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1. Executive Summary

1.1 Introduction

GHD Pty |td (GHD) Geotechnics has undortaken a Planning Lavel Salinity Asscssment of
some H70ha of land off Richmond Read, Marsden Park, NSY. This woark was conductod
concurrently with & preliminary contamination assessment (Phase1/Phase2) carried out by
GHLY's Contaminated Lands Group (CLG). The site assessed comprises the Marsden Park
Industrial Precinet (MPIP), as shown on Figure 1, which is part of the North West Growth
Cantre.

The site currently [ncludes both industrial and rural/residential development, and {5 carmearked
for pe-zoning and re-development as industrial/employment land, with likely small areas of
public open space and residential development.

Praliminary salinity advice was prepared, hased un a deskiop study and site observations
conducted by GHD Geolechrics in August 2008. Basad on thls preliminary study, salinity
sampling recommendations werg provided into a Sampling Analysts and Quality Plan (SAQP)
being prepared by GHD's CLG, for intrusive (Phase 2) contamination investigations (reported
under separale covet).

The proliminary salinity assessment [dentified a number of salinity zones within the site -
dependent on topography, gealogy, soll landscape and pravious land usc, Data from the SAQP
was utilised to augment/confirm these salinity zones,

Obloctives

The objectives of the praliminary sallnity assussment ware to:

b Determing whether saline processes were avidant withln the Site.

¥ Provide a description of the Impact of saline procesaes on the proposcd developmeant.
b Provide a desuription of the impact of the proposcd developrmant on saline processes.

¥ Dereoribe the constraints and salinity management refuirciments partinent te the proposed
duevofoprnent.

Scopa of Works

The scope of investigation work complatad by GHD included the following:
b A dosktep study.

» A sila walkaver and surface soil/water sampling program.

b Inputintg the SAQR for salinity assessment purposos.

v Salinity tasting of intrusive investigation soil and groundwater samples.

v Preparation of a preliminary {planning level) salinity report.

GHD GEOTECHNICS
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Summary of Investigation Results

The findings of the planning level salinity assesament indicata that, while there is evidence of
salinity, there do not appear to bo any major underlying salinity lssues that would pravent
developmoenl of the site. The following genuralised salinity associated characteristics were
idantifiad:

[ ]
b

The presence of dispursive and reactive clay soils within the regalith {(seil caver to bedrock)
auross the site.

A sallng groundwater table, which is cxpectod to be shallow in the lower lying parts of the
site.

Concentrations of salt presunt within the sail profile, particularly in areas of water-logging
and drying.

Saling scalds and saline serpage was obsorved, particularly in the lower landscape.
Salinity indigator vegetation was observed, mainly in the lowor landscape.

Dig-hack of gurn trees was noted, possibly influenced by salinity,

Thesa charactoristics, and the associated salinily constraints within different salinity domains
aro discussed within this report,

Supplementary salinity invesatigations and monitoring are recommended in order to reduce
salinity impacts on the proposed developmant, [0 particular, this refers to the disused quarry
Erpd.

SHD GEOTECHNIGS
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2. Introduction

2.1 General

This report presents the results of a planning level salinity report undurtaken by GHD
Geotechnics, in order lo provide a preliminary level salinity assessment for potential rezoning
and develnpmant of tho sité known as Marsden Park Industrial Precingt {MPIP), as shown on
Figure 1. This assessment was undertaken, in accordance with the pringiples |isted (n tho
DLWC guidanee dacumant (2002} Site invostigations for Urban Devolopment, and in
eonjunction with our preliminary geolechnical assessment for the site, which is reparted under
separate cover (A7159, May 2009),

Tho MPIF is part of tho North West Growth Centre and is earmarked for re-7oning and re-
developmont. This report will assist In the facilitation of the planning slage of this development.

The sallnity assvssment was undertaken in accordance with our proposal of 8 July 2008, which
also included contamination and geatachnical planning level assessments (reported under
saparato covar).

The purposo of the salinity assessment was to assess whether saline processes were avidant
within the Site, to provide a deacription of the impact of any such salinity characivristios and to
deseribe the constraints and sulinity rnanagement requiromonts pertinent to the proposcd
dovelopmont,

22 Scopa of Woark
Tha scope of the galinity assessment included:

¥ Adesklop study of published information an topographical, geologlcal and soil landscape
information parinant to the site.

P Site walkover ohservations, surface soil and water sampling, and field testing conducted by a
Principel Geotechnical Engincer, In order te provide ground truthing.

¥ Input inta the Sampling Analysis and Quality Plan (SAQP) for salinity selection and
assassment of samples obtained in the Phase 2 infrusive contamination investigations.

¥ The preparation of a preliminary (planning lavel) salinity raport.

2.3 Limitations

This report has been propared for the use of Marsden Park Devalopments Pty Lid (MPL) in
rezlation to the rezoning Invostigations and proposed developmont for the site, and comprises
appraisal/commants for planning purposes eonly.

This roport shauld be read in conjunction with the attached Gereral Notes.

GHLO OEDTECHNIGS X
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3. Desk Study Review

kN | Reference Documantation
Tha following published documentation was referenced in the desk study:

¥ DIPNR Map of Salinity Potential for Western Sydney 2002.

v Geological Serles Showt 9030 for Penrith {1:100,00 scale)

v Soll Landscape Series Sheel BO30 for Panrith {1:100,000 scale)
»  Topographic Map for Riverstone H030-1-5 (1:25,000 acale).

P Aarial photogtaphs covering the site.

32 Site Setting

The: site;, as shown on Figure 1, Is located off Richmond Road, Marsdan Park, NSW,
approximately 500m north west of the M7 Westlink freoway.

Land in cloze proximity {0 Bolls Creek, which rung along the vastern boundary of the slte, s
undeorslood to be subject to flooding

33 Topography

Contours as shown on Figure 1 llustrate the site topography, Apart from the south-east section
of the silo (east of Bells Creek), the main site area slopes gently to the west and east from a
centrai ridge running SE-NW. Tha highest point on lhe sita lies near the central southorn
boundary at abaut RI 60m Al ID. in the east, along Rells Crook the elevation ranges from about
RL25-30m AHD and In the wst, from about RL 35-40m AHD. The far south-east portion of the:
proposcd development, east of Bells Creek, siraddles a narth-south trending ridge, with stesper
slopes pragent on tho vast side of this ridge (clrea 1V:5H to 1V 10H),

Drainage courses/tributarics larm minor vallays that drain to Bells Creek in the east and to
South Crowek in the west,

The topography around the existing waste facility in the central north-west of the slte has boon
altered by quarrying and stockpiling operations, as indleated by the concentration of 40-50m
AHL vontours in this area (refer Figure 1).

3.4 Soil Landscapes

The soils landscapas, as shown on Figure 2, Include Borkshire Park (fluvial) Landscape
comprising a significant portion of the western slte arca. However, reference to the Goolagical
Maupping (Figure 3) shows thrs area to comprise Bringelly Shale (residua!) strata. Limited fielg
observations and sampling indicates this area is underlain by reskiual soil (consistant with the
geological mapping), with localised (fluvial) deposits present only in the vicinity of creeks and

GHD QEDTECHNI|CS
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drainage linos,

Also as shown on Flgura 2, most of the site is shown situated on the Blacktown Unit landscapo
with a zone of South Creck {fluvial} landseape running north-south in the vicinity of Belis Creek,

The Blacktown zoil landscape |s described as a ‘Residual Landscapy’ with gentle undulating
rizes on Wianarnatta Group (shale) bedrock. The soils typically comprise hard setting, mottled
texture: contrast soils, including shallow {<1,5m) red and brown padsols an the crests, grading to
deepar (>2m) yallow podsols on the lower slopes and near drainage lines. This landscapo is
associated with dryland salinlly, low to very low parmaability suils, which are modarately to
highly roactive and dispersive. Waterlogging and known salinity hazard is cormmon in
streamlines. This unit typically has a high capability for urban development, when conducted
with appropriate salinity and geotechnical design moasures.

The South Creek soil landscape 15 describad as a 'Fluvial Landscape’ comprising flandplaing,
valley flals and drainage depressions on the Cumberland Plain, It is typically flat with incised
channels and prederminantly cleared. The solls are often deep, consisting of alluvium aver
rosidual clays/bedrock. This landscape is alsp assoclkied with known salinity hazard, finod
hazard, localised moderately reactive and dispersive/erodable soits. This unit typically has a low
capability for urban development duc to lovd hazardferasion, varying alluvial soils and salinity.

The Berkshire Park soil landscape is described as a 1 luvial Landscapa' comprising gently
undulating riges of Tertiary alluvium terraces of the Hawkesbury/Nepean river system, The solls
typlcally comprise "heavy’ clays and clayoy sands with silcrete (cementid) cobbles and
bouldera. This unit, which apart from a amall segment in the north-west corner of the st is
expacted 1o lie outsido of the proposed developmaent, appoars te have significant capablity for
uran development when condustod with appropriate salinity and geotechnical design
MeRsUres and subject to finadplatn considerations. Stated limitations are very high wind
erasign potential, gully, sheet and rill eroslon on dlssected areas, waterlogging and
imparmeabla aoils,

3.5 Gaology

Reference to the 1,100,000 scale Gealogical Scros Showt for Panrith (shaet 9030) Indicates
that most of the site s undorlain by Bringelly Shale of tho Wianamatta Group (refer to Figure 3).

Bringelly Shale, which was formed as an alluvial and estuaring coastul plain (saline) deposit,
generally forms the slopes and upper landscapo within the site, and comprisus cssentially
shale, carbonacoous claystone, claystone, laminsite, fine to mediom qrained Guarz-lithic
sandstone, with rare coal and tuff. Claystone and slitstone are normally deminant. The Bringelly
Shalo contains swalling clay minorals that can result in ready disinlogration of the rock fabric on
Immarslon in fresh water (apart from the Minchinbury Sandstone basal unit) and is genarally
less durablo on oxposure than the underlying Ashfield Shale (also Wianamatta Group).

Quaternary alluvium i shown to underlie the area in Lhe vicinity of Bells Creek, and is Infered In
the vicinity of the tributary cresks/drainage lines, though not shown at tha 1:100,000 scale

GHD GEOTECHMICR 5
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mapping. Quaternary Alluvium typically comprises fine grained sand, silt and clay. The nature of
tho alluvium is variablo and depends an the lithology of the source material and characteristcs
of tha depesitional stream flaw, 1t is often paorly drained and subjwet to flooding.

St Marys Formation Tertiary alluviurn (Ts) is shown gver the ridge previously described as
trending in a north-south direction across tha far south-east portion of tho site (nast of Balla
Cresk). The Ts is present as a remnant alluvlal terace, with a moderate (o steap slope down
towards lower ground in the east. This strata, which typleally comprises clay and sands
deposited in the Tertiary Perlod (older than the Quaternary doposits), can be ferruginously
cemeantad.

Londanderry Clay Tertiary alluvium (T)), which comprises ciay with minor sand and farruginaus
coimnentation, shown to underlie a small zone an the notth=west corner of the sito,

Vaolcantc Broosia Daitreme (Jv) underlles an area that has been intruded by voleanic activity o
form tha largo volcanic breccia diatreme shawn in the central weat of tho site (refer Figure 3).
This intrusion has beon quarried in order to provide gravel.

Diatremos are ganerally considered to be tha result of a volcanic oruption. Thair compoa/tion
ean be highly variabla, with the rapid expulsion of valeanic matertal and host rock, and callapse
aof surrounding material forming breccia (variously a mixture of pyroclastics, ash, shale and
sandstone). Diatromes may present adverse conditions for uxcavation and for faunding strata.

lgneous (basaltic or dolaritic) dykes and joint swarms may also exist in the surrounding region,
due to the past volcanic activity, Dykes are linear, sub-vertical volcanic intrusions of variable
width (general in the range of 0.3 to 3 m, though can be wider). At the surfage. dykes in the
Sydnuy Region are gencrally woathered back to clay (and may not be noted when encountercd
in resldual clays of the Bringelly Shale due to similar surface weathering). As such, undetented
dykes may be prescnt in this region. Joint swarms are closely apaced sub-vertical jaint sets,
which oceur a] @ result of toctonic stresses/movements, and may be more prevalent in areas of
volcanic wotivity. The prescnco of dykes and joint swarms could to lead to concentration of
seapage (drainage issues) and to difficult excavationfounding condltions,

Saline groundwater |s typically expected within the Bringelly Shaie and Quaternary Alluviarn,
with juints and more permeuble horizons within the bedrock uxpucted to ba the main avenucs
for groundwater migration.

3.0 Salinity Potential

Mhe site is ghawn on the Salinity Potential Map for Wostern Sydnay (DIPNR 2002}, reproduced
In parl un Figura 4, to llg within an area of maderate salinity potontial, with high salinity potantl)l
in the vicinily of the creek and drainage linos.

Areas of moderate salinity potential goncrally consist of areas susceplible to saline affectation if
disturbed, particularly if saline groundwater/seepage ks intercepted and/or if areas of water-
logging can ocour. These arcas are generally higher in the landscape where the gaology pro-
disposes a site salinity potentlal.

GHD GEOTECHNICS g
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High salino risk zones aoour genorally lower in the landscape, or at permeability contrasts,
where salino groundwater may come within close proximity to the ground surface or where
seepage rauses walerlogged conditions, thercby concentrating salts. Typleally svattered saline
indicator vegetatlon occurs in these areas,

Dispersive arasinn Ig often a feature of the soils in such dryland salinity areas.

Argas with moderate salinity potential, if managed inappropriately can lead to worsaning salinity
conditions creating high salinity pelential and salinity outhreaks, and to increased off-site
discharge of saling water. Such areas are also olten prone to dispersive soll erosion.

3.7 Groundwater

Parched {saline) groundwater rmay bu prosent within any localised (shallow) filled areas and
generally within the seils in the lowar landscape.

Jaline groundwater |5 also expacted to he prescnt ot relatively shallow depth in Lhe lower
landscapo, hosted by fracturlng/fjointing within the Wianamatta Shales. This groundwater js
likely to have some connectivily within Quaternary Alluvium (If prosent).

The 1:2 000 000 Department of Water Resources Groundwater in NSW, Assessmaont of
Follution Risk map indicales that the groundwater salinlty is =14 D00mg/ and therefore
unsuitable for stock use, This map also indicates that the site |5 lkoly to be underlain hy shales
and that the polantial for groundwater movemeoent is likely to be low.

3.8 Aerial Photograph Interpretation

Aerial photo sets taken in the period 1947 to 2005 were viewed through o steraoscope and the
following obsarvations were made;

¥ The major change to the Site area has been the formation of the quarrylandfill area (GODS)
and associated filling to the south-wost {(GD5a) of the quarry arca. Bath the quarry area and
the fill area to the south-west (SWF) are shown appraximately on Figure 1.

¥ The vegetation has changed from grasses with sparse tree caverage to essenllully cloared
and grassed land, with somo localised araas of denscr trow cover, and with the engoling
earthworks within the quarry site,

b The SWF appears to have coverad the norlh-uast branch of 3 tibutary watercourse that
drainad to the south-wost. Changes to the natural drainage within this area are likely to have
lwered to water-logging of the site soils. As far as we are aware the SWF has not been placed
as 8 controlied {engineerad) fill.

QHD GEQTECHNICS !
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4. Investigation Procedure

4.1 Sitea Walkavers

Site walkovers wors conducted on 8 August 2008 and 15 December 2008 by a Principal
angineer from thiz offics, who also conducted the silo gaotechnical gbservations and associated
surfaca soil and water sampling.

Lac:ations of pholegraphic obscrvallons and sampling points wore racorded using a hand hald
autonomous GPS unit, which is ganerally securate to within about 10m of the grid poaition.

The locations of the referanced observations are shown on Figure 5 ‘Salinity Domaing'

Selacted photographs are presonted in Appendix A.

4.2 Salinity Laboratory Testing

A number of samples colleeted during the SAQP were tested for salinity assessmant purposes
as follows:

v 89 s0il samples ware tegted for pH and CC. The recorded EC was 'factored’ in accordance

with Taylor (1996) for soil typeftexture, in order 10 valculate an ‘equivalent conductivity’ (ECa)
for salinity classification purposos.

v 8surface water samples were also tested for pH and conductivily (ECw).

The results of the ficld and laboratory testing for pH and EC, together with salinlly classification
data are surnmarised in Tablas 1 to 6.

GHD GEOTECHNICS 8
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5.

Al

Salinity Investigation Results

Walkover Observations

The salinity observations made on the walkovers are presented bolow:

Marginally saline to brackish surface waters and non-saling sails (Ikely flushed by recent
rainfall} ware recorded in/near the head of o lower lahdscape valley and  in the uppor
landscape east of the guarry. Water flowing at the time was inferred due to the quarry
oparations. Refer 1o test results for soil samples $51/552, water samples SW1-5W3 and 1o
photographs P1/P2,

Saline scalding together with sallne indicator species Jungas Aculus and Couch, salt
doposits and dispersive crosion were observed in the lower landscape (valley) downslope of
the "highlsoil/fill" area (refer Figure 1). The stream water racorded In this loaation was saling
{refer sample SW4) and the soll adjacunt to the stream was highly saline (refer S53). Refer
to photographs P3/P4.

Dead trees, possibly resulling from saline die-back, were obsorved near the overburden
stackplles north-west of the quarry, Refer to photograph PS.

Waterloggod conditions with saline indicator species Juncus Acutus, Couch and Casuarinag
Glauca were nbserved In a lower landacape valloy wost of Richmand Road (rofer
photographs PB-P8). Water sample SW5, taken from a pond owuund a pipe culvert inlet
heneath Richmond Road near this location, recorded marginally saline conditions.

Saline indicator specios including Casuaring Glauca and Couch wera also recorded oast of
Richmond Read at the Townson Road bridge crossing of Bells Creek {refer to phatagraph
P&). Non-galine soil conditions were recorded an the creak bank (refer soil sample 554) and
marginally saline conditions within the creek flow (refer water sample SWEH),

Observations in the arca near Eastern Creek, 10 the soulh-uast of the site, recorded saline
indlcator spocies Casuaring Glauca (rofer photagrapha P10IR1 1),

Marginally saline water conditions were recorded in Castarn Craek {(which was swollon (rom
recent rainfall), and In a tributary stream flowing Into Castern Creek {refer SW7/SWE) Non-
salino soil conditinng were recordud on the banks (refer samples 555/556). Saline indicator
species Casuarina Glauca and Couch wore observed, Rafar to photagraphs P12/P13.

Recent rainfall appears to have temporatlly suppressed salinity within the surface soil/water
at tha sita.

51,1 Salinity and pH Readings - Soil

The pH and conductivity (EC) readings recorded on shallow soll sumplos during the site
walkover aro prosentad in Table 1 below, tegother with equivalent electrlcal conductivity (EC,),
Aas calculatod by the relationship EC x F = EC, for the particular soil condilion ( Taylor, Dryland
Salinity, DLWC 1998), where 'F' is a textura multiplication factor dependent on tho soll typo. The

GHD GEOTECHN|CS
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coloured results relate to the salinity classifications provided in Table 2.

Soll Salinity (EC) and pH Readings - Site Walkover TABLE 1
"N | Do | SotDoeorton [ SoF T O e | oty
(m) F ECe (dS/m)

Ss1 | 0-0.05 Black Sandy Clay 7.3 0.13 8.5 1.1

§82 0.05- Grey brown Sandy Clay 9.1 0.12 8.5 1.0

ss3 | 0.05 Brown Clay 7.1 6.84 8

554 E'_L Brown clayey sandy Gravel | 7.1 0.18 9.5 a7

sss | 005 Brown Sandy Clay 7.6 0.16 8.5 1.4

556 0.05- Brown Clay 6.9 0.09 8 0.7

Soll samples 551 and SS2 In the above results were obtained from upper landscape locations.
The other surface sall samples were taken from lower landscape locations, near water courses.
The results show that after the recent heavy rainfall all but surface soll sample $S3 racorded a
non-saline result, 583, which recorded highly saline conditions was located in the lower
landscape beside a saline watercourse. The salinity in this soll sample appears to result from
soll suction and evaporation (wicking) of the adjacent saline water (refer surface water result for
SW4 in Table 4),

The salinity classes for sall (Taylor, Dryland Salinity, DLWC 1996) are as shown in Table 2
below.

Soil Salinity Classes TABLE 2
Class EC, (dS/cm)
Non-saline =2
Slightly saline 2.4
Moderately saline =3 -
Very saline
Highly saline

It must be noted that the salinity walkover was conducted after recant heavy rainfall,
Accordingly, much of the near — surface salinity is inferred to have been ‘flushed’ away, or to
have leached lower into the soll profile, resulting in less saline conditions than might otherwise
have been recorded had the sampling been conducted after a significantly drier period.

The pH and conductivity (EC) readings recorded on soil and bedrock samples recovered during
the contamination Investigation are presented in Table 3,

GHD GEOTECHNICS 10
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Soll Salinity (EC) and pH Readings - SAQP Test Holes TABLE 3

oo | Bop | sonDesorpton [ ool Tt T ot | et
(m) F ECe (dS/m)
HA3 0-0.1 Brown Silty Sand (topsoil) 6.8 0.120 9 0.96
HA3 0.3 Brown, Sand + Gravel (fill) | 7.7 0.280 10 2.80
HAS 0-0.1 Brown silty Sand (topsoil) 6 0.130 9 1.17
HAS 0.3 Yellow Sandy Clay (fill) 6.5 0.160 9 1.44
HA9 0-0.1 Gy Brn silty Sand (topsoll) | 5.7 0.180 g 1.62
HA9 | 0.3 Or/brown Shale (fill) 6.1 0.440 10 |
HA13 | 0-0.1 Gray Silt (hillwash) 6.9 0.170 9
HA13 0.3 Grey Silt (hillwash) 55 0.250 9
HA14 | 0-0.1 Brown Silt & Clay (topsoil) 7.1 0.053 9
HA14 0.3 Brown/Grey Sandy Clay (fil) | 8 0.190 9
HA15 | 0-0.1 Brown Sandy Clay (fill) 6.3 0.069 9
HA15 0.5 Red/brown Sandy Clay (fill) | 5.1 0.240 9
HA16 0-0.1 Brown Sandy Clay (fill) 5.8 0.061 2]
HA16 0.5 Or/grey Sandy Clay 4.9 0.490 9
TP1 | 0.2-04 Brown/grey Clay 6 0.190 8
TP1 | 0.5-0.6 Grey/red Clay 4.7 1.000 8
TP1 0.9-1 Or/brown Clay and Silt 49 0.330 8.5
TPS 03 Dark brown Clay 8.5 0.425 8
TPa 1.5 Dark brown Clay 8.1 0.962 8
TPS 2.1 Brown and red Clay 4.6 1.052 8
TP6 0-0.2 Yellow/brown Sandy Clay 4.1 0.250 8.5
TP& 0.9 Yellow/brown Clay 4.3 0.310 8
TRP7 0.1 Brown Clay with silt (topsoil) | 8.0 0218 8.5
TR7 0.5 Dark brown Clay 8.6 0.375 8
TP7 2.0 Brown Clay 5.6 0.450 8
TP8 0.1 Dark brown Clay 4.2 0.149 8
TP8 0.6 I Dark brown Clay 8.5 0,756 8
TP8 1.2 Dark brown Clay some 8.5 0.604 85
TP9 0-0.1 Brown Sandy Clay (fill) .7 0.150 8.5
TP9 04 Or/grey Gravaly Clay (ﬁIIL 8.6 0.280 9
TP9 1.5 Or/grey Gravely Clay (fill) 8.8 0.900 9
TP10 | 0-0.1 | Brown Clay with silt (topsoll) | 8.5 0.756 8.5
GHD GEOTECHNICS 11
2ANTT1TIAZ127Rev1.doc Marsden Park Emplaymant Precinct

31/07/00/ Rev 1 Salinlty Assessmant



[T [t | ol Doscplon | S | Concienry oS Eouhairy
m F
TP10 EJS} Red brown grey Clay 8.5 0.604 8
TP14 | 0-01 Brown Clayey Sand (fill) 5.9 0.095 10
TP14 0.5 Gy/bn Gravely Clayey Sand | 9.8 0.270 10
P14 26 Brown Sandstone (fill) 9.2 0.260 10
TP19 | 0-01 Brown Clay 9.4 0.300 8
TP19 0.8 Brown Clay 55 0.220 8
TP19 1.0 Orange red Clay 4.9 0.380 8
TP19 1.9 Orange red Clay 4.4 0.192 8
TP21 0-0.1 Lt Brown Clayey Sand (fill) 9 0.180 10
TP21 0.6 Dark brown Sandy Clay (fil) | 7.5 1.200 9
TP21 1.5 ¥lw brown Sandy Clay (fill) | 8.1 1.100 9
TP24 | 0-01 Brn Clayey Sand (topsoil) 54 0.350 10
TP24 04 Grey brown Sandy Clay (fill) | 5 1.100 9
TP24 0.9 Gray brown Clay Tl 1.100 8
TP29 0.1 Dark brown Clay 6.5 0.266 a
TP29 0.3 Orange/brown Sandy Clay | 6.5 0.490 9
TP29 0.8 Red brown Clay 4.8 0.710 8
TP29 2.1 Light grey Clay 4.5 0.836 8
TP31 0-0.1 Brown Sandy Clay 5.8 0.040 9
P31 0.4 Orange/brown Sandy Clay | 5.9 0.060 9
TP31 0.8 Orange/grey Clay 5 0.280 8
TP35 | 0-0.1 | Dark brown Sandy Clay (fill) | 7.1 0.044 9
TP35 0.5 Orange/brown Sandy Clay | 6.5 0.081 9
TP35 0.9 Light brown Clay 53 0.330 8
TP35 1.7 Grey red Clay 4.6 0.305 8 :
BH1 0.1 Brown Clay with silt (topsoll) | 7.2 0.179 8.5 1.52
BH1 0.5 Lt brown Clayey Sand (Fill) | 5.8 0.057 10
BH1 1.0 Red Brown XW Shale (Fill) | 5.7 0.170 10
BH1 2.0 Grey brown CLAY 6 0.540 8.5
BH1 3.0 Gray brown XW Shale 7.8 0.710 9
BH1 4.0 Gray brown HW Shale 95 0.740 10
BH1 5.0 Grey brown HW Shale 9.9 0.780 10
BH1 6.0 Gray brown HW Shale 9.4 1.200 10
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ok | Dol | SolDeeompton | oo | oy | Tedee | Eiees
(m) F ECe (dS/m)

BH3 0.5 Orange grey Clay 5.2 0.230 8 1.84
BH3 1.0 Orange brown XW Shale 5.5 0.470 9

BH3 2.0 Orange brown HW Shale 6.2 0.380 10 3.80
BH3 3.0 Orange brown HW Shale 7.4 0.350 10 3.50
MW4 | 05 | Gybrn Clay & Gravel (Fil) | 5.3 0.560 9 '
MW4 1.0 Grey brown Clay (Fill) 4.8 0.860 8

Mw4 2.0 Grey Clay 56 1.100 8

MW4 3.0 Grey red Clay 5 0.960 8

Mw4 4.0 Grey HW Shale 6.8 0.790 10

MwW4 6.0 Grey HW Shale 9.5 0.740 10

MW4 7.0 Grey HW Shale 9.1 0.575 10

MW5 0-0.1 Gy bn Sandy Silt (topsoil) 7.8 0.096 9

MW5 0.5 Brown Sandy Clay 83 0.120 a

MW 5 1.0 Brown Sandy Clay 7.2 0.270 8

MW5 2.0 Yellow Brown Sandy Clay 9.5 0.340 10

MW5 3.0 Light brown XW Shale 9.3 0.390 10

MW5 4.0 Light brown HW Shale 9.7 0.420 10

MW5 6.0 Light brown HW Shale 9.6 0.490 10

MW5 8.0 Light brown HW Shale 9.3 0.830 10

MW5 10.0 Light brown HW Shale 9.3 0.540 10

The above limited soll profile testing results indicate that:

¥ With the exception of an Isolated result in the fill area south-west of the landfill site, the site
near surface soils (0.1 -0.3m) recorded non-saline to slightly saline conditions.

» East of the quarry area, at the head of a lower landscape zone (as shown on Figure 5), and
in the fill area to the south-west of the quarry (also largely within a lower landscape zone),
moderately to very saline soll conditions were recorded deeper within the soil profile.

¥ Moderately saline to very saline soll conditions were recorded in the deeper soil profile and
bedrock in the lower landscape area on the north-east of the site, and in the shale bedrock in
the upper landscape in the central south-west of the site (MW5).

51.2

Salinity and pH Readings - Water

The pH and conductivity (EC) readings recorded on surface water, dam water and groundwater
samples obtained during the site walkover and in the geotechnical investigation are presented
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In Table 4 below, together with total dissolved salts (TDS) as calculated by the relationship EC x .
0.64 x 1000 = TDS. The coloured results relate to the salinity classifications provided in Table 4.

Surface Water Salinity (ECw) and pH Readings - Site Walkover TABLE 4
Sample Conductivity
No, Location pH | ECw (dS/m) | Factor (TDS
m
SW1 Refer to Site Plan — Figure 5 7.4 0.980 640 627
sSw2 Refer to Site Plan - Figure 5 7.9 1.922 640
SW3 Rafer to Site Plan - Figure 5 7.4 0.850 640 544
sSwW4 Refer to Site Plan — Figure 5 8.1 6.800 640
SW5 Refer to Site Plan - Figura 5 7.1 0.805 640 515
SWa Refer to Site Plan - Figure 5 Tid 0.793 640 508
SW7 Refer to Site Plan — Figure 5 7.3 0.804 640 515
SwWa Refer to Site Plan - Figure 5 7.7 0.871 640 557

The Australian Water Resources Council (AWRC 1976) has defined classes for salinity of water

as shown in Table 4 below:

AWRC Saline Water Classes TABLE 5
Class EC (dS/m) TDS (mg/L)
Frash =0.80 =500
Marginal 0.80-1.60 500-1,000
Brackish 1.60-4.80
Saline =4 80

Apart from SW4, which was saline, the results indicated marginally saline to brackish surface

watar conditions.

As previously noted for the soll samples, the sampling was conducted after an extended wet
period, and Is considered to be representative of the suppression of saline influence by ‘lighter’
fresh water draining to the water courses (overlying the more saline water, In drier periods,
higher saline concentrations would ba expected.

Water Salinity (ECw) and pH Readings - SAQP Test Holes TABLE 6
Sample Depth Conductivity

No, Location (m) | pH | ECw(dS/m) | Factor | TDS

m
MW1 Refer ta Site Plan — Figure 5 1.5 |74 2.56 640
MW2 Refer to Site Plan = Figure 5 1.2 | 7.9 2.94 640
MW3 Refer to Site Plan - Flgure 5 21 (7.4 6.05 640
MW4 Refer to Site Plan — Figure 5 21 |81 3.11 640
MW5 Refer to Site Plan - Figure 5 58 |71 7.84 640
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MWE

Refer to Site Plan — Figure 5

6.2

7.3

6.50

MW7

Refer to Site Plan — Figure 5

4.3

7.3

6.37

640
640

We note that in wells MW1-MW4, located lower in the landscape where shallower depth to
groundwater was recorded, the sallnity was In the range brackish to saline. These shallower
groundwater locations may have been diluted by fresher water from the recent rainfall. In the
deeper groundwater locations, which are located higher In the landscape, the water quality was
recorded as saline,
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6. Salinity Processes

6.1 Waestarn Sydney

Salinity has brecn recognised in Western Sydnry since the oarly 1800's with referances boelng made
to saline groundwaler and brackish creeks (Mitcheall 2000),

The sources of 2alt in Western Sydnaey aro from the region's geology and climate.

The: main geological farmations of Western Sydney are the Wianamatta Shales, whieh formod in
coastal and marine snvirenments with & resuftant naturally high connate salt contant. Glven the low
parmaability of the bedrock and their derived residual solls, much of this salt has bean retained.

An atmospheric salt load of some 10 to 20 kilograms per year per hecture is ostimated within rainfall
for thig region (Mitchell 2000). Much of this salt is flushed through and transported away from the
area. The remalnder is added to the soil and groundwater whoere it accurmulates.

6.1.1 Salinity Processes o Weastern Sydney

There are a number of processes and indicators aasociated with salinity in Wastarn Sydney and
these May occur on a site Individually, of In combination with each other. Some of the key salinity
Procesang arg;

Locailsed conconiration of salinity

Qn i number of sites in Western Sydney salinity problerms have been oheerved that are caused by
localised ennceniration of saits due to the relatively high cvaporation rates. The problem Is
associated with walurlogged soil and poor drainage.

Where Frequontly wet/damp aoil s in contact with bricks or concrete thase materials act os a 'wick' to
the water and sult and as the water evaporates, the salts concentrate within tham. This salt can
cause damage in susceptible rmaterial over relatively short puriods of time.

Shale Soif Landscapas

A number of soll lundscapes in Weatern Sydney hinve poorly drained duplex (texture contrast) saifs,
The tapsail 13 usually a loam and subsoil is typically clay, As weter moves mora easily through
loams than clays., in many of (hese soils, shalow soil water flows laterally across the upper B-
harizan, Salt therefore usually accumulates in the clayay B-Horizon section of the suil,

The surface expression of this salinity oocurs in arces where the soil water accumulates and soeps
1o the surface anr where ovaporation causes the salts © concentrate. This is common on lowar
slopas, or on natural and conslructed flats in mid-slope across much of Western Sydney.

Sallnity can also cause sodle solg and is a problem in 8 number of the soll landscapes of Western
Syrinay. Thuso soils ara defined by the daminunce of sodium in the exchangeable ons af the sub-
soil or B Hanron. Buch soils are often boggy and may be of low strength. In particular, the swelling
potential of sodir $0ils can create shrink/awall issues for the founding of structures, and can areate
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very low permuoability, increasing run off and oxacerbating dispersive erasion, Sites containing sodic
50ils typically require management (drainage, chemical stabilisation) in order to mininize
dispersive arozion.

Groundwater Salinity

Solinity problems ocour when brackish or suline groundwatar rises o o level whore capillary action
in the sgll allows the water and dissalved salts (o reach the surface, where they concentrate ovor
tima. Groundwaler risos are caused by Increased wator infiltration and may relats (o above avorage
natural rainfall, vagetation loss, irrigation, inoreased water use n urban areas, or construction of
seupage pits or surface water badles, When groundwater risas to o leval whera capillary action
brings It in contact with buildings or infrastructure, or where davelopmunts inlorcept tha
groundwater, damage due to salinity can aceur,
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7. Salinity Domains

The site iz shown on the Salinity Potential Map for Wostern Sydney (DIPNR 2002), roproduced
in part on Figure 4, to lic within an area of moderate salinity potential, with high salinlty potentral
in tho vicinity of the creek lincs.

Essentially throe Salinity Domalns (S01-5013), as shown on Figurc 5, have been identifiad
basad on the Invostigations desgribed horaln,

Doveiopment within the site areas, from a salinily porspective, can ba conducted undor a
Solinity Management Plan (SMP) pertinent to the salinity affocts on development proposed, and
als0 taking into account the affects of such development on the salinity characteristics present
in @ach of the salinity domains.,

The salinity domains are described below:

7.1 5D1 - Higher Landscape

SD1 is expected to have a significantly large separation between the groundwater and the
ground surface (greater than say 2.5m), and thus is vkpocted to have a carrespanding lower
risk of salinity igaues than arcas lowor in the land=cape,

This higher landscape domain still riassifies as "Moderate Salinity Potential' oy duscribed in the
DIPNR Salinlty Polantial in Western Sydnay Map « 2002. However, this modeorate classification
doos not account for any localised seepage within possible permeability contrasts near surface,
where |ocallsed high salinity patentially might accur. Moreover, excavations in this domain may
create sallnity risk conditiona similar to the lowor landscape, if the dopth of oxcavation were to
bring the new ground surfuco into within say 2.5m of the (saline) groundwater table, This risk for
excavation is increased with proximity to the lawer landscape salinity domain SD2.

7.2 SD2 - Lower Landscape

502 lies in closer proximity to the (saling) groundwater table (inferred within about 2.5m dapth)
and i subject to concentratlon of seepaga waters near creek lines and in the alluvium adjaccnt
to creek lincs. The salt comes both from the underlying (=aline) groundwatcr (whether by
rarpage of through capillary action - evapuration) and from within the residuat/alluvial soils.

Salinity in the Iandscape only affects the built environment/vogetation when in close proximity to
the: ground surface, thus actions which promate near surface suepage, waterlogging or close
proximily to the underlying groundwater table should be either avolded if possible or properly
managed, The lower landscape salinity domain SD2 has a higher salinity risk (doscribed as
rrodarate to high in the DIPNR Salinity Potentlal in Wostern Sydney Map - 2002) than the
higher landscape sallnity domain 501, due to its closer proximity to the groundwaler table and
1 the histarical concentration of salt in this lower area through drainage and seepage migration,

Durtng out waulkover, significant salt deposits were observed Fast of South Slreet (opposite Lots
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40-42) in 502, which classifies as 'Known Salinity’ in this ‘High Salinity Potential’ arca. The
lowar landscape salinity domain SD2, will thus require development under a more
comprehensive SMP than the higher landscape salinity domain $02. In particular, fill rather
than cuts should be used in any ‘re=shaping’ of the ground surface in this area. Cuts, where
necessary, should be minimised and/or ¢losoly managed in this landscape.

7.3 503 - Disturbed Landscape

503 comprises 2ones covering both the higher and lower landscapes that have heen
signilicantly disturbed by quarrying, filing and changed drainage conditions. In particular, the
current quarry/andfill area, which also bas a different geology over part of this (guarry) area,
has been subjocl Lo significant excavation and disturbance, likely engountering the (saline)
groundwater tabla, and removing/stockpiling solls and badrock that contain aalts,

Salinity sarmpling and assessment of these disturbed areas, using a combination of histarical
and intrusive data, will be needed in arder 1o provide a detailed SMP for devolopmant options
propesed , 1l currently considered "high risk’ for salinity issues that may clther alfoct
duvelopment or he affected by further develnpment, Moroovor, the affects of the quarrying and
backfilling vn salinity of the surrounding area will alse need to be further assessed within a
SMP, with tho progression of development options.
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8. Discussion

Frorn a salinity perspective, urban davelopment of this site is oxpocted to ba suitable, subject to
detailed geotechnical and salinity Intrusive investigations and the development of a detailed
Salinity Managemant Plan/s (SMP) for the proposed development options.

i.l Ganaral

Dispersive and saline soil processes on the site have been inferred from the site walkover
obsorvations, from tho limitod surtace water and shaliow soll samplingftesting and from the
assossmant of the SAQF sample lest results.

R 11 Dlsporsive Solls

The presence of dispersive soits s inherant In the site geology, and was visually identified on
site in the salinity Investigation. Further testing and commonts on these =oils, that canfirm (halr
dispersive nature, are includod in the preliminary gaotechnical report, which is presented under
separate cover.

The presence of saline conditions ia often linked with dispersive clay, as the exchange of
calelurm and magnesium [ons by sodium ions {from =alt) in the clay croates a weak clay
struclure that is susceptible 1o deflocculation, particularly under fresh water contact/sespage
condltions,

Tho rele of the sedium ien in salinity and dispersion of the clay slructure is complex and
dependent on the ionic concentration of the seepage waters, Briefly, solls that have a significant
saling history lerd to be disparsive when subjeciud to leaching by seepage of water with low
lonic concentration (fresh watar).

W note that for dispersive croslon to occur, thera must be an exit puint from beneath the
topsoll layet in order for the deflocculated dlay particles te migrate. Thus providing a secure,
vegetated topsoll fayor on & low-gradient slope (chca < 1V:3H1) will assist in redncing undue
erosion of batters In dispersive clays.

The most commonly used chemlcal lrcatment for disparsive sails, is the exchange of sodium
ions by calclurn lons through the addition of caleium sulphate (gypsum) ta stabilise the clay
structure, In saline leaching conditions this process can be reversed over time by re-exchange
with sodium ians. The use of gypsum may alsp entail the necd for a sulphate resigtant cement
for buricd concrete and masonry, dud o increased sulphate concentrations.

1.2 Salinity
The conceptual site model, developed using tho information presented above, 15 as follows:

v Concentrated salinity infnear the creek (incs and also whare water-logging and cvaporation
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v Salinty concontration was greater for orcas lower in the landaeape, closer to tho
groundwater table,

¥ Tho near surface sallnity will havoe been supprassed hy recent exiendod rainfall (prior to the
walkover survey).

»  Although, tho seils samples fram the uppor landscape largely classify as 'non-saling’ under
the dryland salinity categories referenced in Sectlon 3, these soils can =till contain a salt
congentration up 1o 2 ¢S/m. The ealinity eateqorios wore devoloped for agricultural purposes,
not civil works. Accordingly, rathor than referring ta the absence of near absence of salts, the
'non=saline’ category refers to the level of salinity which affects only some grops. Localised
salinlty concentrations can form in such ‘nan-saline’ soils if the development causos aroas of
poor drainagc/walerdogging to ocour. In such arews, water carrying dissolved salt
avaporates, causing the sail to concentrate. Thusg the whole slta, being in a dryland salinity
flsk area, requires salinlty management considerations - particularly with respect to
drainage.

b The salinity is inferred Lo be associated principally with saline groundwater in the bedrock.
This water table is likely to form the major salt storage in the landscape, the salt being
derived from flow through the residual clays/bedrock and by atmospheric rechargo. The
(saline) groundwaler typically emerges in the lower landscape, particularly along creek lings
and concentrates salts near the ground surface where seeps occur and in areas where the
groundwater rires to the surface via eapillary action and avaporates,

» Within the soil horizons, ‘fresh’ water seepage flows would be expected to occur during
rainfall periods at the base of the topsoil horizon, Water would also seep down to the
biddrock through the regollth, loaching salts downwards.

b Saling seops may ocour during wet poriods at lovels above the groundwater table due to
permeability conlrasts within the horizontally layered bedrock and at the interface of the aall
profilea (regalith) with the hedrock.

¥ Areds of rocharge to the groundwater aro cxpected on the higher landscape (Uppor Slapes).
Discharge aroas would typically comprise the ailuvium around creek lines  (Lowor
Landscape), and any saline seups at permesbility contrasts such as doscribed above.

¥ Somo salinity may be associatcd with (he atmospheric salt load, estimated ot somo 15ka/ha
por yeur for the Site. Some of this salinity is removed by surface runoff, but part of the salt
load migrates down lo the groundwater table, thraugh ho rogolith/badrock:.

Tho development of problemalic saline canditions at a site is generally dependent upen three
rmain factora: the salinity of the soil and rock prafile; the =alinity of the groundwater; and tha
proximity of [he groundwater to the surface, Arguably the moat impartant of these three factors
iz the proximity of the groundwater table to the surface. This is because saline soils andg
groundwater can be prasent on a site without causing & salinity problem, if the groundwater
table/llow is sufficiently deprossed.
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In the ¢ase of saline groundwater, difficultius occur when the groundwater table (and thus the
associated salinily) is close to the surface, bacause it brings the saline conditions inte contact
with the piant life and infrastructure. IF the water table is dopressed (e.g. sither by natural flow
patterns or by drainageivegotation) the alements that are yoing to be adversely affected and the
saling conditiona remain separated.

In the: case of saline soils, if the water table |s dupressed then percolation of fainlall ibrough the
top layers of solis will leach the salt from these layers resulting in the saline conditions baing
contained at depth away from the elements that will be adversely affected. Again, difffculties
aceur whan the grolndwater table is cose to the surface or whero periodic water-lagging and
euaporation occurs and the salino conditions are brought into contact with plant life and
infrastructure.

Construction {in particular cut/fill and compaction) oparations have the patential to alter the
uxisting drainage patterns and ihus may cause or increase salinity and erogion problems. Low
permaability zones are likely to occur beneath and within compacted fill aroas, resulting in a rise
in the water tahle and water-logging/evaparation uphill of the compacted area, unless
subsurface drainage is installed to allow this water to Now through'. Moregver, adeguate fall
should also be provided on fill platforms to prevent water ponding. Cuts may axpose saling
qraundwater seepages, particularly on the lowor slopes. Such water should be collected by
subsurface dralns and dischargad in a controllod manner.

Collection of water in such dralnage systems reduces water-luyging and the possible
assaciated damage to infrastructure and plant life such as: increased salinity leading to
vegetation luss, dispersive erosion; chemlcal altack on buried stes! and concrote: and increased
uMsite discharge of saline water. Moreover, retaining a maximurm of native vegetationftreas
and/or strategic planting and carcful wator management practicos will assist in contral of rising
groundwator within the site.

Camments on potential contamination issues for the Sile materials are made under separate
covar,
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9. Salinity Management

01 Proposed Development

Development of the Site is expecled to involve significant cut and filling to form building
platforms and sity access.

Dotailed drainage design measures and aurface profiling to manage/control stormwator runoff
and seepageas will be impottant both during and aflar construction, in order to reduce crasion, to
prevent water-logging and 10 reduco associated shrink/swell movernants.

Conatruction will heod to address locallsed salinity and the assoclated reactivity of the day.
Typically, moderate exposure conditions for chlorids and sulphate attack 1o buried steel and
concrele in ancordance with AS2159 (1995, Piling Codo) are expected to apply 1o upper
landscape arvas, and moderale to savore exposure conditions for 1he lower landscape areas,
The confirmalion/definition of such categories for design of buriod steel and concrate
geochemical resistunco requirements should be conducted at detailed design slage.

Early eslablishment of topsoll/imulch and vegetation will asslst in reducing arnsion, particularly
on battors/sloping ground. Where decper rooted native species of vegetation should he
preferentially adoplod.

Rovalupment of earthwarks will need to incorporate a salinity design strategy e.q., by adopting

predominantly filled platfarm construction in the lower/mare galing affoctad land=scape, thus
increasing the separation betwaen the built environment and the saling groundwater.

I the higher landscape, whero possible, it is desirable that o reasonable saparation depih
should be maintainad hetween the groundwater table and any proposed cut levels. Doeper cuts
wil! require careful drainage managemanl.

Whera water sansitive urban dosign structures and wel arvas are to be ingorparated (e.g.,
within riparian zones in thi: lowor landscape), dams should proferentially he designed as
retention structures rather than permancnt water storage, and blo-trealmont wet areas
prefarably be lingd in order to isolata the planted flora from the (saling) groundwator and in
order to minimise any racharge to the groundwatcr ut those locations.

9.2 Objectlves

The objectves of salinity management at lha site should be:

b Tolimit adverse impacts of the development on saltne processes within the sitc.,

»  Tolimit adverse impacts of the saline processcs within the site on the development,

The salinily leatures at this sita require design confrols ta achicve the abovementinna
ohjectives,
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w3 Generalised Management Measures
Typically, management meusures will need to addrass;

»  Farthworks plans that limit cuts to significantly abave the saline water table (where possible)
and that provido filling rather than cuts in lower landscape areas.

¥ Drainage installcd In order to reduce recharge 1o tho groundwater table, to provent
wateriogging and o Inlurcept seepage flows.

¥ Tho use of saling resistant building materials and building technlques in accordance with
the relevant Australian Codes, including but not limited to AS2159, ASZE70, AS3800 and
AZ3700,

b Measures to reduce the propensity for erasion of dispersive soils, such as gypaum/lime
stabllisation and topaoiling/grassing.

b Adoption of saline resistant building technlques, such as refarenced in the DIPNR publlcation
‘Building In & Saline Environment'.

+ The use of capillary-gvaporation braakffilter iayers in arcas subjoct lo potential water-
logging, in order to reduce any salina migration towards the ground surface, to assist in
maintaining any dispersed clays under the filter layer, and to promote vegetative growth,

r  Water-wise management/landscaping.

¥ Olher spacial requirements as identificd a.g., treatment arpund creeks, waler rutention zonaes
and in areas subject water-logging.

¥ Appropriate design of services, induding the minimisation of the potantial for water leaks.

Generallsed typical salinity response measures partinent to this site eauld Includo bul not bu
limited to:

»  The provision of subsoll drains at the base of cuts, and on the upslopo side of all roadways
ang compacted areas. Also provide sub-soil drainage measures behind rotaining walls (for
the full depth of the wall).

» FPravide adequale surface profile and drainage to avold doprossions or locatians of run-off
water accumulation/ponging,

b Use of a walerproof membrane (minimum 0,2mim thick *high impact resistance’ to ASZ870)
directly bancath conerete slab-on-graund with a freo draining sub-slab capillary break layor
(typically fing to medium grainod sand) beneath the slab betwoeen any stiffening beams (in
racognition of potentially reactive soill crvironment - see AS2870),

v Full width waterproof damp course and construction in aceordance with BCA and other
relevant Auslralian Standards.

» Durabla building products in accordance with AG3700 'Masonry Structures’ and AS3600. In
particular, the use of exposure class bricks and non-raked jolnta below the damp course
laywr in the lower [andscape, and ulllising potable water for mortar and concrata mixing.
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V.4 Monitoring.

Manitaring of the groundwater level and quality is required with further develgpment in order to
exs054 and refine the definition of salinity impacts and to produce salinity management
measuras for the developrment aptions. Such monitoring should ideally be undortakan during
the conslruction perind, and for o poriod of at least 6 manths after complction of construction
(subject to reviow of results),

Utllisation of any existing pluzormeters prier to construction, plus installation of piezometers in
arcas where they will nol be destroyed by the construction will asgist in recording trends in
groundwater depth and quality, Such data can be used to asgess whethor or not any
supplementary drainage measures might be roguired. Typically auch pierameters would be
primarily located in the lower landscape with a couple of piezometers located higher in the
landscapa for groundwalor profiling purposes.

The monlloting frequancy for the piezormcters would typically be monthly during conslruction,
drapping o yuarterly afterwards.

The monitoring results should be assessed by a geotechnlcal cngineer experienced in salinity
managomeant.
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IS GHD GEOTECHNICS
GENERAL NOTES (ETTT) Soscot soirs ecchic Exchowia,

www. ghd.com.au/ghdgeatechnics

The report contains the results of a geotechnical investigation conducted for a specific purpose and client. The results
should not be used by other parties, or for other purposes, as they may contain neither adequate nor appropriate
information. In particular, the investigation does not cover contamination issues unless specifically required to do so by the
client.

TEST HOLE LOGGING

The information on the test hole logs (boreholes, test pits, exposures elc.) is based on a visual and tactile assessment,
excepl at the discrete locations where test information is available (field and/or laboratory results). The test hole logs include
both factual data and inferred information. Moreover, the location of test holes should be considered approximate, uniess
noted otherwise (refer report). Reference should also be made to the relevant standard sheets for the explanation of logging
procedures (Soil and Rock Descriptions, Core Log Sheet Notes efc.).

GROUNDWATER

Unless otherwise indicated, the water levels presented on the test hole logs are the levels of free water or seepage in the
test hole recorded at the given time of measuring. The actual groundwater level may differ from this recorded level
depending on material permeabilities (i.e. depending on response time of the measuring instrument). Further, variations of
this level could occur with time due to such effects as seasonal, environmental and tidal fluctuations or construction
activities. Confirmation of groundwater levels, phreatic surfaces or piezometric pressures can only be made by appropriate
instrumentation techniques and monitoring programmes.

INTERPRETATION OF RESULTS

The discussion or recommendations contained within this report normally are based on a site evaluation from discrete test
hole data, often with only approximate locations (e.g. GPS). Generalised, idealised or inferred subsurface conditions
(including any geotechnical cross-sections) have been assumed or prepared by interpolation and/or extrapolation of these
data. As such these conditions are an interpretation and must be considered as a guide only.

CHANGE IN CONDITIONS

Local variations or anomalies in the generalised ground conditions do occur in the natural environment, particularly between
discrete test hole locations. Additionally, certain design or construction procedures may have been assumed in assessing
the soil-structure interaction behaviour of the site. Furthermore, conditions may change at the site from those encountered at
the time of the geotechnical investigation through construetion activities and constantly changing natural forces.

Any change in design, in construction methods, or in ground conditions as noted during construction, from those assumed or
reported should be referred to this firm for appropriate assessment and comment.

GEOTECHNICAL VERIFICATION

Verification of the geotechnical assumptions and/or model is an integral part of the design process - investigation,
construction verification, and performance monitoring. Variability is a feature of the natural environment and, in many
instances, verification of soll or reck quality, or foundation levels, is required. There may be a requirement to extend
foundation depths, to modify a foundation system and/or to eonduct menitoring as a result of this natural vartability.
Allowance for verification by appropriate geotechnical personnel must be recognised and programmed for construetion.

FOUNDATIONS

Where referred to in the report, the soll or rock quality, or the recommended depth of any foundation (piles, caissons,
footings etc.) is an engineering estimate. The estimate is influenced, and perhaps limited, by the fieldwork method and
testing carried out in connection with the site investigation, and other pertinent information as has been made available. The
material quality and/er foundation depth remains, however, an estimate and therefore liable to variation. Foundation
drawings, designs and specifications should provide for variations in the final depth, depending upen the ground conditions
at each point of support, and allew for geotechnical verification.

CLIMATE CHANGE

GHD Geotechnics acknowledges the occurrence of ongeing climate change. Cognisance is given to climate change issues
as may be applicable to specific geotechnical investigations and assessments.

REPRODUCTION OF REPORTS

Where itis desired to reproduce the information contained in our geotechnical report, or other technical information, for the
Inclusion in contract documents or engineering specification of the subject development, such reproductions must include at
least all of the relevant test hole and test data, together with the appropriate Standard Description sheets and remarks made
in the written report of a factual or descriptive nature.

Reports are the subject of copyright and shall not be reproduced either totally or in part without the express permission of
GHD.
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GENERAL

Samples extracted during the fieldwork stage of a site investigation may be “disturbed” or “undisturbed” (as
generally indicated on the trial hole logs) depending upon the nature and purpose of the sample as well as the
method of extraction, transportation, extrusion and testing. This aspect should be taken into account when
assessing test results, which must of necessity reflect the effects of such disturbance.

All soll properties (as measured by laboratory testing) exhibit inherent variability and thus a certain statistical
number of tests is required in order to predict an average property with any degree of confidence. The site
variability of soil strata, future changes in moisture and other conditions and the discrete sampling positions
must also be considered when assessing the representative nature of the laboratory programme.

Certain laboratory test results provide interpreted soil properties as derived by conventional mathematical
procedures. The applicability of such properties to engineering design must be assessed with due regard to the
site, sample condition, procedure and project in hand.

TESTING

Laboratory testing is normally carried out in accordance with Australian Standard AS 1289 as amended, or RTA
Standards when specified. The routine Australian Standard tests are as follows -

Moisture Content

Liquid Limit

Plastic Limit

Plasticity Index

Linear Shrinkage
Particle Density

Particle Size Distribution
Emerson Class Number
Percent Dispersion
Pinhole Dispersion Classification
Hole Erosion (HE)

No Erosion Filter (NEF)
Organic Matter

Sulphate Content

pH Value

Resistivity

Standard Compaction
Modified Compaction
Dry Density Ratio
Minimum Density
Density Index

California Bearing Ratio
Shear Box

Undrained Triaxial Shear
One Dimensional Consolidation
Permeability Testing

AS128921.1
AS12893.1.1)

AS12893.2.1 ) collectively known as Atterberg Limits
AS1289331)

AS12893.41

A51289 3.5.1
AS512893.6.1,3.6.2and 36.3
AS12893.8.1)

AS1289 3.8.2 ) collectively, Dispersive Classification
AS1289383)

GHD Method

GHD Method

AS512894.1.1

AS512894.21

AS512894.3.1

AS12894.4.1

AS1289511

AS5128952.1

AS51289 5.4.1

AS128955.1

AS12895.6.1
AS512896.1.1and 6.1.2
AS12896.2.2
AS12896.4.1and 6.4.2
AS1289 6.6.1
A512896.7.1,6.7.2and 6.7.3

;Jr\:'hara tﬂrfts are used which are not covered by appropriate standard procedures, details are given in
e report.

LABORATORY
Our laboratory is NATA accredited to AS 1SO / IEC17025 for the listed tests,

The cedometer, triaxial and shear box equipment are fully automated for continuous operation using computer
controlled data acquisition, processing and plotting systems.
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Appendix A
Site Salinity Walkover Photographs

P1 - P13

MATA RS2 Koy 1 Morsden Pirk Employmant Precingct
KT Slinlly Axaepmang



T

1 Haad of Lower landicape valley in Upper landseape east of Quarry. View north from seesss raad Ovorland water Nlaw

and swale appear assoclated with quarry operations, Couch grass saline Indicator spacies, Soll sample 551 water samples
SW1 (foreground) and SW2 sbove swale in backgraund,

SOV W Ree 3 GREL S
P2 Acteiy road sast of Chiarry, View east, Overland

low water emerging to pond south of the quarry aeceds aad. Soll
sample 852 water sample W31,
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Soll tample 553 water sampla SW4

P 5 View 1o south easi fram NW cormer of the cho towards QU stoc |.“,|||---. r)ﬂﬂr' trees i""“lhl\' waallne affectod



P & Lowor landseape east of Quarry and west of Richmand Road Waterlogged ground below dam. Saline Indicator
species Casuaring Glauca and Juncus Acutus, SWS at pond above road draln eulvert Inlet.,
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"7 Lower landscape east of Quarry, Close up on Juncus Acutus
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P10 View north townids area near seuth eastern border of the site. Road atce s thrau
denied. Note Casuarina Glauca lining the Eastern Creek banks in the background,
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P 11 Close Up of Casumiing Glauca along Eastern Croek
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