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This report presents the results of a geotechnical investigation for the proposed solar

1 INTRODUCTION

thermal power station (Stage 1)} off Condobolin Road, Lake Cargelligo, NSW. The
investigation was commissioned by Mr Steve Hollis of Lloyd Energy Systems Pty Ltd.

The investigation was carried out in accordance with our proposal,

Ref: P30306VTProp.

The solar thermal plant will require the construction of a single storey portal frame
(turbine) building and 16 side by side modules. Each module is to cover an area 43m
by 64m in plan dimensions and will contain a 20m high stee! {lattice} tower
supporting a solar receiver/storage/boiler unit. Each leg of the tower would be
supported, either on pad or piled footings. 112 separate tracking (heliostat) dishes
will be constructed within each module and these will radiate out from each tower.
The heliostat support posts are to be founded on steel screw piles or anchors
embedded into the ground. We have been advised that the heliostat footing would
be subject to a horizontal force of 4.8kN (working load) with an eccentricity of 2.5m
above ground surface. Some relatively minor cut and-fill earthworks are also

proposed at the site.

The purpose of the investigation was to obtain geotechnical information on
subsurface conditions at twenty-five locations as a basis for comments and
recommendations on subgrade preparation and earthworks, site classification,

footing design, soil dispersion and aggression.

2 INVESTIGATION PROCEDURE

Twenty-five test pits (TPs} were excavated using a Case 580C backhoe with a
800mm bucket to a common depth of 3m below existing surface levels. The test

locations, as shown on Figure 1, were set out by taped measurements from grid-line
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pegs previously installed by the project surveyor, Arndell Surveying, Drawing Ref:
10361 dated 3 December 2008.

The strength of the clay subsoil profiles was assessed from both from our
observations and hand penetrometer readings of the test pit sidewalls and recovered
disturbed samples. Groundwater observations were made both during and on
completion of the test pits. No long term monitoring of groundwater levels was

carried out.

Our geotechnical engineer, Mr Joseph Chaghouri, set out the test pit locations,
nominated the sampling and testing locations, and prepared logs of the strata
encountered. The surface levels shown on the test pit logs have been determined by
interpolation from the supplied spot levels at the grid-line pegs. The test pit 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.

Soil Test Services Pty Ltd {STS}, a NATA registered laboratory carried out moisture
content, plasticity (Atterberg Limits, linear shrinkage), Emerson crumb dispersion and
soil pH tests on selected soil samples. The test results are summarised in the
attached Tables A and B. Contamination testing of the site soils was outside the

scope of this investigation.

3 RESULTS OF INVESTIGATION

3.1 Site Description

The site lies within relatively flat terrain about 1.3km to the east of Condobolin
Road. The supplied survey information indicates that the site itself slopes gently,

approximately to the north-east, falling from about RL 176.0m at the south-west
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corner to RL 177.7m in the north-east corner. The site and surrounding areas are

vacant, consisting of paddocks sparsely covered with grass. The clay soils exposed

at the ground surface contain small shrinkage cracks.

3.2 Subsurface Conditions

The test pits disclosed a subsurface profile generally consisting of silty clays and
silty sandy clays. The more pertinent details of the encountered subsurface profile
are discussed below. Bedrock was not encountered within the maximum
investigation depth of 3m. Reference should be made to the attached test pit logs

for detailed descriptions of the subsurface conditions.

e Silty Clay and Silty Sandy Clay was encountered from ground surface to the
test pit termination depths. These clays contained limestone gravel were
predominantly of medium to high plasticity, and were of very stiff to hard
strength. In places (Test pits Ab, B1, B4, B5, C1, C4, E1, E3 and EB), the

surface clays were of stiff to very stiff strength.

+ Groundwater seepage was not encountered during and up to 28 hours of
excavation of individual test pits. No long term groundwater monitoring was

undertaken.

* Laboratory Testing: The soil plasticity tests on three selected samples
indicate that the silty sandy clay is of high plasticity and has an inferred high
potential for shrink/swell reactivity. Soil pH tests results for three samples
indicated that the silty sandy clays are strongly acidic with pH values between
4.9 and 5.2, which indicate that some measures should be taken to protect
buried concrete in contact with these soils. The Emerson Class b results on
two of the three samples indicate that the silty sandy clay soils are slightly

dispersive or have a low potential for dispersion but may be susceptible to
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increased erosion when simultaneously exposed to raindrop impact and
running water. The test results on the third sample of the high plasticity silty
sandy clay indicated an Emerson Class Number of 2; these clayey soils are

highly dispersive and are likely to soften in the presence of water.

4 COMMENTS AND RECOMMENDATIONS

4.1 Subgrade Preparation

Subgrade preparation for the proposed building, module and pavement areas, if any,
will require clearance of vegetation followed by stripping of root affected topsoil.
Following stripping, the following subgrade preparation should be undertaken below

the on-ground floor slab for the building, or where the site is to be raised by filling:

e The silty clay and silty sandy clay subgrade exposed after stripping and
excavation to the proposed design subgrade levels should be proof rolled using a
4-5 tonne dead weight smooth drum vibratory roller under the supervision of an
experienced earthworks superintendent, geotechnician or geotechnical engineer
to check for any unstable areas. Proof rolling would not be required below floor
slabs, which are to be fully suspended and do not rely on the underlying

subgrade for support.

* Where unstable areas are encountered the area should be locally excavated down

to a sound base and replaced with engineered fill as detailed in Section 4.1.2.

* |f shrinkage cracking of the clay surface occurs during dry weather, then prior to
pouring concrete slabs or placing the pavement layers, the exposed surface

should be sprayed with water and re-rolled to close up the surface cracks.
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4.1.1 Dispersive Soils

The Emerson dispersion tests indicated Class Numbers of 2 and 5 for the silty sandy
clay soils. We recommend that the all site soils should be treated as having a
moderate to high dispersion potential, that is, they have a moderate to high potential
to soften upon the introduction of water. Soil dispersion is likely to occur where

there is overland flow or concentrated flows of run-off water.

We recommend the following safeguards be adopted in design and construction

works and for long term maintenance.

* Adequate drainage should be provided to prevent ponding of surface water. A
constant grade should be maintained to the runoff discharge point.

¢ The site may become untrafficable when wet and appropriate cross-falls
should be maintained at all times.

¢ Adequate drainage should be provided to direct water away from the edge of
the building, the tower and heliostat footings, and any other on-ground slabs
and pavements, both during and following construction.

s Design should make allowance for the early collection and piping or lined
channelling of surface water, wherever possible.

e Services trenches should be kept away from footings, on-ground slabs and
pavements. The base of any trench should not encroach on a line of influence
of 1V in 2H but with an offset of not less than Tm.

» Trench backfill should be compacted to the same specification to properly
compacted engineered fill,

» Design of water carrying services should adopt joints which are likely to
remain water-tight in the reactive clay subsoil profile,

» The on-site materials should be placed and compacted to a relatively high

density and high moisture content, as specified for engineered fill.
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e Due to the dispersive nature of the soils, our preference would be to add a
mixture of lime and gypsum, at least to the upper sections of the exposed fill
to reduce erosion. Alternatively, the fill capped with a better quality, non-
dispersive material.

¢+ The outer ‘loose’ surface, which inevitably occurs for the outer metre or so of
fill batters should be trimmed off and the surface vegetated or otherwise
protected.

e [f soil softening occurs during construction, the on-ground floor slab subgrade
should be over-excavated to below the depth of moisture softening and that
the excavated material be replaced with clean, well-graded fill compacted as
specified in Section 4.1.2. Desirably, the earthworks should be completed
rapidly and the surface sealed as soon as possible. The earthworks should be
carefully planned and scheduled to maintain cross-falls during construction.

¢ We recommend that reference be made to AS2870 for drainage and

vegetation precautions on reactive clay sites.

4.1.2 Engineered Fill and Compaction Control

Engineered fill should preferably comprise well-graded granular material, free of
deleterious substances and having a maximum particle size of 75mm. The on-site
clayey soils are less desirable but may be re-used provided unsuitable (‘over-wet’ and
‘over-size’) material and any deleterious material is excluded. The engineered fill for
backfilling excavations should be compacted in layers of not greater than 200mm {or
150mm if light plant or non vibratory rolling is required) loose thickness, to a density
between 98% and 102% of Standard Maximum Dry Density (SMDD). Clay fill
should be placed within 2% of Standard Optimum Moisture Content (SOMC).
However, it would be wise to have a capping layer of better quality-imported fill over
the clayey fill. The use of these clay soils for engineered fill will be more time
consuming, weather dependent and will entail more rigorous earthworks supervision

and compaction control than granular fill.
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All platform fill should either be retained or battered to a slope of compacted fill of

no steeper than 1 Vertical (V) in 2 Horizontal (H) to prevent instability. All
engineered fill areas should be over-filled and compacted and then the loose outer
face of the fill should be cut back so that only well-compacted fill remains. We
recommend a horizontal compacted fill platform extend beyond the building periphery
by at least Zm. All exposed fill should be protected from erosion by quickly

establishing a grass cover.

Density testing should be carried out at the frequencies recommended in AS3798.
At least Level 2 testing (or Level 1 if floor slabs are to be founded in engineered fill}
of earthworks should be carried out in accordance with AS3798. Preferably, the
geotechnical testing authority should be engaged directly on behalf of the client and

not by the earthworks subcontractor.

Earthworks recommendations provided in this report should be complemented by

reference to AS3798.

4.2 Footing Design

4.2.1 Site Classification

The silty clays and silty sandy clays are relatively deep and have a relatively high
potential for shrink-swell reactive movements as a result of seasonal or local changes
in subsoil moisture. Although the behaviour of reactive clays and its effects on a
building or other movement sensitive structures is very complex, the prediction of
ground movements may be undertaken in accordance with the method suggested in
AS2870 “Residential Slabs and Footings — Construction”. This technique involves
the use of suction profiles and the Instability Index, a measure of soil reactivity. The

design suction profile should be related to local experimental data for characteristic
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wet and dry profiles and for depths of soil movement. At the time of writing, this
information was not available for the Lake Cargelligo area. Nevertheiess, some
guidance for design is given in the paper “Assignment of AS2870 Soil Suction
Change Profile Parameters to TMI Derived Climatic Zones for NSW” prepared by I.C.
Barnett and R.l. Kingsland and published in the Proceedings, 8™ Australia New
Zealand Conference on Geomechanics, Hobart (1998). This paper presents soil
suction change profiles for NSW linked to regional climatic zones delineated using
Thornthwaite Moisture Index contours. As the site is located within a semi-arid
climatic zone, a depth of design suction change, Hs of 4.0m and a change in suction
at the soil surface of 1.5pF to 1.8pF is recommended in the paper for design. Using
these recommended values, an assumed Instability Index of 3.0% to 3.5%, based on
the soil plasticity tests, and an assumed depth of the cracked zone of 0.7bHs, it is
estimated ground surface movements would be between 95mm and 110mm due to
shrink/swell reactivity. These shrink-swell movements are equivalent to those
experienced by residential building footings on a “Class E” site in AS2870 (i.e. free

surface movements greater than 70mm).

The roots of the trees and in particular the roots of the large trees, absorb water
causing shrinkage of the clay soils. Any new tree plantings should be kept well
away, that is, 1.5 times their mature height from movement sensitive structures.
This distance should be increased by 50% if lines or groups of tree plantings are
proposed. Note that as their root systems continue to grow, the effect of this
moisture depletion will extend closer, and may lead to uneven movements below the
proposed building or other structures. If trees are subsequently removed, the effect
of the readjustment in soil moisture in the underlying clays should be carefully

assessed.
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4.2.2 Building Footings

Once the ground is covered, the moisture conditions in the underiying clays will vary,
causing differential shrinking or swelling in the foundation below the proposed
building. If the floor is placed on an initially ‘dry’ site, moisture would be trapped
below the slab as surface drying is prevented and this would tend to produce centre
heave particularly in the long term. If the ‘dry’ period is followed by a prolonged wet
spell, moisture would migrate in from the slab edges. Alternatively, if the building is
placed over a seasonally ‘wet’ site, centre heave would probably occur due to edge
drying and shrinkage. The differential movement under these latter conditions may

not be large.

The proposed building may be may be supported on a stiffened raft footing system
founded in the clays of adequate bearing capacity. Alternatively, the building may

also be supported on a bored pile and beam footing system; refer to Section 4.2.4.

A heavily stiffened raft would provide a suitable building footing system as raft
action will accommodate local variations in support and would distribute load and
reduce the impact of differential movements on the building superstructure.
Guidance on the design procedure for stiffened rafts on reactive sites is given in
Appendix F of AS2870. The raft footings should be founded at least 1.0m below
adjacent ground levels but below any existing fill. These footings may be designed
for a maximum allowable working bearing pressure of 250kPa when founded in the

silty clay and sandy clay profile of hard strength.

The following measures may be considered to help control but not eliminate moisture

movement below the building. These would include but would not be limited to:
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* Regrading earthworks platforms, wherever practicable, to maintain cross-falls
away from the building perimeter and pavements to promote run-off and reduce
ponding.

» Construction of paving around the building to protect the periphery of the floor
slab. We recommend that the paving extending for a width of 2.5m around the
building, A waterproof membrane installed beneath the floor slab and the paving.

* The surface water discharging from the roof and all paved areas should be
dispersed in such a way as to avoid concentrated flows and erosion near the
building, other structures and external pavements,

* Attention is drawn to other precautionary, site and foundation maintenance
measures, including effects of leaking plumbing, trees and vegetation, as outlined
in AS2870.

¢ Fexible and movement tolerant forms of construction should be adopted.

4.2.3 Heliostat and Tower Footings

The heliostat posts are to be spaced at about 3.5m to 4m intervals on arc lines
radiating out from each tower. Apart from the relatively minor earthworks and
individual footing trenches, the ground surface is to be left untreated in and around
the heliostat poles and the towers. It is proposed that pad footings be used to
support the heliostat posts and the tower legs. These pad footings should be
founded at least 1.0m below adjacent ground levels but below any fill. If the pads
are constructed during the current ‘dry’ period, the clay foundation materials below
each footing will tend to wet-up and soften as moisture reaches an equilibrium value
below the footing. Given this potential for foundation softening, these footings may
be designed for a maximum allowable working bearing pressure of 250kPa when
tounded in the hard silty clay and silty sandy clay profile provided due allowance is
made for the shrink-swell movements associated with seasonal moisture changes in

the clay foundation. At the 1m footing foundation level, these movements would be
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about Bbmm to 65mm for the assumed suction profile (as discussed in Section

4.2.1). Alternatively, piled footings may be used; refer to Section 4.2.5.

Imposed uplift and overturning forces on the pad footings due to wind loading may
be resisted by footing deadweight, passive resistance of the foundation soils, and/or
tie-down anchors. For pad footings, the lateral restraint may be calculated using a
triangular earth pressure distribution with a ‘passive’ earth pressure coefficient, Ky,
of 3.5 for the silty sandy clay or silty clay of at least very stiff to hard strength (but
with a factor of safety of at least 2), assuming horizontal ground in front of the
footing. This passive resistance value assumes excavation is not carried out within
the zone of influence of the footing, which may be defined by an envelope radiating
upwards from the base of the trench at a slope of 26° to the horizontal. A bulk unit
weight of 20kN/m® should be adopted for the soils. Soil anchors installed in augered
or percussive drill holes without the use of flush water and cement grouted into the
hard clayey soils may be designed using a working bond stress of 100kPa, when
bonded below the assumed 0.7bHs cracked zone. Design of helix anchors will be
dependent on a number of factors (soil strength and cohesion, cone pull-out, anchor
diameter, pitch and embedment depth as well as the strength/stiffness of the anchor
itself); further geotechnical input would be required to confirm design parameters for
specific helix anchor systems, Anchor group interaction must also be taken into

account. Permanent anchors should have appropriate corrosion provisions.

Even under the relatively low bearing pressures, heliostat footing performance will be
dominated by the shrink-swell ground movements. More frequent and extensive
maintenance than normal will be required and this should be allowed for. The steel
heliostat posts may be supported on base plates with long tie-down bolts and
adequate clearance around the bolt holes in the base plates so that the verticality of

the pole and height can be adjusted as the footing moves.
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4.2.4 Piled Footings

The building, the tower legs and heliostat posts may also be supported by bored,
cast in-situ piles or augered, grout injected piles founded in the underlying clays. A
further pile alternative could be steel screw piles, which could have similar working
end bearing pressures to a grout injected pile. However, the working bearing
pressure is dependent on the pile diameter and embedment depth as well as the
strength/stiffness of the pile itself. Consideration should be given to long term
corrosion and advice should be sought from the manufacturer. Also it is important
to ensure that steel screw piles can penetrate to achieve an adeguate embedment

into the foundation strata.

Bored or grout injected piles embedded at least 4 pile (base) diameters into the silty
clay and sandy clay profile may be designed for a safe bearing pressure of 500kPa.
A safe shaft adhesion of 25kPa may also be adopted for the clays of hard stiff
strength under compressive vertical loading. Two-thirds of this adhesion value may
be adopted in uplift. The bearing and adhesion values assume footing bases have
been cleaned of loosened or softened materials and sockets are free of smeared

material (a special roughening tool is normally required to achieve this in bored piles)..

In designing piled footings to resist lateral loads, both the ultimate lateral resistance
and maximum pile deflections will need to be assessed. It is likely that the lateral
resistance will govern only if large deflections can be tolerated or if the piles are
relatively ‘short” and ‘stiff’. Piles may be designed using the methods given in
Australian Standard AS2159 - 1978, SAA Piling Code, adopting an assumed
undrained cohesion value of 125kPa and an elastic modulus of 35MPa for the hard

silty sandy clay and silty clay.

The piles would be subject to shrink/swell movements due to moisture variations in
the clay foundation soils unless they are appropriately anchored into the ground

below the expected 4m depth of soil moisture change (defined as Hs in AS2870-
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1996). The piles should be designed for negative friction effects as the soil dries
and for uplift as it swells. Anchoring is normally achieved by shaft adhesion acting
on the lengthened section of the pile below the 4m depth. Assuming the hard clay
profile continues well below the termination depth of the test pits, pile anchoring
may require pile founding depths, possibly of the order of 6m to 7m below ground
surface. The imposed structural loadings should be taken into account when in
assessing the final depth of the piles. The piles should be heavily reinforced to cater
for potential uplift tensile stresses induced by swelling soils. Due to the limited
nature of the investigation, supplementary proving work should be carried out to
confirm the subsoil materials and conditions below the termination depth of the test
pits. This work may be undertaken by drilling and testing in boreholes or using the

piling rig during the initial stages of construction,

Differential movements between piles may be controlled by the use of uniform
diameter piles and construction techniques which reduce variations in shaft
adhesion. Factors that affect shaft adhesion include:

¢ Remoulding of the materials on the sidewalls of the pile excavation.

¢ Smearing of cuttings on the sidewalls of the pile excavation.

+ Migration of pore water towards the pile excavation due to reduction in stress

caused by removal of material.
* Softening of the materials exposed in the sidewalls of the pile excavation due

to free water entering the excavation or from fresh concrete.

The boring technique should therefore produce reasonably clean pile bases and
shafts which are free of softened or remoulded materials. The addition of water to
assist in digging the pile excavation should be avoided. Casting of piles immediately
on completion of drilling is required to reduce soil moisture change during

construction, especially if groundwater is encountered.
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Where adopted, the pile and beam footing system will be subject to uplift when the

reactive clay ‘wets-up’ during extended wet periods and design should make
provision for the use of void formers or other measures below the beams. The piles
should be tied into the stiffening beams. Alternatively, the beams should be
underlain with void formers or simitar (at least 120mm thick) to minimise the impact
of uplift pressures. Another uplift protection means can be to tyne/loosen the soil

below the ground beams for say 150mm depth.

4.2.5 Footing Construction

All shallow footings should be poured with minimal delay (ie preferably on the same
day of excavation) or the base of the footing should be protected by a concrete
blinding layer after cleaning of loose spoil and inspection. To reduce potential
problems, the exposed soils should be maintained at constant moisture contents.
Material allowed to locally dry out or wet up during construction may experience

additional reactive movements once covered.

Bored pile footings should be drilled, cleaned, inspected and poured with minimal
delay, on the same day. Water should be prevented from ponding in the base of
footings as this will tend to soften the foundation material, resulting in further
excavation and cleaning being required. Piles should be dewatered {by conventional
pumping methods)} prior to concreting or the concrete may be poured using tremie

methods.

[n order to minimise potential problems, we recommend that a pre-construction
meeting be held so that all parties involved understand the proposed footing design

and construction requirements.

The initial stages of footing excavation/drilling, particularly if bored piles are adopted,

should be inspected by a geotechnical engineer/engineering geologist to ascertain
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that the recommended foundation material has been reached and to check initial
assumptions about foundation conditions and possible variations that may occur
between borehole locations. The need for further inspections can be assessed

following the initial visit.

4.3 Soil Aggression

The soil chemical tests have revealed strongly acidic subsoil conditions {pH values
between 4.9 and 5.2). When assessed in accordance with the criteria for concrete
and steel piling exposure classifications given in Tables 6.1 and 6.3 of AS2159-
1995 “Piling-Design and installation”, the soil chemical pH tests have revealed that
the soils are generally mildly aggressive toward buried concrete and are non-

aggressive toward steel structures.

In designing for concrete durability, reference should be made to concrete strength
and cover requirements listed in Table 6.2 of AS2159-1995 for the mildly aggressive
exposure classifications. The use of denser concrete mixes or blended cements to
reduce leaching of the cement matrix is recommended for concrete exposed to soil
with a pH values between of 4.5 to 5.5. As the pH is relatively low, we recommend

that the cover to steel reinforcement be at least 50mm.

5 FURTHER GEOTECHNICAL WORK AND GENERAL COMIMENTS

As detailed in this report, further geotechnical work is recommended as follows:

* Additional subsurface investigation of the deeper foundation materials where piled
footings are to be founded and anchored below the 4m depth of design suction
change.

* Inspect proof rolling of the fill, silty clay and sandy clay subgrade to detect soft

spots requiring treatment.
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e Inspect footing excavations to ascertain that the recommended foundation has

been reached and to check initial assumptions regarding foundation conditions
and possible variations that may occur.

* Density tests to control compaction of any pavement or engineered fill layers.

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 required 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 Ltd 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

responsibility.

Occasionally, the subsurface conditions between the completed boreholes may be
found to be different (or may be interpreted to be different) from those expected.

Variation can also occur with groundwater conditions, especially after climatic
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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 variety
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 documents to confirm the intent of our

recommendations has been correctly implemented.

The offsite disposal of soil will most likely require classification in accordance with
the Department of Environment & Climate Change (NSW) guidelines as Virgin Un-
Excavated Natural Material {(VENM), General Solid, Restricted Solid 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 expected. We strongly recommend this issue be

addressed prior to commencement of excavation on site.

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
responsibility is accepted for 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 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
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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.

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.

Tony Walker
Associate

OA Review by:
o]
i

?LFLe\rnando Vega\’ )lbr/

j Senior Associate
For and on behalf of
JEFFERY AND KATAUSKAS PTY LTD.

Last printed 22/01/2009 4:08:00 PM



115 Wicks Road
Macquarie Park, NSW 2113

PO Box 976

North Ryde, Bc 1670

Telephone: 02 9888 5000
Facsimile: (2 9888 5001
SOIL TEST SERVICES
.;\BN 43 002 1456 173
Ref No:22606VT
Table A: Page 1 of 1
TABLE A
SUMMARY OF LABORATORY TEST RESULTS
AS 1289 TEST METHCD 2141 3.1.2 3.21 3.3.1 3.41 4.3.1
BOREHOLE DEPTH MOISTURE LIQUID PLASTIC PLASTICITY LINEAR pH
NUMBER m CONTENT LIMIT LIMIT INDEX SHRINKAGE TEST
Yo %o % % %
A3 1.00-1.50 21.2 57 19 38 16.0 52
C1 1.00-1.50 17.9 56 18 38 16.0 50
ES 1.00-1.50 20.2 58 20 39 16.5 4.9
Notes:

* The test sample for liquid and plastic limit was air-dried & dry-sieved

« The linear shrinkage mould was 125mm

+ Refer to appropriate notes for soil description

This dacument s issued in accordance with NATA's

This document shall not be reproduced except

IGA accreditation requirements,
I full.

NATA Accredited Laboratery

Number:1327

Approved Signatary

{A Tatkonda)
/ e

Date: 2.2, f{“:’?

Adl services provided by 5TS are subject to our standard terms and conditions. A copy is available on request.



115 Wicks Road
Macquarie Park, NSW 2113

PO Box 976
North Ryde, Bc 1670
Telephone: 02 9888 5000
Facsimite: 02 9888 5001
SOIL TEST SERVICES
ABN 43 002 145 173
Ref No:22606VT
Table B.Page 1 of 1
TJABLEB
SUMMARY OF EMERSON CLASS NUMBER TEST RESULTS
RBOREHOLE | DEPTH | Air dried soil crumbs | Remoulded soil Calcium or 1. 5 SeilWater Emerson
NUMBER {m) in water samples in water | Gypsum Present Suspension Class
Number
A3 1.00-1.50 Staking No Dispersion Absent Dispersion 5*
{ No Dispersion)
C1 1.00-1.50 Slaking na na na 2
{ Partial Dispersion)
{ Bare Hint)
E5 1.00-1.50 Slaking No Dispersion Absent Dispersion 5
{ No Dispersion)
NOTES:

*The lowest Emerson Class Number refers to the highest dispersion pofential(Range: Class 1 to Class 8)

*Test Method: AS 1289 3.8.1-1997

« All contact water was distilled water;water temperature was between 22 & 23°C

= Refer to appropriate notes for soil descriptions

» na denotes not applicable
» * Vigorous shaking causes dispersion

NATA accreditation requirenients.
In full.

NATA Accredited Laboratory

Number: 1327

This document is issued & accordance with NATA's

This document shall not lie reproduced eaxcept

Approved Signatory
{A_Tatkenda)

Ali serviges provided by STS are subject to our standard terms and conditions. A copy is available on request.
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Jeffery and Katauskas Pty Ltd ‘!(

Test Pit No,
TEST PIT LOG A1
Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)

Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: = 176.4m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
i -~
5 K o | 5 ol =| BE
@ 2 @ —_ s = =2 % v =
2 g @ £ o 8 DESCRIPTION g EE| g8 £ o Remarks
By 2 =~ L o8 SE2|1 88 e g
| e Kad £ D H o UD (] Jrari
38 o) ) 5 8 | & 8 22 E| 5 .|Eed
e 8 el [ s o c ® s so| 23 558
G v [ ic al 6] 30 ZS0Zihe|lzd e
DRY CN Q CH SILTY CLAY: high plasticity, dark MC>PL{ VSt- GRASS COVER
COMPLETH b brown, with a trace of roots. H 530
ION & ] 440
AFTER 580
28 HRS h
/ CH SILTY SANDY CLAY: high plasticity, H
1y / orange brown, with a trace of fine to BEGONE
' U coarse grained limestone gravel, ash =600 |
?/ and roots, > 600
2‘? S600
// 580
// 590
F // SB00
3 > 600
| END OF TEST PIT AT 3.0m \ > 600 f
4~ i
B~ -
& -
7
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Jeffery and Katauskas Pty Ltd t!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG A2

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, |LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 176.7m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
N —
0 .
5 & o 5 o > g §
® = a8 — ! = - 2 & T =
2 < 8 E - 8 DESCRIPTION eS| E8 E o Remarks
T @ = i 2 | s 53¢ 58 g e
28 ]2 3 2| 8 |£3 28|59 |2t%
S8 [5EE 2 3| & |53 =32 58|28
DRY ON 0 CH | SILTY CLAY: high plasticity, dark | MC>PL| VSt | 240 GRASS COVER
1COMPLET- b brown, with a trace of roots. 240
10N & | / / CH | SILTY SANDY CLAY: high plasticity, H [1320 [}
AFTER _// orange brown, with ash and a trace > 600
27.5m / of fine to coarse grained limestone \ 580 il
HRS / gravel and roots, > 6007 |
1 / SB00
1 >600 |
/ 590
Ny
ydrd S600
{/:/ >600 |
// >600 |
l ///;/ SB00
v END OF TEST PIT AT 3.0m 2800/
4 — {
5 -
6 - L
7
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Jeffery and Katauskas Pty Ltd ‘!(

Test Pit No.

TEST PIT LOG A3

1

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22806VT Method: CASE 580C BACKHOE R.L. Surface: ~ 177.1m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
o -
-
2 g @ R & DESCRIPTION v SE| 2 = Remarks
T L® - = | 2 lze SEL|BE|_SF
58 [ 3 g 8 |<8 22F|s-|ees
5& [958 & 3 5 |58 S8z |adifde
DRY ON 0 CL-CH| SILTY CLAY: medium 1o high MC>PlL | vSt 350 GRASS COVER
WCOMPLET- 1 plasticity, dark brown, with a trace 380
ION & i of roots. \ 370 i L
;/FLEE -/ 4] CH | SILTY SANDY CLAY: high plasticity, H L
| / orange brown, with ash and a trace
{1 ] of fine to medium grained limestone >600
1 —/? gravel, 500 |-
// > 6800
2 ‘/ 5600
//‘ >600 |
// >600 |
4? SB00
v END OF TEST PIT AT 3.0m 2,800,
4 L
5 |
6 1 L
7
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG A4

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOQE R.L. Surface: ~ 177.4m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@® -~
3|z 2| § o »| 38
© = ji —_ o el ~ & = » =
2 b @ £ - 3 DESCRIPTION p5E 2 E o Remarks
e | @ = = | 2 |3% £ 58| 25
38 | i8ag % & | § |Ek 2888 |28%
fet L [+F3 P = STy
& & |3 i a & 50 s82|ad |8
DRY GON 0 CL-CH} SILTY CLAY: medium to high MC>PL| VSt 320 GRASS COVER
[COMPLET} 1 plasticity, dark brown, with roots. 350
ION & . 340
AFTER < / SILTY SANDY CLAY; medium to H
28.5 '/ high plasticity, orange brown mottled
HRS _/ s light grey, with fine to coarse
/ ".' grained limestone gravel and ash.
! bﬁ/ h_-:'. > B0
. / >800 |
1A 3 >600 |
2 S5O0
+ >600 |
% “o00 |
// SBO0|  ORGANIC ODOUR
g Cdins] > 600
END OF TEST PIT AT 3.0m Emmanad
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

t!(

Test Pit No.

TEST PIT LOG A5

1

COPYRIGHT

Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW
Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 177.bm
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
o -~
e . | ¢ _e| _z| IS
3 < @ E | = 3 DESCRIPTION oS5l 22| Eg Remarks
EE = | £ |3% 2ES| 28| B E
28 [ ddd 3 8| 5 g8 gl 8z |82
5 g L i 0 5 S0 = 8 2| & & % C?f tg:)
DRY ON 0 CL-CH| SILTY CLAY: medium to high MC>PL (St -VSt] 360 GRASS COVER
COMPLET} plasticity, dark brown, with a trace 160
fON & | of roots. 120
AFTER | / SILTY SANDY CLAY: medium to H
26 HRS / high plasticity, orange brown mottled
-// light grey, with fine to coarse
1 - grained limestone gravel and ash.
> 600
P & >600 |
// >600 |
2 ‘// 5800 | ORGANIC
£ A >600 } ODOUR
/ >600 |
YA SB00
9 ‘ END OF TEST PIT AT 3.0m 2600
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG B1

Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location:  OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW
Job No. 22806VT Method: CASE 580C BACKHOE R.L. Surface: =~ 176.3m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
& -
o L T
g § 8 —_ g 'é .- Z g’; %
z < 2 £ i 8 DESCRIPTION e 5| 28 Ea Remarks
g L9 - | £ |3% 2EE| 88| _EE
S LEL s | B3 |f PRl oz
oe [ddad i o & |50 8z | ad |28
DRY ON I G CL SILTY CLAY: low to medium MC>»PL {St -VSt GRASS COVER
COMPLET} 1 plasticity, dark brown, with roots. I
ION & i
AFTER | / 2| CH | SILTY SANDY CLAY: high plasticity, H
25.5 / orange brown mottled light grey,
HRS -// with fine to medium grained
] m/ o limestone gravel and ash.
oy >B6Q0
128y e >600
// >600 |
e SILTY SANDY CLAY: high piasticity, SB00|
/ orange brown mottled some grey, > 600
2 /. / with ash.
17 / SILTY SANDY CLAY: high plasticity,
'/:__ s green grey mottled orange brown, o
1/ e with ash, SEO0T
/ > 600
v / >600 T
AN END OF TEST PIT AT 3.0m
4 - -
5 — L.
6 — L
Z
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Jeffery and Katauskas Pty Ltd é(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG B2

Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
L.ocation: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHQE R.L. Surface: =~ 176.7m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
% ~
@ -
[ W
g 5 @ 8 o b g
g 2 2 =1 8 5 E| =% 2~
2 (<IE) 3 g o K] DESCRIPTION L 5 g o e £ g_’ Remarks
- - < | £ |38 7285|2855
g8 | dJd = 4 g |s8 228 5. |28%
5 & Y i 8 (5 5 o =2 (3 3 5 £ % & c?:’
DRY ON 0 CL SILTY CLAY: medium plasticity, dark| MC>PL | VSt 340 GRASS COVER
COMPLETH 1 prown, with roots. 200
ION & / 7| CH | SILTY SANDY CLAY: high plasticity, H o [\L210
AFTER // orange brown mottled light grey,
25 HRS V'Y / with fine to coarse grained limestone
// gravel and ash.
14
Dara > 8600
// >600 |
// >600 |
L SILTY SANDY CLAY: high plasticity, >B007]
) _// orange brown, with ash. >600
/ SBHO0|
// > 8600
// >600 [
S END OF TEST PIT AT 3.0m
4 -
5 |
6 - -
vi
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No,
TEST PIT LOG B3
Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)

Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 177.0m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@ -
[ -l cC w O
£ s “ -1 e| £ .2l _ 2| 5%
z < @ € - z DESCRIPTION e 5| g8 £ a Remarks
2y 2 = = | & |3:% 25| 88| g8
c = L £ Q5 oo o 4 um
28 |]d T 2| ¢ 1E8 L8l 5. 122%
by Homls R @ 1!
S& [5RE & 3 G {50 =8z|ag |88
DRY ON 9 CL-CH| SILTY CLAY: medium to high MC=>PL| VSt
{COMPLET} 1 plasticity, dark grey, with roots. -H r
ION & I | SH00]
AFTER 300 A
24.5 N
HRS
CH SILTY SANDY CLAY: high plasticity, H
17 orange brown mottled green grey, SEGO
with ash and a trace of fine to >600 |
medium grained imestone gravel. > 600
2 — f—
>e00 |
>800
>600 I
¥ END OF TEST PIT AT 3.0m
4.—. -~
5 P .
6 - -
Z
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Jeffery and Katauskas Pty Ltd Q!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG B4

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT {STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 177.4m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@ ~
— - e o A8
§ | 5| s | | 81 2 =2l 2| =
2 g 2 E - 3 DESCRIPTION e§E| E¢c £a Remarks
B w = "J':' £ T E Suf| B g Z
et s o3 25w c o -0 B35
29 ° = (=% o9 2 © 29
2 8 L:On [ @ 8' &z c ® o g kY g‘ % 5 5 3
GI R vt [t iL o G | 30 Z0=2 | e | & &
DRY ON Y CL-CH| SiTY CLAY: medium to high MC>PL| St 270 GRASS COVER
COMPLET} 1 ptasticity, dark brown, with roots. -VSt 1850 1
ION & , 290
AFTER 5’ / SILTY SANDY CLAY: medium to H
24 HRS / high plasticity, orange brown mottled| 2
ﬁ/ o light grey, with ash and a trace of
/ 7 fine to medium grained limestone
YA gravel. SB00
/ g >600 |
_// 5C0
27 / 5600
e >600 |
494 >600 |
_? CH SILTY SANDY CLAY: high plasticity,
l *// orange brown mottled green grey, S 600
3 gL with ash, > 600
END OF TEST PIT AT 3.0m
4 — -
5 ..
6 B
7
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG BS

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1}
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 177.56m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
W -
& >
[ e T
o 3 o ,E o > e
© = a8 — ] = -~ = o =
2 pis @ £ P ® DESCRIPTION pEc| g8 E oo Remarks
€% = = | £ | 8% 522|858 88
g2 8 ke B g =B Bve| c o 5B
2 |nBmy T g g | ER S68| 5858
G & Moo i fa & |50 S0Z| 6|2 E
DRY ON 0 CL-CH| SILTY CLAY: medium to high MC>PL| St 250
JICOMPLET} b plasticity, dark brown, with a trace V5t 290
ION & Yodq /T cH |\of roots. H [\ 1201
AFTER / g SILTY SANDY CLAY: high plasticity,
23.5 / y orange brown mottied light grey,
HRS 4 ‘/ with ash and fine to medium grained
Ry / limestone gravel.
: // 600
1 / >600 ¢
_/‘/ >600 |
T4 SILTY SANDY CLAY: high plasticity, SB00”
'/ 7 orange brown mottled green grey >600
,// and red brown, with ash, >600 |
///// o SB00
3 >
END OF TEST PIT AT 3.0m 2600 /
4R -
5 — -
6 — -
7
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG c1

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 176.2m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
o -
8 Z o g ol »| EE
o > 2} — Q = - X Q ~
= <L w £ — b DESCRIPTION e 5] 28 Eo Remarks
o | @ s T | £ | gE =2 98| 28
58 [1d v | §| 8 |£¢ 2EElE|2es
e 2 ey o} @ o o 2oL 5B 85 8
G 0o i a G} 30 02| heizd X
BRY ON 0 CL SILTY CLAY: medium plasticity, MC>P, [St- VS5t 180
JICOMPLET}H T dark brown, with roots. 270
ICN & J
;FL;RS H/ A CH SILTY SANDY CLAY: high plasticity, H X
// orange brown mattled light grey,
] / with fine to medium grained
1 —/ : limestone gravel and ash. SEG0
/ / >600 |
_// >8600 i
L7 SILTY SANDY CLAY: high plasticity, SB00 |
/ orange brown mottled green grey >600
: ""/ 4 and light grey, with ash, \= 6001
? o] SB0U]
/ / > 600
554 >600 [
S END OF TEST PIT AT 3.0m
4— -
5 |
6 n
;
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG c2

Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT {STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 176.6m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@ -~
E E‘“J o S o = § g
© b1 0 - < E=] - = D =
2 < @ E - 3 DESCRIPTION e 55 2 £ w Remarks
oo i & - 2 o S 2 go e
58 'o 208 |£8 295 59|2eg
28 |ndmy B & g 1 FEs cE5L E3|558
G |uodld i a o 130 202 | he|Zd&
DRY ON 0 Ct | SILTY CLAY: medium plasticity, MC>PL| VSt | 240
{COMPLET 1 dark brown, with roots. 320
ION
/ - Z|CL-CH| SILTY SANDY CLAY: medium to H
_// high plasticity, brown mottled orange
Ly brown, with a trace of fine to
1 A :
// medium grained limestone gravel and >600
‘/ A ash. >600 |
/ >600 |
z-// -
1 507 >o00
1 s / ______________ '\?ﬁ._oﬂ/‘_
" A SILTY SANDY CLAY: high plasticity,
47 / orange brown mottled green gray =600
g, and red brown, with ash. > 600
~ LA

END OF TEST PIT AT 3.0m
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG C3 .

Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 177.0m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
W —_
LB 0
= ur - . &
E 15| =2 | -] 8| ¢ _o| 2| 2%
H s @ E = 2 DESCRIPTION e§%| g £ o Remarks
o B T e = [t
£ % = £ | 5|&% 5% 20|85
- - =% b < ¢ _- |
o8 I (] & o £ o S5 | 55 |85 8
G & Lol i o G | 30 02| beljzde
DRY ON 0 CL | SILTY CLAY: medium plasticity, MC>PL| H | >600
JCOMPLET} I b dark brown, with roots. >600
10N & =600
AFTER 7 / CL-CH| SILTY SANDY CLAY: medium to
0.5 HRS I '/// high plasticity, orange brown mottled SB00
m){// some light grey, with a trace of ash. b > 600 ~+
1A -
/ ? TSILTY SANDY CLAY: medium to | I
YN high plasticity, orange brown mottled
_// green grey and red brown, with ash.
2_/ a
I ¥ / >B800 1
% > 600
// SEUU L
/ > 600
- END OF TEST PIT AT 3.0m \ > 600 f

COPYRIGHT
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Jeffery and Katauskas Pty Ltd J(

Test Pit No.

TEST PIT LOG C4

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOQE R.L. Surface: ~ 177.4m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
¢ —~
N & - oy
% s o gl £ 2l E| §2
2 g i = P 8 DESCRIPTION 55| g8 E o Remarks
2T - e = T 22ci B2 s c
3 0 ] =] & 2 n T8l ¢l | oS
88 liBmd B & s | E8 5521 25| 558
G [ i o o |38 202l ho|IL
DRY ON Q CL SILTY CLAY: medium plasticity, darkf MC>PL} St
JCOMPLET} I ] brown and brown, with a trace of m SEOT T
ION & 4 roots. > GO0 A
AFTER / // CL-CH{ SILTY SANDY CLAY: medium
1 HR Vo s plasticity, orange brown mottled
_}//'// light grey, with a trace of fine to
A medium grained fimestone gravel and
1 .. " I—
m// ash.
?/ SILTY SANDY CLAY: medium to SB00
i high plasticity, orange brown mettled >800
_// green grey and light grey, with a >600 |
trace of ash,
21" 7 / -
/ >B00
s / >600
/ SBO0
// >600 |
O O > 600
¥ END OF TEST PIT AT 3.0m
&— { -
5 — I—
6 - —
i
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG Co

COPYRIGHT

Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 177.5m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
0 —
i c T
= Q.
E | 5| & | 2| 8] 2 L2l _%| 82
z < 2 E - 3 DESCRIPTION o STl 8 Eo Remarks
io | & 8 =] e | SsE| 58| _£2
C o= £ Kon T H [ i) a ==
50 o o [+ = w2 R 5 T oD
e 2 Bl K] & g | ES 55855853
G ' i I G | S0 soz | |88
DRY ON 0 CL SILTY CLAY: low to medium MC>PL | VSt-
JICOMPLETE N plasticity, dark brown, with a trace H T70
ION & . of roots. 500 H
AFTER / / CL-CH! SILTY SANDY CLAY: medium to H ] > 600 l
1.5 HRS '/ high plasticity, orange brown and >600 |
+7 XA light grey, with a trace of fine to >600 4
] __/ glidium grained limestone gravel and l>600 A
/ / SILTY SANDY CLAY: medium to _60_0_'
I “/?/ high plasticity, orange brown with 2600 I
; ash. =600/
2/ -
_/;/// SILTY SANDY CLAY: high plasticity,
Voog crange brown mottled green grey r
,?/ and red brown, with ash. 600 |
£ > 600
3 e

END OF TEST PIT AT 3.0m | > 600 f
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Test Pit No.

TEST PIT LOG D1

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

COPYRIGHT

Job No. 228086VT Method: CASE 580C BACKHOE R.L. Surface: = 176.1m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
o -
L
é d = 5 o ol L %
& 2 2 = S = T i, % g =
H <L @ £ o DESCRIPTION e g i g ¢ Euw Remarks
2 | @ e =1 € lys 2 58| g2
e [ © = 8 e 3 BBR 5|2t
8 B @ 5y g 1 Ew cce|l 58|55 8
G ! T ] ] 50 So32| e | Td 2
DRY ON Y CL SILTY CLAY: low to medium MC>PL| VSt 280
COMPLET} plasticity, dark brown, with roots. 300
ION &
AFTER
22.5 / | CH | SILTY SANDY CLAY: high plasticity, H
HRS ¥ // orange brown mottled light grey,
1 _// with a trace of fine to medium
/ N grained limestone gravel and ash. > 600
u/ ' > 600 |
/ i >600 |
I / "1 CH | SILTY SANDY CLAY: high plasticity, > 800
247 / orange brown mottled green grey, 2800+
// with a trace of ash.
l / SILTY SANDY GLAY: high piasticity, S600
+ / green grey mottled orange brown, >600
i with ash. >600
END CF TEST PIT AT 3.0m
4 — -
5 -
6 ~| -
7
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Test Pit No,

TEST PIT LOG D2

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 176.6m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
l.ogged/Checked by: J.C./
@ =
5 & o g >| EBC
it = a _ a = - 2 E D=
2 < o E " 3 DESCRIPTION el 8 E oo Remarks
e L2 & | 2| g |g¢g 528 Es| gk
58 o | 5 | &% BeR| 52 |2k
£ 8 wifmy 3 8| £ |E8 52| 551553
Gl iE a g |36 20| haizde
DRY ON 0 CL SILTY CLAY: medium plasticity, dark| MC>PL | VSt -Hi >600
COMPLET} l 7 brown and brown, with a trace of 380
ION & £ roots. =800
AFTER / / CL-CH| SILTY SANDY CLAY: medium to H
3.5 HRS I VoA s high plasticity, orange brown mottled SBUT
-/ light grey, with a trace of fine to HC> 600
, _,/ - medium grained limestone gravel and
ash. -
L / SILTY SANDY CLAY: medium to S00 |
/ g high plasticity, orange brown, with > 600
-._:". / ash. >800 |
/’:// SILTY SANDY CLAY: medium to
W high plasticity, orange brown mottled SBO0
s / green grey, with ash, ~B0C |
o // > 600
" END OF TEST PIT AT 3.0m
4 — |
5 L
8 - L
ri
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Test Pit No.
TEST PIT LOG D3
Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)

Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 177.2m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
] -
e e fud o
g g o | g ¢ .2l 2| 8=
z < @ E - 3 DESCRIPTION e §c| &2 E Remarks
R i - e £ | g& SEl| 58 e e
25 [dd T | B| § |28 ZE5| o iBES
G & O3 i a G |50 S8z |ae|téd
DRY ON 0 CL SILTY CLAY: medium plasticity, dark| MC>PL. H 520
COMPLET} ] brown, with a trace of roots. >600 T
ION & // CL-CH| SILTY SANDY CLAY: medium to \>600]]
AFTER g / high plasticity, brown mottlad light SBEO0
3 HRS I ] / grey, with fine to medium grained >600 |
1, / limestone gravel and a trace of ash
e and roots.
17 -
| / SILTY SANDY CLAY: high plastioity, 1
e / orange brown mottled green grey, SBO0
I // with a trace of ash, =600 |
2 A7 .
¥ /4 SB00
-// >600 |
A /‘.,-. v > 600

END OF TEST PIT AT 3.0m
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Test Pit No.

TEST PIT LOG D4

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No, 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 177.4m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@ -
o~ -l c . &'U
£ s 2 - g £ 2| Z| 82
2 < o | — it DESCRIPTION o 5C| F 8 E Remarks
$o L@ | & | 2| 2 |3gs $os|lg5| ¢8
£ - | £ §|&% 25529 |25
5 |obdn S| g |E8% c52| 235|658
G |u i o) o |08 0= |zd e
DRY ON I ¢ CL SILTY CLAY: low plasticity, dark MC > PL H > 600
ICOMPLET| brown, with roots. >600 |
ION & ) >600
AFTER oy / CL-CH| SILTY SANDY CLAY: medium to
2.5 HRS 4 o high plasticity, brown mottled light )
_/ grey and green grey, with a trace of >600 |
/ ) fine to medium grained limestone =600
1 / gravel, ash and roots,
] / / | CH | SILTY SANDY CLAY: high plasticity, |
_// orange brown mottled green grey SHEUD
| / and red brown, with ash. S 800 |
P 1 / L
—’? s SILTY SANDY CLAY: high plasticity, > 600
‘// green grey mottled orange brown >800
3 e and red brown, with a trace of ash. >800
END GF TEST PIT AT 3.0m
4 ~ -
5 =1 |l
6 — |—
7
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Test Pit No.

TEST PIT LOG D5

Client; LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW
Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 177.5m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@ -~
E g 2] g’ ‘g > Z :GE g
— = ~— -t Q ==
2 < @ E| 8 DESCRIPTION oSE| 22| Eg Remarks
Y = = | £ |38% ZEc| By ES
88 | By B & g |58 SEB| e |B2%
6 % M fa' ¥ [a] (5 50 = 8 B & 61“_”} % nq_J I'.‘QC)
DRY ON 0 CL SILTY CLAY: low plasticity, dark MC>PL H > 600
COMPLET E brown, with a trace of roots. >600
ION & 4 > 600
AFTER
2 HRS / SILTY SANDY CLAY: medium
“// plasticity, brown mcttled light grey,
1 _/ P with a trace of fine to medium »
/ grained limestone gravel, ash and
")? A roots.
I / / CH | SILTY SANDY CLAY: high plasticity, >600 ¢
. / orange brown, with ash. >600
/ . > 600/7
27 / -
I >600 +
- L > 600
= END OF TEST PIT AT 3.0m
4 | -
B L
6 | -
i
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Test Pit No.

TEST PIT LOG E1

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 226086VT Method: CASE b80C BACKHOE R.L. Surface: =~ 176.1m
Date: 16-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
& ~
5 5 o 5 ol »i BZ
m a4 ] . Q = =c| & ® -
2 < i E = 8 DESCRIPTION o 5c| =8 E o Remarks
o | @ s S| 2 |gE 5L 58 g8
59 ) £ a | £79 88R| s% 1zed
© 2 |nBmi % g g | E8 cso| E5]55¢8
S |o i a 5] 33 Z02|hae |l
DRY N 0 CL SILTY CLAY: medium plasticity, dari: MC>PL | St- 270
COMPLET} i brown, with roots. VSt 190 v
ION & y ‘\ 270 ||
AFTER d / CH SILTY SANDY CLAY: high plasticity, H
22 HRS “/ " orange brown mottled light grey,
_/ -~ with fine to coarse grained limestone
/ = gravel, and a trace of ash and roots.
174
SE00
/ A >600 |
_// >600 |
/ SILTY SANDY CLAY: high plasticity,
/ g orange brown mottled green grey
'/ and some light grey, with ash.
24 / —
44 S600°,
/ v > 600
'// =600 [
_ g _,'__)/
¥ END OF TEST PIT AT 3.0m
4— L
5 L
[ -
.
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Test Pit No.

TEST PIT LOG E2

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT {STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: ~ 176.6m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
0 —_
hit -
- -l [t L O
o @
3 < @ = - 3 DESCRIPTICN o 5| &8 E o Remarks
R e - z 2 |5 3Ll B2 g E
€3 o £ 5 |2&% E8%|I 5 |2E%
© 2 B T 3 T | ER 252|555 |55
G fu i ! 0] 350 202 | Hae |zd &
DRY ON 0 CL SILTY CLAY: low to medium MC>PL | VSt 250
COMPLET} 1 plasticity, dark brown and brown, 230
ION & 1 A cL-cH| \with a trace of roots. H i
AFTER I s SILTY SANDY CLAY: medium to > 600
5.5 HRS T // high plasticity, orange brown mottled >600 |
ﬁ// light grey, with fine to coarse " >6007]
i By e grained limestene gravel, roots and a R
/ trace of ash.
/ ? SB007]
; / > 600
Ve / >600 ¥
2—?/,/ -
SILTY CLAY: medium to high —
plasticity, orange brown mottled > 600 I
green grey, with ash. S800 |
N END OF TEST PIT AT 3.0m
4 — -
5 — .
6 - Lo
i
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Test Pit No.
TEST PIT LOG
Client: .LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW
Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: = 177.1m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
@ -~
fu . U
£ S P 3| 2 2|zl §2
2 g 2 E " 8 DESCRIPTION 55| g8 £ a Remarks
e E £ £ | BE 225 248 =
S8 |iSds 3 2| 8 &8 288 5|83
5 & L in [} (B 5 G = 8 g & £ (Iu L'?_) ct\i:)
DRY ON 0 CL | SHTY CLAY: low to medium MC>PL| St 210
[ICOMPLET} 7 ptasticity, dark brown mottled VSt 200 1
10N & i brown, with a trace of roots. \ 149 ‘ i
AFTER &5 / CH | SILTY SANDY CLAY: high plasticity, H
5 HRS - / brown mottled light grey, with fine
-/// to medium grained limestone gravel
AV and ash.
" SB00
// >600 |
// >600 |
oL STV LAY mediom plasticity, 500
y orange brown mottled green grey 510
and brown, with ash, 410
=600
a 560
v END OF TEST PIT AT 3.0m \..580 1
4 -
5~ »
6 - -
vi
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Test Pit No.

TEST PIT LOG E4

Client: LLOYD ENERGY SYSTEMS PTY LTD

Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW

Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: =~ 177.4m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
o -
._ o - . ©
o o Q.
g s @ B £ el 2z g=
2 < 7 [ - 8 DESCRIPTION e 5|22 E o Remarks
Ty v 2 = 2 T & 5528 %es 2
53 o 2| 81279 EeR| 59 |z2¢8%
28 |Bdn B o § | £ 2958|5558
Gx | i Qo (G D0 Z0Z | he|lzacd
DRY ON I 0 CL | SILTY CLAY: low plasticity, dark | MC>PL| VSt | 360
COMPLETH b brown mottled brown, with a trace 280
ION & 475K CH | \ef roots, H [\270/|
AFTER ,ﬂ-: ' SILTY SANDY CLAY: high plasticity,
4,5 MRS '// brown mottled green grey and some
u/ light grey, with ash.
VY SB00
1 / >600 &
|z >600 |
_ SILTY CLAY: high plasticity, green 500
grey mottled brown and orange 530
brown, with ash. 420 1T
530 [
> 600
¥ END OF TEST PIT AT 3.0m \>600 /
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Test Pit No.
TEST PIT LOG
Client: LLOYD ENERGY SYSTEMS PTY LTD
Project: PROPOSED SOLAR THERMAL POWER PLANT (STAGE 1)
Location: OFF CONDOBLIN ROAD, LAKE CARGELLIGO, NSW
Job No. 22606VT Method: CASE 580C BACKHOE R.L. Surface: = 177.4m
Date: 17-12-08 600mm BUCKET Datum: ASSUMED
Logged/Checked by: J.C./
o =~
w. [©
2 < a E | - 3 DESCRIPTION 255|288 Eug Remarks
o %) 9 p 2 iwE ZeEs| 28 gL
28 [ 2 2| 8§ €8 ZER s 1 BRE
G& 888 & 8| & i 50 RN RELE
DRY ON 0 CL SILTY CLAY: medium plasticity, dark| MC>PIl. | St- 330
JCOMPLET} N brown, with a trace of roots. VSt 250
ION & | \140./L
AFTER 74T CH | SILTY SANDY CLAY: high plasticity H
4 HRS // brown mottied light grey and orange
T / brown, with a trace of fine to
i —// medium grained imestone gravel and <500
; // ash. >600 +
_//4 >600 |
2 "/ / SITLY SANDY CLAY- high plasticity, B
1 _-_". / brown mottled green grey, with ash,
V7 / SO0,
7 >600
SILTY CLAY: high plasticity, green > 600
3 grey mottled brown and orange 1.>600 ,
\ brown, with ash. ]
END OF TEST PIT AT 3.0m
4- -
65— -
6 - L.
Z




gt

T FENCE

'RESERVED'W‘

TEST PIT LOCATION PLAN

Jeffery and Katauskas Pty Ltd

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

X
Report No, 22606VT Figure No. 1




CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Jeffery and Katauskas Pty Ltd
4

ABN 17 003 550 801

REPORT EXPLANATION NOTES

INTRODUCTION

These notes have bheen provided to amplify the
geotechnical report in regard to classification methods, field
procedures and certain matters relating to the Comments
and Recommendations section. Not all notes are necessarily
relevant 1o 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 to
place and can change with time. Geotechnical engineering
involves gathering and assimilating fimited 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 contain such
facts obtained by inspection, excavation, probing,
sampling, testing or other means of investigation. If 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 of description and classification of soils and
rocks used in this report are based on Australian Standard
1726, 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 soll and rock involves
judgement and the Company infers accuracy only to the
extent that is common in current geotechnical practice.

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

Soil Classification Particle Size

Clay tess than 0.002mm
Sitt 0.002 to 0.06mm
Sand 0.06 to 2Zmm
Gravel 2 to 60mm

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

Cohesive soils are classified on the basis of strength
{consistency}l either by use of hand penetrometer,
laboratory testing or engineering examination. The strength
terms are defined as follows.

Classification Unconfined Compressive
Strength kPa

Very Soft less than 25

Soft 25 - B0

Firm 50 - 100

Stiff 100 ~ 200

Very Stiff 200 - 400

Hard Greater than 400

Friable Strength not attainable
- soit crumbles

Relative Density (Sbﬁ:w:;gg:::n)
Very loose less than 4
Loose 4-10

Medium dense 10 - 30

Dense 30 - B0

Very Dense greater than 50

Standerd Sheats\Report Explanation Notes
Novombsr 2007

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
taboratory 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 50mm diameter (known as a US0),
into the soil and withdrawing it with a sample of the soil
contained in a relatively undisturbed state. Such samples
vield 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 METHODS

The following is a brief summary of investigation methods
currently adopted by the Company and some 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,

Pege 1 0f 4



Test Pits: These are normally excavated with a backhoe or
a fracked 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 iest 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 fest 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.

Hfand 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 116mm diameter continuous spiral flight
augers, which are withdrawn at intervals to allow sampling
and insitu testing. This is a relatively economical means of
driling 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 distinct 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.

Rock Augering: 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. This method of
investigation is quick and relatively inexpensive but provides
only an indication of the likely rock strength and predicted
values may bhe in error by a strength order. Where rock
strengths may have a significant impact on construction
feasibility or costs, then further investigation by means of
cored boreholes may be warranted.

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 fiuid 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 US0 samples} or from
rock coring, etc,

Standsrd Sheats\Repast Explanation Notes
Nevamber 2007
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Continuous Core Diilling: 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 reliable (but relatively expensivel 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 Penefration Tests
{SPT} are used mainly in non-cohesive soils, but can also be
used in cchesive 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 he 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 hlows 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 B0mm
diameter thin walled sample tubes (UBS0) in clays. In such
circumstances, the test results are shown on the borehole
togs in brackets.

A maodification 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 "Nc” on the borehole
logs, together with the number of blows per 150mm
penetration.

Pega 2 of 4



Static Cone Penetrometer Testing and Interpretation: Cone
penetrometer testing (sometimes referred to as a Dutch
Cone) described in this report has been carried out using an
Electronic 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 a specially designed truck or rig which is fitted
with an hydraulic ram system. Measurements are made of
the end bearing resistance on the cone and the 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 the control truck.

As penetration occurs {at a rate of approximately 20mm
per second) 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 to cone
resistance, expressed as a percentage.

The ratios of the sleeve resistance to cone resistance will
vary with the type of soil encountered, with higher relative
friction in clays than in sands. Friction ratios of 1% to 2%
are commonly encountered in sands and occasionally very
soft clays, rising t0 4% to 10% in stiff clays and peats.
Soil descriptions based on cone resistance and friction
ratiog 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 modulus or compressibility values fo allow
calculation of foundation settlements.

Stratification can be inferred from the cone and friction
traces and from experience and information from nearby
horgholes ete. 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
rod into the ground with a sliding hammer and counting the
blows for successive 100mm increments of penetration,

Standard Sheets\Report Explanation Notos
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« Cone penetrometer {commonly known as the Scala
Penetrometer) — a 16mm rod with a 20mm diameter
cone end is driven with a @kg 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 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 filling,

Two relatively similar tests are used:

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
drifling or excavation. Ideally, continuous undisturbed
sampling or core diifing will enable the most reliable
assessment, but is not always practicable or possible to
justify on economic grounds. In any case, the boreholes or
test pits represent only a very small sample of the total
subsuiface 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 hetween the boreholes or test pits. Subsurface
conditions between boreholes or test pits may vary
significantly from conditions encountered at the borehole or
test pit locations.

GROUNDWATER

Where groundwater levels are measured in boreholes, there
are several potential problems:

o Although groundwater may be present, in low
permeability soils € may enter the hole slowly or
perhaps not at all during the time it is left open.

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

FiLL

The presence of fill materials can often be determined only
by the inclusion of foreign objects (eg bricks, steel etc} or
by distinctly unusuat 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 festing 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 huilding). 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
authaorities,

» 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 resclve any problems ocourring.
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SITE ANOMALIES

In the event that conditions encountered on sife during
consfruction appear to vary from those which were
expected from the information contained in the report, the
company requests that it immediately be notified. Most
problems are much more readily resolved when conditions
are exposed 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
recormmended 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 he 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 ali documents (such as drawings, borehole 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/ ¢onstraints are guite
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.

Regquirements could range from:

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

ii) a visit to assist the contractor or other site personnel in
identifying various scillrock types such as appropriate
footing or pier founding depths, or

iii) full time engineering presence on site.
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GRAPHIC LOG SYMBOLS
FOR SOILS AND ROCKS

"¢

SOIL

2

ROCK
FILL FTET]  CONGLOMERATE
TOPSOIL SANDSTONE
CLAY (CL, CH) SHALE
SILT (ML, MH) SILTSTONE, MUDSTONE,
CLAYSTONE
SAND (SP, SW) TTTTY  LIMESTONE
J_ILl[lI |
11T
T T 1T
GRAVEL (GP, GW) A PHYLLITE, SCHIST
N
T
SANDY CLAY {CL, CH} ) TUFF
SILTY CLAY {CL, CH} ~_7] GRANITE, GABBRO
N~
/,1’\*‘-\1-:
CLAYEY SAND (SC) [F+%%  DOLERITE, DIORITE
+F o+
o+ o+ o+
+ o+ + +
SHILTY SAND (SM) A BASALT, ANDESITE
N
NN
GRAVELLY CLAY (CL, CH) 7] QUARTZITE
A R
M Tl
N

CLAYEY GRAVEL (GC}

SANDY SILT (ML)

PEAT AND ORGANIC SOILS

DEFECTS AND INCLUSIONS

g % oo

Ty

W

CLAY SEAM

SHEARED OR CRUSHED
SEAM

BRECCIATED OR
SHATTERED SEAM/ZONE

IRONSTONE GRAVEL

ORGANIC MATERIAL

OTHER MATERIALS

a &

A A
& & a
A

4 a4 &
4 4 &

CONCRETE

BITUMINCOUS CONCRETE,
COAL

COLLUVIUM
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UNIFIED SOIL CLASSIFICATION TAB

Tield Identthcation Procedures Groug . Information Required for Laboratory Classification
(Excluding particles larger than 75 xm 2nd basing fractions on Symbols Typical Names De.scribingqsoils Criteria
¢stimated weights) =
- . Do
I8 Wide range in grain size and substantial Well graded gravels, gravel- By Cp = - Greater than 4
B _ £ amounts of 21} intermediate particle GW sand mixtures, little or no i N o L g = Dy
=% e 55 sizes fnes Give typical name; indicate ap- B g o o= ) Betwesn 1 and 3
85 g oy proximate percentages of sand £ S& gz Dag X Do
P Ecs and gravel; maximuom Size: v @ o
n® ‘%3 23 Predominantly one size or 2 range of sizes or Poorly graded gravels, gravel- angulatity, surface condition, E =g & Not mesting 21l gradation requirements for G 5
£5EE3 (3] with some intzrmediate sizes tnissing sand mistures, Jittle or no fines and hardness of the coatse 3_ £2 =
=E73 gr2ins: local or geologit n2me ] I3 .
- = . - . - " i ipti ¥ c3 4 Atterberg  fimits below § sAbove A" line
o UECE |z = Nonplastic fines (for identification pro- Sifty gravels, poorly graded and other pertinent descriptive & goabx PR A
w85 SZE ¥ 2% | ceduresses ML below CM gravel-sand-silt mixtates ;’;’;‘;‘:‘:"0”' and symbols in | | g £9 ;_;g gf gan Jine, or 2Iless itk b;m:::
"] = 2o s OER ¢ {T 5 D .
=Ze ¥ o sugdEey 2l &7 ° P borderline  cases
s g S8 CE- R i . " = T oY E | Atter limits above pih .
Zz 9 =< 3= &gﬂ Plastic fines (for identification procedures, G Ciayey gravels, pootly graded | For undisturbed ﬁsmi§ add dmforma; § = a% n.“U'g > .. Abe!rric with PT :‘eqmrmgbuisv off
-§"5 £E 5 S8 see CL beiow) gravei-sand-clay mixtures ::g:w&;:::;tcrsa;: ca::?:z:ﬁe;%r;?oﬁ g 5 £853%2 greater Ghan 7 dua} symbols
& : " .. ; oS5
Fu B by moisture  conditions and |8 1B FERTES Do
3’3’:‘: s » Ze Wide range inf sr?in sizes i:}d substantial Well graded sands, pravelly | OT2A8¢ characteristics 3 (3 gEveS Cg= Fo Greater than 6
-] & < amounts of all intermediate particle " - ] I 2
Eg_g g g ?, § 5% g L rale part s sands, little or no fines Example: = § g § Co= {DgpY Berwesn 1 and 3
837 = 8S¢ zo8 Si!;y:gmz’, grax{clly:abou: 0% |51 83 Do X Dgg
gy = « 52 = 1314, angular gravel par- | Z | S L) -
< £ Lo% § OE Predominantly onesize or arange ef sizes | Poorlsé zlrat:}ed sandg. gravely :zc:lesdz,fj me mgximl.}m sized: 518 ) w232 | Not meeting all gradation requirements for SW°
== EEER with some intermediste sizes missing sands, little or no fines rounded and subangularsan £18 ERcdem
& &= ] ! gg:—{’ins coar!;c to ﬁéu:, about i o ma E<7 Fpe—e—— e
Z =E = Ly i i ;i i 5 X 137 non-plastic fines with £ EZLES Attetkerg  limits ow | Above * ine
3 Ezg £ E%_ Nongggﬂ:&ﬁ:ﬁcg A(}'grbg:::;ﬁcatxon Pto- | car Sﬂ:ys?lalngﬁ;ga;o;y graded sand low dry strength: well com- | & |2 g.g,g %S A line or PJ jess than with P? batwesn
Ed et F83ETR i pacted and mioist in place;: | 2 (5§58 E-—#E'n 5 4 and 7 are
E 52 BSEEE atluvial sand; (SA1) S is5%81 T borderiine  cases
5 bt &7 EET | Prastic fines (for identification procsdures, Clayey sands, pootly graded 5 j9 & T s, pelo § requiring use of
= w g4 see CL below) SC sand-clay mixtures g greater than 7 dual symbols
. a . . - o
_§ idemification Procedures on Fraction Smatler than 380 ym Sieve Sizc =
A 3
Dry Strength, o Toughness <
” =
= (crushing ?rﬁ:f::;? (consistency = 60 ¥ T i T T
PO ] character- | shaking) | ReaC plastic 2 erve * e
:._f_: B . istics) Limity 5 50 I~ Comparing sofls at equal Hquid limi r
= > 2 " — 1 1 Ll g 13
g 2 ERt Tnorganic silts and very Gne | o N - indicated S5 x ] R S S— % 2
- T E N - o vetypiczl name; indicatedegres | = @ t 1 1 T + LS
2o o Ee one to Quick to sands, rock flour, siliy or o o — . Vs
et € 2ZE slight slow Nore ML clayey fine sands with slighe | 2RG  charecter of  plasticity, £ | B 40 Togness and ary strength increase
[2ES = gZ= fasticit amount and maximuem size of | ¥ | £ e with plastieity index
S5% e w58 plasticy, coarse grainst colour in weg | O | = L [ - CH oz
o 5.2 == . Inorganic ciays. of low to condition, edour if any, iocal or B "5 30 —
gE® 2 L= Mediom to None to Medium cr mediuie  plasticity, gravelly geologic name, and other perti- | @ | = .
3% E K high wery stow ¢iays, sandy clays, silty clays, nent  descriptive  information, @ & a 20 — o
=Ny lean clays and symbo} in parentheses EilE o or
GH~ Stight to " Organic silts and organic sift- . - M
EZ ¢ medium Slow Slight oL rcs]ays of low plasticiﬁy st e undisturbed soils add infor- | 8 i0 Cl 0
e g T T - mation on structure, steatifica- | = M-——a’t
£+ Laz Stight to Stow to Slightto 1 .. | IPgrEane st é',l‘:a;‘f,’é'; Or |  tiom, consistency in undistarbed of HE =
§ Eg 2 mediurn nons medium silty soils, elastic silts ::3 Sfl'}ggéifoﬁﬁ}; ;“°’5““'° g 10 20 30 40 50 &0 70 80 90 10D
D ER High to : Inorganic clays of high plas- Liguid limit
= SEE very high None High cH ticity, fat clays Example: q. .
=8 Mediom to | Nome to Slight 1o oz | Orsanicciays of medium to high C""«[‘"‘-’)’ o f’;"°“'“: stightly Pfa_s_t‘c‘t_y chart . .
high very stow | medium plasticity gn‘f‘;aﬁd?m:umﬁgfs"fcﬁfkgi far laboratory ¢lassification of fine grained soils
. N } Readily identiied by colour, odour, Peat and other highl - Toot holes: firms and dry in
Highly Organic Soils spongy fect and frequently by Gbrous | Pr <oils T Righiy orgamic Place: loess: (ALY
wmxiure "

NOTE: 1) Soils

well graded gravel-sand mixture with clay fipes).

2) Soils with liquid limits of

the order of 35 toe 50 may be visually classified as

possessing characteristics of twe groups are designated by combinations of

group symbols {e.g.

being of medium

GW-GGC,

plasticity,
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LOG SYMBOLS

"% 'LOG COLUMN

SYMBOL .

. DEFINITION =

Groundwater Record

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

Extent of borehole collapse shortly after drifling.

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

-...JE.WM.

—e—

>_
ES

TGO

Samples Soil sample taken over depth indicated, for environmental analysis.
Us0 Undisturbed 50mm diameter tube sample taken over depth indicated,
DB Bulk disturbed sample taken over depth indicated.
DS Small disturbaed bag sample taken over depth indicated.
ASB Soif sample taken over depth indicated, for ashestos screening.
ASS Soil sample taken over depth indicated, for acid sulfate soil analysis.
SAL Soil sample taken over depth indicated, for salinity analysis,
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 betwsen depths indicated by lines. Individual figures
show blows per 150mm penetration for 60 degree solid cone driven by SPT hammer. ‘R’ refars to
7 apparent hammer refusal within the corresponding 150mm depth increment.
3R
VNS = 25 Vane shear reading in kPa of Undrained Shear Strength.
PI> = 100 Photoionisation detector reading in ppm (Soil sample headspace test).
Nioisture Condition MC >PL Moisture content estimated to be greater than plastic limit.
(Cohesive Soils) 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 frealy through fingers.
M MOIST does net run freely but no free water visible on solt surface.
W WET free water visible on soit surface.
Strength {Consistency) Vs VERY SOFT - Unconfined compressive strength tess than 25kPa
Cohesive Soils SOFT - Unconfined compressive strength 25-50kPa
F FIRM - Unconfined compressive strength 50-100kPa
St STIFF - Unconfined compressive strength 100-200kPa
VSt VERY STIFF - Unconfined comprassive 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 {in) Range (%} SPT ‘N’ Value Range {Blows/300mmj}
Density {Cohesionless vl Very Loose <16 0-4
Salls! L. Loose 15-35 4-10
MD Medium Dense 35-6b 10-30
D Dense 85-85 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 otharwise.
Remarks V' bit Hardened steel 'V’ shaped hit.
TC' bit Tungsten carbide wing bit,

Penetration of auger string in mm under static load of rig applied by driil head hydraulics without
rotation of augers.
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LOG SYMBOLS

ROCK MATERIAL WEATHERING CLASSIFICATION

T UTERNMLT L TSYMBOL L T U DERINION.

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 “soil” properties, ig it either disintegrates or can be

remoulded, in water,

Distinctly weathared rock DW 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 hut 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 {is 50} and refers to the strength of the rock substance in the direction normal
to the hedding. The test procedure is described by the international Journal of Rock Mechanics, Mining, Science and Geomechanics.
Abstract Volume 22, No 2, 1985,

CoOTERMLTT | symBoL | s{BOYMPa | ULl . FELDGUIDE -
Extremely Low: EL Easily remoulded by hand to a material with s0il properties.
......................................... 0.03
Very Low: VL May he 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 easily scored
0.3 with a knife. Sharp edges of core may be friable and break during handling.
Medium Strength: ] A piece of core 150mm long x 50mm dia. can he broken by hand with difficulty.
________________________________________ 1 Readily scored with knife.
High: H A pigce of core 150mm fong x 50mm dia. core cannot be broken by hand, can he
_________________________________________ 3 slightly scratched or scored with knife; rock rings under hammer,
Very High: VH A pisce of core 150mm long x 50mm dia. may be broken with hand-held pick after
maore than one hlow. 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 hreak with hand-held

hammer, Rings when struck with a hammer.

ABBREVIATIONS USED IN DEFECT DESCRIPTION

. - ABBREVIATION. " ["|." .. - DESCRIPTION " .

Be Bedding Plane Parting

CS Clay Seam {ie ralative to horizontal for vertical holes)
J Joint
P Planar

Un Undulating
S Smooth
R Rough
1S Irenstained

AWS Extremealy Weathered Seam

Cr Crushed Seam

60t Thickness of defect in millimetres
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