compressive strength greater than 400kPa
% { ) Bracketed symbol indicates estimated consistency based on tactile examination or other tests.
Density Index/ Relative: Density Index {lo} Range (%) SPT ‘N’ Value Range {Blows/300mm]}
Density {Cohesionless
Soils) VL Very Loose <18 0-4
L Loose 15-35 4-10
MD Medium Dense 35-65 10-30
B Dense 65-85 30-50
VD Very Dense > 85 >50
{ ) Bracketed symbol indicates estimated density based on ease of drilling or other tests.
Hand Penetrometer 300 Numbers indicate individual test results in kPa on representative undisturbed material unless noted
Readings
250 otherwise.
Remarks V' bit Hardened steel "V’ shaped bit.
"TC’ bit Tungsten carbide wing bit.
I 60 Penetration of auger string in mm under static load of rig applied by drill head hydraulics without
rotation of augers.

Ref: Standard Sheets Log Sy
August 2001
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Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS
A.B.N. 17 003 550 801 A.C.N. 003 550 801 +

LOG SYMBOLS

ROCK MATERIAL WEATHERING CLASSIFICATION

Residual Soil ) RS Soil developed on extremely weathered rock; the mass structure and substance fabric are no
longer evident; there is a large change in volume but the soil has not been significantly
transported.

Extremely weathered rock XwW Rock is weathered to such an extent that it has “sail” properties, ie it either disintegrates or can be

remoulded, in water.

Distinctly weathered rock bW Rock strength usually changed by weathering, The rock may be highly discoloured, usually by

ironstaining. Porosity may be increased by leaching, or may be decreased due to deposition of
weathering products in pores.

Slightly weathered rock Sw Rock is slightly discoloured but shows little or no change of strength from fresh rock.

Fresh rock FR Rock shows no sign of decomposition or staining.

ROCK STRENGTH

Rock strength is defined by the Point Load Strength Index {ls 50} and refers 1o the strength of the rock substance in the direction normal to the
bedding. The test procedure is described by the International Jounal of Rock Mechanics; Mining, Science and Geomechanics. & Abstract
Volume 22, No 2, 1985.

Extremely Low: EL Easily remoulded by hand to a material with soil properties.
0.03
Very Low:; VL May be crumbled in the hand. Sandstone is “sugary” and friable.
a.1
Low: L A piece of core 180mm long x 50mm dia. may be broken by hand and easily scored
’ 0.3 with a knife. Sharp edges of core may be friable and break during handling.
Medium Strengthy. ‘ M A piece of core 150mm long x 50mm dia. can be broken by hand with difficulty.
1 Readily scored with knife.
High: H A piece of core 150mm long x 50mm dia. core cannot be broken by hand, can be
3 slightly scratched or scored with knife; rock rings under hammer.
Very High: VH A plece of core 160mm long x 50mm dia. may be broken with hand-held pick after
more than cne blow. Cannot be scratched with pen knife; rock rings under hammer.
10
Extremely High: EH A piece of core 150mm long x 50mm dia. is very difficult to break with hand-held

hammer. Rings when struck with a hammer.

ABBREVIATIONS USED IN DEFECT DESCRIPTION

Be Bedding Plane Parting '| Defect orientations measured relative to the normal to the long core axis
cs Clay Seam {ie relative to horizontal for vertical holes)
J Joint
P Planar
Un Undulating
S Smooth
R Rough
IS Ironstained
XWs Extremely Weathered Seam
Cr Crushed Seam
60t Thickness of defect in millimetres

Ref: Standard Sheets Log Symbols
August 2001
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8 April 2005 TEST REPORT

Environmental Investigation Service

39 Buffato Road

GLADESVILLE

NSW 2111

Your Reference; E19312F, Warriewood
Report Number: 36066

Attention: : Vittal Boggaram

Dear Vittal !

The following Shmples were received from you on the date indicated.
Samples:  Qty. 96 Soils
Date of Receipt of Samples: 21/03/05
Date of Eieceipt of Instructions: 21/03/05

Date Preliminary Report Faxed: 06/04/05

These samples \#jvere analysed in accordance with yourwritten instructions.
A copy of the instructions is attached with the analytical report.

Theresultsand };lssociated guality control are contained in the following pages of this report.

Unless 0therwi$e stated, solid samples are expressed on a dry weight basis (moisture has
been supplied for your information only), air and liquid samples as received.

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

36066-27 AsbeJ:stos found in plaster fragments and loose in soil.
See attached POCAS.
Yours faithfully |

SGSENVIRONMENTALSERVICES

£
Vs

Jacingh Hurst
Opegfations Manager
Page 1 of 19

NATA Endorsed Test Report
This document may net he reproduced excert in full.

MATA Actradited Laboratory Mo, 2552
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Membar of the 535 Group



PROJECT:  E19312F, Warriewood

REPORT NO: 36066
BTEX in Suit
Our Reference: UNITS 36066-1 36066-4 36066-5 36066-8 36066-11
Your Reference ] seeeeeeeee BH1 BH1 BH2 BH3 BH4
Samgple Tybe ———————————— soil soif sail soil soit
Depth 0.0-0.1 1.2-1.5 0.0-0.3 0.0-0.1 0.0-0.1
Benzene mgfkg <0.50 <0.50 <0.50 <0.50 <0.50
Toluene mgrkg <0.50 <0.50 <0.50 <0.50 <0.50
Ethylbenzene mg/kg <0.50 <0.50 <0.50 <0.50 <0.50
Total Xylenes mag/kg <15 <1.3 <1.5 <1.5 <15
Surrogate % 98 98 36 a7 99
BTEX in s{:n
Our Reference: UNITS 36068-14 36066-18 36066-21 36066-24 38066-26
Your Referance | e BHs BHE BH7 BHa8 BH9
Sample Type | ceemeeeeeee- soil soil s0il soil soil
Depttr C.0-0.1 0.0-0.1 0.0-01 0.0-0.1 0.5-0.9
Benzene mgfkg <0.50 <0.50 <0.50 <0.50 <0.50
Toluene mg/kg <0.50 <0.50 <0.50 <0.50 <0.50
Ethylbenzene mg/kg <0.50 <0.50 <0.50 <(.50 <0.50
Totai Xylengs ma/kg <1.5 <15 <1.5 <1.58 <t.8
Surrogate % 93 94 93 161 95
BTEX in Seil
Our F{eferenjce: UNITS 36066-29 38066-32 36066-39 36066-42
Your Refergnce | —mmeeeeeemee- BH10 BH11 BH12 BH13
Sample Type ------------ soil soil s0il soil
Depth 0.0-0.1 0.6-0.1 0.0-0.1 0.0-0.1
B»:—H'lzenei mg/kg <0.50 <0.50 <0.50 <0.50
Toluene . mg/kg <0.50 <0.50 <0.50 <0.50
Ethylbenzene mg/kg <0.50 <0.50 <0.50 <0.50
Total Xylenjes mg/kg <15 <1.5 <t.5 <1.5
Surrogate, % 93 94 a7 93
Page 2 of 19
NATA Endorsed Test Repod
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PROJECT: E19312F, Warriewood REPORT NO: 36066
Totai Recoverable Hydrocarbensin Soil
Our Reference: UNITS 36066-1 36066-4 38086-5 36066-8 36066-11
Your Reference | e BH1 BH1 BH2 BH3 gH4
Sampie Tyﬁe ------------ soil soil soif s0il soif
Depth 0.0-0.1 1.2-15 0.0-0.1 0.0-0.1 0.0-0.1
TRH Ce - G P&T ma/fky <20 <20 <20 <20 <20
TRH Cio - G1e mugfkg <20 <20 <20 <20 <20
TRH C15 - Cos mg/kg <50 <50 <50 <50 <50
TRH Can - Cas mg/kg <50 <530 <50 <50 <50
Total Recoverable Hydrocarbonsin Soil
Qur Reference: UNITS 36066-14 38086-18 36066-21 36066-24 36066-26
Your Refarence | smereeeee BH5 BHs BH7 BH8 BH9
Sample Type | s sail soil soil soit soil
Depth 0.0-01 0.0-0.1 0.0-0.1 0.0-0.1 0.5-0.9
TRH Ce - Ca P&T mg/kg <20 <20 <20 <20 <20
TRH Cto - Cia ma/kg <20 <20 <20 <20 <20
TRH C1s - Co5 mg/kg <50 <50 <50 <50 <50
TRH Ca0 - Cas mg/kg <50 <50 <50 <50 <50
Total Recoverable Hydrocarbens [n Soil
Our Referenpe: UNITS 36066-29 36066-32 36066-39 36066-42
Your Reference ] eeeeeseeseees BH10 BH11 BH12 BH13
Sample Type | e soil soil ol soil
Depth 0.0-01 0.0-0.1 0.0-01 0.0-0.1
TRH Ce - Ca PET mg/kg <20 <20 <20 <20
TRH C1o - G4 mg/kg <20 <20 <20 <20
TAH C1s - Can mg/kg <50 <50 <50 <50
TRH Ceo - Cas mgrkg <50 <50 <50 <50
|
|
Page 3 of 19
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PROJECT: E19312F, Warriewood

REPORTNO: 36066
PAHs in Sail
Our Reference: UNITS 36066-1 36066-4 36066-5 36066-8 36066-11
Your Reference ] - BH1 BH1 BH2 BH3 BH4
Sample Type | e sail soil soil soil s0il
Depih - 0.0-01 1215 0.0-0.1 0.0-0.1 0.0-C.1
Naphthalene mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Acenaphthyleng ma/kg <0.1 <1 <01 <0.1 <0.1
Acenaphthene ma/kg <0.1 <01 <0.1 <0.1 <01
Fluorene mg/kg <01 <0.1 <0.1 <0.1 <01
Phenanthrene markg <01 <0.1 <0.1 <01 <0.1
Anthracene mg/kg <01 <0.1 <0.1 <01 <0.1
Fluoranthene mglkg <01 <0.1 <0.1 <0.1 <0.1
Pyrene mg/kg <0.1 <0.1 <0 <0.1 <0.1
Benzo[ajanthracene mg/kg <0.1 <0.7 <01 <0.1 <(.1
Chryseng, markg <0.1 <01 <0.1 <0.1 <01
Benzofb, k|flugranthene mg/kg <0.2 <0.2 <0.2 <0.2 <2
Benzo[alpyrene ma/kg <0.05 <0.05 <0.05 <0.05 <0.05
indeno[123-cd]pyrene mg/kg <0.1 <0.1 <01 <01 <0.1
Dibenzo(aflanthracene mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Benzojghilperylene mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Total +ve PAH's mg/kg 0.00 0.00 0.00 0.00 G.00
Surrogata . % 99 103 108 108 108
Ny NATA Endorsed Test Report Page 4 of 19
Thig document may not be repraduced except in full,
k MATA Acgradited Laboralory Mo, 2562
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PROJECT: E19312F, Warriewood REPORTNO: 36066
PAHs in Soil
Qur Reference: UNITS 36066-14 36066-18 36066-21 36066-24 36066-26
Your Reference e BHS5 BHE BH7 BH8 BH9
Sample Type v soil soil soil soil soil
Depth 0.6-0.1 0.0-0.1 0.0-0.1 0.0-0.1 0.5-0.9
Naphthalenie mg/kg <0.1 <0.1 <G.1 <0.1 <0.1
Acenaphthylene mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Acenaphthene mg/kg <0.1 <0.1 <01 <0.1 <0.1
Fluorene ma/kg <0.1 <0.1 <0.1 <01 <0.1
Phenanthrene mg/kg <0.1 <0.1 <0.1 <01 <0.1
Anthracene mg/kg <0.1 <0.1 <01 <0.1 <0.1
Fluorantherﬁe ma/kg <01 <01 <0.1 <0.1 <0.1
Pyrene - mgkg <0.1 <0.1 <0.1 <0.1 <0.1
Benzo[a]anthracene mg/ky <01 <0.1 <0.1 <0.1 <0.1
Ghryseng mg/kg <0.1 <0.1 <0.1 <01 <0.1
Benzo[b, kfluoranthene maskg <0.2 <0.2 <0.2 (.2 <0.2
Benzo[a]pyr?ne . mag/kg <0.05 <0.05 <0.05 <0.05 <0.05
Indena[723-cdpyrene mg/kg <01 <0.1 <0.1 <0.1 <1
Dihenzolahianthracene mag/kg <0.1 <0.1 <0.1 <0.1 <01
Benzo[ghijperylene mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Total +ve PAH'S mgikg 0.00 0.00 0.00 0.00 0.00
Surrogate: % 103 93 102 98 111
PAHSs in Soil
Our Reference: UNITS 36066-29 36066-32 36066-39 36066-42
Your Reference | —meeeeeee- BH10 BH11 BH12 BH13
Sample Type | eeeeeeeeeees soil sail soil soil
Depth 0.0-0.1 0.0-041 0.0-0.1 0.0-0.1
Naphthalene mg/kg <01 <0.1 <0.1 <0.1
Acenaphthylene mafkg <01 <01 <0.1 <01
Acenaphthene ma/kg <01 <0.1 <0.1 <0.1
Fluorene: mg/kg <0.1 <01 <0.1 <0.1
Phenanthrene mg/kg <0.1 <0.1 <0.1 <0.1
Anthracene mgrkg <0.1 <0.1 <0.1 <0.1
Fluoranthene mafkg <0.1 <0.1 <0.1 <01
Pyrene : mgfkg <0.1 <0.1 <0.1 <01
Benzo[a]anthré,tcene mg/kg <0.1 <0.1 <0.1 <01
Chrysene mg/kg <0.1 <0.1 <0.1 <C.1
Benzo[b, klfluoranthene makg <0.2 <0.2 <0.2 <0.2
Benzola]pyrans mg/kg <0.05 <0.05 <0.05 <0.05
Indeno[123-cd]pyrene mg/kg <C.1 <0.1 <0.1 <0.1
Dibenzofah]anthracene mg/kg <01 <0.1 <0.1 <01
Benzo[ghi]perylene mg/kg <0.1 <0.1 0.1 <0.1
Total +ve PAH's mg/kg 0.06 0.00 0.00 0.00
Surrogate) % 115 105 112 24
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PROJECT: E19f312F, Warriewood

REPORT NO: 36066

OC Pasticides in Sof
Cur Referenge: UNITS 36086-1 36068-4 38068-5 36065-8 36066-11
Your Referer?ce ————————————— BH1 BH1 BH2 BH3 BH4
Sample Type | s soil s0il soit soil soil
Depth - 0.0-0.1 1.2-1.5 0.0-01 0.0-0.1 0.0-01
HCB mgfkg <0.1 <0.1 <01 <0.1 <0.1
alphia -BHC mg/kg <0.1 <0.1 <0.1 <01 <0.1
gamma -BHC(Lindane) mag/kg 0.1 <0.1 <0.1 <0.1 <0.1
Heptachlor mg/kg <0.1 <01 <0.1 <0.1 <0.1
Aldrin magrkg <0.1 <0.1 0.1 <0.1 <0.1
beta-BHC mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
defta-BHC mg/kg <0.1 <0.9 <0.1 <0.1 <0.1
Heptachlor Epoxide ma/kg <01 <0.1 <01 <0.1 <0.1
o0 -DDE mg/kg <01 <0.1 <0.1 <0.1 <0.1
alpha -Endosulfan mghg <0.1 <0.1 <0.1 <0.1 <01
trans -Chlordane mgkg’ <0.1 <0.1 <0.1 <0.1 <01
cis-Chlordane mgikg <0.1 <0.1 <0.1 <0.1 <01
trans -Nonachior mg/kg <0.1 <01 <0.1 <0.1 <0.1
p.p'-DDE mg/kg <0.1 <0.1 <0.1 <0.1° <0.1
Dieldrin " mglkg <0.1 <0.1 <0.1 <0.1 <01
Endrin ¢ malkg <0.1 <0.1 <0.1 <0.1 <0.1
"~ op'-DOD ma/kg <0.1 <0.1 . <04 <0.1 <0.1
0,p'-0DT: mg/kg <0.1 <0.1 <0.1 C 01 <0.1
beta-Endosulfan ma/kg <0.1 <f).1 <1 <0.1 <0).1
pp-000 markg <01 <0.1 <01 <0.1 <01
poDDT mgrkg 0.1 0.1 <0.1 <01 <0.1
Endosuifan Sulphate mo/kg <0.1 <0.1 <0.1 <0.i <0.1
Endrin Aldehyde mg/kg <0 <01 <0.1, <0.1 <0.1
Methoxychlor mg/kg <0.1 <0.1 <0.1 <01 <0.1
Endrin Ketone magrkg <0.1 <01 <0.1 <G.1 <0.1
Surrogate % 120 118 120 114 112
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PROJECT: E19312F, Warriewood
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MATA Endersed Test Report

This documnent may not be repr

REPORTNO: 36066
OC Pesticides in Soil
Our Reference: UNITS 36066-14 36066-18 36066-21 36066-24 36066-26
Your Reference BH5 BHE BH7 BHE BH9
Sampie Type soil soil soil soil soil
Pepth | 0.0-0.1 0.0-0.1 0.6-0.1 0.0-0.1 0.5-0.9
HCB mg/kg <0.1 <0.1 <01 <01 <0.1
aipha-BHC mag/kg <01 <01 <0.1 <0.1 <0.1
gamma -BHC(Lindane) ma/kg <0.1 <0.1 <0.1 <0.1 <0.1
Heptachlor mg/ky <0.1 <0.1 <0.1 <0.1 <0.1
Aldrin ma/kg <0.1 <0.1 <0.1 <0.1 <0.1
beta-BHC mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
deffa-BHC mg/kg <0.1 <0.1 <01 <0.1 <{3.1
Heptachlor Epoxide mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
o,p-DDE. ma/kg <0.1 0.5 <0.1 <0.1 <0.1
aipha -Endosuyifan mg/kg <0.1 <B.1 <0.1 <0.1 <0.1
Jfrans-Chlordane maikg <0.1 <01 <01 <0.1 0.1
cis-Chlordane ma/kg <01 <0.1 <0.1 <03 <01
trans-MNenachlor ma/kg <0.1 <0.1 <0.1 <0.1 <0.1
o.p'-DDE mg/kg <0.1 <0.1 <0.% <0.1 0.5
Cieldrin mg/kg <01 <0.1 0.1 <0.1 <01
Endrin myg/kg <G <0.1 <G.1 <01 <0.1
o,p'-DDD! mg/kg <01 <0.1 <0.1 <0.1 <0.1
o,p'-DOT matkg <0.1 0.1 <0.1 <0.1 0.1
beta-Endosulfan mg/kg - <0.1 <0.1 <01 <01 <0.1
p.p'-DDD mgrkg <0.1 <01 <01 <0.1 0.2
p.p'-DOT' mg/kg <0.1 0.4 <0.1 <0.1 0.6
Endosuifan Sulphate - mgfkg <01 <0.1 <0.1 <0.1 <0.1
Endrin Aldehyde mokg <0.1 <0.1 <0.1 <0.1 <0.1
Methoxychlor mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Endrin Ketone ~ mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Surrogate’ % 124 122 122 124 129
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PROJECT: E1911312F, Warriewood REPORTNO: 35066
OC Pesticides in Soif
Cur Refererice: UNITS 36066-29 36066-32 36066-39 36066-42

Your Reference | eemeeemeee— BH10 BH11 BH12 BH13
Sample Type ------------ soil sail soil soil

Depth ‘ 0.0-0.1 0.0-01 0.0-0.1 0.0-01
HACSB maskg <0.1 <0.1 <01 <0.1
afpha-BHd ma/kg <0.1 <0.1 <(.1 <0.1
gamma -BHC(Lindane) mg/kg <(.1 <0.1 <0.1 <0.1
Heptachior mg/kg <0.1 <1 <0.1 <0.1
Aldrin mg/kg <0.1 <0.1 <0.1 <0.1
beta-BHC mg/kg <0.1 <0.1 <0.1 <0.1
defta-BHC mgfkg <01 <01 <0.1 <01
Heptachlor Epajxide mg/kg <0.1 <0.t <0.1 <0.1
g,p'-DOE . mg/kyg <0.1 <0.1 <0.1 <0.1
aipha-EndostjEfan mg/kg <01 <0.1 <0.1 <0.1
trans-Chiordane mg/kg <0.1 <01 <0.1 <0.1
cfs-Chiordaﬁe mg/kg <0.1 <0.1 <0.1 <0.1
rrans-Nonacﬁlar mg/kg <0.1 <01 <0.1 <{.1
p,0'-DDE maikg <0.1 <01 <0.1 <0.1
Dieldrin | mg/kg <0.1 <0.1 <0.1 <0.1
Endrin mg/kg <0.1 <0.1 <0.1 <0.1
o0,p-DDD° ma/kg <0.1 <0.% <0.1 <0.3
opD0T mg/kg <0.1 <0.1 <01 <0.1
beta-Endosulfan mg/kg <0.1 <01 <01 <0.1
p.p'-DDD malkg <0.1 <0.1 <0.1 <01
p.p-DDT. mg/kg <0.1 <0.1 <0.1 <0.1
Endosulfan Sulphate mgikg <0.1 <0.1 <0.1 <0.1
Endrin Aldehyde mgtkg 0.1 <0.1 <0.1 <0.1
Methoxychlbr mg/kg <0.1 <0.1 <0.1 <0.1
Endrin Ketone mg/kg <0.1 <0.1 <0.1 <0.1
Surrogate % 125 119 123 124
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PROJECT: E1 9:;".12F, Warriewood REPORTNO: 36066
PCBs in Sall
Our Reference: UNITS 360566-1 36066-4 36066-5 38068-8 36066-11
Your Reference ] seeeeeeeeees BHA1 BH1 BH2 BH3 BH4
Sample Typé ------------ soil sail s0if soil 50il
Depth 0.0-0.1 1.2-15 0.0-0.1 0.C-0.1 ¢.0-01
Arochior 1016 mg/kg <0.1 <0.1 <0.1 <0.1 <01
Arochior 1221 mg/kg <0.1 0.1 <0.1 <0.1 <0.1
Arochlor 1232 ma/kg <0.1 <0.1 <0.1 <0.1 <0.1
Arochlor 1242 ma/kg <@ <0.1 <0.1 <0.3 <0.1
Arochlor 1248 ma/kg <01 <01 <01 <01 <0.1
Arochlor 1254 mg/kg <0.1 <0.1 <0.1 <01 <0.1
Arochlor 1260 mag/kg <0.1 <0.1 <0.1 <01 <01
Arochior 1262 mg/kg <0.1 <0.1 <0.1 <01 <0.1
Arochior 1268 mafkg <0.1 <0.1 <0.1 <0.1 <0.1
Total Positive PGB mag/kg <0.90 <0.90 <0.80 <0.90 <0.90
Surrogate | % 120 118 120 114 112
PCBs in Sail
Our Reference: UNITS 36066-14 38066-18 360686-21 36066-24 36066-26
Your Referspce | oo BHS5 BHE BH7 BH3 BH9
Sample Type ~ } - $0il soil 50il soil sofl
Depth 0.0-01 0.0-0.1 0.0-0.1 0.0-0.1 0.5-0.9
Arochior 1018 mg/ky <01 <0.1 <0.1 <0.1 <01
Arochior 1221 mafkg <0.1 <0.1 <0.1 <0.1 <0.1
Arochlor 1232 mg/kg <0.1 <0.1 <0.1 <0.1 <01
Arochlor 1242 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Arochlor 1248 mg/kg <0.1 0.1 <01 <0.1 <0.1
Arachlor 1254 mg/kg <0.1 <6.1 <0.1 <0.1 <0.1
Arochior 1260 mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
Arochlor 1262 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Arochlor 1268 mg/kg <0.1 <0.1 <01 <0.1 <0.1
Total Positive PCB my/kg <090 <0.90 <0.90 <0.30 <0.90
Surrogate % 124 122 122 124 128
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PROJECT: Ei 9&31 2F, Warriewood

REPORT NO: 36066

PCBs in Soil

Our Reference: UNITS 36066-29 36066-32 36066-39 36066-42

Your Reference P et BH10 BH11 BH12 BH13
Sample Type | -oeeeeees soil s0il sail sail

Depth 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1
Arochlor 1016 mgikg <0.1 <0.1 <0.1 <0.1
Arochlor 1221 ma/kg <0.1 <0.1 <0.1 <01
Arochlor 1232 mg/kg <0.1 <0.1 0.1 <01
Arochlor 1242 mg/kg <0.1 <0.1 <01 <0.1
Arochlor 1248 ma/kg <0.1 <0.1 <0.1 <0.1
Arochlor 1254 markg <0.1 <0.1 <0.1 <01
Arochior 1260 mg/kg <01 <0.1 <0.1 <0.1
Arochlor 1262 mg/kg =0.1 <0.1 <0.1 <0.1
Arochlor 1268 mg/kg <0.1 <0.1 <0.1 <0.1
Total Positive PCB ma/kg <0.90 <0.80 <0.90 <0.80
Surrogate % 125 119 123 124
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PROJECT: Et 9312F, Warriewood REPORT NO: 36066
Acld Extractable Metals in Soif
Our Reference: UNITS 36066-1 36066-4 36066-5 36066-8 36066-11
Your Fieferepce ------------- BH1 BH1 BHZ2 BH3 BH4
Sample Type R RnEELE soil soil sail soil scil
Depth 0.0-0.1 1.2-1.5 0.0-0.1 0.0-0.1 0.0-0.1
Arsenic mg/kg <3 <3 <3 <3 <3
Cadmium mg/kg <0.5 <05 <0.5 <05 <0.5
Chromium mg/kg 1 2 3 6 3
Copper mg/fkg <0.5 <05 24 4 9
Lead mga/kg <2 2 20 17 44
Mercury mg/kg <0.05 <0.05 <0.05 J.10 <0.05
Nicke! mgrkg 0.2 0.3 1 0.8 1
Zinc mg/kg 4 4 56 37 80
Acid Extractable Metals in Soil
Our Reference: UNITS 36066-14 36066-13 36066-21 36066-24 36066-26
Your Reference BH5 BH6 BH7 BH8 BH9
Sample Type | memeeeeeeee soil 50il soil soit soil
Depth 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 05-09
Arsenic mg/kg <3 <3 <3 <3 <3
Cadmium: mg/kg <0.5 <0.5 <0.5 <0.5 <0.5
Chromium mg/kg 10 10 2 <0.5 8
Copper mg/kg 8 36 9 09 100
Lead rmgfkg 12 ag 27 <2 86
Mercury mgfkg <0.05 010 <0.05 <0.05 <0.05
Nickei mgrkg i1 4 0.9 0.3 5
Zinc ma/kg 130 250 49 5 330
Acid Extractable Metais in Soil
Our Reference: UNITS 36066-29 36066-32 36066-39 36066-42
Your Reference = 1 ceesseremaes BH10 BH11 BH12 BH13
Sample Type | ceesdeesne soil soil soil s0il
Depth 0.0-0.1 0.0-0.1 0.0-01 0.0-0.1
Arsenic mg/kg <3 <3 <3 <3
Cadrmium mafkg <05 <0.5 <0.5 <0.5
Ghromitm ma/kg 22 35 8 4
Copper mg/kg 15 38 1.0 8
Lead mg/kg 11 15 7 23
Mercury mg/kg <0.05 <0.05 <0.05 <0.05
Nickel magfkg 50 120 3 2
zZing mg/kg 44 67 8 40
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PROJECT: E19312F, Warriewood REPORT NO: 36066
Asbestos
Gur Reference: UNITS 35066-2 36066-6 36066-9 36066-12 36066-15
Yaur Flefere;-nce ------------- BH1 BH2 BH3 BH4 BHS
Sample Type | e s0il sail soil 50il sail
Depth ' 0.0-3.1 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1
Sample Description 20g Sand & | 20g Sand, 20g Sand, 20g Sand, | 20gSand &
Scif Rocks & Soil & Plant | Soil & Plant Rocks
Plant Matter Matter Matter
Asbestos ID in soit No No No No No
asbestos asbestos asbestos ashestos asbestos
detected detected detected detected detected
Asbestos
QOur Refereﬁlce: UNITS 36066-19 36066-22 36066-27 38066-30 36066-33
Your Reference ] emmemeeeee- BHB BH7 BHS BH10 BH11
Sample Tyjpe ------------ soil s0il s0il soil s0il
Depth j 0.0-0.1 0.0-0.1 0.0-0.1 0.0-041 0.0-0.1
Sample Description o0g Sand & | 20gSand, | 20gSand, | 20gSand, | 20g Sand,
Rocks Soil & Plant Soil & Soil, Rocks Soit &
Mattar Rocks & Plant Rocks
. ‘ Matter
Asbestos 1D in soil No No Chrysotile - No Ne
asbestos asbestos asbestos asbesios asbestos
detected detected detected detected detecied
Amosite
asbestos
detected
Asbhestos
Gur Reierence: UNITS 36066-40 36066-43 36066-78
Your Heferénce -------------- BHi2 BH13 BHE
Sample Ty;pe ------------ soil soil s0il
Depth | 0.0-0.1 0.0-0.1 0.0-041
Sample Descrjption 20g Sand, 20g Sand, 20g Sand,
Soil, Rocks | Soil & Plant | Soil, Rocks
& Plant Matter & Plant
} Matter - Matter
Asbestos ID in soil No No Mo
asbestos asbestos asbestos
detected detecied detected

MNATA Endorsed Test Report
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PROJECT: E19312F, Warriewood REPORT NQO: 36066
POCAS and TPA
Qur Reference: UNITS 36066-81 36066-33 36066-85 36066-37 36066-90
Your Reference | semeemeeeee BH1 BH2 BH5 BHE BHY
Sample Tybe ------------ sail s0il soil soil soil
Depth 5.5-6.0 2.5-3.0 4.0-4.5 4.0-4.5 5.5-6.0
POCAS # # # # #
POCAS and TPA
Our Reference: UNITS 368066-91 36066-93
Your Reference | e BHg BH13
Sample Type 1 mmeeeeeeee sail soil
Depth 4.0-45 4.0-45
POCAS # 4




PRQJECT: E1d312F, Warriewood REPORT NO: 360686
Moisture
Qur Reference: UNITS 36066-1 36066-4 36066-5 36066-8 36066-11
Your Reference ] memeeeemeee- BH1 BH1 BH2 BH3 BH4
Sample Type oo sail soil soil sail soil
Depth 0.0-01 1.2-1.5 0.0-0.1 0.0-01 0.6-0.1
Moisture % 39 6.7 47 72 6.8
Moisture
Qur Reference: UNITS 36066-14 36066-18 36066-21 38066-24 36066-26
Your Reference | meeemeeeeees BHS BHE BH7 BHE BH3
Sampie Type | e soil soil soit soit s0il
Depth 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 0.5-0.9
Moisture. % 17 5.0 6.2 5.2 13
Moisture:
Qur Refereﬂce: UNITS 36066-29 36066-32 36066-39 36066-42
Your Reference | cmemmemeeeee- BHI0 BH11 8H12 BH13
Sample Type [ eemeeeeeeee- sail soil soil soil
Depth | 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1
Moisture % 8.7 7.3 8.9 16
I
Page 14 of 12
‘ MNATA Endorsed Test Rapod
This dotument may not be reproduced exceptin full,
L . NATA Accredited Laberatary No. 2562




PROJELCT: Eigb‘! 2F, Warriewood REPORTNO: 36066
Methed 1D ‘ Methodology Summary

SEO-017 BTEX/TRH C6-C8 - Determination by Purge and Trap Gas Chromatography with Flame lonisation Detection {
FID}and Photo [onisation Detection (P1D). The surrogate spike used is aaa-trifluorotoluene.

SEO-020 TRH - Determination of Total Recoverable Hydrocarbons by gas chromatography following extraction with
DOM/Acetone for solids and DCM for liquids.

SEOQ-G30 PAHs by GC/MS - Determination of Polynuclear Aromatic Hydrocarbons (PAH's) by Gas Chromatography /
Mass Spectromatry following extraction with dichioromethane or dichioromethane/acetene. The surrogate
spike used is p-Terphenyl-d14.

SEO-005 OC/OP/PCS - Betermination of a suite of Organchiorine Pesticides, Chlorinated Organo-phosphorus Pesticides
and Polychlorinated Biphenyls (PCB's) by sonication extraction using dichloromethane for waters or
acetone / hexane for soils followad by Gas Chromatographic separation with Electron Capture Detection (GC
[ECD). The surrogate spike used is 2,4,5,8-Tetrachioro-m-xylens.

SEM-010 Metals - Determination of varfous metals by ICP-AES following aqua regia digest.

SEM-005 Mercury - Determination of Mercury by Coid Vapour Generation Atomic Absorption Spectroscopy.

SASB-002 Qualitative identification of asbestos type fibres in bulk using Polarised Light Microscopy and Dispersion
Staining Technigques. Accreditation does not cover the identification of Synthetic Mineral Fibre.

Ext-002 Analysis subcontracted to SGS Environmental Cairns.

SEP-001 Air Dry - Cover air drying at 40 C, moisture content at 103 G - 105 G, wet slurrving, compositing and

preparation of a 1:5 soil suspension.

[N
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PROJECT: E19312F, Warriewood REPORT NO: 36066
QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Duplicate Spike Sm# Matrix Sptke %
Smé Recovery
BTEX in Sall Base + Duplicate + Duplicate + %RPD
%BRPD
Benzene mg/kg 0.5 SEQ-017 <0.50 36066-1 <050 |} 0,50 Sand 841} 87| RPD: 4
Toluena mgikg 0.5 SEQ-017 <0.50 36066-1 <0.50 || <0.50 Sand 85|87 || RPD: 2
Ethylbenzene mavkg 0.5 SEQ-¢17 <0.50 36066-1 <0.50 || <0.50 Sand g1 87 || RPD: 7
Total Xylenes mg/ky 1.5 SEO-017 <t5 3B066-1 <1.5]<1.5 Sand 8185} RPD: 5
Surrogate % SEQ-017 [NT] 36066-1 98| 98| APD: 0 Sand 781801 RPD: 3
QUALITY CONTROL UNITS PQL METHOD Blanik Duplicate Duplicate Spike Sm# Matrix Spike %
Sm# Recovery
Total Recoverable Base + Duplicate + Duplicate + %RPD
Hydrocarbonsin Sail %RPD
THH Cs - Co P&T mg/kg 20 SEC-017 <20 36066-1 <20 || <20 Sand 83|| 85| RPD: 2
TAH Cio - C1a mgrkg 20 SEQ-020 <20 36066-1 <20 || <20 Sand 731187 || RPD: 18
TRH Ci1s - Ces mg/ky 50 SEQ-020 <50 36066-1 <50 | <50 Sand 82 j 92 || RPD: 11
TRH Cao - Cas ma/kg 50 SE0-020 <50 36066-1 <50 || <50 Sand 132|{ 132 || RPD: 0
QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Duplicate Spike Sm# Matrix Spike %
Sm# Recovery
PAHSs in Soi Base + Duplicate + Duplicate + %RPD
‘ %RPD
Naphihalene markg 0.1 SE0-030 <0.1 36066-1 <01 <0.1 Sand 107 || 106 || RPD: 1
Acenaphthylene rhg/kg 0.1 SEO-030 <01 36066-1 <0.11] <0.1 Sand 104 1. 101 | RPD: 3
Acenaphihens rﬁg/kg 0.1 SEO-030 <0.1 36068-1 <01 || 0.1 - Sand 111{{ 108 {{ RPD: 2
Fluorene mg/ky 0.1 SEQ-030 <0.1 36086-1 <01 ] <01 Sand [NT]
Phenanthrens rmgrkg 0.1 SEO-030 <0.1 36066-1 <0.1|| <0.1 Sand 5G| 83 || RPD: 4
Anthracens rhg/kg 0.1 SEO-030 <0.1 36066-1 <0.1]] <0.1 Sand 961}101 || RPD: 5
Fluoranthene mg/kg 0.1 SEQ-030 <0.% 36066-1 <0.1]] <b.1 Sand 107 || 1081 RPD: 1
Pyrene n;ng!kg 0.1 SEO-630 <0.% 36066-1 <0.1]| <0.1 Sand 101 {| 102 || APD:A
Benzo[zlanthracene markg 0.1 SEQ-030 <0.1 36088-1 <011 <0.1 Sand INT]
Chrysene kg 0.1 SEO-030 <0.1 36066-1 <0.1]] <0.1 Sand INT]
Benzo[b, kTiluoranthene mg/kg 0.2 SEQ-030 <0.2 36066-1 <0.2]]<0.2 Sand NT]
Benzo[ajpyrene mg/kg 0.05 SEQ-030 <0.05 36066-1 <0.05 || <0.05 Sand 114 113 ] APD; 1
Indeno[723-cd pyrene nﬁg/kg 01 SEQ-030 <0.1 36066-1 <0.1 [ <0.1 Sand NT
Dibenzofah]anthracens nﬁg/kg 0.1 SEQ-030 <0.1 36066-1 <0.1 | <01 Sand [NT}
Benzo[ghilperylens nf}g/‘kg 0.1 SEO-030 <0.1 36086-1 <014 <0.1 Sand [NT}
Total +ve PAH's ma/kg 0 SE£0-030 0.00 36066-1 0.00 || 0.00 Sand [NT]
Surrogate i9 SED-030 INT] 36066-1 99 || 98 || RPD: 1 Sand 1183|105 || APD:
‘ 12
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PROJECT: E19312F, Warriewood

REPORT NO: 36066
QUALITY CONTROL UjNITS j PQL METHOD Blank | Duplicate Duplicate Spike Matrix Spike %
H Sm# Sm# Racovery
OC Pesticides in Soil Base + Duplicate Buplicate + %RPD
+ %RPD
HCB ma/kg Q.1 SEO-005 <0.1 36066-4 <0.11[ <01 Sand INT)
aipha-BHC mg/kg 0.1 SEO-005 <0.1 36066-4 <0.1] <61 Sand [NT)
gamma -BHC{Lindane) mg/kg 0.1 SEQ-005 <0.1 36066-4 <0.1]} <0.1 Sand INT}
Heptachlor mg/kg 0.1 SED-003 <0.1 36066-4 <0.17} <6.1 Sand 1221|107 || RPD:
13
Aldrin mg/kg 0.1 SEQ-005 <0.1 36066-4 <0.1 || <0.1 Sand 121 || 105 [} RPD:
14
beta-BHC mg/kg 0.1 SEQ-005 <0.1 36066-4 <0.1 ]} <0.1 Sand NT]
deita-BHC mgikg 9.1 SEC-005 <01 360664 <0.1] <01 Sand 124 || 108 |} APD:
14
Heptachlor Epoxide migikg 01 SEC-005 <01 36068-4 <0.1 [} <01 Sand [NT]
0,p"-DDE mag/kg 0.1 SEO-005 <0.1 36086-4 <0.1 ] <0.1 Sand INT!
alpha-Endosulfan mg/kg 0.1 SEOQ-005 <0.1 36066-4 <0.1]] <01 Sand [NT]
frans-Chiordane ma/kg [t ] SEO-005 <0.1 36066-4 <0.1]] <0.1 Sand {NT}
cis-Chiordane markg 0.1 SEO-005 - <01 36068-4 <0.11]] <0.1 Sand INT}
frans-Nonachlor maskg G.1 SEO-005 <01 36066-4 <0.1]] <0.1 Sand INT]
p,0"-DDE rhglkg 0.1 SEQ-005 <0.1 36066-4 <0.1| <0.1 Sand NT)
Dieldrin mo/kg .1 SEQ-005 <01 36066-4 <0.1 || <0.1 Sand 121 || 109 | RPD:
10
Endrin mg/kg 0.1 SEQ-005 <0.1 36066-4 <0.1]} <01 Sand [NT}
o,p"-DDD mglkg 0.1 SEQ-005 <01 | 36066-4 <0.1 ][ <B.1 Sand [NT]
o,0-DDT mgfkg 0.1 SE0-005 <0.1 36066-4 <0.1]| <0.1 Sand [NT]
beia -Endosulian mafkg 0.1 SEQ-005 <0.1 36066-4 <0.1 ] <0.1 Sand INT]
p,p'-DDD mg/lkg 0.1 SEO-005 <0.1 36066-4 <0.1]| <0.1 Sand INT]
p.p-DDT - mg/kg 0.1 SEQ-005 <0.1 36066-4 <0.1]|<0.1 Sand 130 §i 122 [| APD: 6
Endosuifan Sulphate ma/kg 0.1 SEQ-005 <0 36066-4 <011 <0.1 Sand 121 {| 13 || RPD: 7
Endrin Aldehyde makg 0.1 SEO-005 <01 36066-4 <0.1]| <0.1 Sand [NT]
Methoxychlor mgfg 0.1 SEO-005 <0.1 36086-4 <01 <0.1 Sand INT]
Endrin Ketone mg/kg 0.1 - SEOQ-005 <0.1 36066-4 <0.11 <0.1 Sand [NT]
Surrogate % SEO-005 iNT] 36066-4 | 118(] 101 | RPD: 16 . Sand 15 102 || RPD:
12
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PROJECT: E1%9312F, Warriewood REPORT NO: 36068
|
QUALITY CONTROL TUNITS PQL METHOD Blank | Duplicéte Duplicate Spike Matrix Spike %
Sm# ! Smit Recovery
PCBs in Soit | Base + Duplicate Duplicate + %RPD
+ %RPD
Arochlor 1016 img/kg 0.1 SE0-005 <0.1 36086-4 <0.1]} <0.1 Sand [NT]
Arochlor 1221 mg/kg 0.1 SEO-065 <G.1 36066-4 <0.1 ]} <01 Sand [NT]
Arochior 1232 mgikg 0.1 SEQ-005 <01 36066-4 <0.1 ][ <01 Sand NT]
Arochior 1242 ma/kg 0.t SEQ-005 <0.1 36066-4 <0.1 ] <01 Sand [NT
Arochlor 1248 mg/kg 0.1 SEO-005 <0.1 36066-4 <0.1 4] <01 Sand [NT]
Arochlor 1254 ‘mg/kg 0.1 SEQ-005 <0.1 36066-4 <013 <0.1 Sand 87180 || BPD: B
Arochlor 1260 my/kg 0.1 SE0-005 <0.1 36066-4 <01 | <0.1 Sand [NT
Arochlor 1262 mg/kg 0.1 SEOQ-005 <G.1 36066-4 <01 || <0.1 Sand [NT
Arochlor 1268 mg/kg .1 SEQ-005 <0.1 36066-4 <0.1 | <0.1 Sand INT]
Total Positive PCB mgrkg 0.9 SEO-005 0.90 36066-4 <0.90 || <0.90 Sand [NT}
Surrogate % SEQ-005 [NT 36066-4 | 118101 i RPD: 16 Sand 1091} 102 || RPD: 7
QUALITY CONTROL UNITS PGL METHCD Blank Duplicate Duplicate Spike Sm# Matrix Spike %
Sm# Recovery
Acid Exiractable Metals Base + Duplicate + Duglicate +%RPD
in Soil %RPD
Arsenic | ‘mglkg 3 SEM-01G <3 36066-1 <3| <3 36066-4 | 993|101 || RPD: 2
Cadmium ‘mg/kg 05 SEM-01C <05 36066-1 <05 <05 36066-4 | 93] 100 || RPD: 2
Chromium ma/kg 0.5 SEM-010 <05 36066-1 111 AP0 360664 | 993101 || RPD: 2
Copper mgikg 0.5 SEM-010 <05 36066-1 <051 <0.5 36066-4 | 99107 | RPD:2 -
Lead mg/kg - 2 SEM-010 <2 36086-1 . <2|2 36066-4 96} 98 [ RPD: 2
Mercury ma/kg 0.05 SEM-005 <0.05 | 360661 <0.05 |; <0.05 36066-4 HO[ 110} RPD: O
Nickel | ‘mg/kg 0.2 SEM-010 <D.2 36066-1 0.2]10.2|| RPD: 0 36066-4 | 97100} RPD: 3
Zinc mg/kg 0.5 SEM-010 <0.5 36066-1 45} RPD: 22 36066-4 | 991101 | BPD: 2
QUALITY CONTROL UNITS PQL METHOD Blank
POCAS and TPA
POCAS ‘ # Ext-002 0.00
QUALITY CONTROL UNITE POL METHOD |’ Blank Duplicate Duplicate
Sm#
Moisture Base + Duplicate +
%RPD
Moisture % SEP-001 [NT] 36066-1 39)I39]jRPD: 0
QUALITYCONTROL | UNMS | Dup. Smé Duplicate
Moisture Base + Dupiicate +
%RPD
Moisture % 36066-1 87| 6.7|RPD: 0
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PROJECT: E19312F, Warriewood REPORT NO: 36066

Result Codes

INS] insufficient Sample for this test [HBG] : Results not Reported due to High Background Interference
[NR] : Not Requested : * . Not part of NATA Accreditation
[NT} : Not tested [N/A] : Not Applicable

Result Comments

ASBESTOS NB. Even after disintegration of certain bulk samples (vinyi tiles and bituminous

type materials}, the detection, of fibres may be difficuit when using Polarised Light

Microscopy and Dispersion Staining Technigues. This may be due o the matrix of the sampte

{uneven distribution), or fine fibres that are difficult to detect and positively identify.

POCAS anatysed by SGS Perth report no. 48994,

Date Organics extraction commenced: 30/03/05

NATA Corporate Accreditation No. 2562, Site No 4354

Note: Test resulis are not corrected for recovery (excluding Dioxins/Furans and PAH in XAD and PUF).

Quality Control Protocol

Reagent Blank: Sample free reagents carried through the preparation/extraciion/digastion procedure and analysed at the
beginning of every sample batch analyszs For larger projects, a reagent blank is prepared and analysed with gvery 20
samples.

Duplicate: A separate portion of a sample being analysed which is reated %he same as tha Gther samples in the batch.

A dupiicate is prepared at least every 20 samples.

Matirix Spike Duplicates: Sample replicates spiked with identical concentrations of target anaiyte(s). The spiking occurs
during the sampie preparation: and piior to the extraction/digestion procedure. They are used to document the precision and
bias of a method in a given sample matrix. Wherg there is not enough sample available to prepare a spiked sample another
known sait/sand or water {or Milli-Q water) may be used. A duplicate spiked sample is prepared at least every 20 samples.
Surrogate Spike: Added to all samples reqmrlng analysis for organics (where relevant) prior to extraction. Used to
determine the exiracticn efhclency They are organic compounds which are similar tothe target anatyte(s) in chemical
compaosition and behaviour in the analytlcal process, but which are not normally found in environmental samples.

Internal Standard: Added to all samples requiring analysis for organics {where relevant) after the extraction process; the
compounds serve io give a standard of retention time and response, which is invariant from run-to-run with the instruments:
Confrol Standards: Prepared from a source independent of the calibration standards. At least one control standard is
included in each run to confirm calibration validity.

Additional QC Sampies: A calibration standard and blank are run after every 20 samples of an instrumental analy5|s run to
assess analyfical driit.
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4 April 2005 TEST REPORT
Environmental Investigation Service
39 Buffalo Road
GLADESVILLE
NSW 2111
Your Reference: E19312F, Warriewood
Report Number: 36066A
Attention: | Vittal Boggaram
Dear Vittal
The following samples were received from you on the date indicated.
Samples:  Qty. 32 Soils
Date of Receipt of Samples: 21/03/05

Date of Receipt of Instructions:  23/03/05
Date Preljiminary Report Faxed: Not Issued

These samples Were analysed in accordance with your written instructions.
A copy of the instructions is attached with the analytical report.

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

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

Yours faithﬁllly
SGS ENVIRONMENTAL SERVICES

i
Jacingh Hurg
Opethtions Manager

NATA Erdorsed Test Report L
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PROJECT: E19312F, Warriewood REPORT NO:  36066A
OC Pesticides.in Soil
Our Reference: UNITS 36066A-97 | 3G066A-38 | 36066A-09 36066A- 36068A-
100 101
Your Reference | —eeeeeeeeeees Composite | Composite | Composite Composite | Composite
| 1 2 3 4 5
Sample Type | ememmemmenen soil soil soil s0il soil
Depth 45+48 47+48 49+50 54+52 53+54
HCE mg/kg <0.1 <0,1 <0.1 <0.1 <0.1
alpha-8HC mgikg <0.1 <0.1 <. <0.1 <0.1
gamma -BHC(Lindane) mg/kg <0.1 <01 <1 <0.1 <01
Heptachlcﬁr ma/kg <0.1 <0.% <0.1 <0.1 <0.1
Aldrin mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
heta-BHC mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
deita-BHC mglkg <0.1 <0.1 <0.1 <0.1 <01
Heptachior Epoxide mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
o,p-0DE mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
aipha-Endosulfan mg/kg <0.1 <0.1 <0.1 <0.% <0.1
trans-Chlordane molkg <0.1 <0.1 <0.1 <0.1 <0.1
cis-Chlordane myrkg <0.1 <0.1 <0.1 <0.1 <0.1
trans-Nonachlor mg/kg <0.1 <{(.1 <0.t <0.1 <0.1
p,p"-DDE mglkg 0.5 0.5 0.8 0.6 0.8
Dieldrin mgfkg <0.1 <Q.1 <0.1 <0.1 <1
Endrin mgrkg <0.1 <0.1 <0.1 <0.1 <Q.1
0,0-DDD maikg <0.1 <0.1 <0.1 <0.1 <0.1
o,p"DDT malky 0.2 0.2 0.4 03 0.3
beta-Endosulfan mg/kg <0.1 <01 <01 <0.1 <0.1
p,p'—DDD‘ mg/kg 0.3 0.2 0.4 0.3 0.4
p.p-DDT mg/kg 1.0 0.8 1.3 0.9 12
Endosulfan Sulphate mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Endrin Aidehyde mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Mesthoxychior mglkg <0.1 <0.1 <01 <0.1 <0.1
Endrin Ketane mg/kg <0.1 <01 <0.1 <G.1 <0.1
Surrogate % 111 122 74 103 71
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PROJECT: E1§312F, Warrfewood REPORT NO: 36066A
OC Pesticides in Soil
Cur Reference: UNITS 36066A- 36066A- 36066A-~ 36066A- 36066A-
102 103 104 105 106
Your Reference = = | eseeeesecaees Composit | Composit | Composit | Composit | Composit
eb e? CR:] ed e 10
Sample Type - soil soil soil sail soil
Depth 55+56 57+58 59+60 61+62 63+64
HCB mg/kg <0.1 <0.1 <0.1 <D.1 <0.1
alpha-BHG mgfkg <0.1 <01 <0.1 <0.1 <0.1
gamma-BHC(Lindane) mg/kg <0.1 <0.1 <0.1 <31 <01
Heptachlor mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Aldrin mgikg <0.1 <0.1 <0.1 <0.1 <Q.1
befa-BHC mgikg <0.1 <0.1 <0.1 <0.1 <0.1
delta-BHC mglkg <0.1 <0.1 <0.1 <0.1 <0.1
Heptachior Epoxide mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
o,p-COE ma/kg <0.1 <0.1 <0.1 <0.1 <01
alpha-Endosulfan ma/kg <{.1 <0.1 <0.1 <0.1 <0.1
trans-Chlordane mg/kg <0.1 <0.1 <0.1 <0.1 <01
cfs-Chiordane mglkg <0.1 <0.1 <0.1 <01 <0.1
frans-Nonachlor mglkg <0.1 <0.1 <Q.1 <01 <0.1
p,p-DDE mglkg 0.5 0.8 0.7 0.8 0.2
Dieldrin. mg/kg <0.1 <0.1 <0.1 <0.1 <01
Endrin mgrkg <0.1 <0.1 <0.1 <1 <0.1
o,p"-DDD mglkg <0.1 <0.1 <0.1 <0.1 <0.1
0,p-DDT mgikg 0.2 0.3 0.2 0.3 <0.1
beta-Endosulian mg/kg <0.1 <0.1 <0.1 <0.1 <1
p.p~DDD ma/kg 0.2 0.1 0.2 0.1 <0.1
p,p-DDT mg/kg 0.7 0.7 08 1.3 02
Endosulfan S@Iphéte mgikg <01 <0.1 <0.1 <0.1 <0.1
Endrin Aldehyde mg/kg <{.1 <0.1 <0.1 <0.1 <0.1
Methoxychlor mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
Endrin Ketqne mgikg <0.1 <0.1 <0.1 <0.1 <0.1
Surrogate % 114 118 119 108 105
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PROJECT: E1Q312F, Warriewood REPORTNO: 360G6A
|
OC Pesticides, in Soil
Qur Refere:nce: UNITS 36066A- 36066A- 36066A~ 36066A- 36066A-
i 107 108 109 110 111
Your Reference | seeeeeeeeeee- Composit | Composit | Composit | Composit | Composit
: e 11 e 12 e13 e 14 e15
Sample Type |  seeeeseeeee soil soil soil soil soil
Depth 65+66 67+68 69+70 71+72 73+74
HCB mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
aipha-BHT mgrkg <0.1 <0.1 <0.1 <01 <0.1
gamma-BHC(Lindana) mg/kg <0.1 <0.1 <01 <0.1 <0.%
Heptachlor mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
Aldrin mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
beta-BHC mgikg <0.1 <01 <0.1 <0.1 <0.1
delta-BHC mgikg <01 <0.1 <0.1 <0.1 <0.1
Heptachlor Epoxide mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
o,p-DDE mg/kg <0.1 <0.1 <0.1 <0.1 <{1.1
alpha-Endostulfan mg/kg <0.1 <0.1 <0.1 <01 <(.1
trans-Chlordane mg/kg <0.1 <0.1 <01 <0.1 <(.1
cis-Chlordane ma/kg <0.1 <0.1 <0.1 <0.1 <0.1
trans-Nonachlor mg/kg <01 <0.1 <0.1 <0.1 <0.1
p.p"-DDE mg/kg <0.1 0.8 0.9 07 0.5
Dieldrin ! mgfkg <G.1 <0.1 <0.1 <0.1 <0.1
Endrin mg/kg <0.1 <0.1 <0.1 <0.1 <0.1
o,p-DD0 mgikg <0.1 <0.1 <0.1 <0.1 <0.1
o,p'-DD'ﬂ mgfkg <0.1 0.3 0.4 02 0.1
beta-Endosuifan ma/kg <0.1 <0.1 <01 <0.1 <0.1
p.p-D0D mg/kg <0.1 0.1 0.3 0.1 <0.1
p,6DDT mgkg <0.1 0.9 1.2 1.4 0.6
Endosulfan Su)phate mgfkg <0.1 <0.1 <0.1 <0.1 <0.1
Endrin Aldef?yde mg/kg <(.1 <0.1 <0.1 <0.1 <0.1
Methoxychior mg/kg <0.1 <0.1 <(.t <0.1 <01
Endrin Ketane ma/kg <0.1 <0.1 <0.1 <1 <{.1
Surrogate % 84 110 19 117 129
i
|
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PROJECT: E19312F, Warriewood

OC Pesticides in Soil
Our Referénce: UNITS 36066A-
12
Your Reference ] Composit
| e 16
Sample Type S soil
Depth 75+76
HOB malkg <0.1
alpha-BHC mgikg <0.1
gamma-BHC(Lindane) mafkg <0.1
Heptachior maikg <0.1
Aldrin : mgrkg <Q.1
beta-BHC maikg <0.1
delta-BHC mgrkg <0.1
Heptachior Epoxide ma/kg <0.1
o,p~DDE mgrkg <Q.1
alpha-Endosulfan mg/kg <0.1
trans-Chlargane mgfkg <0.1
cis-Chlordane mg/kg <0.1
frans—Nona;hIor maglkg <Q.1
p,p"-DDE mg/kg 0.4
Diefdrin; mgrkg <0.1
Endrin mglkg <0.1
0,0-DD0 mg/kg <0.1
o,p-DDT mglkg <0.1
beta-Endosulfan mg/kg <0.1
p,p'—DDD mg/kg <0.1
p.p-DD0T mgrkg 04
Endosulfan Sufphate mgfig <0.1
Endrin Atdehyde mgfkg <0.1
Methoxychlor mg/kg <0.1
Endrin Ketone mgikg <0.1
Surrogaté % 108
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PROJECT: E19312F, Warriewood REPORT NO: 36066A
OP Pesticides in Soil
Our Reference: UNITS 3I6066A-97 | 36066A-98 | 38066A-99 36066A- 36068A-
100 101
Your Referepce [ s Composite Composite Composite Composite Composite
1 2 3 4 5
Sample Type B soil s0il s0il soil sail
Depth 45+46 47+48 49+50 51+52 53+54
Chiorpyrifos mglkg <0.10 <0.10 <0.10 <0.10 <0.10
Fenifrothion ma/ky <0.10 <0.10 <0.10 <0.10 <0.10
Bromofos Ethyl mg/kg <0.10 <0.10 <0.10 <0.10 <0.10
Ethion mgrkg <0.10 <0.10 <0.10 <0.10 (.10
Surrogate % 111 122 74 103 71
OP Pesticides in Soil
Cur Reference: UNITS 36066A- 36066A- " 36066A- 3B0B8BA- 36066A-
102 103 104 105 106
Your Refarence oo Composite Composite Composite Composite Composite
B 7 8 9 10
Sample Type | semsmeeeeee- soil s0il soil s0il soil
Depth 55+55 57+38 59+60 61+62 63+84
Chiorpyrifos mgrkg <0.10 <0.10 <0.10 <0.10 <0.10
Fenitrothion ma/kg <0.10 <0,10 <0.10 <0.10 <0.10
Bromofos Ethyl mg/kg <0.10 <0.10 <0.10 <0.10 <0.10
Ethion mglkg <0.10 <0.10 <0.10 <0.10 <0.10
Surrogafe. % 114 118 119 108 105
OF Pesticides in Soil
Our Refererice: UNITS 36066A- 36068A- 36068A- 36066A- 36066A-
‘ 107 108 109 110 111
Your Reference | s Composite Composite Composite Composite Composite
11 12 13 14 15
Sample Type | emeemmemee—m soil saii soii soil soil
Depth B5+66 67+68 80470 71+72 73+74
Chlorpyrifos mg/kg <0.10 <010 <0.10 <0.10 <0.10
Fenitrothion mgikg <0.10 <0.10 <0.10 <0.10 <0.10
Bromofos Etbyi mg/kg <0,10 <0.10 <0.10 <0.10 <010
Ethion mgikg <0.10 <0.10 <0.10 <0.10 <Q.10
Surrogate. % 84 110 119 17 126
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PROJECT: E19312F, Warriewood

N

‘

OP Pesticides in Soil
Our Reference: UNITS 36066A-
12
Your Reference = = | ceeccusewien Composit
f e 16
Sample Type e ‘ soil
Depth 75+76
Chlorpyrifos mg/kg <010
Fenitrothion mgikg <0.10
Bromofos Ethyl ma/kg <0.10
Ethion mg/kg <0.10
Surrogate % 106
Page 7 of 14
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PROJECT: E19312F, Warriewood REPORT NO: 36066A

Acid Exiractable Metals in Soll
Qur Reference: UNITS 36066A-97 | 36066A-98 | 36066A-99 36066A- 36066A-
‘ 100 101
Your Reference | emememeenees Composite Composite Composite Composite Composite
1 2 3 4 5
Sample Type mammm - s0il soil s0il soil soil
Depth 45+46 47+48 49+50 51452 53+54
Arsenic ma/kg <3 <3 <3 <3 <3
Cadmium mg/kg <0.5 <0.5 <0.5 <0.5 <0.5
Chromium mg/kg 9 11 10 g 10
Copper i mokg 62 51 59 69 66
Lead mg/kg 28 28 26 27 33
Mercury mglkg <0.05 <0.05 <0.05 <0.05 0.05
Nickel : mgrkg 5 5 6 8 G
Zinc mgrkg 84 28 120 120 130

Acid Extractable Metals in Soil ]
Our Reference: EUNITS 36066A- 36086A- 36066A- 36066A- 36066A-

_ 102 103 104 105 106
Your Reference | seeemememeee- Composite Compaosite Composite Composite Composite
3 7 8 9 10
Sample Type | e sail soil sail sail s0il
Depth 55+56 57+58 59+60 61+62 63+64
Arsenic mg/kg <3 <3 <3 <3 <3
Cadmium mg/kg <0.5 <0.5 <0.5 <0.5 <0.5
Chromium mgrkg 13 12 11 12 4
Copper’ mgfkg 58 56 77 59 72
Lead mg/kg 23 23 30 28 32
Marcury ma/kg 0.06 0.05 <0.05 0.06 <0.05
Nickel mg/kg 5 5 5 4 2
Zinc mgikg 110 96 120 110 250
Page 8 of 14
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PROJECT: E19312F, Warriewood REPORTNO: 36066A
Acid Extractable Metals in Soil
Our Reference: UNITS 36066A- 36066A- 36066A- 36066A- 36066A-
107 108 109 110 111
Your Reference | seeeceomeeee- Composit | Composit | Composit | Composit | Composit
; el e 12 e13 e 14 els
Sample Type | - soil soit soil soil soil
Depth 65+66 67+68 69+70 71472 73+74
Arsenic mg/kg <3 3 <3 <3 <3
Cadmium mgrkg <0.5 <0.5 <0.5 <0.5 <0.5
Chrormium mg/kg 3 13 11 11 11
Copper mgfkg 40 a7 78 60 72
Lead . mgikg 18 30 27 25 22
Marcury myglkg <0.05 0.07 0.05 0.08 <0.05
Nickel : mg/kg 1 6 5 4 5
Zing mg/kg 89 160 120 130 120
Acid Extractable Métals in Soil
Our Reference: UNITS 36066A-
: 112
Your Reference mmmmmo Composite
: 16
Sampte Type | e soit
Depth | 75+78
Arsenic mg/ky <3
Cadmium mgfkg <(.5
Chromiurfz mg/kg 12
Copper: mgfkg 68
Lead mg/kg 21
Mercury, mgrkg 0.03
Nickel : mgfkg 5
Zinc mgikg 84
Page 9 of 14
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PROJECT: E19312F, Warriewood REPORT NO: 36066A
Moisture
Our Reference: UNITS 36066A-97 | 36066A-98 | 3606BA-99 36066A- 36068A-
100 101
Your Referesnce | —eeeeeee- Composite Composite Composite Composite Compaosite
i 1 2 3 4 5
Sample Type ] emmmeemeeee- soil soil soil soil s0il
Depth 45+48 47+48 49+50 51+52 53+54
Moisture % 14 6.0 14 3.2 7.8
Moisture
Our Reference: UNITS 3B8066A- 36066A- 36066A- 3606BA- 36066A-
102 103 104 105 106
Your Reference e Composite Composite Composite Composite Composite
6 7 8 9 10
Sample Type e s0il soil soil sail soil
Depth 55+56 57+58 59+60 61+62 63+64
Moisture % 14 22 22 8.3 8.7
Maisture
Our Reference: UNITS 38066A- 36066A- 3606BA- 36068A- 36068A-
107 108 109 110 111
Your Reference | eemmeme———r Composite Composite Compaosite Compaosite Composite
‘ ™ 12 13 14 15
Sample Type e soil soil soil soil soil
Depth: 65+68 67+88 69+70 71472 73+74
Moisture % 35 7.3 2.3 5.4 1.4
Moisture
Our Reference: UNITS 36066A-
‘ 112
Your Reference | cmeemmeeees Composiie
: 16
Sample Type ] e soil
Depth | 75+76
% 2.0
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PROJECT: E1§312F, Warriewood REPORT NO: 36066A

Method ID Methodology Summaiy
SEOQ-005 QOC/OP/PCB - Determination of a suite of Organchlorine Pesticides, Chlorinated Organo-phosphorus Festicides

and Polychlorinated Biphenyls (PCB's) by sonication extraction using dichloromethane for waters or
acetone / hexane for soils followed by Gas Chromatographic separation with Electron Capture Detection (GC
/ECD). The surrogate spike used is 2,4,5,6-Tetrachloro-m-xylene.

SEM-010 Metats - Determination of varicus metals by ICP-AES following agua regia digest.
SEM-005 Mercury - Determination of Mercury by Cold Vapour Generation Atomic Absarption Spectroscopy.
SEP-001 Air Dry - Cover air drying at 40 C, moisture content at 103 C - 105 C, wet slurrying, compositing and

preparation of a 1:5 soll suspension,

1\

N
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PROJECT; E19312F, Warriewood REPORT NO: 36066A
QUALITY CONTROL UNITS PQL METHOD Blank Dupiicate Duplicate Spike Sm# Matrix Spike %
. ' Sm# Recovery
QC Pesticides in Soil Base + Duplicate + Duplicate + %RPD
%RPD
HCB mafkg 0.1 SEQ-005 <01 36066A- <0.1{]<0.1 Sand [T}
5 101
alpha-BHC mafkg 0.1 SEO-005 <0.1 36066A- <01 [f <01 Sand INT]
101
gamma-BHC(Lindane) mgrkg 0.1 SEO-005 <0.1 36066A- <0.1{] <0.1 Sand [NT]
101
Heptachlor mgikg 0.1 SEQ-005 <0.1 36066A- <01 <0.1 Sand 114 {121 | RPD: 6
101
Aldrin mg/kg 0.1 SEO-0C5 <0.1 36066A- <0.1]| <0.1 Sand 111 |} 117 || RPD: 5
101
beta-BHC mglkg 0.1 SEQ-005 <0.1 36056A- <0.1]| <0.1 Sand [NT]
101
delfa-BHC mg/kg 0.1 SEO-005 <C.1 36066A- <0.11(}<0.1 Sand 120 )| 128 |iRPD: 6
191
Heptachlor Epoxide mg/kg 0.1 SEQ-005 <0.1 36066A- <0.1 || <G.1 Sand [NT]
101
o,p-0ODE mglkg 0.1 SEO-005 <0.1 36066A- <0.1]] <0.1 Sand [NT]
101
alpha-Endosulfan malkg 0.1 SEO-005 <0.1 36066A- <(.1]| <01 Sand [NT]
101
frans-Chiordane mgrkg 0.1 SEO-005 <0.1 36066A- <0.1{}<0.1 Sand [NT]
161
cis-Chlordane mgrkg 8.1 SEO-005 <0.1 36066A- <0.1 || <01 Sand [NT]
101
trans-Nonachlor mg/kg 4.1 SEQ-005 <0.1 36066A- <0.1{] <0.1 Sand [NT]
101
p,0-DDE mgrkg- 0.1 SE0-005 <0,1 36066A- | 0.8]0.8]|RFD: 0 Sand INT]
101
Dieidrin mgikg 0.1 SEQ-005 <D.1 36066A- <0.1 |} <0.1 Sand 111 || 116 || RPD: 4
‘ 101
Endrin mg/kg 0.1 SEOC-005 <0.1 36066A- <0.1{| <0.1 Sand [NT]
101 '
o,p-DDD mgikg 0.1 SEO-005 <0.1 36068A- <0.1]] <0.1 Sand INT]
101
0,0"DDT mg/kg 0.1 SE0-005 <0.1 36066A- | 0.3]/0.3||RPD:0 Sand [NT]
101
beta-Endasulfan rﬁg/kg 0.1 SEQ-005 <0.1 36066A- <0.1 | <0.1 Sand INT}
: 101
2.p'-DOD mgikg 0.1 SEO0-005 <G.1 36066A- | 0.4 0.4 RPD:0 Sand INT]
101
p.p-DOT rﬁglkg 0.1 SEQ-005 <0.1 36066A- 1.2|[1.1||RPD: 9 Sand 1191125 || RPD: 5
) 101
Endosulfan Sulphate mgikg 0.1 SEQ-005 <{.1 36066A- <0.1 || <0.1 Sand M3 117 || RPD: 3
‘ 101t
Endrin Aidshyde malkg 0.1 SEQ-005 <0.1 36066A- <0.1 || <0.1 Sand [NT]
101
Msthoxychlar migikg 0.1 SE0-005 <0.1 36068A- <0.1 [ <0.1 Sand INT}
101

‘ NATA Endossed Test Report
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PROJECT: E19312F, Warriewood REPORTNO: 36066A
QUALITY CONTROL UNITS PQL METHOD Blank | Duplicate Duplicate Spike Matrix Spike %
: - Sm# Sm# Recovery
OC Pesticides in Soil Base + Duplicate Duplicate + %RPD
+ %RPD
Endrin Ketone mgfkg 0.1 SEOQ-005 <0.1 36066A- <0.1]| <01 Sand [NT]
; 101
Surrogate % SEO-005 [NT] 36066A- | 71122 |{ RPD: 53 Sand 109 |} 114 {| RPD: 4
; 101
QUALITY CCONTROL UNITS PQL METHOD Blank Duplicate Duplicate Spike Sm# Matrix Spike %
St Recovery
OP Pesticides in Soil Base + Duplicaie + Duplicate + %RPD
%RPD
Chlorpyrifos mafkg 0.1 SEO-005 <0.1C 36066A- <0.10 || <0.10 Sand 1111 116 || RPD: 4
101
Fenitrothion mg/kg 0.1 SEC-005 | <0.10 | 3B06BA- <0.10 || <0.10 Sand INT]
1 101
Bromofos Ethyl mgrkg &1 SEQ-005 <3.10 36066A- <0.10 || <0.10 Sand [NT]
101
Ethion ma/kg 0.1 SEQ-005 <0.10 36066A- <0.10 || <0.10 Sand [NT]
101
Surrogate % SEO-005 [NT] 36086A- | 71| 122 || RPD: 53 Sand 109 ]| 114 || RPD: 4
101
QUALITY CONTROL UNITS PQL. METHOD Blank Duplicate Duplicate Spike Smi# Matrix Spike %
Smit Recovery
Acid Extractable Metals Base + Duplicate + Duplicate + %RPD
in Soil %RPD
Arsenic mg/kg 3 SEM-G10 <3 36066A-97 <3 [ <3 36066A-98 | 97(| 92| RPD: 2
Cadmium markg 0.5 SEM-010 <05 | 26066A-97 <0.5 || <C.5 36066A-98 | 93 )96 || RFD: 3
Chromium mgrkg 0.5 SEM-010 <0.5 36066A-97 g9 IRPD: O 36066A-98 93 [ 97 || RPD: 4
Copper ﬁng/kg a.5 SEM-010 <0.5 36066A-97 | 62| 55||RPD: 12 36066A-98 89||95]|RPD: 7
Lead ﬁ?g/kg 2 SEM-01C <2 36066A-97 | 28] 25|/RPD: 1 36066A-98 88|92 i RPD: 4
Mercury lfnglkg 0.05 SEM-005 <05 36066A-97 <0.05 || <0.05 36066A-98 93|97 [ RPD: 4
Nickel mafkg 0.2 SEM-010 <0.2 36066A-97 54 4 ]| RPD: 22 36066A-98 92195 || RPD: 3
Zine mglkg 0.5 SEM-010 <0.5 | 36066A-97 | 84||77{|RPD:9 | 36066A-98 | 84| 95| RPD: 12
QUALITY CONTROL UNITS PQL METHOD Blark
Moisture 3
Moisture L% SEP-001 [NT]
‘ NATA Endorsed Yest Report Page 13 Of 14
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PROJECT: E19312F, Warriewood REPORT NC: 36066A

Result Codes

NS} Insufficient Sample for this test {HBG] : Resuits not Reported due to High Background Interference
INR] : Not Requested | * Not part of NATA Accreditation

[NT} : Not tested [N/A] : Not Applicable

Result Comments

Date Organics exiraction commenced: 30/03/05
NATA Corporate Accreditation No. 2562, Site No 4354
Note: Test resulis are not corrected for recovery {excluding Dioxins/Furans and PAH in XAD and PUF),

Quality Contrel Protocol

Reagent Blank: Sample free reagents carried through the preparation/extraction/digestion procedure and analysed at the
beginning of every sample batch analysis. For larger projects, a reagent blank is prepared and analysed with every 20
sampias. ‘ .

Duplicate: A separate portion of a sample being analysed which is treated the same as the other samples in the batch.

A duplicate is prepared at least every 20 samples.,

Matrix Spike Duplicates: SLampIe replicates spiked with identical concentrations of target analyte(s). The spiking occurs
during the sample preparation and prior to the extraction/digestion procedure. They are used to document the precision and
bias of a method in a given sample matrix. Where there is not enough sample available to prepare a spiked sample, another
lknown soil/sand or water (or Milli—Q water) may be used. A duplicate spiked sample is prepared at least every 20 samples.
Surrogate Spike: Added toiall samples requiring analysis for organics {where relevant) prior to extraction. Used to
defermine the extraction efficiency. They are organic compounds which are similar to the target analyte(s) in chemical
composition and behaviour in the analytical process, but which are not normally found in environmental samples.

Internal Standard: Added to all samples requiring analysis for organics (where relevant} after the extraction process; the
compounds serve to give a sfandard of retention fime and response, which is invariant from run-to-run with the instruments.
Control Standards: Prepargd from a source independent of the calibration standards. At least one control standard is
included in each run to conﬁrrh calibration validity,

Additional QC Samples: A calibration standard and blank are run after every 20 samples of an instrumental analysis run to
assess analyfical drift.
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ENVIRONMENTAL INVESTIGATION SERVICES

FAX MESSAGE

ATTENTION: = Aileen Hie / Jacinta

OF: 5GS Environmental Services
FAX No: 9666 1364

FROM: Vittal Boggaram

RE: ADDITIONAL ANALYSIS

ElS JOB No:

DATE: 23/03/2005

PAGE: 1

of 1

WARRIEWOOD VALLEY LAND RELEASE, WARRIEWOOD

E19312F

Pleass note that the SGS reference number for the above project is 36066. | would liks 1o
schedule addifional analysis for heavy metals (MM), organochiorine (OC) and
organophosphate (OP) pesticides on the following composites:

i7e
9%
q9°
(O *
(o=
(02*
PEL
ok
[T
[0 »
(o7
(0% -
icq"
TRV
(-
L -

Compoéite 1-~samples GH1A and GH1B 4 S + 4 b
Composite 2 —~ samples GH2A and GH2B 47 +~ ¢ §
Composite 3 — samples GH3A and GH3B 4G+ 5O
Composite 4 — samples GH4Aand GH4B £+ G 2
Composite 5 — samples GH5A and GHEB 5% S &
Composite 6 — samples GHEA and GHBB s¢ 4 < b
Composite 7 — samples GH7A and GH7B  S1+5 %
Composite 8 — samples GHBA and GH8B G4+ 60
Composite 9 — samples GHSA and GHSB &l 6 2

Composite 10 — samples GH10A and GH108
Composite 11 — samples GH11A and GH11B
Compasite 12 — samples GH12A and GH128
Composite 13 — samples GH12A and GH13B
Composite 14 ~ samples GH14A and GH14B
Composite 15 — samples GH15A and GH15B
Camp0$ite 16 - samples GH16A and GH16B

L3t by
LS b6
57F6 %
EG+ 70
AR S
T45+1Y
EARENA®

Should you reéuire any further information regarding the above please do not hesitate to

contact

the undersigned.

Yours faithfully
Far and on behgif of
ENVIRONMENTAL INVESTIGATION SERVICES

ke Y
Vittal -&- &, . i
Environmental Scientist

39 BUFFALD ROAD GLADESVILLE NSW 2111

Princlpalz E H Fletcher 254 [Eng ME

E1S /B A DIVISION OF JEFFERY & KATAUSKAS PTY LTD AB.M, 17 003 550 601 A,C.N. 002 550 801
Principala: 8 F wWaiker g2 01C mse P Ttubhin o5c MigAuat B! Trawagk Dip Tech

TELEPHONE: (DZ) 9803 7322 (02) 9807 Q200 FAX: (02) 9803 7625
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Joanne

From: "SSC Bore Data SSC Bore Data" <SSChoredata@dipnr.nsw.gov.au>
To: <eis@Jkgroup.net.au>

Sent: Wednesday, 16 March 2005 2:00 PM

Attach: sscwarriewood160305.wmf; sscwarriewood160305.RTF
Subject:  bore search - Warriewood

Hi Vittal, | have completed your tkm bore search at Jubilee Avenue - Warriewood. Please see atiached files.
Water Quality Data is Nil.

Thanks
Sofie Tanner

Sofie Tanner

GIS Operator

Parramatta

South Coast GIS

Ph: 98857148

Sofie. Tanner@dipnr.nsw.gov.au
Fax: 9895 7685

The work summary for the bore is in the attached file ***,rif,
If you requested Water Quality Data and it is availabie for the bore - see the spreadsheet *** csv

If you requested a map showing the ocation of the bore - see the file *** wmf.
To print the map this procedure must be followed with the file;

1. Save it to your drive,

2. [n Word or Excel or another Windows application,

3. Choose Insert, Picture, From File,

4. Select the file (*.wmf),

5. Map should appear.

We recommend that you set the page set up to Landscape

And reduce the margins to the smallest possible size.

if a map fails to open please let me know,

CAUTION TO CLIENTS

Water data have been supplied to the Department of Infrastructure, Planning and Natural Resources
(DIPNR} by various sources. In some cases, analyses, plots and other data presentations make use of
information on the DIPNR archive. Because of the historic nature of the archive, there may well be errors
and omissions in the data provided to you, and the quality of the information may make it unsuitable for the
intended purpose.

Data integrity may not have been examined before use in analytical programs and the DIPNR makes no
guarantee that they conform to any guidelines. Users of these data should be aware that the use and any
interpretation of the data is at their own risk and the DIPNR will not be held responsible for any decisions
made based on these data.

Should you require fQﬂher information please call or email me.

Dept. of Infrastructure, Planning and Natural Resources
Sydney South Coast Region Bore Requests

FAX: 02 4224 9689
PH: 02 4224 9600

PLEASE NOTE THIS 1S AN OUTGOING EMAIL ADDRESS ONLY DO NOT REPLY TO THIS ADDRESS

This message is intended for the addressee named and may contain confidential/privileged information. If
you are not the intended recipient, please delete it and notify the sender.

16/03/2005
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Views expressed in this message are those of the individual sender, and are not necessarily the views of the
Department.

You should scan any attached files for viruses.

Groundwater Bores at a 1km radius near Jubilee
Warriewoood dated 16/03/2005

16/03/2005
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Date/Time :16-Mar-2003 01:05 P
User STANNER
Report RMGWOC1D.QRP
Executable :SAGSPROD32\Ground.exe
Exe Date [13-Dec-2004
Svstem :Groundwater
Database :Edbp

DEPARTMENT OF INFRASTRUCTURE, PLANNING AND NATURAL RESOURCES
Work Summary

GW014463 Converted From HYDSYS

License :10BL0O07411

Authorised Parpose(s) Intended Purposes)
Work Type :Excavation RECREATION (GROUNDWATER) {RRIGATION
Work Status :Supply Obtained
Coastruct. Methed > 100 sq.m.
Owner Type :Private
Commenced Date : Final Depth : 1.50m
Completion Date :01-Dec-1957 Drilled Depth : 1.50m
Contractor Name :
Driller :
Property : - N/A Standing Water Level :
GWMA :663 - SYDNEY BASIN Salinity : 501-1000 ppm
GW Zone: - Yield :
- Site Details
ot Chosen By : County Parish Portion/Lot DP
Form A :CUMBERLAND NARRABEEN 19
Licensed :CUMBERLAND NARRABEEN PT 19
Region :10 - SYDNEY SOUTH COAST CMA Map :9130-18 MONA VALE
River Basin :212 - HAWKESBURY RIVER Grid Zone :56/1 Scale :1:25,000
Area { District :
Elevation : Northing :6273020 Latitude (S) :33° 40" j5"
Elevation Source :(Unknown) Easting :341570 Longitude (E) :151° 17' 28"
GS Map :0055B3 AMG Zone :356 Coordinate Source :GD.,PR. MAP

z Negative depths indicate Above Ground Level;H-Hole:P-Pipe;0D-Outside Diameter;|D-inside Dizsmeter;C-Cemented;SL-Slot Length;A-Aperture;GS-Grain Size;Q-Quantity
Construction ™ e ¢
H P Component Type From (m) Te {m} OD (mm) ID (mm) Interval Petails

{(No Construction Details Found)

Water Bearing Zones
From (m) To {m) Thickness (m} WBZ Type S.W.L. (m) D.D.L. (m) Yield (L/s) Hole Depth {n) Duration (hr) Salinity (mg/L)
{No Water Bearing Zone Details Found)
Drillers Log
“wom (m) To () Thickuessimy Dirsllers Deseriplion Geological Comments.
;0,00 0.60 0.60 Soil, Sandy Bhntérial
" n.60 1.52 0,92 Sand Water Supply Sand
Pumping Tesis - Summaries
Pumping Test Type Date . Duration S.W.L.(m) D.D.L.(m) Yield (L/s) Infake Depth (m) Test Method To Measure Water Level To Measure Discharge  Tested By

(hr)

{No Pumping Test Summary Details Found)

Pumping Tests - Readings

Pumping Test Type Date "Time {ming}  3.W.L.(m) D.D.L.{m)  Yield (L/s) Intake Depth (m} Test Method To Measure Water Level To Measure Discharge  Tesled By

(No Pumping Test Reading Details Found)

Chemical Treatment

‘Treatment Method Duration Success

(No Chemical Treatment Details Found)

Development

Method Tieme Taken Other Development Method

(No Development Details Found)

Warning To Clients: This raw data has bee; supplied to the Department of Land and Water Conservation (DLW by driliers, licensees and olher sources, The DLWC does not verify the acenracy of this data.
The data js presented for use by you at yorr own sk, You should consider verifying this data before relying on it. Professional hydrogeclogical advice should be sought in interpreling and vsing this data.

1
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DEPARTMENT OF INFRASTRUCTURE, PLANNING AND NATURAL RESOURCES
Work Summary

GWO 14463 Converted From HYDSYS

Remarks
BAYVIEW GOLF LINKS MONA VALE
“*= Ead of GW(14463 #+*
**% End of Report *+*

Warning Te Clients: This raw data has been supplicd to the Department of Land and Water Conservation (DL.WC,) by drillers, licensees and other sources, The DLWC does not verify the aeciracy of this data.
The data is presented for use by you at your own risk. You should consider verifying this data before relying on it, Professional hydrogeological advice should be sought in interpreting and using this data.

2
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WORKCOVER

KEW SOUTH WALES

Cur Ref:  D05/013510
Your Ref:  Vittal Boggarair

15 March 2005

Attention:-  Mr Vital Boggaram
EIS

39 Buffalo Road

GLADESVILLE NSW 2111

Dear Sir

RE SITE: Lot 1 Sector B, lubiles Avenue W

LR

/ARRIEWQOD NSW 2102

I refer to your search request of 14 March 2005 requesting information on licenses to
Keep Dangerous Goods for the above site.

A search of the Stored Chemical Information Database (SCID) and the microfiche records
held by WorkCover has not located any records pertaining to the abovementioned premises.

An invoice for this search will be forwarded to you in due course.

If you have any further queries, please contact Dangerous Goods Licensing staff on (02)
4321 5500.

" Team Leader

Dangerous Goods

’

WorkCover. Watching aut for you.

WorkCover NSW ABN 77 682 742 966 92-100 Donnison Street Gosford NSW 2250 Lacked Bag 2906 Lisarow NSW 2252
Telephone 02 4321 5000 Facsimile 02 4325 4145 WorkCover Assistance Service 13 10 50
DX 731 Website www.workcover.nsw.gov.au

WCI1216LH
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SOIL AND GROUNDWATER SAMPLING PROTOCOLS

These protocols specify the basic procedures to be used when sampling soils or
groundwater for environmental site assessments undertaken by Environmental
Investigation Services. The purpose of these protocols is to provide standard
methods for: sampling, decontamination procedures for sampling equipment,
sample preservation, sample storage and sample handling. Deviations from
these procedures must be recorded.

SOIL SAMPLING

{i) Prepare a test pit/borehole log.

{ii} Layout sampling equipment on clean plastic sheeting to prevent direct
contact with ground surface. The work area should be at a distance
from the drill/rig excavator such that the drill rig/excavator can operate in
a safe manner.

{iii} Ensure all sampling equipment has been decontaminated prior to use,

{iv]  Remove any surface debris from the immediate area of the sampling

(v} Collect samples and place in a glass jar with a Teflon seal. This should
be undertaken as quickly as possible to prevent the loss of voliatiles, If
pOSSIbIe fill the glass jars completely.

(vi)  Label the jar with the EIS job number, sample location (eg TP1), sampling
interval and date. If more than one sample container is used, this should
also be indicated (eg 2 = Sample jar 1 of 2 jars).

i (vil}  Photoionisation detector (PID) screening of volatile organic compounds
(VOCs) should be undertaken on samples using the soil sample
headspace method. Headspace measurements are taken following
equilibration of the headspace gasses in partly filled glass jars. PID
headspace data is recorded on the borehole/test pit log and the chain of
custody forms.

(vii) Record the fithology of the sample and sample depth on the borehole/test
pit log in accordance with AS1726-1993.

(ix) Store the sample in a sample container cooled with ice or chill packs. On
completion of the sampling the sample container should be delivered to
the [ab!immediately or stored in the refrigerator prior to delivery to the
lab.

\
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(x) Check for the presence of groundwater after completion of each boreho!é
using ;an electronic dip metre or water whistle. Boreholes shouid be left
open pntil the end of fieldwork. All groundwater levels in the boreholes
should be re-checked on the completion of the fieldwork.

{xi} ~ Backfill the boreholes/test pits with the excavation cuttings or clean sand
prior to leaving the site.

DECON TAMINA TION PROCEDURES FOR SOIL SAMPLING EQUIPMENT
(i} All of the equipment associated with the soil sampling procedure should
be decontaminated between every sampling location.
{ii) The following equipment and materials are required for the
decontamination procedure:
* Phosphate free detergent (Extran 100)
e Tap water
» Two buckets
» Stiff brushes
¢ Plastic sheets
(iii) Ensure the decontamination materials are clean prior to proceeding with
the decontamination.
{ivi  Fill botih buckets with clean tap water and add phosphate free detergent
tc one bucket.

(V) in the bucket containing the detergent scrub the sampling equipment
until all the material attached to the equipment has been removed.

(vi)  Rinse sampling equipment in the bucket containing tap water.

{vii}  Place cleaned equipment on clean plastic sheets,

If all materials are not removed by this procedure, high-pressure water cleaning
s recommended. If any equipment is not completely decontaminated by both
these processes that equipment should not be used until it has been thoroughly
cleaned.

GROUNDWATER SAMPLING

Groundwater samples are more sensitive to contamination than soil samples
and therefore adhesion to this protocol is particularly important to obtain
reliable, reproiﬁucible results. The recommendations detailed in AS 2308.1 are
considered to form a minimum standard.
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The basis of i’chis protocol is to maintain the security of the borehole and obtain
accurate and representative groundwater samples. The following procedure
should be used for collection of groundwater samples from previously installed
piezometers.

{i} After piezometer instailation, at least four bore volumes should be
pumped from the piezometers to remove any water introduced during the
drilling process. Piezometers should then be left to recharge for at least
five days before purging and sampling. Prior to purging or sampling the
condition of each well should observed and any anomalies recorded on
the field data sheets. The following information should be noted: the
condition of the well, noting any signs of damage, tampering or complete
destruction; the condition and operation of the well lock: the condition
of the protective casing and the cement footing (raised or cracked); and,
the presence of water between protective casing and well.

{ii) Take the groundwater level from the collar of the piezometer using an
electronic dipmeter. The collar level should be taken during the site visit
using a dumpy level and staff. '

(i1 Purging and sampling of piezometers should generally be done on the
same site visit. Layout and organise all equipment associated with
groundwater sampling in a location where they will not interfere with the
sampling procedure and will not pose a risk of contaminating samples.
Equipment generally required includes;

« New disposable polyethylene bailer and sufficient cord OR
submersible pump

+ Micropore filtration system (for heavy metals samples)

« Filter paper (glass fibre and 0.45(m)

» Buckets with volume increments

« Sample containers — at least 1 x teflon bottle with Tml! nitric acid,
1 x 75mL glass vial and 2 x 1L amber glass bottles for each
piezometer.

. pH/Cond/Eh/T meters

« Glass jars for purged samples

- E?ky and ice

« Latex gloves

» Distilled water (for cleaning)

» Electronic dipmeter

EIS Protocols | 3
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+  Groundwater sampling forms and notebook
» Aluminium foil and labels

{iv)  Clean the Micropore filtration system thoroughly with distilled water prior
to use and between each sample. Filter paper should be changed
between samples. 0.45um filter paper should be placed below the glass
fibre filter paper in the filtration system. _

(v} Ensure all non-disposable sampling equipment is decontaminated or that
new disposable equipment is available prior to any work commencing at a
new location. The procedure for decontamination of groundwater
equipment is outlined at the end of this section.

{vi) Disposable gloves should be used whenever samples are taken to protect
the sampler and to assist in avoidance of contamination.

{(vii)  Purge at least four bore volumes from the well. Take pH, conductivity,
redox potential, and temperature measurements of the purged
groundwater at regular intervais during purging. (Say every 5-10 litres if
abundant groundwater and every 1 litre if only limited groundwater is
encountered). Groundwater condition measurements should be taken
from a sample in a clean glass jar which has been taken directly from the
sampling equipment (either pump or bailer}. Electrodes should be placed
in the sample after the electrodes have been rinsed with distilled water.
Purged volumes and groundwater measurements should be recorded on
the field sampiing sheet. An assessment of the turbidity of the sample
should also be made based on three categories: silty, opaque and clear.

(vii) Prepare all sample bottles. Label bottles with EIS job number, borehole
number and date of collection.

{ix)  Fill amber sample bottles and BTEX vial directly from pump or bailer.
Ensure sampling equipment does not touch sample containers. Sample
bottles and vials must be filled to the brim, so that a reverse meniscus is
formed, seal with aluminium foil and then cap. Check that no air has
entered the sample invert and check for bubbles,

{(x) Fill vacuum filtration system and turn on filter pump.

{xi}  Undertake pH/Cond/Eh/T of a sample taken in a clean glass jar used only
for groundwater condition measurements. Turn the meters on and insert
the electrodes into the sample. Record the measurements when the
inetrumjents have stabilised, then discard the sample. Clean the
eiectroqﬁes with distilled water between measurements.
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{(xii}  When the sample filtering is complete, (note: at least 50mL of filtered
sample is required for heavy metal analysis), decant the filtered sample
into a teflon bottle containing nitric acid. Check label of sample bottle to
ensure container has been treated with nitric acid and not sulphuric acid.
Clean the filtration system with distilled water and replace the filters
ready for the next sample.

{xii} Photoionisation detector {PID) screening of volatile organic compounds
(VOC} should be undertaken on groundwater samples using the sample
headspace method during fieldwork. VOC data is obtained from partly
filled glass jar samples following equilibration of the headspace gases.
The PID headspace data should be included on the chain of custody
forms and borehole logs.

{xiv) Store the sample in a sample container cooled with ice or chill packs. On
completion of the sampling the sample container should be delivered to
the lab immediately or stored in the refrigerator prior to delivery to the
lab.

{xv}) Record the sample on the appropriate log in accordance with AS 1726-
1993. At the end of each water sampling complete a chain of custody
form.

DECONTAMINATION PROCEDURE FOR GROUNDWATER SAMPLING
ECUIPMENT
{i} All of the equipment associated with the groundwater sampling
procedure should be decontaminated between every sampling location.
{ii) The following equipment and materials are required for the
decontamination procedure:
» Phosphate free detergent {(Extran 100}
» Tap water

e Distilled water
*  Two buckets
s Plastic sheets
{iii}  Fill one bucket with clean tap water and phosphate free detergent, and
one bucket with distilled water. '
{iv)  Flush tap water and detergent through pump. Wash sampling equipment
and puh’ap head using brushes in the bucket containing detergent until all
materiajis attached to the equipment are removed.
(v} Flush p;bmp with distilled water.

\
L
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(vi) ~ Change water and detergent solution after each sampling location.
{vii} Rinseisampling equipment in the bucket containing distilled water.
{viii) Place cleaned equipment on clean plastic sheets.

If all materials are not removed by this procedure that equipment should not be
used until it has been thoroughly cleaned.
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QA/QC DEFINITIONS

The QA/QC i‘cerms used in this report are defined below. The definitions are in
accordance with current USEPA SW-846 (1994} methods and those described in
Environmental Sampling and Analysis, A Practical Guide, {H. Keith 1991). )

Practical Quantitation Limit {(PQL), Limit of Reporting {(LOR) and Estimated Quantitation
Limit (EQL)
These terms all refer to the concentration above which results can be expressed
with a minimum 95% confidence level. The laboratory reporting limits are
generally set at ten times the standard deviation for the Method Detection fimit
(MDL} for each specific analyte. For the purposes of this report the LOR, PQL, and
EQL are considered to he equivalent.

When assessing laboratory data it should be borne in mind that values at or near
the LOR have two important limitations.

“The uncertainty of the measurement value can approach, and even equal, the
reported value.  Secondly, confirmation of the analytes reported s virtually
impossible uniess identification uses " highly selective methods. These issues
diminish when reliably measurable amounts of analytes are present. Accordingly,
fegal and regulatory actions should be limited to data at or above the reliable
detection limit”, Keith {1991).

Accuracy ‘
The proximity of an averaged result to the true value, where all random errors have
been statistically removed. Accuracy is measured by percent recovery.

Acceptable limits for accuracy generally lie between 70% to 130% recoveries,
Certain laboratory methods may allow for values that lie outside these limits.

Precision i
The degree to which data generated from repeated measurements differ from one
another due to random errors. Precision is measured using the standard deviation
or Relative Percent Difference {RPD). Acceptable targets for precision in this report
will be less than 50% RPD for concentrations greater than ten times the EQL,
less than 75% RPD for concentrations between five and ten times the EQL and
less than 100% RPD for concentrations that are less than five times the EQL.

- Matrix Spikes
Samples ar§e spiked with laboratory grade standards to detect interactive effects
between the sample matrix and the analytes being measured. Matrix Spikes are
reported as a percent recovery and are prepared for 1 in every 20 samples.
Sample ba'dches that contain less than 20 samples may be reported with a Matrix
Spike from %another batch. The percent recovery is calculated using the formula;

(spiked sample result ~sample result)

: - x 100
concentration of spike added

Acceptable recovery limits are 70% to 130%.
| .




Blanks

The purpose of laboratory and field blanks is to check for artifacts and
interferences that may arise during sampling and analysis.

Surrogate Spikes
Samples are spiked with a known concentration of compounds that are chemically
related to the analyte being investigated but unlikely to be detected in the
environment. The purpose of the Surrogate Spikes is to check the accuracy of the
analytical technigue. Surrogate Spikes are reported as percent recovery.

Duplicates :
Laboratory duplicates measure precision, expressed as Relative Percent Difference.
Duplicates are prepared from a single field sample and analysed as two separate
extraction procedures in the laboratory. The RPD is calculated using the formula:

| D1-D2 |
| D1+ D2)/2 |

x 100

where D1 is the sample concentration and D2 is the duplicate sample
concentration.

Blind Replicate samples (Intra-taboratory duplicates)
Blind repiicates measure intra-laboratory precision. At least 10% of samples
submitted for analysis are removed from the sampling point in a single action and
divided into at least two separate sample containers for analysis at the same
laboratory. Each container is labelied in a unique manner that conceals the fact
that it is Qart of a replicate batch.

Split Replicate Samples (Inter-laboratory samples)
Split replicate samples measure inter-laboratory precision. At least 5% of the field
samples are collected in duplicate. One of the duplicate samples is analysed at the
primary laboratory and the other duplicate sample is anaiysed at a secondary
laboratory. All samples shall be analysed by identical laboratory methods.




