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1. Executive Summary

1.1 Introduction

3HD Fty Ltd (GHD) Geotachnica has undertaken a Planning Lovel Preliminary Geotechnical
Assessment of an approximately 570 ha area of land off Richmond Ruad, Marsden Park, NSW. This
work was conducted concurrently with a preliminary contamination assessment (Phase 1/ Phase 2)
carried out by GHD's Contaminated Lands Group (CLG). The site assegsed comprises the Mursden Park
Industrial Procinct (MPIRP), as shown on Figura 1, which is part of the Nerth West Growth Centre,

The site currently Includes both industrial and ruralfresidential dovelopment, and is carmarked for re-
zoning and re-development as industrial/employment land, with likely small afeas of public open space
and rosidential development,

Preliminary geotechnical advice was prepared based on a desktop study and site observationa
nonducted by GHD Gootechnics in August 2008. Based on this preliminary study, geotachnical input
was provided inte a Sampling Aralysis and Quality Plan (SAQF) being prepared by CLG, for lhe intrusive
{Phase 2) contamination investigations (reporlod undur soparate cover).

The preliminary geotschrical advice identified a number of difforant geotechnical zones within the site -
depandent on topography, geology, drainage, soil landscape and previgus land use. Data from the
SAQP wus utilised to augment/confirny those gootochnical zones.

Objectivas
Tha objectives of the preliminary geotechnical asseasmant ware {0

v Provide a proliminary medal of the geatechnlcallyrelatud characteristios and constraints within the
Site,

» Provide a description of the impact of the gectechnically-related characterislics and constrainis on the
proposcd st dovolopmant.

» Develop praliminary geotechnical management reruiremaonts perlinent to the proposed development.
Scopa of Works

The seope of wark complated by GHD Included tha loliowing:

» A desktop study,

P A site walkover angd syrface solliwalor sampling.

¥ Input into SAQP for geotechn|cal assessment purposes.

r  Gootechnical testing of intrusive investination soll und groundwater samples.

b Preparation of a preliminary (planning level) geatachnical report

Summary of Investigation Rezults

The findings of the planning level geotechnlcal assossment indicate that, apart from the quarry/langfill
disturbed arca, there do not appear (o be any major undorlying geotechnical issues that would prevent
development of the sile. The following generalised geotechnlcal characteristics bave been identifiad:
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¥ The presenco of dispersive and reactive clay soils within the regalith (sail cover to bedrock) across
the site.

v Rusidual soils are prescnt away (rom creek lines.

¥ Quaternary Alluvium exists In the vicinity of major creek lines (sand, slt and clay).

¢ Rempant Tortiary Alluvium is located higher in the landscape.

¢+ Bedrock, which is anticipated to be at moderate dopth n tho gertly sloping lower landscope and at
shallow dapth higher in thi landscape, is expected to comprise predominantly shale with minor
sandstone,

v Aquarrlediandtilled igneous intrysion (diatrorna) is located in the central west of the site.

¥ Seapage lines, dams and some shallow to moderate filling are present in the valley floor and gantle
vallay slope areas.

v Localised (shallaw) cut to fill, associaled with existing residential & light commaercial davelopmant,
was absefved in some areas.

¢ Existing deeper cuts, fill and stockpiled excavation materlal, assuciated with the quarrying and landfl
oporations, was noted 1n the viginily of the guarry/andfill area.

These characterlstics, and the associated geotechnical constraints within differant geatechnical domains
are discussed within this report.

Supplementary geotachnical investigations and monitaring are recommended for assessing any
proposed development options within the disturbed guarty area.
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2. Introduction

2.1 Ganearal

This report presents Lhe results of gentechnical desktop study and walkovor investigations undertaken by
GHD Gaotechnics in order to provide a praliminary level gectechnical assassment for polantial rezaning
and development of the site, known as the Marsden Park Industrial Pragingt (MPIP), as shown on Figure
1. This assessment wag undertaken in conjunclion with our preliminary salinity assessment of the site,
which s reported undor separate nover (Do rof, AZ127, dutod February 2009).

The MPIP iz part of the North West Growth Centre and is earmarked for re-zaning and ro-development.
The rmajority of the site will be re-doveloped as employment land, with a strip of mixced-use developmant
proposed along Richmend Road.

The purpase of this roport is to assist in the fadilitztion of the planning stage of this development.

The siter is approximately 570 hectares in area and comprizes B5 separate plots of land. Tho majority of
the Slle is under tha awnership of Ganlon Ply L. The remainder of the Site is ownad by private
landowners, the Tuwn and Country Caravan Fark, Valad Property Group, the Ahmadiyya Muslim
A=sogiation of Australia, Winten Property Group, the RTA and small businesses along Richmond Road.

The purpose of the preliminary geotechnical assessrment was to assess the various geclechnical
domains within the site, and to provide description of the impact of the geotechnical charagteristios and
constraints for assistance in planning of the patential future dovelopmont.

2.2 Scope of Work
The scopu of the geotechnical assessment (ncluded:

P Adasktop study of published infermation on topographical, gealogical and soll landscape information
peartinent to the site.

» Fngincering goological review of nerial photography, buth recent and historical, of the site arca,
b Site walkover/obsarvations to pravide ground truthing by a Principal Geotechnical Crgineer.

» Inputinto Sampling and Analysls Plan {SAQP) for geotechnical selection and assesament of samples
oblained in the Phaga 2 intrusive Contamination investigations.

v Preparation of a praliminary (planning level) gaotechnlcal raport.

2.3 Limitations

This report has been prapared for the use of Marsden Park Davelopments Pty Ltd (MPD) In relatlan to
the rezoning invastigations and development for the Site, and comprisos preliminary appraisal/comments
for planning purposos only.

This report should be read in conjunction with the attached Genergl Notos,
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3. Desk Study Review

31 Reference Documantation

The following published documentation was roforonced in the desktap study:
v DIFNR Map of Salinity Potential for Western Sydney 2002.

» Geologinal Serigs Shect 8030 for Penrith (1:100,00 scaic)

v Soil Landscape Seriea Shest 9030 for Panritt (1:100,000 scale)

v Topographic Map for Riverstone 8030-1-5 (1:25,000 scale).

b Aerial photographs covering the site.

32 Site Setting

The site, @ shown on Figure 1, is located off Rlchmond Road, Marsden Park, NSW, approximately
H500m north west of thi M7 Wastlink freaway.

Land in close proximity to Bolls Greek, which runs south to north along the easterm boundary of the Site
15 understood to ba affectad by potentlal flooding.

i3 Topography .

Contours as shown an Figure 1 illustrate the site topography. Apart from the sputh-sast seclion of the
sie (cast of Bells Creak), the main site arca slupes gently to the weat and east from o central ridgoe
running SE-NW. Tha highest point on the site lies near the central soulhern boundary at about RL 60m
AHL. In the rast, along Bells Crook the elevation ranges from about RL25-30m AHD and in the west,
from about RL 35-40m AHD, The far south-east portion of the proposed development, sast of Balls
Creek straddles a north-south trending ridge, with steoper slopes present on the east side of this tldye
(cirea 1V:8H to 1V, 10H),

Crainage courses/triiutarles form minor valleys that drain (g Bells Crock in the vast and to South Creek
in L west.

The topography around the existing wasta facility in the £entral north-wost of the site has been altered by
quarrying and stockpiling oporations, as indicated by the concentration of 40-50m AHD contours, in this
area (refer Figure 1)

34 Soil Landscapes

The soilg iangdscapos, as shown on Figure 2, include Borkshite Park (fluvial} Landscape comprising a
=ignificant portion of the wastern site area. However, reference to the Geulogical mapping (Figure 3)
shows this area 10 eomprise Bringelly Shale (residual) atrata. Limited fleld abservations and sampling
Indicaos this area is residual (cansistenl with the geolagical mapping), with localised (fluvial) deposits
Prusont only in the vicinity of creeks and drainage lines.

Alety as shown on Flgure 2, most of the site i shown sltualed on the Blacktown Unit landacape with a
zone of South Creek (fluvial) landscape running north-south in tha viclnily of Bells Creek.

Mg AZ1 eyl Marsden Park Employmont Progingt
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The Blacktown sail landscape is doscribed as a ‘Residual Landscape’ with gentle undylating rises on
Wianamatta Group (shale)} bedrock. The: solls typically comprise hard setting, mottled texture contrast
50iig, including shallow (<1.5m) red and brown podsols on the orests, grading to doapur (=2m) yellow
podsols oh the lowur slapes and near drainage lines. This landscape is associated with dryland salinity,
low to very low petmeability soils, which are moderately te highly reactive and dispersive, Waterlogging
and known salinity hazard Is common in streamiines. This unit typleally has a high capability for urban
developrment, whan conducted with appropriate malinity and geotechnical design measures.

The South Creok soil landscape is described as a 'Fiuvial Landacape’ comprising floodplaing, vallay flats
and drainage depressions on the Cumberland Plain. Itis typically flat with incised channels and
predominantly clearcd. Tho soils are often deep consisting of alluvium aver residual clays/hedrock. This
landscape is alsn associated with known salinity hazard, flood hazard, loculised moderataly reactive and
disperslveferodable soils. This unit gencrally typically has a low capabillty for urban dovelopment due to
flond harardfarosion, varying alluvial soils and salinity.

The Berkshire Park soil landscape is described as a 'Fluvial Landscape’ compriaing gently undulating
rises of Turtiary alluvium terraces of tho Hawkesbury/Nepean river systom, The soils typically comprise
‘heavy” cluys and clayey sands with slicrete (cemented) cobbles and boulders, This unit, which apart
fram a small segmoent in the north-west corner of tho site is oxpacted to lie outaide of tho proposoed
development, appaars to have signilicant capability for urhan development when conducted with
appropriate salinity and geotechnival desion measures, and subject o loodplain considerations. Stated
limitattons are very high wind erosion potential, gully, sheet and rill arnaion on diggectod aroos,
waterlogging and impermeable soils.

A5 Geology

Reference to tho 1:100,000 scale Geological Series Sheet for Penrith {sheet 9030) Indicatos that most of
the site is underlaln by Bringslly Shale of the Wianamatla Group (refer to Figure 3).

Bringully Shale, which was formed as an ailuvial and estuarine cogastal plain (saline) deposit, ganerally
forms the slvpes and upper landscape within the site, and comprisas essentially shale, carbonaceaus
claystone, claystono, laminsite, fine tn medium grained guartz-lithic sandstone, with rare coal and (uff.
Claystone and siltstone are normally dominant. The Bringelly $hale contains swelling clay minerals that
can rasult in ready disintegration of the rock fabric on immersion in fresh wator (apart from the
Minchinbury Sandstone baral init) and J& genorally lese durable an exposure than Lhe underlying
Aszhfield Shale (also Wianarnatta Group).

Quaternary alluvium 13 shown to underlie the area in the vicinity of Bells Creek, and is inferred in the
viclnity of the tributary creeks/rainage lines, though not shown at the 1:100,000 scale mapping.
Quaternary Alluvium typically comprizes fine grained sand, silt and dlay. The nature of tho alluvium is
variable and depends on the lithoingy of the sourco material and characteristics of o dopositional
stream flow. It is often puorly drained and subject to flouding.

3t Marys Formation Tertiary alluvium (Ts) is shawn aver the ridge previously desaribed as trending in a
narth-suuth direction acrass the far soulb-east portion of the site (east of Bells Craek). The Ts is prasent
as a remnant alluvial terrace, with a moderato to steep slope down tawards lower ground in the aast.
This strata, which typically comprises elay and sands doposited in the Tertiary Periad {older than the
Quatarnary deposits), can be ferruginously cemented.

2 AL Ravl Mardden Pack Employment Precinct
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Londondorry Clay Tertiary alluvium (Ti), which comprises elay with minor sand and ferruginous
cementatlon, shown to undarlie a small 7one on north-west corner of the site.

Voleanic Brecgia Daitreme (Jv). The site area has been intruded by voleanic activity, which formed the
large volganic breccia diatrome shown in the central west of the site (refer Figure 3). This intrusion hag
bewen quarried in order to provide gravel,

Diatremes are generally considered to be the result of a voleanic eruption. Their composition can be
highly variable, with the rapid expulsion of volcanlc material and host rock, and collapae of surrounding
material forming breccia (variously a mixture of pyroctastics, ash, shale and sandstone). Diatremes may
present advarse conditions for excavation and for founding strata.

Igriguus {basaltic or doleritic) dykes and jolnt swarms may also exist in the surrgunding reglon, duu to the
past volcantc activity. Dykes are linear, sub-vertical volcame inlrusians of variable width (general in the
range of 0.3 10 3 m, thouyh ¢an be wider). At the surfare, dykes In the Sydney Ragion are generally
weathered back to clay (and may not be noted when encounterad in residual clays of tho Bringelly Shala
fug to similar surface weathering). As such, undetected dykes may be prasent in this region, Jolnt
SWarms are closely spaced sub-vertical jeint sets, which occur as & result of tectonic
stresses/movements, and may be more pravalent in areas of valcanic activily, The presence of dykes
and joint swarmes could 19 lead to concontration of seepage (drainage issuas) and Lo difficult
cxoavalion/ounding conditions.

Saline groundwalcr is lypically expectad within the Bringelly Shale and Quaternary Alluvium, with jaints
and mora parmeableé horizons within the bedrock expected to ba the main avanues for groundwater
migration.

3.0 Salinity Potantial

The sita in shown on the Salinity Polential Map for Western Sydney (IPNR 2002), reproduced in part on
Flgure 4, lo lie within an area of moderate salinity potential, with high salinity potential in the vicinity of
the creek and drainage lines.

Areas of moderate salinity potential generally congist of areas susceptible o saline affectation if
disturbed, particularly if saling groundwalter/soopage is intercapted andfor if areas of watcr-logging can
occur, Thesa aroas are generally higher in the landscapo whore the geology pre-disposes a site salinity
potential,

High salina risk zonas occur gencrally lower in the landscape, or at permeabilly contrasts, where saline
groundwater rnay come within close proximity to the ground surface or where seepage causes
waterlogged conditions, theraby concentrating salts. Typically scattered saline indicator vegetation
OGeUrs N INese ardas.

Dispersive erozian is often a feature of the soils in suech dryland salinity areas,
Arsas with moderate salinity polential, if fmanaged inappropriately can lead to worscning sailnity

conditions creating high salinity potential and salinity outbroaks, and to increased off-site discharge of
saling water, Such arous are also often prone to disporsive sail orosion,

{
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37 Groundwater

Purchod {saline) groundwatar may be present within any localised (shallow) filed areas and generally
within tho sails in the lower landscape.

Saline groundwaler is also expected to be present al relatively shallow depth in the lower landscape,
hasted by fracturing/jeinting within the Wianamatta Shales. This groundwater is lkaly to have some
connectivity within Quaternary Alluvium (if present).

The 1:2 000 D00 Departmant of Waler Resources Groundwater in NSW, Assessment of Pollution Risk

map Indicates that the groundwater sallnity is =14 000ma/l and therefore unsuitable for stock use. This
map also indicates Lhat the site is likely to be underlain by shales and that the potential for groundwater
movemnent is likely to ba low.

38 Aerial Photograph Interpretation

Aarial photo sets lakon in the period 1947 to 2005 were viewed through a stereoscope and the following
observations wera made:

» Tho majar change to the Sl arca has been the formation of the quarrylandfill area (GD%) and
associated filling to the south-west (GDS5a) of the quarry area. Both the quarry area and the fill area
1 the south-west (SWF) are shown approximatoly on Figura 1.

v The vegetation has changod lrom grasses with sparse trec coverage to essentially cleared and
grassud land, with some localised arcas of denser tree cover, and with the ongoing earthworka within
the quarry sile,

» The SWF appears to have covered tha north-east branch of a tributary watargourse that drained to
tho south-west. Changes to the natural drainage within this area are likely 1o bave lead to water-
logging of the site soils. As far ag we ore awars the SWF haa not been placed a5 o controlled
{engineered) fll),

AVVFOTIALILG Rew'l MRS dan Park Erngloyment Precinct
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4. Investigation Procedure

4.1 Sita Walkover

Site walkovers wers conducted on & August 2008 and 15 December 2008 by a Princlpal engincer from
this offica, who also conductad the aite salinity ahscrvations and associated surface seil and walcr
sampling.

Locatlons of photographic ohscrvations were recordad using a hand held autonomous GPS unit, which ls
generally acturate o within about 10m of thi: grid position.

The locationz of the referencod observations are shown on Flgure 5 ‘Geotachnical Domains'

Selected photographs ara preseniud in Appendix A.

4.2 Gootechnical Laboratory Testing

A nurnber of samples collected during the SAQRP were testad Tor geotochnical agsessment purposes wys
follows:

» O field moisture content and Atterberg limil tests.
b 11 Emerson crump dlspersive erosion tests.

The rosults of the geatechnical lahoratory testing are summarised in Table 1, and the labaratory tast
certificates are provided in Appendix B.

2 AT A5 Ryl Maprgden Park Lmplaymant Prachie
150509 falmily Apsassrmant



=

5.

A |

Geotechnical Investigation Results

Walkover Observations

The geotechnical ubsorvations mada on the walkovers are presented balow:

5.2

Surface and ponded watcr was observed in the higher landscape to the eaat of tha quarry, This is
inferred due to quarrylandfill operations. Rufar P1, P2,

Stockplles ol excavated material wore observed to the north-west of the quarry. Refer P3.

The digpersive nature of the site soila was evidont from observed erasion gullies and dispuorsod clay
atwas such ag seen in P4 in the lower landacape.

Arcas of localised filling were reported in the Phase 2 Contamination report, a5 well as filling greater
than 2.5m thiek in the SWF. P4 provides a view over the SWF fram the weat,

Wetter zones wore nuted downstream of a number of dams. Such zones are typically the resull of
seapage/slevated groundwaler within the lower landscape, which is clovated by the presence of the
dam. Refer B3, Typically in dispersive ¢lay environments, such ag indicated for much of the site area,
such seenage can luad to disperaive erogion (piping) failure.

Stockpiles of excavated material wera also observed to the cast of the quarry. Refer P6.

The Minchinbury Sandstone unit was not ubserved as outorop nor rocorded within the Phasa 2
contamination invostigation borehole logs (reported under separate cover) but, if encountered within
the bedrock, is expected to lead to a permeability contrast with [ncreased seepage isaises.

Acerss o the steeper area of Tortiary alluvium in the south-east of the Site was difficult/distant from
Richmond Road on the west and restricted by the M7 motorway on the sauth. Accordingly, this area
of tha site was not accessed during the walkovor acllvities. The steepar topography on thu cast
slopes suggests a stronger (comuntod?) soil atructure may be prosent here, but patential soil creep
and instabllity on this slope iz alsg possible,

Geotechnical Test Results

The results of the geatachnical twsting conducted an the SAQP samplus are surnmarised in Table 1

bed

O

zaotechnical Taat Results — SAQP Holes TABLE 1

Test | Depth | Description FMC | Atterberg Limits | Emorson
Holo | (m) (%) | LL/PIPL (%) Class

BH

1| 2.0 Gray Brown Clay (CH) 15.1 | 68/46/22 1

MwW4 | 1.0 Groy Brown Clay (CH) 254 | 74/49/25 Xs)

MW4 | 2.0 Groy Clay (CH) - - 4

\_MW4 3.0 Gray red Clay/XWShale (Cl) - - 4

INTTITI AT IR Hevl Marndon Park Employmant Pracinet
1LULSO0 Balinlly Aviospment



@

TP8 | 0.6 !i3rey brown Clay wilh XW Shale gravel (CI) 12.4 41!21!20 ¥Hc)

TRPI1G | 1.1 Red grey Clay with ironstone gravel (GH) 2318 II -;6/52!24 3(8)

| TF—'-‘IQ 0.8 Light L‘JI"UWIE;mdy Clay (CI) - - 1 |
TP18 | 1.9 Brown sandy Clay (C1) o - - ;;;I) o
TP29 | 0.8 Orange grey Clay with minar Shule gravel I&:H) 20.8 | 66/44/22 4

TR29 | 2.1 Grellly rad Clay with XW Shala grla:m-l (CH) 16.1 | BOMIT2S | - ]
TR3I5 | 0.9 | Crange grey Clay occasional Shale gravel (CH) | 19,7 65,?41[24 1

TP35 | 1.7 | Grey red Clay with XW Shale (CH) 144 | 1301 1

The rosults indicate that the site soils encountered comprised gencrally medium to high plasticity
{Mmoderataly to highly reactive) clays which range from non-digpersivi (Emorson Class 4) to highly
disperzive (Fmaorson Class 1).

The |ocatians of the above test holes ara shown on Flgute 5.
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61

Geotechnical Domains

Summary

The following summary commants are provided regarding the geotechnical characteristics and
consiraints of the Sita:

Easzentially five Guotechnical Domaing (GI¥-GD4) have buon identified based on the investigalions
described herein. These domains are shown on Figuri: 5,

Apart from the quarryfandfill site (GDS), thare appear to be ng underlying guotochnical issues noted
that would prevent davelopment of the site from a geotechnical perspective, following detailed
geotechnical subsurface investigations tu address specific developmant proposals,

Further investigations and detailed delineation of the arcas affected by guarrying will be need (o bo
conducted within GD3 in order lo define what potential development options might apply to these
arcas,

The use of the creak/Quatarnary allwvium areas for rparian corridors, aa shown on the Draft
Indicative Layout Plan provided to us, is consistent with aveiding thuse potantially more problamatic
51l ino/geotechnical domains for developrant.

Development in the south-west will need o take account of the significant depth of uncantralled fil

. (1m to = 2.5m) recorded in the contamination investigalion test pits within GD5a (Lots 35 & 36 of DP

PB2B86).

The Gentechnical Domains, together with prelinminary guotechnical commenta for the proposed
development are described below,

6.2

GD1 - Bringelly Shale

Domain GL1 covers most of the site area and includoes the following gentechnical characteristics:

The topagraphy comprises gererally gantly to moderately sloping hills

Dispursive and reactive clay soils of low to very low permeability are present within the regolith (soil
cover e bodrock).

The =ite solls are prone to salinity isaues due to the connate salls contained in the parent hedrock
(Wianamatta Shale), the atmosphoric salt load and the generally low permeability of the site soils.

Residual soils are present away fram crock lines.
Alluvium bs prosant in the vizinity of major creck lines (discussed undar GD4).
Shale hedrock s anlicipated at moderate depth in the gently sloping lower landscape.

Shale with minor gitstong and possibly fine-grained sandstone bedrock 15 anticipated at shallow
derph higher in the landscapa.

AN igneous intrusion (Quarry site), which is treatcd 9% & separato Geotechnical Domain (GDS) Is
surrounded by GDT.

PVIITIALLLG Revi Maraden Park Einplaymend Procinct
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P Groundwater migration is gensrally contrelied by Joints and permeability contrasts within the bedrock,
Parched groundwater exists in the residual clays and at permeabllity conlrasts such as fine grained
sandsteneshale.

v Seopugo lines and dams exist in the valley floor {wet) areas - Iower landscape,

¥ Given the disparsive and reactive nature of the site clays, water management a2nd in particular
drainage will be important in controlling reactive soil movements, dispersive soils erosion and water-
logging issues.

¢ Lime stabilisation of the surface (say 0.3m) of building platforms farmed in clay may be found to be
beneficial Ih controlling excessive (dispersive) vrosion, shrink/swell movement and to improva
traffickability,

¢ Delailed drainage desgign measures and surface profiling 1o manage/control stormwater runoff and
seapagos will ba impartant both during and after construgtion, in order 10 reduce crosion, to prevent
water logging and to reduce associated shrink/swall movernents by limiting anil wetting and drylng
depths.

b Batter slopes may need to bu flatter than required purely for geotechnical stability purposes.
Alternativily batters might be protected by using chemical/physical treatment layers such as
gypsum/lime stabilisation for cay and shatgrete or other ‘ehgineored’ cover to badrock exposce (0
cuttings.

v Early ostablishrment of topsollfimulch and vegetation will agsist in reducing erosion, particularly on
hatters/aloping ground.

6,3 GD2 - Tertiary Alluvium (Tl and Ts)

Domain GO2 comprises remnant clay and sand alluvium of the Londenderry Clay (Ti} and Lha §t Marys
{T=) Formations, which were deposited in the Tortluty Poriod (pre-dating the Quaternary alluvium
depaosits). These deposils can be terruginously (iron) cemonted and lataritic (containing significant
rotstone gravel). It is anticipated that tho GD2 depaosita will in general he reasonably good
constraction/fiounding materials for dovelopmuent purposas, but can be variable and wlll nood 1o be
‘proved’ for use as engincering materials for any given developrnent.

The ferruginously cementad nature of some of these deposits, particularly the “Ts' strata, may also lead
ta difficult excavation in somo arcas,

6.4 GD3 - Tartlary Alluvium Steeper Slopes

Damain GD3 comprises the steeper slopes shown In the slte lopography on the eastern side of Tortiary
Alluvium ridge T’ deposits. Thu steepness of this terrain is inforred to arlse from higher strength
{vemented) =oils. It has been ldontilied as a separate domain which has potential slope stability issuas
that will neod o be addressed for future doveloprment {if occurring) on these slopos,

6.5 GD4 - Quatarnary Alluvium

Domain GD4, the Qualernary alluvium, comprises typically varying amounts of fine grained aand, silt and
clay. The nature of the alluvium dopends on the lithotogy of the: source material and characteristios of the
depositional stream flow. The alluvium presents mora problematic faunding conditions for the built

ANFTATLAZIG Ryt Mprgden Park Employmant Prechen
| LN Sulinity Avioseniant



e

envlranment than do the residual suils, due to tha generally poor and variable geotechnical angineering
proportias and varying depth of alluvium,

The alluviym can also be dispersive and saline, and |s likcly to be affected by waterlogging/perchad
graundwater and flooding.

Actordingly, this alluvium, whero present in significant depth is more suited lo wetland faatures/riparian
zones within development optiana,

6.6 GDS - Quarry/Landfill Site

Domain GDS conlains a previously quarried volcanic broceia/basalt intrusion that is now belng ulllised for
landtilling. Excavations of both the ignecus material and some of the surrounding clay/shale have
occurred In the past. it will be neccssary to dofine the past excavatiens/filting in tetms of location, depth
and nature (v.g.,using historical records, borcholes, Ground Penetrating Radar ele as necessary), in
order to assess this site for any enviszoed development purpose. In particular, the potential for mathane
preduction and migration through joints in the badrack will also necd evaluation for any adjacent
development (refer to contamination study).

The extent of the area within GDS that is not affceted by ignoous intrusion or by deep excavallun/fil
needs to be delingaled, In ordoef to allow such land to be developed under similar geotechnigal
constraints to gentechnical domain GD1, subject to any contamination and landfill gas issues.

Areas of Ighcous intrusion, not affected by signifivant excavation/fill will require geotechnical investigation
to determine appropriale duvoloprmant parameters for such potentially geotechnically variable zones,
Mareover, particular care will need to exercised in geotechnizal dosign where the proposed development
crosses both ignecus and sedimentary goology, due to the likely very different gootechnical properties of
theas strata,

Areas affected by desper excavation/filing will need seporate assessmont for development options.
Such assussment ahould include detormining the excavated prafile, the nature and candition of the
backfill, the condition of the underlying strata, and any contaminationdandfill gas constraints,

Potential land use in the deoper excavation areas could possibly incude activities such as hardstand
(slorago) areas, which are |33 likely to be affected by ongoing settlaments than other forma of
development. Where the excavation/fill Is shallawar (say <5m), piled foundations or impact/dynamic
compactlon may be suitable a= daveloprment oplions, subject to geotechnical asscssment, Any
development considered for such areas will need detalled geoteehnical investigation/assessmant ang
May bo subject to contamination/andfill yas constraints.

Arcas surrounding GDS may have boen affosted to some degree by the quarrying operations. In
particular, zone GDSa (as described below) has been extensively filled and irrigation inferred from quarry
watar managemant was observed east of GDS. This latter arcd may also have bean affected by
aarthworks (disturbcd ground roled), as evidenced by the deurcd/disturbed apperance of this land, and
by its proximity to the quarry, The potential for any existing filling should be investigated in this area.

Alzg, managemoent of a potential ingrease in salinity concentrations and design measures 1o allow for
subsequent drying shrinkage of the moderately to highly reactive clays will nead 1o be addressed in
areas that have heen irfigaled by the quarry operations over an oxtended period of time e.q.,
slifter/desper founding systom and dosign for at least moderate exposurs conditions as defined in
AGZ2139 (Piling Cnde, 1995) may b roquired.

K}
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H6.d GD5a South-Wast Fill Area

This area, to the south-west of the quarry, appoars to havo boon utilised for the storage of pradominantly
meoderately to highly reactive clay fill, with somo shale and sandstone, excavated from the quarry.
Keferenss to Table 5 of tha Phase 2 Contaminalion Report (ref: 145254) indieatas thal the Till in this ares
ranged from some Tm to »2.5m in thickness, where encountered in the SAQP test pits, and that this
filling was placod ovor the existing topsoiliorganic layers. The underlying strata is shown on the
geclogical mapping to comprise Bringeally Shale (GD1) with Quaternary alluvium (GD4) infarred present
ir the vicinity of a tributary creek line hisccting the fill plalform, and draining to the west.

Dovelopment of this area will need t¢ take account of the presence of this fill, which does not appear to
have been ‘controlled’. The condition of thia fill will need 1o be geotechnicaily assessed for the evaluation
of geotachnical treatmentmanagemont oplions prior to development. Treatment, subject ta any
contamination status constraints, could incgluds but is fot limited to excavation, stripping of the gld
lopsoil/organic layers and replacement as engineerad {lll (under controlled moisture conditioning and
compaction) for al laast part of this area, or excavatian and heneficial re-Lise within the landfill as & covor
material.
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7. Discussion

Apart from the areas affected by quarrying and associated filling activities (GDS/5a), frum a geotechnical
perspaative, urhan devolopment of the gite is expacted to be suitable, subject to geotechnlcal intrusiva
investigations and thu development of detalled geotechnical design and site management measures
diescribad harain. '

Itis noted that there are a number of axlsting small {farm) dams in the lower slope areas and to a lesser
in the: upper slopes. 1t is congidered unlikely that these exiating dams will mect current ongineering
design requirements, parlicularty with respect to protoction measures against dispersive soll (piping)
fallure, and thus they may require remaoval for urban development purposes.

New rotention basina will need to b designed in accordance with best practice principles for dispersive
and sallne soll conditions.

Excavated residual clay soil/bedrock is expacted to be suitable for ro-use as engineered fill, subject to
guwotochnical investigations, Howovor, given the expected dispersive and reactive potential of the clays
and posslbly some of the Bringelly Shale bodrock, the use of lime stabilisation in the surficial zone of
propesed fill platforms in vrder ta reduce the potential for softoning and eresion, may assist I the
construction procass,

Typically low California Bearing Ratio (CBR) pavernent atrangth values are anticipatod for the sita days.
Accerdingly, preferentlal zoning of excavated hodrock into the top (selact) zene of fill platforms Tar
industrial developmentroads may be an alternative to lime gtabilisation. Such zoning, subject to
geotechnical verification, is expected to achieve a stronger subgrade, which is both less reactive and
lese dispersive than the on-site clays.

The softer/wetter soils in the sorme valley floor arcas may create difficult access conditions for
carihmoving equipment such as scrapors, evan if ‘aelf elavating', It |s possible that some areas will
requirg removal of localised softer 7ones using excavators and 4WD trucks {on prepared access tracks).
Moreover, ‘'wel' clays are expected to require moisture conditioning (drying) prior to re-usw as ongineerad
fill.

Apart from the filling noted 1o the south-wesl of the quarry (GD5a), and within the quarry operations area
iself (GIS), no other majer fill areas were [dontifisd. GDS and GDGa will require dulailed geotechnical
intrusive investigations in order to assess possibla development options.

Communts on patantial contamination issues for the Site materials ars made under separate cover in the
Phasw 2 Contamination report,
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Appendix A
Site Walkover Photographs

P1—P6
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P 1 Head of Lower landscape vallay In Upper landscape east of Quarry, View north from access road, Overland water flow
and swale appear associated with quarry irrigation operations. East of Geotechnical Domain GDS

P 2 Access of Quarry. View ea




P4 Dispersive eroslon on creek line, Fill ares (GDSa) in background,



P 5 Lower landscape east of Quarry and west of Richmond Road. Waterlogged ground below dam

Ay

e

P& stockpiles of excavated material {(mainly mix of clay and shale) east of the quarry/landfill area (GDS).



[

Appendix B
Geotechnical Test Results
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Source;

Description:
Specification:

Sample Details
Sample 1D:

Field Sample ID:

Date Sampled:
Other Test Results

Description
Sampla History
Praparalion
Linear Shrinkaga (%)
Mauild Length (mm)
Crumbling
Curling
Liquid Limit (%)
Mathod
Plastic Limit (%)
Plasticity Index (%)
Emarzon Class Numbar
Soll Description
Type of Waler
Temporature of Watar (°C)
Moistura Contant (%)

SYDOR-3018
Ti8, 0,6m

Fri0/2008

Method

AS 1280.3.1.1, AB gvﬂnudrlnd
128321 ARAZABA 3 4

ry Slovad
NIA

0

Mo

Mo

41

Four Paint
20

21

AS 1209.3.8.1 3(c)
clay
Distilled
22

AS 1280211 12.4

Sampled From:

Location:

Sample Method:
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TR0, 1.4m
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Ovan-driad
Dry Sieved
iA

0

Mo

Mo

76

Four Paint
24

82

3(s)

clay
Distilled

22

238

SYD08-3020 SYDOB-2021 SYDR0D-3023

PG, 0.0m TP18, 1 8m TPZ0, 0.0m

fho/2o08 02008 THOR008

Results Limits
i Oven-driad
Dry Slavad
A
0
Mo
Na
66
Four Paint
22
44
1 2(m) 4
clay clay clay
Distilled Distillad Diatilled
22 22 22
208
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Description:
Specification:

Sample Details
Sample ID:
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Date Sampled:
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Sample History
Praparatian
Linear Shrinkage (%)
Mouild Length (mm)
Crumbling
Curling
Liguid Limit (%)
Mathod
Plastic Limit (%)
Plasticity Index (%)
Moisture Content (%)
Emarson Class Mumbaer
Soil Descriplion
Type of Water
Tamperature of Water ("C)

SYDOR-3024
P24, 2.1m

TANZ008

Method
A e Qyented
) b " Dry Sievad
A
0
Na
Mo
G
Four Point
23
a7
AS 1200211 161

AS 1208.3.08.1

Sampled From:
Location:
Sample Method:

BYDOD-3025
T35, 0.0m

Tro0/2008

Oven-dried
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MIA

0

No

Mo

65

Four Point
24

41

19.7

1

clay
Distillad

22

NATA
N

MATA Acorediled
Labar
Laboratory Number;

7o

THIS DOCUMENT SHALL HOT BE REPROBUCED EXCERT (N FULL

SYO0N-3020 SYO08-3027

TIa8, 1.7m MW, 1.0m

02008 o008
Results

Oven-dried Oven-dried

Dry Sieved  Dry Sieved

/A MEA,

0 il

Mo Mo

Mo Mo

- | 74

Four Point  Four Paoint

21 25

ao 48

14,4 254

1 3(s)

sandy clay clay

Distiiled Distilled

22 22
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accraditalion requiemanis. Aceradited for complianca
with 150 1EC 17028
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710/2008 FA0/2008
Limits

4 4

alay clay

Distillad Distilled

22 22
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Project: 2117717 678 Dato of (ssus: 16/12/2008
THIS DOCUMENT SHALL NOT BE REPRODUGHD EXCEPT 1N FULL
Material Details
Source: Sampled From;
Description: Location:
Specification: Sample Method:
Sample Details
Eﬂmpl. ID. BYDOR-3011
Fleld Sample ID: BH1
Date Sampled: 7/10i2008
Other Test Results
Description Method Results Limits
Sampe History A3 A Gyonris
Praparation : ¢ ' E’try Slovad
Linear Shrinkage (%) A
Mould Langth (mm) 0
Crumbling Ne
Curling No
Liguie Limit (%) 8
Method Four Paint
Plastic Limit (%) 22
Plasticity Index (%) 48
Molsture Content (%) AS 1280211 151
Emarson Class Numbaer AS 1280.3.81 1
Soll Description clay
Type of Waler Distillad
Tamperature of Water (*C) 22
S ———— e ——
Comments
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