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Please find enclosed our report on qeotechnical studies undertaken for the above‘
_ S|te. . _

_'The- report p'resents the results of field and laboratory testing and d'escribes_
- surface and subsurface conditions, Recommendations cover acld sulphate solls,
*.dewatering and footings des:gn parameters including support. measures for Lhe
-excavation, _
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1,0 INTRODUCTION

As requested, Network Geotechnics Pty Ltd (NG) has carrled out geotechnical studies
-at 222 Maln Road Toukley in order to provide recommendations on actd sulphate -
" soils, dewatering issues and footings deslgn parameters mcludlng support measures

for the excavation _

The proposed development is understood to comprise a six storey bullding with two
basement levels requiring up to 6m depth of excavation, Support measures
consldered for the excavation may Include contlguous piles and soli/rock batters with
or without anchors. _

It is also understood that an assessment of acid sulphate .solls is required to
determine the treatment required for solls to be excavated. In addition groundwater
sampling is required to assess disposal of groundwater which may be encountered in
. the excavation, :

A site plan-is shown on the-attached Drawing No G08/221-1. This report should be
read in conjunction with the attached general notes.

2.0 FIELDWORK

Fleldwork was carried out on the 30" September and 1% Octeber, 2008 and
- comprised seven boreholes (BH1 to BH7). BH1 to BH4 were drilled using a truck
mounted Ezl-probe drill rig. Depths of the investigation undertaken on the upper
portion of the site are as follows

- - BH1 was drllled fitted with a macro barrel push tube to a refusal depth of
1.5m;

- BH2 was drllled fitted with a Dual push tube barrel to a refusal depth of 4.9m,
advanced to a termination depth of 6m using a 100mm diameter solid flight
auger fitted with a 'v’-bit;

- BH3 and BH4 were drilled to a termination depth of 5.5m using a 100mm
diameter solid flight auger fitted with a *v'-bit.

On the lower portion of the site, BH5 and BH6 were drilled to a termination depth of
3m using a skid steer small drilling rig fitted with a 100mm diameter solid flight
auger drill. BH7 was carried out using portable push tube equipment to a termination
depth of 1.8m.

Dynamic Cone Penetrometer (DCP) tests were carried out at regular depth intervals
to ald assessment of insitu density/consistency of the soils encountered. Samples
were also taken for subsequent laboratory testing.

In addltion_three stand pipe plezometers were installed Into selected boreholes (BH2
TO BH4) at the site to recover groundwater samples for geochemical testing.

The fieldwork was carried out by our geotechnical staff who. selected the test
locations, carried out In-situ testing and disturbed sampling, and prepared logs of
boreholes. The borehole logs are presented in appendix A and approximate test
~ locatlons are shown on the attached Drawing No. G08/221-1,
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3.0 LABORATORY TESTING

Laboratory testing carried out on soil samples obtalned dunng the Investlgation .
comprised the following: :

e Atterberg Limits on four clay samples to aid In soll classlﬂcatlon and
assessment of soll reactivity;

«  pH tests in H,0 (dlstllled water) to assess current acldlty,

. pH tests in Hx0, (hydrogen peroxide) to assess the potential for amd
sulphate generation;

= Reduced Inorganic Sulphur (Scr) and Total Actual Acidity (TAA) to assess
neutrallsing lime doslng reqwrement _

The following analy_ticai tests were carried out on -gro_undwater samples collected:
« Electrical conductivity and resistivity;
pH;
«  Total hardness;

= Benzene, Toluene, Ethyl benzene and Xylene (BTEX) lncludlng TPH(C6 C36)
and 8 Metals,

" OC/OP/PCB
«  Catlons and Anions (Ca Mg, Na, K, Cl, 504 and Alkalinity).

4.0 SIIE CONDITIONS

4, 1 Surface Conditions

No. 222 Main Road has a frontage of about 50m on the northern side of the road
extending north about 70 to 80m to the rear of the site to the Southern shore of
Budgewoi Lake. The site has an area of about lha, with current surface reduced
levels ranging from about RL9m AMD along Main Road to about RL1m AHD fronting
the lake shore with majority of site being RLO9m-5m. A concrete driveway provides
good access to the lower portion of the site from the upper portion of the site which
has been retained by a series of retalnlng walils.

The lower northern portion of the site is well grassed and the southern hlgher portion
of site has grass and shrubbery. Surface soils encountered were Sandy Siit topsoil
and Sandy Silty Gravel fill in parts. '

4.2 Snbsurfagg Qonditions

Soill Landscape maps of the area indicates above proposed site lies within the
‘Gorokan Erosional landscape (gk). The landscape typlically comprises of moderately -
deep Podzols and grey-brown Podzolic solls on slopes with gleyed Podzolic solls along
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drainage lines, Geological maps Indicate the area to be underlam by Narrabean
Group lithic sandstone of the Tuggerah formatmn : :

Limitations in this Iandscape include very high erosmnal and foundation hazards,
including  seasonal waterloggmg and strongly acidic, low fertility and plastlc

impermeable subsoils.

Subsurface profiles encountered In the upper portlon of the s|te (BH1 to BH4) may

be summarised as follows:

Layer/Description

Depth to Base of Layer {m)

TOPSOIL: Sandy SILT, dark brown, fine
to medium sand, trace of rootlets

FILL:
Sandy CLAY, fine to medium gravel, pale
orange brown becoming pale grey below
1m depth, fine to medium sand, low to
medium plasticity :

RESIDUAL: Clayey SAND/Sandy CLAY,
fine to coarse grained, pale
becoming orange red at 3.2m depth, low
pasticity, trace of fine gravel

CLAY, medium to high plasticity, pale
grey, some fine to medium sand

Clayey SAND, fine to coarse grained,
pale grey mottled red brown, low
plasticlty trace of fine gravel

CLAY, medium plasticity, pale vyellow
brown, trace of fine to medium gravel

SANDSTONE, extremely weathered, pale
grey, fine to medium gralned

Sandy Silty GRAVEL/Gravelly

grey .

BH BHZ2 BH3 BH4

0.45 0.7
0,35 2.1 2.8

3.8 3.8 3.5
i.2 4.0

> 6.0 5.0

> 6.0 - > 5.5

> 1.5

Subsurface profiles encountered In the lower portion of the site (BH5 to BH7) may be

summarised as follows:

Depth to Base of Layer (m)

Layer/Description

FILL: Clayey SAND, fine to medium grained,
pale grey, low to medium plasticity, trace of

fine to medium gravel

ALLUVIUM: Silty SAND, fine to coarse grained,

dark grey, trace of fine gravel

BHS BtH& BH7
0.2
0.5 0.7

Silty Clayey SAND, fine to coarse grained, dark
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brown, low plasticity

| 1.0 0.8
Gravelly Sifty.SAND, fine to coarse grained, ' '
dark brown, fine gravel : o S ) .

: 1.3 1.2
CLAY, high plasticity grey mottled orange : '
brown trace of fine to medium sand, trace of
fine to medium gravel ' _ ' :

>3.0 . >3.0 > 1.8

DUrlng the investigation of. the upper portion of the site, groundwater was
encountered In BH2, BH3 and BH4 at depths of 4m, 3.8m and 5.2m respectively.

- In the lower portion, groundwater was encountered in BH5, BH6. and BH7 at depths
of 1.1m, 1.9m and 0.8m respectively. However, it is pointed out that groundwater
levels and seepages may fluckuate with variations in rainfall, site drainage, tidal flows
and other factors.

5.0__ DISCUSSION & RECOMMENDATIONS

5.1 -General

The site proposed for development is located within Gorokan Soil Landscape where
underlylng geology is Narrabeen Group Tuggerah formation. The northern area of
the site is occupied by shallow alluvial/fluvial soils.

Subsurface conditions at BH1, BH2 and BH3 comprised residual Sandy CLAY/Clayey
SAND assessed to be dense or hard. Only BH1 encountered SANDSTONE while other
boreholes terminated in residual soils, It Is likely that the materials encountered at
termination depth to be extremely weathered SANDSTONE.

Four residual soll samples tested recorded Plasticity Index values in the range 24%
to 28% and Liquid Limit of 37% to 47% indicating medium plasticity and possible
medium reactlwty

5.2 Footings

It Is understood that the proposed hasement would be at about RL2.9m making the
footings to be 3m to 7m below the existing ground level. Feotings in most of the site
would be within residual clay or extremely weathered SANDSTONE.

For preliminary footing design the parameters indicated in the table helow may be
used: '

Table 5.2 — Geotechnical Parameie rg for Prefiminary Design of Foofing

Footing Type Residual Soils ' Extremely Weathered
Sandstone
Allowable Ultimate Allowable Ultimate
Spread 150 450 500 1500
Footing
kPa
Strip 100 - 300 400 1200
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Footings kPa

" Bored Piers ~ 250 750 . . 600 - 1800
end bearing : ‘ ' ' :

kPa o . C

Bored plers ~ - 20 .. 40 .80 120
shaft friction o i ' .

kPa _ : ' ' '

Elastic 20 e ' 50 -
modulus MPa ' _ .

It may be noted that parameters glven for extremely weathered Sandstone would
likely be avalilable at depths below auger refusal level. It is likely that rock quality
would improve with depth. Deeper drilling with coring may be carried out to refine
the parameters for economical footing design.

5.3  Basement ancl Retaining Walls

It Is understood that the proposed basement finished Ievel'would be up to about
2.0m to 6.0m below the existing. ground surface level. ExIsting ground surface Ievels
range from RL 9m-to RL 4m,

All temporary excavations deeper than 1m would require ground support or should
be battered no steeper than 1H:1V. No excavation should be carrled out within the
line of influence (ie a line drawn at 2H:1V from the base of the footing) of any
footing, If space restrictlons do not allow the above safe distances, excavation
should be supported using contiguous bored plles Retaining walls may be deanned

* based on the following parameters: '

Unit weight of sand 20kN/m?
Depth to water table 4m
Coefficlent of active earth pressure 0.30
Coefficient of passive earth pressure 3.25
Angle of friction (drained) o270
Cohesion (drained) 10 kPa

5.4 _ Site Maintenance & Footing Performance

The site classification and other recommendations glven in this report assumes that
the performance expectations glven in AS2870-1996 are acceptable and future site
maintenance Is carried out as described in CSIRO Sheet BTF-18, a copy of which Is
attached,

5.5 Further Investigation

It is recommended that detailed structural drawings for basements be reviewed by
an experienced geotechnical consultant prior to construction in order to confirm that
the recommendations made In this report are satisfled.

Deeper drilling investigations would be required to facilitate design of high capacity
piles,
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6.0 ' BASEMENT EXCAVATION'AND GROUNDWATEB
6.1 Géneral -

It is unlikely that the proposed up to 6m deep excavation would generate

environmental effects which need management to reduce risk of damage. Matters to

- be concerned with include stabllity of temporary batters, possibility .of groundwater
' and Issues assoclated with dewaterlng

6. 2 Stability of Excavatlog

Subsurface' sofls found in the’ boreholes were assessed to be dense residual clayey
SAND or hard residual Sandy CLAY. Excavations should be battered to no steeper
than 1H: 1V above the groundwater table for short term stabllity or fully supported If
space restrictions do not permit the above batter. Any excavation below the
_ groundwater table, if required, should be battered to no steeper than 2H: 1V, It is
- expected that permanent ground support would comprise engineered retaining walls.

Provided that excavation- batters are designed and constructed under engineering
guidance, It is expected that the excavations would not destabilise adjacent
properties,

6.3 Dewaterlng

Three stand pipe piezometers .were installed on site for monitoring groundwater
levels: Monltoring should be carried out once In two months or after heavy rainfall
perlods if they occur. :

Assessment of dewatering rates would require an assessment of soil permeabillity,
depth of excavatlon, depth to groundwater table at the time and the geometry of the
excavation. Based on soll profile Identification, a permeabllity coefficient of 1x107
m/s may be assumed for the subsurface solls for estimation of flow rates.

6.4 _Water Quality

Two groundwater samples collection from BH2 and BH3 were tested to establish the
groundwater quality In case there Is a need to discharge groundwater to stormwater
system. The test results are surnmarised below:

Parameter BH2 BH3
pH units 556 5.6
Electrical MS/em’ 496 482
Conductivity : .

Total Alkalinity mg/L : <] 1
Total hardness = mg/L 36 22
Sulphate - mg/L 53 65
Chloride mg/L o8 93
Arsenic mgy L. 0.004 0.0.25
Cadmium mg/L : 0.0058 0.0332
Chromium mg/L _ 0.076 0.400
Copper mg/L 0.068 0.055
Lead mg/L . 0.171 0.252
Nickel mg/L 0.020 0.030

G08/221-A



10

Zinc mg/L 0.223 - 0.154

Mercury mg/L _ : 0.0001 <0,0001

- -QC/oP (Pestlcides) mg/L : <LOR ‘<LOR
- TPH _ mg/L - - - <LOR: ' "~ - <LOR
BTEX . - mg/L ' <LOR" <LOR

Based on ‘the. above, it Is assessed that groundwater is not acidic _and does not
- contain pesticide or hydrocarbon contamination, The water quallty test results were .
compared agalnst.ANZECC~2000 Guidelines for Recreational Purposes, It is assessed
that chromium and lead are slightly above the criterta for recreatlonal water
guidelines, However water quality at this slte ls assessed to be similar to that of
other sites in similar Iandscapes

* Councll approval may be required prior to discharge of groundwater to stormwater
system.

- 7.0 Acid Sulp_hate Soils Assessment

Fifteen soil samples were obtained from BHS5, BH6 and BH7 for pH tests in water:
(H.0} and hydrogen peroxide (H,0;) to assess for existing acidity and the potentlal
for acid sulphate generation.” Sampling depths ranged up to 3.0m below existing
surface levels.

Current guidelines from the Acld Sulphate Soil Management Advisory Committee
(ASSMAC 1998) list indicators of pH in water of less than 4 for actual acidity and pH
In hydrogen peroxide of less than 3 for potential acidity.

None of the fifteen soil samples recorded pH <4, Four soil samples tested recorded
pH <3 In H,0; indicating a potential for producing acidity upon oxidation.

In view of the above, Sand and a Ciay samples from BH5 at depths of 0.8m to 1m
and 2.8m to 3m respectively, were forwarded to Environmental Analysls Laboratory
of Southern Cross University Lismore to carry out Total Actual Acldity and Chromium
Reducible sulphur tests. Test results are included in the attached table,

The reduced inorganic sulphur tests indicate that the medium textured alluvium has
a Scr of less than 0.06% (0.003% to 0.007%) or 37molesH™*/t and the fine textured
CLAY has a Scr of less than 0.03% (0.003%) or 62molesH*/t.

It is therefore considered that no assoclated acid sulphate interventions are required
during earthworks for the above proposed site improvement works if the volume of
excavation In the area containing BH5, BH6 and BH7 is less than 1000t. If it is likely
that more than 1000t of soll in the low lying area (area below RL 5.0m contour} s to
be excavated the following management practices should be incorporated:

Prior to excavation, facilities for stockpiling and treatment of acid sulphate
soils’ should be established. Acid sulphate soil should be prevented from
leaching prior to treatment,

v Excavated soil shouid be mixed with hydrated lime (neutralising capacity
more than 95%) at a rate of 5kg/m°. Treated soil may be used as fill on site
or disposed off site. If off site disposal is required, waste classification may
be required.
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= Lime treated soil should be tested for pH in water to assess that neutrallsation
Is achieved. The treated soil should record pH>6.5 in water. Most of the-
measured acldity of site soil is existing actual acidity. Thérefore, pH test in .
water would be sufficient to assess the. effectlveness of treatment. :

= An environmental. consultant should be appolnted to oversee the excavation
" treatment and testing, A validation report may be required by the Councll
.af-ter treatment, : Lo - . B

The above recommendations should- be the hasis of an Acld Sulphate Soil
Management Plan (ASSMP) if such a plan is required by the Council. If the volume of .
soil to be excavated Is limited to those from the proposed footing excavations and
not more than 150m?® the above recommendations contained herein meet the -
requirements of ASSMP. The recommended works should be carried out under the
direction of an environmental consultant and a validation report submitted at the
completion of slte works stating that acid sulphate soils have been treated and have
undergone remediation treatment,

The above recom_mendations are based on NSW. Acid Suiphate Soll management
Advisory Committee (ASSMAC) Guidelines 1998, '

Review of project drawings supplied indicates the proposed basement to be located
where ground surface levels above RL 4.0m, Qur assessment is that acid sulphate
soils may not be found within the basement excavation. However it Is recommended
that an environmental/geotechnical consultant review the materials exposed during
excavatlon and assess any treatment requirements.

For and on behalf of

Network Geptechnics Pty Ltd ~ Reviewed by
David Smith V W de-Sllva BScEng, MEng, SMIE Aust, CPEng NPER
Student Engineer Principal Geotechnical Engineer
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- Geotechnics Pty Ltd

" GENERAL NOTES

Geotechnical reports present the results- of investigations carrled out for & specific
project end usually for a specific phase of the project (e.g. preliminary design). The
report may not be relevant for other phases of theproject (6., construciion), o where.
project detalls change. ' | S |
SOIL. AND ROGK DESCRIFTIONS : . ' ) ,
Soll and rock ‘descriplions are based on AS 1726 - 1998, using visual .and tacillo
assessment oxoept at discrete locations where field and /-or taboratory tests have been
carriac out, Refor 1o the terms and symbols sheet for definitions.
GROUNDWATER - _ . ‘ : . ‘
The water levels Indicated on the fogs ara taken at the time of measurement and
dapending on materlal permeslbility' may-not reflect the actual grounciwater level at those
.- specific locations, Also, grouncwater levels can vary with time due to seasonal or ficlal
fluctuations and construction activities. , : :
LINTERPRETATION OF RESULTS - o . :
“The dlscussion and recommendalions In the ascompanying .report are based on
extrapolation / interpolation from data obtained at discrste locations. The actual
interface belween the materials may:he far more gradual or abrupt than indicated: Also,
actual condlitions.In areas riot sampled may differ from those predioted,
CHANGE IN-CONDITIONS | . . - o
Subsurface condlions can-change with time and can vary between test locations,” .
" Construction operations at or adacent to the slie and-natural events such as floods, -
carttiquakes or groundwater fluctuations can also affeot subsurface conclitions,

REPRODUCTION OF REPORTS T o
~ This report is the subject of copyright and shalt not be reproduced either totally or In part
“without the express permission of this firm. Where Informatlori from the accompanying
report 1s to be included in contract doguments or englneering specification for the
project, the entira report should be Included In order to minimise the .Iikc:)lihooc! of
. nlsinterpratation from logs. - : . R
FURTHER ADMICE -~ - : | ‘
Network Geotechinles would be pleased to further discuss how any of the above 18sues
~gould affect your spedific project, We-would also be pléased to provide further advice or
asslstance ncluding; S o o Lo
~ agssesgment of sultability of. designs and construction technigues;
“contract documentation and spectiication;
- censtruction'control testing (sarthworks, pavernent matetials, concrete);
consétr'ucti‘@n‘éadvice-_';(.foundatian assossments, excavation support),

. & s @ e
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-Foundatlon Mamtenance
and Footmg Performance’
A Homeowner (3 Gmde

BTF 18
replaces’
Information
Sheet 10/91

‘Buiidings can and often do move. This movement can be up, down, lateral or rotational. The fundamental cause
of movement in buildings can usually be related to one.or more problems in the foundation soil. It is important for
the homeowner to ldentify the sofl type I order to ascertain the measures that shoutd be put in place in order ta
ensure that problems Ih the fourdation soil can be prevented, thus protecting against building movement,

This Building Technology File is deslgned to ldentify causes of soilrelated building movement, arid to suggest

methods of prevention of resultant cracking in buildings. .

;:SmI Types

The types of soils-ustally present under the tepsoll in land zoned for
residentlal buildings-can be split inte two approxlmate. groups —
granutar and clay. Quite often, foundation soil Is-a mixture of both
types. The general prohlems. assoclated with soils having granular
comtent are usually caused by erosion, Clay soils are subject to
saturation and swell/shrink problems,

Classifications for a given area can generally he obtained by
application to the local authority, but these are sometimes unteliable
and if there is doubt, a gestechnical report should be commissioned.
As most bulldings suffering moverent problems are founded on ¢lay”
solls, there is an emphasis on classification of soils according to-the
amount of swell and shrinkage they experlence with varlations of
water content. The table below 1s Table 2,1 from AS 2870, the
Residential Slab and Footing Code,

‘Causes of Movement

Settlement due to construction
There are two types of settlernent that occur as a result of
construction
+ Immedlate settlement occurs when a building is first placed onits
foundation soil, as a result-of compaction of the soil under the
weight of the structure. The cohesive quality of clay soll mitigates
against this, but granular {partlcularly sandy) soil Is susceptible.
-+ Consolidatlon settlement Is a feature of clay soil and may take
placé because of the expulsion of molsture from the soll or because
of the soil's lack of resistance to local compressive or shear stresses,
This will usually take place durlng the first few months aftor
construction, but has been known to take many years ln
“exceptional cases, .
These problems are the province of the builder and should be taken
into consideration as part of the preparation of the site for construe-
tion,. Bullding Technology I'ile 19 (B T'F 19) deals with these
‘prabiems,

Erosion

All soils are prone to erosion, hut sandy soll is particularly susceptible
to heing washed away, Even clay with a sand component of say 10%
or more can suffer from erosion,

Saturation

This is partleularly a problem in clay solls. Sdturdtion creales a bog-
ke suspension.of the soil that causes It to lose virtually all of its
bearing capacity. To a losser degree, sand Is affected by saturation
because saturated sand may undergo-a reductlon In volume ~
particularly Imported sane fill for bedding and blinding layers.
However, this usually aceurs as Immecliate setélement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of sofl

All clays react to the presence of water by slowly absorbing it, making
the soil Increass in volume -(see table below), The degree of Increase
varics considersbly betwean different clays, as does the degree of

_ «lecrease-during the subsequent drying out caused by fair weather
periods. Because of the low absorption and expulsion rate, this

phenomenon will not usually be noticeable unless there are
prolonged rainy or dry periods, usually of weeks or months,
depending orr the luiid ahd soll characteristics.

The swelling of suil creates. an upward force on the footings of the.
bullding, and shrinkage creates subsldence that takes away the
support needed by the footing to-retain equilibrium.

Shear fallure
‘This phenomenon cceurs whcn the foundation soil does not have

- sufficlent strength to support the weight of the footing, There are
two-major post-constraction causes; '

» Slgnificant lead Increase,

+ Reduction ofliteral support of the soll under the footing due to
eroslon or excavatlon.. )

¢ Tn elay soif, shear fallure can be caused. by saturation of the soll
acUaCerlt to or under the footing

o GENERAL DEF!NITI@NS OF SITE GLASSES
.élass Fotmddtiun
M
. E - E_:_ftr_eﬁi'al;ﬁ?:r:c_éqctlvéffsltses,-.IWhi(;h can-experlence extrema
:A.tg*l.’ '_VIfh:le_»(:j‘:lsl_té.:s ) . - B .
P I 4 i  which: ineludle:saft-solls, ucl1 as:soft olay sllt o sidd .ollapslng srjils, soils subjoct :
SR e o b reaciivesiigs: subjccl-10 abhorml moistdre: b eIaS}ﬂ fed otherwise - _




“Tree: root growth .
Trees anck sheubs that are allowed to grow In'the Victnlty of - footings
can cause, foundation soll movement in two ways:

’ Roots that grow under footings may increase in cross-sectional
slza, exerting upward pressure on footings,

+ Roots in the vicinity of footings will-absorb much of the mofsture
in.the foundation- soll; causing shrinkage or subsidence.

- {Unevenness of Movement

The types of ground. movement descrlbed above usually occur
unevenly throughout the _buil'dlng"s foundation soil, Settlement due
to. consteuction tends 4o be uneven because of: ’

+ Differing compaction of foundation soil prior to-construction.
» -Diiffering molsture content of foundation soil prior to construction.

Movement due. to non-construction causes s usually more uneven
stlll. Erosion can undermine.a footing that traverses the flow or can
create. the conditlons for shear failure by eroding soll adjacent to a
footing that runs in the same direction as the flow,

Saturation of clay foundation soll. may occur where subfioor walls
create a dam. that makes water pond. It can also oceur wherever there
1s 2 source of water near footingsn clay soil. This leads to a sevore
reduction in the strength of the soil which may create local shear
failure,

- Seasonal swelllng and shrinkage of clay soil affects the pertmeter of
the Bullding first, then gradually spreads to-the interior: The swelling

process will usually begln at the uphill extreme of the Bullding, or on -

the weather sicle where the land 1s flat;, Swelling graclually reaches the
lnterior soil as absorption continues. Shrinkage usually beglns where
the sun's heat is greatest.

Effecls of Uneven Soil Movement on Structures
irosion and saturation

- Erosion remaves the support from under footings, tending to create -
subsidence of the part of the structure under which it occurs.
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevertng untll the bricks or the
mortar bedding fafl, Older masonry has lttle resistance, Evidence of
fatiure varles according to clecumstanices and symptoms may include!

o Step cracking in the mortar beds in the body of the wall or
above/below openings such as doors or windows,. |

s Vertical cracking in the bricks {usually but not necessarlly in line
with the vertical beds or perpends).

Isolated piers affected hy erosion or saturatlon of foundations will '

eventually lose contact with the bearers they support and may tllt.or
fali over. The floors that have lost this support will become boungy,
sometimes rattling ornaments etc, .

Seasonal swelling/shrinkage In clay

Swelling foundation soil due to ralny pertods first lifts th(, most
exposed extremities of the footing system, then the remainder of the
perimeter footings while gradually permeating Inside the building

footprint to 1t internal footings, This swelling first tonds to create a _.
dish effect, because the external footings are pushed:. hibher than the .

- Internal ones.

The frst noticeable symptom. may be that.the ﬂnor appears slightly
dished. This is often accompanied by some doors binding on the
floor or the door head, together with some cracking of cornlce .

mitres, In buildings with timber flooring supported by bearers and

Jolsts, the floor can. be bouncy. Externally there may be visible
dishing of the hip or ridge lines,

As the molsture absorption process completes its journey to the
nnermost areas of the bullding, the internal footings will rise. I the

spread of molsture is roughly even, It may be that the symptoms wiit

tempararily disappear, but it is more likely that swelling will be
uneven, creatlng a difference rather than a disappearance In
symptoms. [n bulldings with timber flooring supperted by bearers
and jolists,. the isolated plers will rise more easily than the stelp

footings or piers under walls, creating noticeable doming of flooring,

“halioracking
1aLingven

oling golienont

As the weather pattern changes and the soll beglns to dry out, the
external footings will ba first affected, beginning with the Jocatlons
whore the sun's effect 4s strongest, This has the cffect of lowerlng the

external footings, The doming s accentuated and cracking reduces

or disappears where It oceurred because of dishing, but other cracks
open up. The roof lines may become convex,

Doming and dishing are also affeeted by weather In other ways. In
areas where warm, wet summers and cooler dry winiters prevall,
water migration tends tobe toward the interior and-.doming will be
accentuated, whereas where summers are dry and winters are cold
and wet, migration tends to be toward the exterlor and the:
underlylng propensity Is toward dishing,

Movement caused by tree roots

In goneral, growing roots will exert an upward pressure on footings,
whereas soll subject to drying-because of tree or shrub roots will tend
ta remove support from  under footings by inducing shrinkage.

Complications caused by the structure itself
Maost forces. that the soll causes to be exerted on structures are

-vertical ~ 1.¢. etther up or down. However, because these forces are

seldom spread evenly araund-the footings, and because the bullding
resists Uneven movernent because of its rigidity, forces are-exerted
from one part of the bullding to ancther, The net result of all these

farces Is usually rotational, This resultant force often complicates the

diagnosls because the visihle symptoms do not simply reflect the
origlnal cause. A common symptom s binding of doots ot the
vertical member of the frame.

Effects on full masonry structures

Brickwork will reslst cracking where it can., It will attempt to span

areas that lose support because of subsided foundations or raised

points. [t is thetefore.usual to see cracking at weak points, such as

openings for-windows or doors,
In the event of constriction settlement, cracking wlll usually remaln
unchenged after the process of settlement has ceased.

With local shear or-eroslan, eracking will usuaily continue to develop
unfil the original cause has-been remedied, or until the subsidence
has completely nedtralised the affected porifon of footing and the
struicture has stabilised or ather footings that remain effectve,

In the case of swel} /shnink effects, the brickwork will in some cases

return to its erlginal positlon after completion of a gycle, however 1t

Is more lkely that the rotational effect will not be exactly veversed,

“aind it 1s also usual that brlekwork will seitle in {ts new position. and

will, resist the forces trythg to return it to 113 orlginal posttion. This
means that in-a case where swelling takes place after construction
and cracking oceurs, the cracking is likely to at least partly remain
affer the shrink segment of the cycle is complete, Thus, cach timo
the cycle Is repeated, the likellhood is that the cracking will become
wider until the sections of brickwork become virtually 1r1depenclnnt

. With 1epeatu1 cycles,-once the cracking Is ‘established, 1f there Is no

other complication, It is normal for the incidence of cracking to
stabilise, -as the bullding has the artfeulatlon 1t needs to cope with

“the problem. This is by no.means always.the case, however, and

mbnitoring of cracks In walls and floors shoutd always-be treated
seriously. '

Upheaval caused by growth of tree roots under footings Is not a
simple vertical shear stress, There ds.a tendency for the root to alse
exert lateral forces that attempt to separate sectlons of brickwork
after lnitial uack!ng has occurred;



‘The normal-structural-arcangement s that. the'intier leaf of briclk-
‘wark 3n-the exten nal walls-and: at least some of the Inteenal walls
(depending on. the raof type) comprise‘the. load-beaeing stiuecture on:
which any uppaer fidors, coilings and the. roof are supported.. Tn these.
cases, it 1s Inteenally visible cracking that should be the main:facus
of attention, however there are-a fow oxamples of dwellings whose
external leaf of masonry plays some supporting role, so thils should
be-checked If there is any doubt. In any case, externally visible
cracking tsimportant as a guide to-stresses-on the structure generally,
and it should dlse be remembered that the external wails-must be
capable of supporting themselves,

Liffects ont framed structures
Timber or steel fiamed: bulldings are.less likely to exhlbit Cr'lcklng
dueto swell/shrink-than masoney bulldings because of thelr
flexibility, Afio, the doming/dishing effects tend.to be. lower hecause
of the Hghter weight of walls, The maln.risks to framed buildings are
encounterec because of the fsolated pler footings used undor walls,
Where eroslon. or saturation cause a footing to fall away, this can
double the span which a wall.must hridge, This additional stress can
create cracking In wall Hinings, particularly where there is a weak
polnt in the structure caused-by a doer or window opening. It 1s,
hawever, unlilely that framed structures will be so stressed as to-suffer
sorious damage without first exhibiting some or all-of the above
symptoms for a considerable period, The same warning perlod shouid
apply fn-the case of upheaval, [t should be noted, however, that where
* framed bulldings are supported by stelp footings there 1s only one leaf
of brickwork and therefore-the externally visible walls are the
supporting structure for the bullding: In this case, the subfloor
masonry walls can be expected to behave as full brickwork walls,

Effects on brick vencer structures

Because the load-bearing structure of a brick veneer bullding is the
frame that makes up the interlor leal of the external walls plus
pechaps the Internal walls, depending on the type of roof, the
butlding can be expected to behave as a framed structure, except that
the external masoncy will behave in a similar way to the external leaf
of a full masonry structure, :

Water Service and Drainage

Where a water service pipe, a sewer or stormwater dralnage pipé isin

the vicinity of a building, a water feak can cause erosion, swelling or
saturation of susceptible soil, Even a minuscule laak cani be enough
to saturate a clay foundation. A leaking tap near a bullding can have
the same effect, Inaddition, trenches containing pipes can bécome
watercourses even-though backfilled, partlcularly where broken '
- rubble is used as-fill, Water that runs along these trenches cah bé
responsible for serlous éroslon, interstrata seepage Into. subfloor areas
and saturatlon.

Pipe leakage and trench water flows alse encourage tree and shrub
rools to the source of water, complicating and exacerbating the
‘problem.

Poor roof plumbing can result in'Tar gé volumes of ralnwater being
concentrated in a small area of soil:

+ Incotrect falls In roof guttering may result in oveiflow.s as'may
gutters blocked with leaves ete, : :

» Corroded guttering or downpipes. can spill water to.g ground.

+ Downplpos not positivciy connected to d proper-stormwater .
callection system.will cirect-a coneentration of water-to soil that is.
directly adjacent to footings, sometimes causing largesscale
problems such as eroslon, saturation and.migration of water under
“the’bullding, .

‘Seriousness of Cracking

. Iri-general, most eracking found in masonry walls i a-cosmetle

nulsance only and-can be kept In repalr ot -even. ignored, The table
below 1s a reproduetion of Table C1 of AS 2870,

AS 2870 also publishes figures relating to cracking in concrete floors,
however because wall cracking will usually reach the critical point
significantly ¢arlier than cracking in slabs, this table is not
reproduced here,

' Prevention/Cure.

Plumbing

Where bullding movement Is eaused-by water sérvice, roof plumbing,
sewer or stortnwater fallure, the remedy 5. to repalr the problem.

It is prudent, hawever, to consider-also rerouting pipes away from
the bullding where possible, and relocating taps-to positions where
any leakage will not direct water to the bullding vicinity. Even whore
gully traps are present, there is sometimes sufflelent spill to create
eroslon or saturation, particularly in modern installatlons using:
sraaller dlamoter PYC fixtures. Indeed, some gully traps are not
situated directly unider the taps that are. Installed to charge them,
with.the result that water from the tap may enter the backfilled
trench that houses the sewer piping, If the trerich has been poorly
‘backilled,, the water will elther pond or flow along the bottom of
the trench, As these trenches usually run alongside the footings and
can be at a similar depth, it is not hard to see how any water that 15
thus directed into a trench-can easily affect the foundatlon’s ability to
support footlngs or even gain eniry to the subfloor arca.

Ground drainage

In dll soils-there is the capaclty for witer to travel on the surface and
below it, Surface water flows can be estabshed hy Inspection. during
and after heavy-or prolenged: raln, If necessary, a-grated drain system
connected to the stormwater collection system Is usually an easy
solution,

It 15, however, sometimes necessary when attempting to prevent

" water migration. that testing be carrled out to-establish watertable

height and subsoll watcr flows, This subject 1s referred to in BTEF 19
and may properly be regarded as an area for an.expert consultant,

Protection of the huilding perimeter

It fs-essentlal to remember that the soil that affects footings extends
well beyond.the actual building line. Waterlng of garder: plants,
shrubs and tiees causes some of the most serious water problems,

" Por this reason, particularly where prahlems exist ar are Hkely to

oeeur, 1t 1s recommended that an apron of paving be installed
arotnd as much of the bullding perimeter as necessary. This paving

-ms-smmmem-=

e

=DAMAGE WITH REFEREI\IGE T. WALLS

Desm' iptien. of: typlc.il d.image and required repair o

- Haielingicratks.




Shrubs

] Glaaproltrees;
ple ::-teclbcl

oo S © .l Praineg
ey, SO | Dby

Garpart:

: gaér'd':
= guvetodsy
iitdich

shouild extend -outwards a-mintmuim of 900 mm (more in highty
reactive soll) and should have a mintmunm fall away from the
hullding of 1:60, The finished paving should-be no less than 100
mm below brick vent bases,

It 1s prudent to relocate drainage pi'pes__'dway' from this paving, if
possible, to avold complications from future leakage. If this1s not
practical, earthenware pipes should be replaced by PVC and -
backfilling should be of the same soil‘type as the surmundlng soll -
and compacted to the same density.

Except In areas where freezing of water is.an issue, it is wise to
remove taps in the bullding area and relocate. them well away from
the bullding — preferably not uphdll from it (see BTT 19),

[t may be desirable-to Instail a grated-dralri.at the outside edge of the
paving on the uphill side of the uilding, If subsoll dralnage is
needed this can ‘be installed under the surface -drul__rl.

Condensation :

I buildings with a subf'loor void such as where bearels and Joist&-
support flooring, insufficlent ventilation créates ideal conditions for
condensation, particulacly where there 18 little clearance between the
floor and the ground, Condensation adds to the molstiire already
present in the subfloor and significantly slows the process of drying
out, Installatlon of an adequate subfloor vcrltllation system, elther
‘natural cr mechdniml is deslrable,

Warning: /\lthoug,h this Building Technology Pile dedis with -
cracking in bulidings, 1t should be satd that subfloor mioistire can
resultin the devulupment of other problems, notﬂbly

v Water that is tvansmltfe_d-into MESONLY; m‘etﬁl or thmber building
elernents causes damage and/or decay to those elements, _

+ 'High subfloor humldity and molsture conterit-create an idedl
environment for varlous pests, Including termites and spiclers,

+ Where high moisture levels are transmitted: to-the flooring and
walls, an Increase In the dust mite:count can ensue within-the
Hving areas, Dust-mites, as well as dampness in general, .can be a
health hazard to inhabitants; particulaely those - who are
abnoerimally susceptible-to respiratory allments,

The garden

The Ideal vegetation {ayout is to-have lawn or:plants that 1cquire
anly Hght-watering tmmiediately acjacent to the dralnage or paving
adge, then mote demanding plants; shrubs and trees spread out in
that order. )

Overwatering due to misuse of automatic watering systemns is.a
common cause of saturation and water migratlon under footings, If
it is necessary to use these systems, It {s Important to remove garden
beds to 4 completely safe- distance.from huildings.

Existing trees

Where a tree Is causing a problem of soll drylng or there ls.the
existence or threat of upheaval of footings, If the offending roots are
subsidiary and thele removal will not significantly damage the tree,
they should be-severed and a concrete or metal barrler placed
vertically in the soil to. prevent future root growth In the direction of
the bullding: If i 1s not possible to remove the relevant roots
without damage to the tree, an application to remove the tree should
be-magle to-the local authority, A prudent plan is to transplant likely
offenders before they become a problem,

Information on trees, plants and shrubs

State departments overseeing agriculture can give Information
regarcling root patterns, volume of water needed and safe distance
from bulldings of most species. Botanle gardens are also sources of
information, For information on plant roots and drains, sce Bullding
Technology Tile 17,

Excavation _

Excuvation around footings must be properly engineered. Soil
supporiing footings can only be safely excavated at an angle that
allows the soll undler the footlng to remain stable. This angle Is

called the angle of repose {or friction) and varles significantly
between soil types and. conditions, Removal of soil wlthin the angle
of repose will cause subsidence.

%-Remediat_ign

Where erosion has oceurred that has washed away soll adjacent to
foatings, soll of the same classification should be Introduced and
compacted to the same density. Where footings have been
undermlned, augmentation or other specialist work may he. requlred.
Remedlation of footings and fOLll’lddtiO]’lS 1s generally the realm of a’
specialist consultant,

Where Isolated footings rise and fall becausc of swell/shrink effect,
the homeowner may be tempted-to alleviate floor bounce by filling

‘the gap that has appeared between the bearer-and the pler with

blotking. The danger here is that when the next swell segment of the
cycle aeeurs, the extra blocking will pash the floor up into an
accentuated dome and tnay-also cause local shear fallure'in the soil.
[t-it 1s necessary to use blocking, it should be by a palr of fine
wedges and monitoring should be carrled cut fortnightly.

This BTF was prepared by John Lewer FAIB, MIAMA, Partner,
Gonstruction Diagnosis.
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BOREHOLE LOG _

BOR_E%OLE LOG G0g8221.GP; NETWORK GEOTECHNICS PTY LTD.GDT 13/10/08

1 g jul} 6/8:Morton Close Job Kot G08224
Geotechnics Ply Lid TUGBERAH NSW 2250 : :
. 02 4351 6200 Hole Mo BHi.
: - 0243516300 : '
Shost: PAGE 1 /1.
1Client: STERLINGS PTY LTD Startad: Q08
Project: -PROPOSED SENIORS LIVING - Finished: 0110608
Locatlon: 222 MAIN ROAD, TOUKLEY Logged: =™
GPS() ' o Chacked: RiK
Equipment Type: TRUCK MOUNTED EZI PROBE RL Surface: .
Borehole Diamster; -mm(.0)s0mm{0.0,) Inclinalion; Bearing: Daturm; -
| ﬁ o Materlal Description - comments
- T =
el o | ol 8 pg| B2
=1 . %-E £ - . 58. 59
£ £ (8 g s 8 08) =8 8 B rotes, structure,
& 1= > and addifional
. observations
§ ! %1 ML {Sandy SILT, dark brown, fine to medium-sand, trace of roollets B Y TOPSOIL
Ny L k : ]
g g 22 "GP [Sandy Silty GRAVEL, fine to medlum.gravel, dark brown, fing to-medium sand )
A GM:
—)g & = GL/GH Siit;; Sandy CLAY, medium to high plasticity, pale grey motfled orange brown, fine to medium >Wp - RESIDUAL -
Bige san :
Bl g _ ‘ _
Z
N |10 ]
5 u _
g SANDSTONE, extremely weathered, pale gray, fine to medium grained DM -
- BH1 Terminated at 1.6 m Macro refusal-at 1.5m .
depth
| 2.0 —
|30 —
4.0 J—
5.0 e
—5.0 —_

Rafer To Explanation Sheets For Description Of Terms And Symbolé Used.



SCREHOLE LOG GL8221.GPJ NETWORK SEOTECHNICS PTY LTD.GDT 13M10/08

AGN 069,211 551

BOREHOLE LOG

ietwark o 516 Morton Glose : JobNer G081
Geofechnics Piy Lid . TUGGERAL NS 2269 : :
’ : o 024351 8300 Hele o BH2. .
. ) " {Sheet: - PAGE 1 11
Client: STERLINGS PTY LTD Starled; 30109108
Project: PROPOSED'SENIORS LIVING Finished S0/00/08
Location: 222 MAIN'ROAD; TOUKLEY Logged: TR
GPS () ' Checked: RIK
Equlpment. Type: - TRUCK MOUNTED EZI PROBE RL. Surface:
RBorehole Diaimieter: -mm (.0.)60mm(©.0) B nclnatlon: Bearing: Datum:
Material Description comments
§ : |28 37
1w | & § g £ o eE1 2 qé:
'8 & 4 8a -— o E\ | _% r=: 4
5 43 [1s] 5 = | g il
% g E ' % "ﬂ g % . 8 § § g % fhotes, structure
. 3 y ’ A ¥ 1
g 7 518 - 8% and addional
- . N -ghservations
SRR Saﬁdy SILT, dark brown, fne tomedium grained, some fine to medium grave! M TOPSOILFILL
/ —
»]—- .
)3 Sandy CLAY, madium plasticity, pale grey moitled orange brown, fine fo medium sand >Wp RESIDUAL |
Clayey SAND, fine to coarse gralned, pale grey motlled orangefred, low plasticlty, trace of fine M VD o
L gravel
16/75mm ]
. .
[a}

1 15/100mm o
= -
o

-|Sandy CLAY, medium to high plasticity, pale grey, fine to medium sanc >Wp - -
Claysy SAND, fine to coarse grained, pale grey begoming.arange/ted at 3.2m depth, low M n o

1 plasticity, trace of fine gravel
. 15/50mm -
0

L ] . -

] | 7’/ CL- |GLAY madium to high plasticlty, pale.groy, some fine to medium send SWp | Vst

Av4 50 |40 [ CH ' ]
=~ RN Clayay SAND, fine to coarse gralned, pale grey mottled red brown, low plasticity, frace of fine M s 16/50mm
L el gravel ]
|_. | —_
0

_____ | 50 16/75mm —
- — |
fal
<

.| a0 :

BH2 Terminated at 6 m.

Refer To Explanation S'he_ets For Dasciiption OF Termé And Symbels Used.
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0G G08221.GP3 NETWORK GEOTECHNICS PTY LTD.GDT 13/10/08

efwork |

BOREHOLE LOG

512 iotor toge oo N aoa22
: g : orton Close - [vaib hox
Geotechnivs Ply Iid TUGGER/L NS 2260 : -
: 024351 6300 ' Hole Mo: B3
) Sheet; PAGE. 1 {1
Client; STERLINGS PTY LTD Slarted: 30008108
Project: PROPOSED SENIORS LIVING Finished: 50i09/08
Location: 222 MAIN ROAD, TOUKLEY | Logged: DS
ops (') Chacked: TR
Equipment Type: TRUCK MOUNTED EZI PROBE RL Surface: -
Borehole Diamater; -mm (0)100mm0.D,) ' Incinatlon: Baaring: | Datum: .
i Material Description - comments
3 oy
L8 ey 2 |8 os| 20
-8_ o] io & b [P % i3 ot g
£ 8% "8 g5 | g| Bo| B
2l=| 8 By g g8 23 ?{5\, nofes; sirusture
- 5 1.5, 83 and additional
| observatlons
> (Ca";‘l Bandy Sllty GRAVEL, fine to mediun gravel, grey. fing to medium:sand b-M - FiLL
: . ’ A ; N
. "ML [Sandy SILT, brown, fine to-medium sand, some fine to-madium gravel, traces of low to medium [
L. plastic fines |
) ; J
CL | Gravelly Sandy CLAY; low to medium plasticity, pale orange brown bacoming pale grey at 1.2m | >Wp St
L _ dapth, fine to medium gravel, fine to medium sand o
|10 —
8
5] 5
15 [ T
20 o]
- / OIS Sandy CLAY/Clayey SAND, medium plasticlly, pale grey, fine fo medium sand >Wp | VSt |RESIDUAL |
. 78 to
° - - M) a
_ = U -
é 15 | / ’ -
s L
2is0 ]
. B}
A
v - e : -
S 86 Clayery SAND, fing to coarse gravel, pale grey, low to medium plasticity, trace of fine to medium { W.S| D-VD
|40 / grave . . . ]
» L
D e
L B4 R —
Cl. [CLAY, medium plasticity, pale yellow brown, irace of ine to madium gravel . >Wp | (VSHH;)
(B — ) —
| 22 BHA Terminated at 5.6 m ]
[...8.0 i

Rafer To Explanation Sheets For Description Of Terms And Symbols Lised.



BOREHOLE LOG (G03221.GPJ NETWORK GECTECHNICS PTY LTR.GDT 13/16/08

'efwork

BOREHOLE LOG

- é\CN oo 2.1C1I e Job N Gosf2
s ; ; : 16 Morton Close: JJoh Na;
Geolechnics Piy Ltd . . TUGGERAI NSW 2250 :
| o . R 0243516200 - Mol No: BH4
- _ 0243516300 ' :
_ o Sheat: PAGE 4 11
Cllent: STERLINGS PTY LTD' | staried: 30100408
Project: PROPOSED SENIORS LIVING Flnished: 30/09/08
Location: 222 MAIN ROAD, TOUKLEY Logged: o8
GPs (")' o . Checked: TR
Equipment Type: -~ TRUCK MOUNTED EZI PROBE _ RL Surfaca:.
Borehole Diameter: -mm{tD.)100mm(0.0.) Inclination; ‘Bearlng: Datum: -
' . i . Materlal. Description
ﬁ ; - p . 5 ‘E‘ comments
o = % E :E: g g; LEl 58
213 g £ /\g 2 o g o % 5
£18] 2% &Y B {52 g% & .
£ B A3 o i 5 noles, struciure,
3 ® o8 O and addfionsl
. chservalions
1 BM |[Silty SAND, .fine to medium gralned, dark brown D-M TOPSOILFILL
. 30 |Gravelly Clayey SAND, fine to coarse grained, pale grey; fine to medium gravel, low to medium [ -t FILL, -
plastiaity
1.0 —
15/6 GP |Sandy GRAVEL, fine to modium, pale orange brown, fine-to medium sand, trace of low to M | MG | +166B0mm @1.0m) _
medium plastic fines .
|20 ]
Gravelly SAND, fine to medium gralned, pale grey, fine to medur.gravel, slightly low to medium | M D-vD -
plastlc fines .
+20 -
é - {+20£100mm}
Gravelly Clayey SAND, Jow to- medium plasticity, fine to medium grained, yellow hrown, fine to M- RESIDUAL
medium gravel —
Sandy CLAY, low to medium plasticity, yellow brown, fing to medium sahd, some-fine to medium | >Wp | V8tH -
gravel _ to -
{Sat) ]
24
436 .. BH4 Terminated al 5.5 m (35+/100mm) -
L..50 -

‘Refer To-Explanation Sheets For Description. Of Terms And Symbols Used.
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BOREHOLE LOG

BOREHOLE LOG_ G08221.GPJ NETWORK GECTECHNICS PTY LTD.GDT 1/12/08

K h ' /6 Morton Close Jo:No: G082zt
|Geotechnics Piy Lid TUGGERAH NSW 2250 i~ -
o o ) . 05 4351 6306 . HoleNo: . BHB
: ' Shest; PAGE 1./ 1
|Client: STERLINGS PTY LTD Startect: 0110108,
Project: PROPOSED SENIORS LIVING Finished: 010r08
Location: 222. MAIN ROAD, TOUKLEY Logged: TR
o : GRS () - " [onecked: RIK -
|Equipment Type: SKID STEER DINGC RL Surface: . - -
Borehole Dlameter: -mm(.0)10mm(0.0, Incination: Bearing: Paturn:
- i ' C Mataral Deseription. b comments
N " — | . “".Bi
S5l 48 28 5 & 7E ‘ﬁ’é
& g i g %E g |t 3 = g £a notes, structure,
o L ki , -
S “13) 8@ and-additional
’ observations
SM [ Sitly SAND, fine to coarse grainad, dark-brown, trace.of fine gravel DM (Ly. | ALLUVIAL
D - : —]
L " BMIBGSiNy Clayey SAND, fine to coarse grelried, dark brow, low piasticity MW _
P 10
_S__Z o Vb BPISM Gravelly Silty SAND, fine tta coarse gralned, dark brown, fine gravel w-s |
o . CH |GLAY, high plasticity, grey-mottled orange brown, trace of fine to medium sand, trace of fine to | »Wp (st«vso' RESIDUAL -
= medium gravel : to
e | w _
D
2.0 —_
D = -
- ah
BHS Terminated at 3 m
40 .
5.0 —
L—60 J—

Refer To Explanation Sheets For Description Of Terms And Symbols Used.
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BORE

HOLE LOG

BOREHOLE LOG GD8221.GPJ NETWORK GECTECHNICS PTY LTD.GDT 1112/08

' ' ' 'é‘}%%%ﬁﬁ o Cloag. Job N cosieat”
i i ) Moflon-Close : o No: -
Geofechnics Pty Ltd TUGGERAH NSW. 2250 — : :
’ : : ’ 02 43516300 I RO ]
- . . . Sheat: PAGE 1 /1
Client: STERLINGS PTY-LTD Started! 01446108
Project: " PROPOSED SENIORS LIVING Finished: 01410/08
Location: 222 MAIN ROAD, TOUKLEY: “Logged: - " TR
' . . GRS (')_ : ) Checked: RIK.
Equipment Type: SKID $TEER PINGO- {RL $utface:.
Borehole: Biameter; -mm (L0.)100mm(0.D.). Inclnation: Bearing: Datu; .
1 - | 1 Material Descripilen . : comments
) ! : = ’ . - ’
ol § 128 & | 8|2 ‘eg! BB
"Bl El 4o |wal = £ 5‘ %PE go
S E 88 8 & || 4 28| -4
B = 5y B ] 25| B2 :
E £ (Hp 3 g1 % = 55 notes, structure,
& ) =1 Cw and additjonal
: ohservations
U BRI ASIity Clayay SAND; fingto coarse grained, dark brown, low plastclly, trace of fine fo medim: Mo | ALLUVIAL
L 1 grave) ) : . .
p SR RS ~
R R Y ¥ B _ : -
D g CL }Sandy CLAY,.medlum plasticity, grey mottied orange brown; five to coarse sand, trace of finete | >Wp F
1.0 5// medium gravel - -
ol _
3 ‘:' SC |Clayey SAND, fine to ¢oarse grainad, gray, low to medium plasticity M-w | -5t
= P oler / . |
? 6 |- e . i i :
1 CL/CHGLAY, medium to high plasticity, gray mottled red brown, some fing to medium sand. ~Wp{ VSt |RESIDUAL
¥l b B o . '
1 =0 ]
12 11— ]
15+
D —
B _ 15/100mm -
.. CH |CLAY, high plasticity, grey mottlad brown >Wp H —]
D
_— 30 . I
23 BHG Terminated af 3 m NearV Bil refusal at 3.0m
F— dapth ]
26T .
L 4.0 ]
- .
L. 5.0 ——
6.0 —

Refer To Explanation Sheets For Description Of Terms And Symbols Used.
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__BOREHOLE LOG

ACN GBS 211 661

BOREHOLE LOG G08221.GPJ NETWORK GECTECHNICS PTY LTD.GDT 1/12/08

6/8"Marton Close Job No: G05f221
Geatechnios Pfy Lid TUGGERAIL NSW. 2269 L
024316300 [Hee o BT
_ : JSheet; PAGE 1.4 1
Client; STERLINGS PTY LTD Started: 01110408
Project: "PROPOSED SENIORS LIVING Finished: " 01410/08
Location: " 222 MAIN. ROAD, TOUKLEY {Logged: R
_ GPS(-). o Checked: RUK
Equipment Type: ~ SKID STEER DINGO RL Surface:. -
|Borehole Diameter: -nm (.Dj160mm@.0) - Inglination: © Bearng: Daturn; -
| e Materle)- Descrigton comments
. -8 | s
ol s ﬁ 8 8 | 9, ‘g g5 §§
BlEl g¢ 55 £ 2|5 15 7o
‘ E 3 g & % i g 21\ = § - gE notes; strusture
T ¢ L= . . [ il It
¥ " 2t 8-?} : and additional
) ; \ observations
. G "[Claysy SAND, fine to medium'grainéd..pale grey, lowto mediun plasticlty, trace-of fine o M - F iLL,
| - . |medlum gravel: L
o Silty- SAND, fine to coarse gralned. dark-grey, trace of fine gravel M-W [ (L) - | ALLUVIAL
. SAND; fine to.coarse gralned, pale grey, trace of fine gravel” W 1
L D i ! ! |
: y |- | Gravelly SAND, fine te oarse gralned; pale gray, fine gravel - .
- D | 1o ] ' ]
] B GH |GLAY, high plasticity, paie grey Wp | (Vet) | RESIDUAL
m
- > L |
] o BH7 Terminated af 1.8 m A
A : —
|30 _—
L 40 —
L 50 —
8.0 _—

Refer To Explanation Sheets For Description Of Terms And Symbois Used,
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. Geotec;hnucs Pry Ltd

Geotgchnical Englneerlng, Consulting. & Testing _Servlces

T'EST__.REPORT'

Sterllngs Pyltd -

ACN 060211 661 _

_ 6/6 Motlon Close
Tuggerah, NSW,2250, AUSTRALIA
. 61248516200
51243516300

centraleoast@netgea.com.au

' Client; “JobNo: . aogeet - - Sheet:  1of4
Client Address : 158 Morgan Street MereweatherNSW2291 < ~ReportNo: 1.~ B
Principal: e - R Lo
Project: Proposed Senior Living Developmani ' Tested By: - MG . _ - Test Date 21/10/2008
“Location: 222 Mein’ Road; Toukley : Co R : oo '
Sample-Description: 'Clayey'SAND,_grey—redlbrown- K Sample Procedure; - . A81289.1.2.1(6.6.3)
" Lab Nurmber, S Q3805 - : o “Sample History:. " OvenDriled
Date Sampled: - - - 21/10/2008 PreparationMethoc: .~ Dry Sleved
Sample Numiser - BH2 (4_;5rh'—4.9m)_ Shrinkage Mould Length {mm}

ATTERBERG LiMITS & LlNEAH SHHINKAGE

I"EST PF{OCEDUFIE.

Liquid Limit ()

O

AS1289.3.1.1 1995

Piastic-Limit (Wp)
AS1289.3,2.1

Plasticlty index (Ip)

A51289.3.3.1

Linear Shrinkage(Lg)
AS1289.3.4.1

%

%

%

%

TEST RFSU LTS

47

- 28

"~ REMARKS:

NATA

ACTRERATR
FHGHN G AL
ERMARRTRHAE

The tests, calibralions or measuroments covered by this dosument
have been performed in accordance with NATA reculrements which
include the requirements of ISOAEC 17025 anid are traceable 1o-
nafional standards of measurement, This document shall not be

renroducad, except In full,

Tuggerah Laboratory 1318 .

Sample-locations shown on drawing G08/221-1

APPROVED SIGNATORY . DATE

28/10/2008
M

Documsnt No: RPBE-19



_ -Geotechnlcs Pty Ltd

‘ _Geotechninal Englneerlng, Consultlng & Testing Seyvices

-TE_ST

R_EPOB-T -

ACN0GO 217561

: 6/6 Morlon Ologe ™
Tuggerah, NSW 2B AUSTRALA . -

1 243 516200

1243518800

oentralodast@nétgocicomau

NATA
.NIEMTV;['! 1439

THONNICAL
DR APRT RN

The tests, callbrations or meésuremems covered by this document
‘have been perfoimed Inaccordance with NATA requirements which
Includa the requirernents of ISOAEC 17026 and are traceabie to

natlonal standards of measurement, This document shali not be . ) .
reproduced, except in full, APPROVED SIGNATORY

Tuggerah Laboratory 1318 ' W

Document No:

Client: Storlings Ptthd o " . JobNo: o821 - . Sheet © 2of4
_ Cllent Address, 153 Morgan Street Me{eweather N8W2291 ‘ ~ ReportNo: 1 ' R : .
__'Prlncipal _ G S S T _ _ S
‘Project: '.Propbséd'Senio_r-Living Dev_ewopmenf_ - - TestedBy: Mma -~ - Test Date:21/10/2008
" Location: - 222 Main Road., Toukley ' - AR B L
' :Sample Desonpﬂon o Sandy CLAY/CIayeySAND grey : }Sa'mple Pro_cedure:--." . ' A81289121(653)
LapNumber: 1 Cassos . sampleMisoy: . Oven Dried
. " Date Sampled: 21_/1.0/2003 : B Preparation Mgtho_d: _ Dry Sieved
_f\) SampleNumber: ~ © . . BH3 (2.-2m-2.4m) : Shrihkage 'Mpuld-l-_ength (mm)
ATTERBERG LIIVIITS & LINEAR SHRINKAGE
' TEST PROCEDURE SR TESTHESULTS _
Liquic Limit (W)~ S % 43
AS1280.3.1.1 1695 - o '
Plastic Limit (W) _ oy T
AS1289.3.2.1 - o
Plasticity Index () | % o
AS1289.3.3 1 o
<> Linear Shrinkage(Lg) . % -
AS1289.3.4.1 '
REMARKS: Sampie locations shown on drawing G08/221-1°

DATE
28/10/2008

RPE-19.



" AGNOBO 21 561
. . 8/ orton Close
Tuiggerah,NSW:2269, AUSTRALIA
Lo 7.2 43-_516200_

etwqwk

Geotechnics Py Liar e ‘ - T 61243576300

. Geotechnical Englnoering, Consulting & Testing Services : . _ . T LT aanhrakicast@niatgenicam au

_.__:T-'.EST R EPORT

- '?Cllent S swingsPylid JobNo: . ‘Gose2l DR '_S:hee't:.-ﬁ gof4 -
. Client Address ;13 Morgan Streat Mereweaiher N8W2291 . ReportNo: -1 -« Yo L
‘Principal:. _ S f - - R _
Project: - - Proposed Senior Living‘DeveIopment - - TestedBy: Ma - -TestDate:21/10/2008
' Loca_tion': : 222 MalnRoad , Taukley ' ' o ST
- Sample Descr\pnon: S .__GraVeII'y Claysy. SAND, yellow~br0Wn -'Sample'ProcedUre: . _ ' n A812891 2 1(6 5 3)
'-_LabNumber o Gosor ' o © sampleHistory "Oven Dried
" Date Samp[ed. _ B S 2110/2008 R ) _Preparanon Method R Dry8|eved_;5__
SampleNumber BH 4 (2:0m-3.3m) ~ Shiinkage Moild Length )

e

ATTEHBERG LIMITS & LINEAR SHHINKAGE

TEST PROCEDUF{E . 1 ' © TEST RESUL’ rs

Liuic Limit (W) - e 0
AS1289.3.1.1 1995 - ' :

Plastic Limit (We) _ S| 16
AS1289.3.2.1
Plasticity Inclex () oy : 24

A51289.:3.3,1

()  Linear Shrinkage(Ls) % ' -
AS1289.5.4.1 ' '

REMARKS: Sample locations shown on drawing G0g/221-1

The tests, calibrations or rﬁeasuremenls covared by this document
have been performed in accordance with NATA requiremaents which
include the requirements-of ISOAEC 17025 and are traceable to

NA"‘A national standards of measurement, This document shall not be . - :
\ Pl reproduced, except Infull, . APPROVED SIGNATORY DATE

o Mw - Tuggerah Laboratory 1318 ' _ 28/10"’_2008_
rEaUNIBAL _ M
BHMALTENSE ) / .

Document No: RP6-19



W _etwork _
: _—'Geotechnlc:s Pty Lid

“Geotechnlcal Englneering, Consulting & Testing Services -

~ TEST REPORT

- Client: -

Client Address + 163 Morgan ‘Streat Merewaather NSW: 2201

" Sterings Ply Lid

o Principal:

_ Prolect
- ‘Location:

Probosed--Senithiving Development L
202 Main Road , Toukley '

Job No: |
' :Repor‘t.zNo:ﬁ' L

“Tested By: MG ;

CGoael

ACN 089 271 561
6/6 Mrion Glose

Tuggorah NSW(2269 AUSTRALIA

612 43 516200
61 2 43 516300

cemralcoast@netgeo GOIN,&U

Sheet; . 4of4

 Test Date:21/10/2008 + -

Samb!e Description;

Sandy CLAY, yellow-brown.

. S'am_ple-.Proc_éd_u'réi

 AS1289.1.2.1(65.8)

fab Number: Gi3808 N : "Sample Histbr-y' ~ Oven Dried
Pate 'Sampied;_ . 21/10/2008 - : Preparatlon Method Dry Sleved
_(\] Sample: Number “BHA4 (5.1m75.3m)_ . 'Shrmkage Moutid Length. {mm) '
ATTERBERG LIMITS & LINEAR SHRINKAGE
TEST F’ROCEDUHE TEST RESULTS
Ligict Limit (W) % a7 -
AS1289,3.1.1 1995
Plastic Limit (W) % 13
AS1289.3.2:1
Plasticity Index {lp) % 24
AS1282.3.31
( ) Linear Shrinkage(ls) % -
AS1289:3.4.1
REMARKS: Sample Iocat|ons shown on drawing 008/221 1
Tha tests; callhrahons or measurements coversd by this dooument
. have heen performed In accordance with NATA requlrements which
ol i Inoluds the requirements of ISOAEC 17025 and are traceable to
p : national standards of measuremant, This document shall not be . :
NAT“ r(;produced‘ oxcept in_iuTl, oo APPROVED SIGNATORY . DATE |
N : ) 28/10/2008

J\i.‘%:"hhl)ﬂ‘hu i -

THAOHNIGAL

ORMPRTRNOE

Tuggerah.laboratory 1318

~ Docdment No:

RP&-18



) .etw«:rk
:Geotechnlas Pty Litd
" Geotechnloal Englneering; Consulting & Tesfing-Services .

" TESTREPORT

Cllent: - StedingsPyLid - o " JobNo: . Gogii

©AGN069.271.561
6/6.Morton Olose

" “Tuggerah NSV, 2259 AUSTRALA
R &1 2.43 516200
61243516300

centralcoast@netgeo.com.au

MH, _ ~ Tuggerah Laboratory 1318 - - . - M
e H N 1OAL _ . ' : o
SMRRTEHGY ] )

Document Ne:

Sheet:  tof4
C||ent Address, 158, Morgan StreetMerewaather NSW 2291 o Report:No: 1 ' : '
Project. - Proposed Senlor Living Deveropmem'_- C - TestedBy: MG Test Date:21/10/2008
Location: ~ - 222Main Road , Toukley .~ | - ' S ' ' '
Sample Desoription: - Clayay SAND:.grey-r_ed-erWn} .0 Sample Progedure: A$1289.1.2.1(6.6.3)
L.ab Number: o __(313805 _ s ,'S.ample History: -+ OvenDried
" Date Sanjp[ed: SR 21/70/2008 o | Préparafion Method: - - Dry Sieved:
-, Sample Number _ -BH-2(4.5mf4-.9m).‘ o Shiinkage Mould Length (mm)
S
ATTEHBERG LIIVIITS & LINEAR SHR!NKAGE
CTEST PROCEDURE S o TEST HESULTS
Uiguid Limit (W)~ A o
AS1289.3.1.1 1995 -
Prastic Limit (Wp) g o 19
AS1289.3.2.1
Plasticity Index (Ip) - % ' 28
AS1289.3.31 '
() ' Linear Shrinkage(ls) % .
AS1289.3.4.1 '
REMARKS: : - Sample locations shown on drawing G08/221-1
The tests, calibrations ot meaé_uraments-covered by this document
have been petformed In accordance withy NATA requirements which
AN % Include the requlrermnents.of ISOAEC 17025 and-are traceable to
) Fom o W national standards of measurement. This document shall not bhe .
NA‘TA reproduced, excopt.In full. ' _ : APPROVED SIGNATORY DATE .

28/10/2008

RFG-19



letwork

. Geotechnics piy Ltd

“Geotachnigal Enginserlhg, Gonsulting & Teétl’n_gSarvlces-

~ TEST REPORT

-. Cllen't-,:- :

AN 089:211 581
6/6 Morlon Close~

Tuggorah,NSW 2259, AUSTRAEIA .

. 81248516200

- BTP436I6300 .

‘sentralogast@netgeo.coman . -

NATA

: M;a:ﬂnm:niu poh
TECHRIOAL
QEFMPRTRHGE

The {ests, calibrations or meastirements covered by this document
have been performed in sccordance with NATA requirements which
include the.requiroments of ISOAEC 17025 and are fraceable to
natlonal standards. of measurement, This document shali not be
. feproduced, except In full, APPROVED SIGNATORY

Tuggerah Laboratory 1318 : W/

Document No:

o Sterlings Ply e - ~ Job No-: : Ggosfzzt Sh'éét:--._ C2ofd -
Client Address ; 153 Morgan Street Mereweatner NSW2291 . -+ ReportNo: -1 . = R :
Prin¢ipal: T _ S _ S S
- Project: '_Prqpqs'ec_l_se_mor Living Development . TestedBy: . Ma .- Test{Date:QmO/z_ooa_,.
Location:: 222 Main Road , Toukloy ' o : : ' e
Sample Descript'ion:" o Sandy-CLAY/CIayey_SAND.'grey- _ “Sample Proéedure: AS1289.1.2,1(8.5.3)
Laby Number;- Q3806 ' R  Samplo History: - S Oven D_r_iéd
Da_té-Sam’bléd: o o 21/10/2008 | - . Preparatidn Method: -~ - Dry Sleved
N Samgle .N_umb_e? S BH3 (2.2m-2.4m) - ' ~ Shrinkage .Mol',!\d Léngth (mm) . '
-ATTERBERG LIM!TS & LINEAR SHRINKAGE
TEST PROCEDURE © | TESTRESULTS
Licuic Limit (4} ' %, : 43
AS1280.3:1.11995
Plastic Limit (W) % 1 17
AS1289.3.2.1 -
Plasticity Index (ls) - o : ' 26
AS1289.3.3.1 ' :
() ' Linear Shrinkage(Ls) oo : B
' AS1289.3.4.1
REMARKS: Sample locations shown on drawing GO8/221-1

DATE
28/10/2008

RPE-19



Geotechnics Pty Lic

- Geotechnloal Englnesring, Constilting & Testing Services

- TEST REPORT

Client; Job.No:

Sterlings Pty Ltd Gog/Z2t
© Client.Address ; 153 Morgan Streel Mereweather NSW2291 Heport,Nof- ' .
~ Principal: . - : . S B
~Project: Proposed SéniOr'_Living'-Development. : ‘Tested -By:- MG
“Location: e : S

‘222'Main Road , Toukley

" Sheet:

[ ACK 069 217 561
B Morton Close

Tuggerah NSW, 2258, AUSTRALIA

" g1.0.43 516200
61243 516300

. centralcoast@nel.eo comiau :

Bof4 -

“Test Datei21/10/2008

l_'Samble Desaription: - GfaVelly,Gfayey'SAND,_ yellow-brown . Sample Procedure: :

AS1289.1.21(6:6.3)

: ,M:m " Tuggerah Laboratory 1318 W
TEOHNIDAL
SOMPETHRNRE

Docurment No;

© Lab Number: G3go7 Sample Hiétory: = : 'VOven'Dri__ed:_..
i Date Sampled: - 21/10/2008 Preparatlon Msthod: \'Dry..Sie\I(ac_l. RN
\) S'am_pls Nu_mber BH 4 (2.9m:_~3.'3m)' Shrinkage NMouict Length (mm)
()
ATTERBEHG LIMITS & LINEAR SHRINKAGE
TEST PHOCEDURE TEST HESULTS
- Liuid Lirnit (W) o % | 40
AS1288.3.1.1 1995 '
Plastic Limit (We) % o 18
AS1289.3.2.1 - ' '
" Plasticity Index {Ip) . ' % - 24
AS1269.3,.3.1 ' ) ' '
() Linear Shrinkage(l.g) : % . -
AS1289.3.4,1 ) ’
. _R_EMAHKS: ‘Sample localicns shown on drawwng Gog/221-1 .
The tests, oalibrations or measuremems covered by this document
A ‘have been performed In accordance with NATA requirerents which
il include the requirements of ISQ/IEC 17025 and are traceable to
N A national standards of measurement, Thie document shall not be : .
NA’TA : ' reproducad, sxcept In full. APPROVED SIGNATCRY DATE
28/10/2008

RP6-19 .



etwork

CACN.CEO 2T BB

68 Morion Close ’

TuggeramNSW 2356, AUSTRALIA

' 61243 516200

Geotechnics Pty Lt
Geoteohnical Englneeting, Consulting & Tasting-Servlces™

TEST REPORT

Client: -~ Sterings PlyLid

612 43516300

cenlralcoasi@netgeo.com.au. . -

- ACETIGIATRD P
PROMHNICML,
SOMPHT R

Tuggerah Laboratory 1318

b

“JobNo: . Gogzei ©  Sheetr  dof4
Client, Address P 153 Morgan Street Mereweather NSW 2291 - ReportNo: -1 » - :
7 Prlncipal o ‘ T SR S
. Project:. . - - Proposed Senior Living ,Development 3Test'ed.'l3y:-f MG _ ..'__Test' Date:21/10/2008
. Location: . 222 Main Road , Toukley. o ' ' a
Sample Description: 'Sandy CLAY yellow-brOWn- ' éampleProcédur'e: LT AS1289.1.2,1(8.5.3)
LabNumber: - - S (38808 .'Sémple 'H'is't'ory;'-' Oven Dried -
" Date Sampled: : 21_/1 0/2008 _ Preparat on Method Dry Sieved. -
. Sample Number © BH4.(5.1m-5.3m) - Shrmkage Mould Length (mm) .
(Y : -
' ATTEF{'BE'RG LIMITS & LINEAR -SHRINKAGE :
TEST PROCEDURE TEST RESULTS -
 Liguich Lmit 4y - % 37
AS1289.3.1.1 1995 '
Plastic Limit (Wp) o % 13
AS1289.3.2.1 a '
Plasticity Index {la} . o 24,
AS1289.3.3.1
() Linear Shrinkage(Ls) . - o 3
. AS1289.3.4.1 ' '
REMARKS: Sample locations shown on drawing G08/221-1
-+ The tests, calibratlons or measurements covered by this document o
have beon performed in acoordance with NATA requirements which
Ll Include the requlrements of ISO/IEC 17026 and are tracsable to
b o national stahdards of measurement, This document shall not be ’
NATA reproduced, except In fuli APPROVED SIGNATORY - DATE
28/10/2008

Dogument No: RP8-19



pH & ACID SULPHATE SCREENING TEST RESULTS SUMMARY
| _ Sterlings Pty Ltd ' |
Progoséd' Seniot's I:.i’g' ing
222 Main Road, Toukley

Assessed

: _ . Actual or
| Reduced Net .. | Potentlal
.| Inorganic | Acidity Acid
, Depth |  Abbrev. | —pH_ Sulphur mole Sulphate
Location | (m) Description’ | (H0) | (H;0;) | (%Secr) | H+/tonne | Texture | Soils
BH5 0.3-0,5 | ALLUVIAL; Sllty ' :
SAND | 6.1 3.0
BH5 - 0.8-1.0 | ALLUVIAL: :
Clayey SAND 1 6.4 2.6 0.008 22 medium No
BH5 1.3-1.5 .| ALLUVIAL: CLAY - 7.4 3.6
BH5 _1.8-2-..0 ALLUVIAL: CLAY 5.8 3.1,
_BH5. 2.3-2.5 [ ALLUVIAL: CLAY | 54 2.7 .
BH5 2.8-3.,0 ALLUVIAL: CLAY 5'4' 2.5 0.052 53 fine X No
BHG 0,3-0.5 | ALLUVIAL:  Silty . ) '
clayey SAND 5.4 2.8
BH6 0.8-1.0 | ALLUVIAL; Sandy
CLAY 5.1 3.2
BH6 1.3-1.5 ALLUVIAL: .
Clayey SAND 5,4 3.4
BHE 1.8-2.0 | ALLUVIAL: CLAY | 54 3.7
BH6 2.3-2.5 | ALLUVIAL: CLAY | - 4.4
BH6 2.8-3.0 | ALLUVIAL: CLAY | 53 4.7
BH7 - | 0.35-0.7 | ALLUVIAL: SAND | ¢ 3.9
BH7 - 0.8-1.1 | ALLUVIAL: .
_ Gravelly SAND 6.0 4.1
BH7 - - 1.3-1.8 | ALLUVIAL: CLAY 6.9 7.7
Notes

1. %Scr denotes Reduced Inorganic Sulphur (% chromium reduclble sulphur) analysed
by POCAS method and Chromium Reducible Sulphur technique.

2. Net acldity of chromlum sulte = potential sulphidic acidity -+ actual acidity + retained
acidity.

3. Bolded values above Indicate solls are considered to have the potential to produce acid
sulphate upon further oxidation based on ASSMAC guidelines.

4. pH readings were catried out using a pH SCANZ metre (accuracy x0.1 pH) calibrated
with two buffer solutions (pH4 and 7).

5, The pH of potential acld sulphate solls {PASS) Is rﬁeasui‘ed In a mixture of 5g of soll to
25mi of 30% hydrogen peroxide buffered to a pH between 4.5 and 5.5, This is a
qualitative method only and gives an indication of the intensity of acidification (pH}.

6. AAS refers to assessed Actual Acid Sulphate Soll,

G08/221-A




RESULTS OF ACID SULFATE SOIL ANALYSIS (Page 1 of 1)
2 samples supplied by ? Network Gaotechnics Pty Ltd on 10th October, 2008 - Lﬂb- Job No. AGSGT
Analysns réguested by Steve Thor! ey - Your Froject; G08/221

S A T Woistirs || Lab.Buk | | e | Reducedimorganic | NETACDITY | CIME CALGULATION
SapleSte | Depth kb Tewe ) content | Demstty Y s | | GhromidmSuts | Chromium Site
LR | e moisture) | tonne DW/M®. : {%dtrommm reduchie S e | mole Hitddne | ka CaCOw/eg® - .
SRR TN R note€) | S (%SCI') (50182) . dnole i Honre | (based on%Sers)_ | G nciudes 1.5 safety Factor)|
" Wethod o] | 2z sz [ mows “moe 5
BHS | 0.8-1.0 | A0567/7 Medium|  20.3 1.6 5.02 17 0.008 " 5 22" 3.
BH 5 2.8-3.0 | A0S6T/Z| Fine - 21.3 1.6 458 21 O_.OS'?___' 3z .53 7
MOTE: . - -
1 - All analysis is Dry Weight (DW) - sampies dned and grcund |mmedxa..e]y upar arival {unless supphed dned and gro.md} : : o
2 - Samples amalysed by SPOCAS miethod 23 (ie Suspension Peroxide Qxidation Combineéd Acidity & sulfate) and "Chromium Reducible Sul‘ur techmque {Ser - Method 22B) - NATA
3 - Methods from Ahern, ER, McEinea AE |, Sullivan LA (2004). Acid Sulfate Soils Labomtory#etfmde Gu.rde.‘in&s. (LD DNRME. . AV e

4 - Bulk densrcy was determined |r—!me0|a*ely on artival to laboratory (|nsﬂ:u bulk dénsity is piefared) -

S ABA Equation: Net Acidity = Potential Sulfidic Acidity (ie. Sers or Sox) + Actual Acidity + Retained Actd"ty measuved ANC/FF  (with FF mnently defaulted to 7 .5}
- The neutraiising requirement, fime caleulztion, mcludés a2 1:5 satety margin for acid Héirtralisation {an increaséd safety factor may be réqired in some cases)
? For Textire: coarse = szhds to loamy sands; medium = sandy logrns 6 light ciays* fine = medium to heavy ciays and siity clays

8= ..

denotes not requested or required

9 - SCREENING, CRS, TAA and ANC are NATA certrfied bt other SPOCAS segments are currently not NATA certlﬁcatxon
10- Resutts at or befew detection limits are repiaced with *0" for calculation purposes.

i1 - ?mjects that disturb >T1000 tormes of soil, the 20 03% 5 classificaticn guldelme would apply (refer to amd sulfate management gundelmesl

(ﬁa@ssﬁuton of potertia% ac:d suifate matenai if: charse Scr>0 03%3 or '{ Smois H-:-/t; raedium Scr=0. 06963 or S?moie i-[-:-ft; ‘ﬁne Scr>0.1%$ or EZmoie H+/t)

Report Page 2 of 2
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ALS Laboratory Group
" ANALYTICAL CHEMISTRY & TESTING SERVICES

Environmental Division

CERTIFICATE OF ANALYSIS_

Work Order - .ES0814597 I C Pee 1076
Cient . NETWORK GEOTECHNICS PTYLTD _ ’ o b " Laveratory - S Erfvn'onmental Dntrswn Sydney
Congact ) - MR VIPUL DE SILVA i : oo Coniact T : Chadie Pi&ce
Address . : UNIT 14, 25 STODDART ROAD : ; ' *-Address - . : 277 289 Wooapark Reoad Srmthﬁe!d NSWAustraha 2164
' PROSPECT NSW, AUSTRALIA 2148 ' o ' . S ‘
E-miall . : sydeng@neigeo.comau - B C ’ - E-mal i : : charlie. pleroe@a[senvsro com
Telephiche : 46196881764 o _ . Telephone " +61-2-8784 8555 '
Facsimite : +5% 02 96881 765 C . . ' . Facsimiie B : +61-2-8784 8500 AR
Project L 2 S ' L QC Level : - NEPM 1939 Schedule B(S} and ALS chs requmameni
Order number” 12148 - ' . ' ' : :
CHO-C number A . : ) : ‘Date Samples Received . OS—DCT—ZUUB
Sarnpier : - T.R&RS. _ _ ' CossueBa® - 14-007T-2008
Site . 1 MAIN ROAD TOUKELY - - :
. . B . . No. of samples réceived :2
Qucts number © - SY/0TOM08 I . R o Na. of samples ana?ysed o2

~ This report supersedes any previous report{s) W!fl" ‘Eh:s reference Resuils aley ta %he sampie(s) as s.:bmrkte{i. Aﬁ pages or t.hrs report have been cbecked and approved for .
release. : : ‘ ‘ : '

This Certificaie of Analysis contains the foﬁowsrsg m?srmatlon
@ (3sneral Comments :
@ Analyiical Results
@ Surrogate Confrol Limifs

NATA Accredited Laboratory 825 ngna;or s TR L e
o This documént has been eiectrer::ca}fy sigred sy zhe am‘.hoz‘rzeﬂ sighaiones m{_iu';ated . beio_w. _;:Eeciremc' signing . has -been
" This documetit s issued fiy © garried outin oemgixanoe with procedures specﬁed n 21 CFR Part’ ‘E’i : o ' ' )
éc{:ord_ance with NATA Srgnarcnea . Posman ) o T 'Accredfaaon Céfegory
aacred‘ﬂagon I'EqL.IET'BmBTltS-_ Ceﬁne Conce'cao ) . Spectroscop;s‘f - B o . E Inorgamcs
woALS Neetusen Accredited fof compliance with angndy_?ac‘[jar_ _ . Semor Orgamc Chem[st _ . . Qrga. cs
ACCRED{TATION ISOAEC 17025, . Sarah Milington HR Semorlnergams Chem]sl R _ !norgan_lcs

| Enwircnmental DIGISIOR SHdney .
Fatofthe ALS Laboratory Sroul

277-288 Wootpark Road Serithieid NEW Audtraiia 2 »64
Tel +5% 2—87842555 Fa:r. +E"-2-3T84 851]{! www alsglaba{.com

CA ‘,ampbeﬂ Srothars Limitad £ SopibEny



Page - . 2of6

© Weork Order . - ES0R14887 )
Client S NETWORK GEQTECHNICS PTY LTD

Project i . GO0g1221

General Comments _ _

. The anaiytical pro{':ed.ure.s used by ithe Environmental Division have beeén developsd ‘rem established ;memationai‘u recognized pmc:edures such as Lnose pubumed by the USCDA APHA, AS an d_ l\_%E_?’M.' i .hek_xse:
developed procedures afe émploved in the absence of f“ocune*ned standards of by dlient raguest.

Where moisture determination has been preformed, results are reported o 2 Gry welght basis. . .

- Where a reported iess than {<) resull is higher than the LOR, this may ne dug i przmary sample extrac Jdloesiafe dilution and/er 'murﬁem sample for anaivsis

Whers the LOR of a reporied reésuylt differs froth stendard LOR this may be due o high moeisture oon‘tem mgufiicient sampée {'eddced welgi’\t amployed) or matrix interference. .

When dake\sf and/or Imei{s) are shown bracketed, these have baen assmd by the leboratory for nrocessing puipbses. i the sampﬁng time s displayad as 008 the | ,nfprmargon: was not provided iw clisnt

Key ; CAS Nurber = Chemisty Absrraﬂ Sevvices n:;mqe:
LOR = Limii of reporfing
A = This resuit s computed from mdeuaf a'ialyte detections gt of above the level of feporting

L4 EPﬁGS ndufficient sample fias been prov:ded forshndard analysis, Where applicabie LOR values have been adj Jsted accordlngly
@ EFQ&D' Level of Reporting raised forto[uene due o anibient hackground ievels in the Izboratory.

A Campbaii Brothers bined Sompany



Page : 30f6

Waoik Ordier : : ES0814587
Cient - NETWORK G':OTECHNICS PTYLTD
Project P : 6081 221
Analytical Resuits _ .
Sub-Matri: WATER Client sample ID BH 2 ‘BHZ -
~ Client sampling date / tinre C2-0CT-2008 11:55 02-0CT-2008 11:55 —

3 Compound

| EADDS:pH

1 pH Valine . : :
EAQ10P: Conductwlty by:‘ C Titrator
EEectncal Coenductivity @ 25"{:

065: Total Hardness as CaC03
f A Total Hardness ds CaCO3

ES0814597-501

ES0314597-002

Carbonate Alkalinity as GaGO3

3812326

Bicarbenate Alkalinity as Ca€03

'rctamlka'!mityasc:acos B

. DB41 Sulfate (Turb;dlmetnc) as SO4 s
) ! Sulfate as SO4 - Turbidimettic -~

EDD4EG: Ch!onde D|screte analy.ser

i Chioride |

“EDDA3F: D:ssalved mr Catlons i ‘

H Calczum )
{ Wiagnesium _
; Sodium -
! PotasSiuim .

 EGoz0T: Total Metals by [CP-MS -

nTSénlc ) by il ] - o~ L phti .' .
Cadmium 74404391 0.0001 § ‘'mgll 5.0058 0.0332 —
Chromism - T440-47-31 0001 | mgl 0.076 0.460 —~
Copper 7ados0s | 0001 | mgl 0.068 0.058

tead 7436.92-11. 0001 I  mgll 0171 0252

Nickei . 7440-02-01 0.001 Comglt 0029 0.030 —
Zinc - -7440_'533' 0095 T mgl 0223 8.154 i . =

+EGO3ST: Total Recoverahie Mercury by FIMS
" { Mercury

' ENO55: lonic Ba!ance .
A Total Amcns

. 7439575 |

ke

» Tota! Ca’{:ons

. meqlL

 jonic Batance

EPDGG Po!ychlormate 'Bnphenyls (PCB)

g Total Polychlonnaied biphenyls
- EPOGEA: anh'te‘ stici"(} e

A'Campbietl Brothars Limfieef Company .
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Work Order : ES0814587
Client . NETWORK GEOTECHNICS PTY LTD-
Project . .+ 3081221
Analytical Resulfs
Sub-Matb: WATER Client sampla 1D BH2 BH 3 T
Cient samp’m-c date/tme 02 OCT 2008 11: 55 BZ-OCT 2008 11:55 ] .
§ Cc'nsound : Lnit ES0314597-002 R
. EPOGBA: Organochlorme Pestl o
alpha-BHG ] ] 35 ). —
Hexachlorobenzene (HCB) 1187411 05 gl <03 o -
bete-BHC 3188571 05 g/l 0.8 — —
gamma-BHC 55695; 05 T uglL 0.9 —= "
delta-BHC 3198681 0.5 " uglk <09 —_ =
Heptachior 76448 05§ pgiL L) — =
Aldsin 3090021 035 A <0.3 —
.epfzcmcr epoxlc!e 10245731 05 T ugh | <09 —
frans-Chiordane - 5103742} 05 Cough <0.9 — —
alpha-Endostifan g959-988; 05 uglt - ] — —
cis-Chiordane 513798 05 Mgt <09 — !
Disldrin_ T 805741 05 i pgl <03 — —=
4.4 -DDE 725591 05 bo/L o8 =~ —
- Endrin _ 72208 06 1 pgh 0.9 — R
beta-Endosulfan 332136591 05 | . ugi <08 = =
4.4 DD 725481 05 Cpgll <G8 -— —
Endrin aldehyde 7421.93-4F 05 1 gl - <09 —
Endosulfan sulfate 0310781 05 1 . pgiL . <0.9 -
24007 D R = =
Endrin Ketorie - 534947051 © 05 | pgit 0.9 — —
Methoxychior ’ <4’ — “—

“‘-EPﬂSSB Organophospho rus Pestlcldes (OP ;

724351 2 - HglL

Bichicryos 65737 —
Demeton-S-mothy) 919:86-8 E: e
Monocrotophios 8823204 _ bgll — -
Biméthoate B0:51-5! 0.5 il <09 — —
Diazinoh 3334157 05 f  woll <0.9 —- —
Chiorpyrifos-methyl 5588130 05 1. woll <0.9 — —
Parathion-methyl 208-00-0 207 pglt <4 — =
Maiathion 1217551 05 HalL <0.9 — =
Fenthion 5538-3 0.5 ugiL R = —
Chlomyrifos 29218521 ©5 | wal - . <08 — =
Parathion sess2l -2 1 ugl A — b
Pirimphos-ethyl 235054111 0.5, " ygiL <0.9 — —
Ghipifenvinphos 470-90-6 c5 - ugl © <08 — .
Bromophos-ethyl - 4s24-786: ©5 . bl <05 — -
Feramiphos z227a-52-61 05 ;- g <88 — —
Prothicfos | C34p43464 1 05 1 gl <09 — —

A Canpbe:i Brothers ..;m:’ed Compa’-y
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Page : T hofs

Work Order . E80814597

Client - . 'NETWORK GEOTECHNICS PTY'LTD

Praiect C G122 '

Analytical Resufis :

Sub-Matic WATER _ _ :  Gifent sample 10 - BH2 EH3: —

‘ Ciieri"sampimg date /fima 02-QCT-200811:55 - 1 02 OCT2008 1155 -

¢ omﬂcard ) - CAS Number, LOR % Un# ES0814597-001 ES0814567-002 -
HEPOSSB Organophosphorus Pestleldes {OP} Contmued‘- : .
‘Ethion . O sé3122! 05 i pglh X —
...arbophenbthion . ) B 7851961 05 | pgl <08 —
iA::‘n:.‘oi\ms Wethyi = ) U L EesBBDiT 05 8 kgL <0.8

PO66S: PCR Surrogate
; Becach!orobrphe-:yi

EPOﬁOlOT'I Total Petroleum Hydrocarbons o '
{C6-CSFraction . N s paie <20 <20 -
{C16-Cl4Frastion . ' —i &0 . pgiL <50 <50 =
Ci8-GB Fraction ~ - o . _=—i 100 . Mo =100, <00, —
€29 - C36 Fraction ' S g’ B ' T e
EPOS0: BTEX
Benzerio L B : <1 =
Toluehe T 108-88-3 2 il <5 <5 -
1 Ethylbenzene _ doo4isgi 2 - ugiL - =2 <2 —
Theta- & para-Xylene '-408-38-3 10642zl 2 " gl T2 <2 =
orthio-Xylene 78] 2 ] <2 <2 - e

? 124 D:chlofoethane-m a. B i
Tolusne-D8 _ 20372651 01 % 114. 873 ~ !
; 4-Bromofluorobenzene 460-00-4 a1 % 102 915 ——

"2 ool Broaners ied Compary



Fage : s Gofs

Work Crder - ES0814597
Client E NETWORK GECTECHNICS PTY LTD
Project C L G031

Séfrogafe Control Limits
Suib-Metric: WATER

: Corm, 'bﬁnd

B 6 B R

CAS Numbsri -
_OAS !

Low

Recoveiy Limits %)
S High

iDecachlorobiphenyl i 184
 EPG63S: Organochlorine Py o o
 |Dibromo-DDE ‘ 21655752 | 9. 136
 EP0GST: Organophosphori: . L
iDEF ' 754881 10 136
12-Michioroethane-D4 TF060-07-0 ¢ 80 120
Toluene-D§, B | 2037-26-5 82 . 110
4-Bromofiuorobenzene 460-00-4 B85 115

i Eafngbetl Brofers Lihed Company:
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STERLINGS PTY LTD |

N crwork

ey ¥ TUGGERAH NSW 2259 AUSTRALIA
; - Telephone 61 2 4351 6200 ;
Geotechnics Piy Ltd Facsmile 51 2 1352 6300 | - TOUKLEY
- — — Email centralcoast@netges.com.au ; - i
" Geotachnicel Engineering, Consulting & Testing Senvices SCALE: As Shown _ _
: DRAWING NO: G08/221-1 ' SITE PLAN

PROPOSED SENIOR LIVING

ACN 069 211 561
222 MAIN ROAD,

Unit §/6 Morton Close

Document No. RP8 Version1  1-7-05
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Appendix J

Acid Sulphate Soils Report

Environmental Assessment Report - Toukley 2 SEPP SL Development
N:\36418\EA\EAR Toukley May09.doc



Centrai Coast Office
' . 6/6 Morton Close, Tuggerah NSW 2259
Telephone (02) 4357 6200 Facsimile: (02) 4351 6300

GEOt@Chnlcs Pi‘y Ltd_ B } " Email centralcoast@netgeo.com.au

GO08/221-B VDS!KW
1.8t November 2008

Rustrum Ne 2

¢/~ Sterling Pty Ltd

PO Box 142

CHATSWOOD NSW 2057

~ Attention: Terry;Roche.'
Dear Sir

Re: Proposed Senler lemg Development 222 Main Road, Touklev. Acid
Sulphate Assessment, Preliminary Report,

This preliminary report presents the results of acld sulphate assessment carrled out

along-with & geotechnlcal investigation,

Fieldwork was carried out on the 30% September and 1% October, 2008 and

comprised of seven boreholes (BH1 to BH7). BH1 to BH4 was drilled using a trueck

mounted Ezi-probe drill rig in the upper portion. On the lower portion of the site,

BHS5 and BH6 were drilled to a termination depth. of 3m using a skid steer mini

drilling rig fitted with a 100mm dlameter solld flight ‘V-bit" auger drill. BH7 was. .
carried out using portable push tube equipment to a termination depth of 1.8m.

The fieldwork was carried out by our geotechnical staff who selected the test
locations, carried out in-situ testing and disturbed sampling, and prepared logs of
boreholes on the soils encountered. The horehole logs are presented in-appendix A
and approximate test IocatIOns are shown en the _atta'c-hed Drawing No. G08/221-1.

Laboratary testing carrles out on soil samples obtalned during the. Investigation
incldued the following: .

« pH tests in H;O (distilled w.a'ter-) to assess current acidity; '

«  pH tests In HO, (hydlogen perox;de) to assess the potentlal for acid
sulphate generation; - .

» Reduced Inorganic Sulphur (Scr) and Total Actual Acidity (TAA) to assess
neutralising lime dosing requirement.

No, 222 Maln Rd has a frontage of about 50m on the northern side -of‘ the road
extending north about 70 to 80m to the rear of the site to the Southern shore of
Tuggerah lake. The above proposed site has an area of about 1lha, with current site
surface reduced levels ranging from about RL8-9m AHD along Main Rd to about RL1-
2m AHD fronting the Lake shore {where localised acld sulphate assessment may be
justified) with majority of site being RL9m-5m. A concrete driveway provides good

Network Geotechnics Pty. Ltd.
ACN 069211 561 ABN.35 069 211 667

Offices also at Sya‘ney Central Coast Woﬂongong
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access to 'the_!ower:.portion of the site from the upper pdrtlon- of the site which has
been retalned by a serles of decreplt retaining walls.

The lower northern portlon- of the site Is heavily grassed and the southern higher
portion of site has grass and shrubbery, Surface soils encountered were Sandy Silt
topsoil- and Sandy silty Gravel fill [n Parts. ' '

Subsurface” proflles 'encounte‘:r;ed in the lower portion of the site (BH5 to BH7)
comprised shallow (<0.2m) fill overlying clay and clayey sand Alluvium.

Fifteen soil samples were obtalned from BH5, BH6 and BH7 for pH tests in water
(H»0) -and hydrogen peroxide (H,0,) to assess for existing acldity and the potential
for acld sulphate generation.. Sampling depths ranged- up to 3.0m below existing .
surface levels, =~ - . . :

Current. guidelines ffdm; the Acid Sulphate Soll Management Advisory Committee
(ASSMAC. 1998) list indicators of pH in water of less than 4 for actual acldity and pH
in hydrogen peroxide of less than 3 for potentlal acldity,

None-of the fifteen: soll sam'ple-s recorded pH <4. Four soll samples tested recorded
pH <3 in H,0; indicating a potential for producing acidity upon oxldation.

In view of the above, Sand and a Clay samples from BH5 at depths of 0.8m to Im
and 2.8m to 3m respectively, were forwarded to Environmental Analysis Laboratory
of Southern Cross University Lismore to carry out Total Actual Acidity and Chromium
~ Reducible sulphur tests. Test results are included In the attached table,

The reduced inorganic sulphur tests indicate that the medium textured alluvium has
a Scr of less than 0.06% (0.003% to 0.007%) or 37molesH*/t and the fine textured
CLAY has a Scr of less than 0.03% (0.003%}) or 62molesH™/t.

It is therefore considered that no assoclated acid sulphate interventions are required
during earthworks for the above proposed site improvement works if the volume of
excavatlon In the area containing BH5, BH6 and BH7 Is less than 1000t. If it is likely
that more than 1000t of soil In the low lying area (area below RL 5.0m contour) is to
be excavated the following management practices should be Incorporated.

»  Prior to excavation, facilities for'stockplling and treatment of acid sulphate
soils should be established. Acld sulphate soil should be prevented form
leaching prior to treatment. :

«  Excavated soil should be mixed with hydrated lime (neutralising capacity
more than 95%) at a rate of 5kg/m®. Treated soil may be used as fill on site
or disposed off site. If off site disposal is required, waste classification may
be required.

= Lime treated soil should be tested for pH in water to assess that neutralisation
is achieved, The treated soil should record pH>6.5 in water., Most of the
measured acidity of site soil Is existing actual acldity, Therefore, pH test in
water would be sufficient to assess the effectiveness of treatment.

G08/221-B



"= An environmental consultant should be appointed to oversee the'excavation_
" ‘treatment and testing. A valldation - report may be required by the. Councnl
after treatment. . _

- The . above recommendatlons should be the- basis of an Acid Sulphate Soﬂ'--

Management Plan (ASSMP) if such a plan is required by the Councll, If the volume of |

soll. to be excavated Is limited to those from the proposed footing excavations and_

not more than 150m° the above recommendations contained  herein meet the

requirements of ASSMP. The recommended works should be carried out under the

direction of an environmental consultant and a validation report submitted at the

completion -of slte works stating that acld- sulphate solls have been: treated and haVe.
o undergone remedlatfon treatment.

* Fhis report should be read in conJunction with the attached Generai Notes Please
_ _contact__the undersigned if you require further assistance,

For and on behalf of
Network Geetechples Pty Ltd

'V W de S{lva 858¢ng, MEng, SMIE Aust, CPEng, MPER
Principal Geoteghnical Engineer

enc! General Notes :
" Results of Acid Sulfate Soll Analysis
Drawing No G08/221-1 Site Plan

G08/221-B



eV etwork |
. QGeolechnics Pty Ltd BT
e e GENERAL NOTES

GENERAL -~ - o . .
Geoteohnicsl reports present the results of lnvestigations cartled out for-a spec'rﬂg ‘
project and usually for & specific phase of the project-(e.g. preliminaty design). The -
teport may- not be relevant for other phases of the project (e.g, construction), or where
projeet details change. . -
SOIL AND ROCK DESCRIPTIONS : - ‘
Sofi and rock desoriptions are based on AS 1726 -~ 1983, using Visual and tactile
assessment except at discrotd locatlons where field and /-or laboratory tests have een
~cartlad-out. Refer io the terms and symbols sheet for definltions, ' -
AROUNDWATER - - | - - I
" The water levels Incicated on the loge ere taken at the time of measurement. end
depending on material permeabliity may not reflect the actual groundwator level &l inose
- spaciflc locatlons. Also, groundwater levels can vary with time-due to saasonal of tidal
- fluctuations and construction activitles, - o
INTERPRETATION OF RESULTS . ' - : :
The dlscusslon and recommendations in the accompanying .report are based on
. extrapolations / Interpolation from clata obtained at discrete locations, The actual
Interface between the materials may-be far mete gradual or abrupt than Indicated. Also,
actual conditions In areas. riot sampled mey differ from those predicted, :
CHANGE IN CONDITIONS : L -
Subisurface. condltions can-change with ime and can vary between test locations.
" Construction -opetations al of -adjacent to the site anc natural events such as floods,
sarthcuakes or grouncwater fluciuations can also affeot subsurface conditions,
REPRODUCTION OF REPORTS -~ - - ' o
* This report Is the subject of copyright and shalt nat be teproducec elther totally or in part
without the express permission of this firm, Yhere information from the accornpanying
report 18 to be included In contract dosuments or engineering speciiication for the
oroject, the entire report should be Inclided in order to minlmise- the {kellhood -of
- misinterpratation from Jogs, : o ' T
- FURTEHER ADVICE o A _ _' _ T
 "Network Geotachnles wouid be plaased to further discuss how any of the above issues -
S oould affect your spedific project, We would also be pleased to provide further advice or .
o assistancerdneluding; _- ' o N
. assessment of sullability of designe and construction techniques;
e - gontract dooumentation and specifieation;. ™ - . |
L N
@

consfructlon'control testing (earlhworks, pavernent materals, conorete); -
construction advice (foundation assessments, excavation support).

Jne 1998
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Environmental Analvsis Laboratory
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-$ Approximate location of borehales |
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