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Executive Summary

The City of Melville commissioned GHD to undertake a Preliminary Site Investigation (PSI) of the
Heathcote Lower Land Reserves, Lots 300, 302 and 304, Melville (hereafter referred to as ‘the Site’).

The Site is currently used as public open space and is proposed to be used for the establishment of
artificial wetlands.

The objective of this PSI was to investigate the land use history of the Site in order to identify the
presence of historical wetlands for possible reinstatement, and the suitability of the soils for wetland
reconstruction. In addition, the PSI considered any existing or past practices that could have caused
known or potential soil and/or groundwater contamination at the Site that may prevent the establishment
of wetlands.

The scope of work included:

» Assessment of available information for the Site (history, geology/ hydrogeology, government
databases).

» A site walkover

»  Limited soil and groundwater sampling program was carried out to assess lithological and
hydrological characteristics of the Site and to assess the soils and groundwater for the presence of
potential contamination and Acid Sulfate Soils.

The following conclusions are drawn from this investigation:

» The historical Certificates of Title review does not indicate any former land use that may be expected
to lead to potential contamination at the Site (however, titles could only be obtained dating back to
1990 and no previous titles were available before this date).

» A review of aerial photography, (post 1947), indicated that an area of Lot 300 may have operated as
a market garden from about 1947 and that these market gardens were present on the Site until 1970.
Three buildings, which were used as doctor’'s and matron’s residences as part of the Heathcote
Institutional Facility, were built between 1953 and 1959 on lot 300. These buildings were demolished
between 1995 and 2000. The remainder of the Site has remained undeveloped since 1947.

» The aerial photographs indicate the possible presence of low lying drainage areas in the western
portion of Lot 300 prior to 1959. This drainage area has been filled since this time as part of the
establishment of the adjacent Coffee Point.

» The presence of market gardens onsite and potential importation of fill on the adjacent Coffee Point,
represent possible sources of contamination.

» Field sampling and laboratory analysis of soil samples to determine the presence of any potential
contamination associated with former use as a market garden (as per DEC Potentially Contaminating
Activities, Industries and Landuses (DoE, 2004b)) was undertaken (analysis included a range of
metals and organic compounds including pesticides). The results of laboratory analysis of samples
taken indicate that the organic compounds are below laboratory detection levels, and levels of metals
are below relevant guideline standards.
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» The low lying portion of the Site is located in a moderate to low ASS risk area (from published ASS
mapping). Samples collected in the field from below 1.75 m BGL were found to display
characteristics that indicate a potential presence of ASS.

» The results of groundwater analysis for monitoring well CM02 are consistent with the findings of soll
sample analysis from the same borehole, which indicates presence of ASS at 1.75 m BGL. However,
the groundwater results do not indicate ASS is widespread across the Site as samples from the other
two boreholes did not contain geochemical markers of AS.

» Groundwater samples exhibited slightly acidic to neutral conditions, however the total alkalinity levels
were consistently higher than total acidity levels. Itis therefore likely that sufficient buffering capacity
exists to prevent acidification of groundwater.

From the conclusions made from the investigation the following interim recommendations are made:

» Additional soil and groundwater sampling investigation be conducted in Lot 300 to assess the
potential impacts of ASS and determine any necessary remediation or management implications.

» Bi-annual groundwater monitoring of monitoring wells be conducted at least for one year.

61/21691/82017 Heathcote Lower Land
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1. Introduction

The City of Melville commissioned GHD to undertake a Preliminary Site Investigation (PSI) of the
Heathcote Lower Land Reserves, Lots 300, 302 and 304, Melville (hereafter referred to as ‘the Site’).
The Site location is shown in Figure 1. The Site is currently used as public open space and is proposed
to be used for the establishment of artificial wetlands to improve visual aesthetics and ecological value.

The City of Melville is preparing a master plan for the Heathcote Lower Land and adjacent reserves, and
in so doing is sourcing updated studies and information to inform community workshops for the future
development of the plan.

Heathcote is a former State Hospital situated on Point Heathcote occupying a prominent position on the
bank of the Swan River in the City of Melville.

The upper land was redeveloped in 2000 via an adaptation and reuse of the heritage buildings existing
on the site for a range of uses including a state of the art playground facility, museum, child care
facilities, community arts, learning centre and restaurants.

The lower land (in which the Site lies) has remained undeveloped and recently was transferred from the
State Government of Western Australia and vested with the City of Melville for management and
administration purposes. The subject land will add a significant area of land to the foreshore reservation
to complement the well used upper land at Heathcote Point. The additional land area has recreation,
landscape and aesthetic benefits for the community in general and the City of Melville in particular.

This PSI has been undertaken with reference to the Department of Environment and Conservation (DEC)
Contaminated Sites Management Series Guidelines.

1.1 Objectives

The objective of this PSI was to investigate the land use history of the Site in order to identify the
presence of historical wetlands for possible reinstatement at the Site and the suitability of the soils for
wetland reconstruction.

In addition, the PSI considered any existing or past practices that could have caused known or potential
soil and/or groundwater contamination at the Site that may prevent the establishment of wetlands.
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2.

Scope of Work

The scope of work completed by GHD in accordance with proposal reference number
61/09058/93/71943 and is described in the following sub-sections.

2.1 Desktop Study

Collation of available information was undertaken to provide evidence of possible past or present
potential contamination issues and potential constraints on development at the Site, and includes the
following:

»

»

»

»

»

»

»

»

»

»

»

A search of current and historical Title Deeds to determine past owners of the Site, and the likely
associated site uses and a review of these against the DEC Potentially Contaminating Activities,
Industries and Landuses Guideline;

A review, on a ten year basis (if available), of historical aerial photographs showing the Site, to assist
in establishing the patterns of site development over time;

A review of any available historical site plans provided to GHD, to help identify the nature and
location of any potential contaminant sources at the Site;

A review of any information made available to GHD, which documents historical spills, waste
disposal, or other potentially contaminating activities at the Site;

A review of surrounding land uses to assess potentially sensitive environmental and human health
receptors to any potential contamination and to assess land uses that have the potential to affect the
Site;

A review of the local topography and surface waters to identify potential contaminant receptors
should the Site be found to be a source of contamination;

A review of regional geology and hydrogeology, which will assist in determining the likely soil type
and groundwater regime at the Site, including review of Department of Water Bore Search to
ascertain local hydrogeological conditions;

A Department of Consumer and Employment Protection (DoCEP) Dangerous Goods Licence
Freedom of Information (FOI) search to ascertain whether underground storage tanks (USTs) are
present at the property;

An Acid Sulphate Soils (ASS) Desktop review to assess the potential for ASS to be present beneath
the Site and the potential effects or limitations on redevelopment;

A search of the DEC Contaminated Sites Register to ascertain whether the Site or surrounding
properties have been registered as contaminated sites; and

A review of Aboriginal and European Heritage published databases, to determine potential
constraints on development.
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2.2 Site Inspection and Limited Sampling

A site walkover and a limited soil and groundwater sampling program was undertaken to assess
lithological and hydrological characteristics at the Site and to assess the soils and groundwater for the
presence of potential contamination and ASS. The scope of this investigation is outlined below:

»  Soil investigation, including drilling 5 boreholes to an approximate depth of 3m across the site, for
assessment of soil type including evidence of typical wetland sediments;

»  Collection of soil samples and laboratory analysis for contamination and acid sulphate soils;
»  Hydrological assessment, including installing groundwater monitoring wells into the three boreholes;

»  Collection of at least one round of groundwater samples for contamination and acidification risk, and
to provide baseline data for ongoing monitoring.

2.3 Reporting

This PSI has been prepared with reference to the DEC guidelines, and its main aim is to indicate areas
that may have the potential to adversely impact wetland construction, and/or require further investigation
or remediation under the Contaminated Sites Act 2003.

61/21691/82017 Heathcote Lower Land
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3. Site Characterisation

3.1 Legal Identification
The legal description of the Site is reported in Table 1.
Copies of the Certificates of Title from which this information has been obtained are presented in

Appendix A.

Table 1 Site Details

Lot 300 Lot 302 Lot 304

Street Address: 66 Duncraig Road, 56-100 Duncraig Road, 60 Duncraig Road,
Applecross Applecross Applecross
(Reserve 48970) (Reserve 32738) (Reserve 47152)

Legal Description: Lot 300 on deposited Lot 302 on deposited Lot 304 on deposited
plan 44663 plan 44663 plan 44663

Certificates of Title: Volume: LR3135 Volume: LR3135 Volume: LR3135
Folio: 658 Folio: 660 Folio: 662

Zoning: Reserve

Local Government City of Melville

Authority:

Ownership: Crown Reserve

Current Land Use: Reserve Under Management Order

3.2 Site Description

The Site layout is shown in Figure 2. The Site comprises three lots (Lot 300, Lot 302, and Lot 304)
adjacent to the Swan River, which are collectively known as the Heathcote Lower Land. The Site is
located on approximately 5.8 ha, which comprises 2.9 ha of flat land and a 2.9 ha escarpment.

» Lot 300 is the eastern-most lot and is adjacent to the South of Perth Yacht Club. This lot consists of
a large open grassed area, reserved as public open space, with the remaining area covered by
sparse native vegetation.

» Lot 302 is located on the northern boundary of the Site and comprises a long, thin area of river
foreshore and consists of sandy beaches with some areas of sparse native vegetation.

» Lot 304 is an area of steep escarpment, adjacent to the Heathcote Upper Lands. This lot is
predominantly covered by native vegetation.

There are several small, dirt tracks running throughout each of the lots. There are currently no buildings
present on any of the lots. Approximately 50% of the Site consists of grassed public open space areas,
with the remainder of the Site covered by remnant native bushland.

61/21691/82017 Heathcote Lower Land
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3.3 Surrounding Land Use

The surrounding land uses are summarised below:

North: The Site is bound to the north by the Swan River.

South: The Site is bound to the south by Duncraig Road and the Heathcote Upper Land, consisting
a playground, child care facilities, community arts, learning centre and restaurants.
Immediately south of Duncraig Road is existing residential land use.

East: The Site is bound to the east by the South of Perth Yacht Club and the Swan River.

West: The Site is bound to the west by the Heathcote Upper Land and the Swan River.

34 Climate

The area has a Mediterranean climate with hot dry summers and cool, wet winters. The closest
meteorological monitoring station is Perth Airport. The recorded climate data from this source is
summarised in Table 2.

Table 2 Climate information from Perth Airport Weather Station
Station Mean Annual Mean Annual Mean Annual Mean Annual
Minimum Maximum Rainfall Rain Days
Temperature Temperature
Range Range
8.0C (August) to 17.9'C (July) to 784.0 mm 87.2

Perth Airport

17.4°C (February)

31.8'C (February)

(Source: Bureau of Meteorology Climatic Averages of Australian Sites, 2008)

3.5 Topography

The ground level of Lot 300 is relatively low-lying and flat with an elevation of approximately 2 m AHD
(Australian Height Datum) (DoE, 2004a). Lots 302 and 304 are located on a steep slope with an
elevation ranging from 2 m AHD in the northern portion of the lots to 16m AHD in the southern portion of
the lots (DoE, 2004a).

3.6 Geology

The shallow geology of the Site comprises three superficial geological units of Quaternary age. These
are described by the Geological Survey of Western Australia (Gozzard, 1983) as:

» S;  SAND - pale yellowish brown, medium to coarse-grained, sub-angular quartz, trace of feldspar,
moderately sorted, or residual origin.

» Sis  SAND - pale grey to white, medium-grained, sub-angular, quartz and feldspar, well sorted,
abundant whole and broken bivalve and gastropod shells, of alluvial origin.

» LS; LIMESTONE - pale yellowish brown, fine to coarse-grained, sub-angular to well rounded,
quartz, trace of feldspar, shell debris, variably lithified, surface kankar, of eolian origin.

The S; and S14 geological units are located on the river foreshore areas of the Site and overlay the LS,
geological unit. The remainder of the Site comprises the LS; geological unit.

Heathcote Lower Land 5
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3.7 Hydrology and Hydrogeology

3.7.1 Groundwater

The Perth Groundwater Atlas (DoE, 2004a) indicates the Site is located on the Superficial Aquifer which
is approximately 20 m thick. Groundwater at the Site is typically between 1 to 12 m below ground level
(bgl) the variation being related to topography and is equivalent to 1m AHD. Groundwater is assumedly
flowing with the regional groundwater flow direction which is northerly towards the Swan River. The DowW
Perth Groundwater Atlas indicates that groundwater levels in the Perth Metropolitan Region may
fluctuate between 0.5m and 3m due to seasonal variation however, based on historical groundwater
data, seasonal groundwater fluctuations of less than 0.5m are expected (DoW, 2008). Given the
proximity of the Swan River it is likely that the superficial aquifer is influenced by tidal fluctuation.

3.7.2 Surface Water

The main surface water drainage feature within the vicinity of the Site is the Swan River, which is
adjacent to the northern and eastern boundaries of the Site. It is anticipated that local groundwater flow
will be northerly towards this water body.

There are no surface water features present directly on the Site; however seasonal inundation of the low-
lying areas of Lot 300 may occur during periods of flood and/or high tides.

3.8 Preliminary Acid Sulphate Soils Assessment

The Western Australian Planning Commission’s (WAPC) publication Planning Bulletin Number 64 Acid
Sulphate Soils states that developers, planners and the community need to be aware of the implication of
the presence of Acid Sulphate Soils (ASS) and the management processes required to avoid their
potential adverse effects on the environment and infrastructure (WAPC, 2007).

The Planning Bulletin 64 indicates that the majority of Lot 300, and a small portion of Lots 302 and 304
are located in an area of “moderate to low risk of ASS occurring within 3 m of natural soil surface”
(WAPC, 2007). Due to this risk rating for the area, intrusive investigation is required in order to quantify
the acid generating potential of the material. If acid generating material is identified at the Site,
management measures may need to be adopted should the material be disturbed during wetland
creation to reduce the potential for negative environmental impacts occurring.

The Planning Bulletin 64 indicates that the remainder of the Site, which is predominantly the steep
escarpment, is located in a “no known risk of ASS occurring within 3 m of natural soil surface (or
deeper)” (WAPC, 2007). This is due to the high elevation, geology comprising limestone, and the low risk
of altering groundwater levels due to the significant depth to groundwater.

This area therefore is unlikely to require investigation with respect to ASS.

3.9 DEC Contaminated Sites Database

The DEC Contaminated Sites Database presents information on known or suspected contaminated sites
that have been classified by the DEC as one of the following categories:

» Contaminated - remediation required;

»  Contaminated — restricted use; or

61/21691/82017 Hea_thf:ote L(_)wer Lan_d _ 6
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» Remediated for restricted use.

A search of the DEC Contaminated Sites Database shows that the Site and immediate surrounds have
not been reported as known contaminated sites at the time of the search (21 October 2008). The results
from the Contaminated Sites Database search are provided in Appendix B.

3.10 Heritage Searches

3.10.1 Non-Indigenous Australian Heritage

A search of the Western Australian Heritage Council’s Heritage Places Database recorded one Heritage
Place present on the Site, the Heathcote Hospital (Place No: 03289). The Heathcote Hospital was
formerly used as psychiatric facility and encompasses the lower and upper lands of Point Heathcote.

Further details about the Heritage Place are provided in Appendix C.

3.10.2 Indigenous Australian Heritage

The Aboriginal Sites Register is held under the State’s Aboriginal Heritage Act 1972. It protects places
and objects customarily used by, or traditional to, the original inhabitants of Australia.

A search of the Department of Indigenous Affairs Aboriginal Heritage Inquiry System recorded one
Aboriginal Heritage Site within the project area (Goolugtup) and one Aboriginal Heritage Site adjacent to
the project area (Swan River). GHD commissioned The Fisher Research Pty Ltd (2008) report to
undertake further investigation into the Aboriginal significance of the Site. Fisher Research Pty Ltd (2008)
identified that due to the high Aboriginal significance of the Site, an application will need to be lodged
with the Department of Indigenous Affairs before any ground disturbing activity is undertaken at the Site.

Details of the Aboriginal Heritage Site are listed in Table 3 below. Further details about the Aboriginal
Heritage Sites are provided in Appendix C.

Table 3 Aboriginal Heritage Registered Sites in the Vicinity of the Site

Site ID Site Name Site Type Additional Info Status

18623 Goolugtup Ceremonial, Ochre, Birthplace, Meeting Permanent Register
Mythological, Place, Plant Resource, (as assessed by Site
Historical Camp, Hunting Place, Assessment Group)

Named Place, Natural
Feature, Water Source

3536 Swan River Mythological Permanent Register

3.11  Sensitive Receptors

A Department of Water (DoW) bore database search indicates that there are 73 registered bores located
within a 1 km radius of the Site, the majority of which are privately owned for domestic/irrigation
purposes. One bore is located onsite and is owned by the Heathcote Hospital for irrigation purposes. The
nearest offsite bore is located approximately 25 m east of the Site and is owned by South Perth Yacht
Club with its use unknown. The bore locations are shown in Appendix D. It is pertinent to note that
unregistered bores may exist around the Site which could potentially be used for potable water supply.

61/21691/82017 Hea_thf:ote L(_)wer Lan_d _ 7
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In addition to groundwater bores, the Swan River is located adjacent to the northern and eastern
boundaries of the Site.

The nearest and most critical beneficial use of groundwater is anticipated to be:
»  The use of domestic and commercial bores for irrigation and potable use; and
» Aguatic ecosystem (Swan River).

The nature of the Site’s soils and shallow aquifer mean that any significant quantity of mobile
contaminant that is spilt or discharged at the Site is likely to migrate vertically to groundwater. The
cavernous nature of the underlying limestone may provide preferential flow paths for potentially
contaminated groundwater to spread to greater distances.

The nearest human receptors to any potential contamination on the Site are:
»  Visitors to the Site;
»  Workers during construction of the artificial wetlands; and

»  Offsite: adjacent residents.

61/21691/82017 Heathcote Lower Land
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4.  Site History

4.1 Aerial Photography

A review of historical aerial photographs (1947, 1953, 1959, 1965, 1970, 1975, 1981, 1985, 1989, 1995
and 2000) was undertaken to assist in determining patterns in Site development. A summary of aerial
photographs is provided below. Aerial photographs are presented in Appendix E.

411 5" December 1947

Native vegetation is present on Lot 302. Lots 300 and 304 appear to be partially cleared of native
vegetation, with a small area that appears to be a market garden in the south-west corner of the Site. A
low lying drainage area appears present on the western boundary of Lot 300.

Various buildings and infrastructure are present on the adjacent Heathcote Upper Lands. South of
Heathcote is a large area of native vegetation.

4.1.2 6" November 1953

Lot 302 appears unchanged from previous photograph. A larger area of Lots 300 and 304 has been
cleared of native vegetation.

Residential development has increased in surrounding sites around the river.

413 6" June 1959

Lots 302 and 304 appear unchanged from the previous photograph. Three buildings are present in the
southern portion of Lot 300. The low lying drainage area is no longer evident on Lot 300. This area
appears to be filled for the establishment of the adjacent Coffee Point.

An area of river to the east of the Site has been filled to create Coffee Point.

41.4 9" March 1965

Lots 302 and 304 appear unchanged from the previous photograph. A large unvegetated area is present
in the northern portion of Lot 300.

Several buildings and jetty’s are present on Coffee Point. Residential development has increased in the
areas surrounding the Site.

415 19" October 1970

Lot 302 appears unchanged from the previous photograph. The southern portion of Lots 300 and 304 no
longer appear to be used for market gardening. This area now appears to be vacant land.

The area to the south of Duncraig Road has been cleared and developed. A new building is present on
the Heathcote Upper Lands near the south-west boundary of Lot 304.

41.6 11" June 1975

No visible change from previous photograph.

61/21691/82017 Heathcote Lower Land
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13" June 1981

4.1.7

Lot 302 appears unchanged from the previous photograph. More vegetation appears present in the
southern portion of Lots 300 and 304 in the area previously used as potential market gardens.

A number of new buildings are present adjacent to the south-west boundary of Lots 302 and 304.

4.1.8  20™ April 1985

No visible change from previous photograph.

419 20" December 1989

No visible change from previous photograph.

4.1.10 6" January 1995

No visible change from previous photograph.

4111 2000

Lots 302 and 304 appear unchanged from the previous photograph. Buildings in the southern portion of
Lot 304 are no longer present.

4.2 Certificates of Title

GHD have reviewed Certificate of Title deeds supplied by the Department of Land Information that
document changes in land ownership. Details of the Site ownership history are summarised in Table 4
below and the title deeds are presented in Appendix A.

Table 4 Summary of Lot Ownership
Lot Volume-Folio  Date Registered Proprietor
300 LR3135-658 29/11/2006 Crown Land — Primary Interest Holder: City of Melville
LR3135-425 20/04/2005 Crown Land — Primary Interest Holder: State of Western
Australia
LR3129-190 21/12/2004 Crown Land — Primary Interest Holder: State of Western
Australia
LR3120-941 24/10/2002 Crown Land — Primary Interest Holder: State of Western
Australia
1869-685 28/05/1990 Crown Land — Minister for Works
302 LR3135-660 20/04/2005 Crown Land — Primary Interest Holder: City of Melville
304 LR3135-662 29/11/2006 Crown Land — Primary Interest Holder: City of Melville
LR3131-424 20/04/2005 Crown Land — Primary Interest Holder: State of Western
Australia
LR3129-190 21/12/2004 Crown Land — Primary Interest Holder: State of Western

61/21691/82017
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Lot Volume-Folio  Date Registered Proprietor

Australia

LR3120-941 24/10/2002 Crown Land — Primary Interest Holder: State of Western
Australia

1869-685 28/05/1990 Crown Land — Minister for Works

From the information contained within the title deeds it would appear that the Site has historically been
reserved as Crown Land for the purpose of a reserve for recreation, and there is no indication of former
use that may lead to potential contamination at the Site. However, titles could only be obtained dating
back to 1990 and no previous titles were available before this date.

4.3 Dangerous Goods

A search was lodged with the Department of Consumer and Employment Protection (DoCEP) under the
Freedom of Information Act (1992) to determine whether any potentially hazardous materials have been
licensed for use at or storage at the Site.

The search failed to locate any documentation containing information relating to the Site. It should be
noted that although no documentation could be located by DoCEP, there is still potential for historic
storage of dangerous goods at the Site. Documentation provided by DoCEP is provided in Appendix F.

4.4 Melville Discovery Centre

Documentation held by the Melville Discovery Centre was reviewed on 27 November 2008. Based on the
available information a timeline of events occurring at the Site was constructed and is outlined below.

» 1827: Captain James Stirling landed at Point Heathcote during his exploration of the Swan River.
» 1840s: Land used for grazing horses and cattle.

» 1890s: Land subdivided for residential development.

» 1928: Heathcote Hospital opened on the Heathcote Upper Lands.

» 1930s: Original doctor’s residences built (two buildings) on Lot 300.

» 1958: Original matron’s residences built on Lot 300.

» 1962: Land levelled on Lot 300 to provide sports ground for patients.

» 1989: Closure of Heathcote Hospital.

The operation of the Heathcote Hospital may have included waste disposal or an incinerator onsite and
septic systems. However, from the information available no potentially contaminating activities were
noted at the Site.

4.5 Summary of Site History

From the collation of the above data sources, it is considered that potential constraints on the
development of artificial wetlands at the Site may include:

» Potential contamination associated with former use as a market garden as per DEC Potentially
Contaminating Activities, Industries and Landuses (DoE, 2004b) which includes heavy metals,

61/21691/82017 Hea_thf:ote L(_)wer Lan_d _ 1
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»

organochlorine pesticides, organophosphate pesticides, carbonates, total petroleum hydrocarbons,
and monocyclic aromatic hydrocarbons (benzene, toluene, ethylbenzne, and xylene); and

Potential contamination (heavy metals, organochlorine pesticides, organophosphate pesticides,
carbonates, total petroleum hydrocarbons, and monocyclic aromatic hydrocarbons (benzene, toluene,
ethylbenzne, and xylene) associated with fill used in the construction of Coffee Point at the western

junction of Lot 304 and Lot 300.

61/21691/82017 Heathcote Lower Land
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5. Site Conditions

A site inspection by GHD staff was undertaken on March 10, 2009 over Lot 300, Lot 302, and Lot 304
adjacent to the Swan River. A walk through survey was undertaken to assess site conditions.

Most of the Heathcote Lower Land comprises of a large open grassed area (Lot 300) with an abandoned
cricket pitch, reserved as public open space, with the remaining area covered by sparse native
vegetation. During site inspection survey no littering or any other waste was noted at site except the
three piles of recently shredded vegetation, to the east of site, adjacent to the Yacht club (this area is
surrounded by remnant native bushland which terminates at a temporary car park located on south east
side of Lot 300).

Lot 302 is located on the northern boundary of the Site and comprises a long, thin area of river foreshore
and also consists of sandy beaches with sparse native vegetation. A cemented walk and cycle way
demark the Northern boundary of Lot 302. People could be seen during morning hours using this
walkway.

Lot 304 is an area of steep escarpment, adjacent to the Heathcote Upper Lands. This lot is
predominantly covered by native vegetation. There are several small, dirt tracks running throughout each
of the lots. There are currently no buildings present on any of the lots. Approximately 50% of the Site
consists of grassed public open space areas, with the remainder of the Site covered by remnant native
bushland.
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6. Intensive Investigation

A limited soil and groundwater sampling program was undertaken as part of site investigation. This was
carried out to determine the nature of soil/groundwater at the Site with respect to ASS and
pesticides/hydrocarbons.

6.1 Introduction

Detailed ASS site investigations are intended to outline the extent and approximate locations of naturally
occurring soil layers that contain sulphide bearing minerals. ASS is identified as either Actual Acid
Sulphate Soils (AASS) or Potential Acid Sulphate Soils (PASS).

»  AASS contain sulphides that have undergone oxidation, are generally in aerobic conditions and are
already acidic;

» PASS contain un-oxidised sulphides under anaerobic conditions which may become acidic when
disturbed and exposed to oxygen.

» Field and laboratory analyses of soil samples enable the identification of ASS as either PASS or
AASS.

Based on the initial site assessment for the development of the wetland at Point Heathcote, a sampling
plan was devised to investigate soils for ASS according to the expected maximum depths of disturbance.
Upon review of the results of the desktop assessment, and the extent of potential works/dewatering
onsite, GHD determined that 3 bore holes were required to be drilled in order to fully ascertain the extent
of ASS materials on site (and therefore ensure appropriate management strategies are able to be
derived). Boreholes were drilled up to 2.5 metres below the ground level on the assumptions that the
land will be used for development of wetlands and only top soil will be disturbed.

Groundwater sampling was conducted a week after well installation (to allow stabilisation of groundwater
conditions within the wells to occur) to provide baseline groundwater quality data. The wells will be
utilized to conduct ongoing groundwater monitoring pre, during and post- site development.

6.2 Methodology

The site investigation was conducted in accordance with the DEC’s Acid Sulphate Soil Guideline Series,
with particular reference to the guidelines presented in Draft Identification and Investigation of Acid
Sulphate Soils (DoE, 2006a), Guidance for Groundwater Management in Urban Areas on Acid Sulphate
Soils (DoE, 2004b) and the Water Corporation Acid Sulphate Soil and Dewatering Management Strategy
(Parsons Brinkerhoff, 2007).

Boreholes where drilled using a Geoprobe Direct Push Drill Rig. The groundwater monitoring wells were
constructed using Class 18 PVC blank and slotted sections. A gravel pack was inserted around the
slotted section. A bentonite seal was installed above the gravel pack and backfilled to the surface. A
lockable steel monument was installed around the collar.

The new wells were allowed to stand for at least one week prior to purging and sampling.
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6.2.1 Soil Bores and Sample Collection

On the 19" of March 2009, as part of this investigation 3 soil bores were drilled to a depth of 2.5m below
ground level, locations are outlined in Figure 3. Soil samples were taken at depth intervals of 0.5 m.
Groundwater monitoring wells were installed within the boreholes

Once the soil cores were logged, soil samples were collected at 0.25 m depth intervals and placed in zip
lock bags after removing most of the free air. The samples were stored on ice, and delivered to ALS
laboratories who are a National Association Testing Authority (NATA) accredited laboratory for the
analysis.

Quality control sampling comprised the collection of duplicate samples, which is detailed in Section 7.

The bore logs indicate ground conditions at the Site as generally being fine/medium grain grey sand
changing to olive green in colour at approximately 1.5 m. Borehole CM03 did not record the change of
sand to the olive green colour and remained mainly light grey to yellow down the entire gradient.

6.2.2 Soil Sample Analysis

Testing for suspected soil contaminant species included a general heavy metal suite, hydrocarbons
(including BTEX) and a range of pesticides.

Soil sample analysis comprised both pH screening and ASS specific laboratory analyses as outlined in
the DEC'’s Draft Identification and Investigation of Acid Sulphate Soils (DoE, 2004a).

pH screening comprised analysis of natural pH (pH;) and oxidised pH (pHrx) and was conducted by
Analytical Reference Laboratory (ARL). Commonly known as ‘field tests’, these are referred to as pH
screening, the procedure for pH screening is discussed in Hey et al. (2000). The pHsox test mimics what
would occur naturally if the soil were exposed to air.

pH screening provides an indication of the presence of ASS however, the only way to confirm positive
ASS identification is through laboratory analysis using either the Suspension Peroxide Oxidisation,
Combined Acidity and Sulphate (SPOCAS), and/or the Chromium Reducible suites (CRC) of analysis.
The pH; and pHy,x Screening is used as a selection process for this further assessment.

Interpretation of results from pH screening analysis enabled selection of samples for further analysis via
the SPOCAS and CRC method. The SPOCAS method provides quantification of an acidity source.

The samples requiring further laboratory analysis were selected on the following basis:

»  To ensure every major soil type is analysed;
»  To ensure the boundary between each soil horizons’ acidic characteristics can be defined,;
»  Where the difference between pHf and pHfox is 2 or greater (where the pHfox values are <4).

Approximately 50% of the samples that underwent pH screening were analysed for SPOCAS. Samples
assessed using the SPOCAS method give an indication as to the net acidity of all sources including
organics. Discussions with the DEC have indicated that this is the preferred method of analysis as this
method provides a greater understanding of acidity in the soil profile. Therefore, the SPOCAS method
was the primary identifier for potential and actual acidity. CRC is used for the analysis of the complete
oxidized components in the soil, as the SPOCAS results were conclusive CRC analysis was not
undertaken
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The SPOCAS suite of analysis provides a net acidity result. Net Acidity comprises three main
components; titratable actual acidity (TAA), peroxide oxidisable sulphur (POS) and acid neutralising
capacity. These components give an indication of the potential and/or actual acidity of the soil material
under investigation. Examination of these results provides an indication of the type of acidity present, i.e.
actual or potential. TAA can be interpreted as an indication of AASS (derived from all compounds) within
a soil profile. POS can be interpreted as an indication of PASS. ANC is only assessed when the pH is
above 6.5, (ANC analysis was not conducted for this investigation as samples were <6.5 pH).

The Chain of Custody documentation and laboratory certificates for all soil sample analyses are included
as Appendix G and J respectively.

6.3 Results and Discussion

A description of the soil types encountered is presented in Appendix I, a summary of field screening and
laboratory analyses from the detailed ASS investigation is presented in Appendices J. The net acidity
values presented in Appendix J were calculated in accordance with Ahern et al. (2004).

Acid generating material was not indentified in samples from <1.75 m bgl.

6.3.1 pH Screening Results

Generally, the natural pH (pHj) of the soils indicated moderately acidic conditions throughout the profile.
pH; and pHsx results did not significantly differ until approximately 1.75 m in depth. This indicates that
there are marginal amounts of stored acidity in horizons above 1.75 m, but there is limited potential for
acidity to be released through oxidation of the soils. At depths below 1.75 m, oxidation of soil material is
likely to have occurred, as reflected through the difference between pH;and pHi,x as well as titratable
actual acidity and peroxide oxidisable sulphur results.

The lowest natural pH recorded was 4.7 (CMO03 at 2.0 m) and highest 8.8 (CMO01 at 1.5 m). Once the
soils were subject to oxidation, the lowest and highest pH recorded was 2.0 (CMO02 at 2.0, 2.25 and 2.5
m) and 6.9 (CMO01 1.75 m) respectively, with the changes in pH; to pHf,, ranging from 0.3 (CMO03 at 2.0
m) to 4.5 (CM02 at 2.0 and 2.25 m) .

6.3.2 Suspension Peroxide Oxidation Combined Acidity and Sulphate (SPOCAS) Analyses

The results of the laboratory analysis by the SPOCAS method confirm that ASS is present across some
of the site; of the 30 primary samples collected from the field 12 sub samples were analysed for
SPOCAS of these, three samples returned values above the trigger criteria (DEC, 2006) of 18.7 moles
H'/tonne, the highest value being 123 mol H'/tonne. Of the three samples exceeding the criteria two
sample results exceed trigger criteria due to lack of acid neutralising capacity the 3" sample, has
sufficient acid neutralising capacity (even when compared at 10% of actual acid neutralising capacity).

Acid generating material was identified in all three of the soil samples collected from the fine grained
olive grey medium grain size sandy soil present from 1.75m BGL. It is therefore possible that this
material where present across the site contains acid generating sulphide bearing material (PASS).

Soil investigations did not extend below the extent of these olive grey soil layers. For the purposes of
this investigation any soil material below 1.75 m BGL should be considered potentially acid generating.

Localised soil types above this layer contained are potentially ASS; however, the levels are below the
trigger criteria of 18.7 moles H'/tonne and so are unlikely to present a high acidification risk.
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6.3.3 Pesticides Results

In total 6 Composite soil samples were collected from the three boreholes progressed in the field (one
duplicate) for pesticide analysis. Samples were preserved following standard procedures and shipped to
ALS laboratory to conduct analysis to identify presence of any organochlorine pesticides and
organophosphate pesticides. Soil sample analysis results where are compared with the DEC guideline
for EIL's/HIL’s

Of the 6 samples analysed for presence of any pesticides no detectable traces of either organochlorine
pesticides or organophosphate pesticides were present.

A summary of laboratory analysis results is given in Appendix J.

6.3.4 Hydrocarbon Results

In total 6 Composite soil samples (One duplicate) were collected from the three boreholes progressed in
the field. Samples were preserved following standard procedures and shipped to ALS laboratory to
conduct analysis for presence of any hydrocarbon compounds analysis included DRO, GRO and
Benzene, Toluene, Ethylbenzene and Xylenes (BTEX).

Of the 6 samples analysed for presence of any hydrocarbons no detectable traces of either BTEX or
TPH were present.

A summary of laboratory analysis results is given in Appendix J.
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7.  Groundwater Monitoring

Three groundwater monitoring wells were installed as part of the ASS investigation. Where possible for
future monitoring purposes these should be preserved during the construction process or replaced if
destroyed. The locations of the groundwater monitoring wells are shown in Figure 3.

7.1 Methodology

7.1.1 Groundwater Sample Collection

Groundwater monitoring was conducted by GHD staff on March 26", 2009 to collect groundwater
samples utilising the recently constructed wells. Monitoring well locations are presented in Figure 3.
These wells will allow ongoing water quality monitoring pre, during and post development works.

Prior to collecting groundwater samples, the standing water level (SWL) was measured using the depth-
to-water indicator (electrical contact gauge) from the top of the casing. A minimum three well volumes
were then purged using a submersible pump, with the volume purged measured using an appropriately
marked bucket. Field parameters were measured and recorded during purging using a TPS 90FLMV
Water Quality Meter. The field sheets containing observations, groundwater elevations and field
parameter data are provided in Appendix K.

Once the bores were purged, samples were collected directly into clearly marked clean plastic bottles.
On filling, to exclude air, the sample containers were sealed and placed in an esky on ice and chilled until
delivery to ALS laboratory in Malaga for analysis. The containers were packed appropriately to ensure
that no damage to the integrity of the container occurred during transport to the laboratory.

All equipment used for sample collection was decontaminated between wells.

7.1.2 Laboratory Analysis

Water samples were analysed for the acidity suite at ALS (NATA accredited) laboratories for:

»  Total acidity; »  Sulphur;

»  Total alkalinity; »  Total dissolved solids;

»  Conductivity; »  Total suspended solids;

»  Ammonia; »  Major anions;

»  Total nitrogen; »  Major cations;

»  pH; » Dissolved metals (Al, As, Cd, Cr, Fe, Mn, Ni,
Se, Zn); and

»  Total phosphorous; »  Total metals (Al, Fe).

Groundwater samples were not analysed for presence of any pesticides or hydrocarbons due to absence
of any traces of these in collected soil samples.
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7.2 Groundwater Assessment Criteria

7.2.1 ASS Assessment Criteria

According to DoE (2004b), chemical indicators that may indicate that groundwater is being affected by
the oxidation of sulphides include the following:

» A sulphate/chloride ratio of greater than 0.5;

»  An alkalinity/sulphate ratio of less than 5;

» A pH of less than 5;

» A soluble aluminium concentration greater than 1 mg/L; and
»  When total acidity levels are higher than total alkalinity levels.

The DEC has developed a risk ranking scheme based on work by the Swedish EPA to estimate the
vulnerability of groundwater to acidification based on alkalinity and pH as shown in Table 2.

Table 5 Vulnerability of Groundwater to Acidification Risk Ranking Scheme

Alkalinity

Risk Ranking (mg/L) pH Range Description

1. (low) >60 >6.0 Adequate to maintain pH in most circumstances.

2. (moderate) 30-60 55.75 Unllkely to maintain a stable pH in areas with significant
acid leaching.

3. (high) 10-30 5.0-6.0 Unlikely to maintain a stable pH in ASS areas.

4. (very high) <10 <50 May be unsuitable for use because of high metal and

arsenic concentrations.

Source: DoE (2006b)

7.2.2 ANZECC Guidelines

Groundwater quality has primarily been compared to the Fresh Water Guidelines as specified in the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC, 2000)
Groundwater chemistry will also be compared against the Drinking Water Guidelines as outlined in
ANZECC, 2000, due to the proximity of private abstraction boreholes.

7.3 Groundwater Monitoring Results and Discussion

Groundwater chemistry analysis shows that groundwater at the site has marginal acidity present. Similar
results were obtained during the Preliminary ASS investigation conducted in October 2008.

When compared against the Fresh Water Guidelines, background water quality does not meet the
criteria for pH, cadmium, zinc and iron.

A summary of the laboratory analytical results are included in Appendix L.
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731  pH

The results indicate that groundwater quality exhibits slightly acidic to neutral conditions. Field sampling
results recorded pH levels from 5.52 (CM 03) to 6.80 (CM 01) pH units. Laboratory analysis recorded pH
values range from 6.83 (CM 02) to 7.99 (CM 01) pH units.

7.3.2 Total Acidity Levels

Total alkalinity levels were consistently higher than total acidity levels in all wells and are well above the
DEC set ASS trigger levels of 40 mg/L of CaCOa. This suggests that the natural soil conditions are such
that acidity levels are lower than alkalinity levels, good buffering capacity exists and that significant
oxidation of sulphuric materials | situ may not have occurred.

7.3.3 Sulfate: Chloride and Alkalinity:Sulfate Ratios

The sulphate: chloride ratio for all samples from all monitoring wells for all three did not exceed the
trigger level of >0.5.

The alkalinity: sulphate ratio for all samples from all monitoring wells for both GMEs did exceed the
trigger criteria of <5.

7.3.4 Aluminium and Other Metals

Laboratory results of the collected samples indicated that:

»  Dissolved aluminium levels were well within the Fresh Water Guidelines and the ASS assessment
Criteria in all monitoring wells;

»  Dissolved Chromium (Il & VI) levels in monitoring well CM 02 were above the drinking water
guidelines; and

»  Dissolved Iron levels were above the Drinking Water guidelines in monitoring well CMO02.

The results of groundwater analysis for monitoring well CM02 are consistent with the findings of soll
sample analysis which indicates potential presence of ASS at depths of at least 1.75 m BGL.

7.3.5 Groundwater Levels

The groundwater monitoring event (GME) conducted on August 20, 2008 indicated that groundwater was
present at approximately 0.5m BGL.

Table 6 Groundwater Levels

Well ID Easting Northing Depth to Groundwater Depth to Groundwater
(m below collar) (m BGL)

CM 01 50390735 6458691 4.5 4.05

CM 02 50390875 6458579 4.4 4.0

CM 03 50390815 6458488 5.5 5.1

The fluctuations in depth to groundwater recorded during the field investigations are coherent with those
taken from the Perth Groundwater Atlas (DoE, 2004a), showing a northerly flow toward the Swan River.
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8.  Quality Assurance/Quality Control

8.1 Introduction

GHD has reviewed laboratory, and GHD internal quality assurance procedures and results to
demonstrate that analytical data in this report is of a suitable quality to draw conclusions about the
environmental state of the site.

Quality control sampling comprised the collection of one duplicate sample per 20 samples collected. This
complies with AS 4482.1 which recommends one duplicate for each 20 samples taken.

ARL and ALS are accredited by the National Association of Testing Authorities (NATA) for the analyses
performed. The Chain of Custody documentation and internal Quality Assurance results are presented
in Appendix G and H respectively. Quality assurance procedures and results are discussed below.

8.2 Relative Percentage Difference

A quantitative measure of the precision of the analytical results reported is made by calculating the
relative percent differences (RPD’s) between primary and duplicate results in accordance with the
procedure described in AS 4482.1. According to AS 4482.1 typical RPD’s range between 30% and 50%,
however AS 4482.1 recognises that this may be higher for organics and for low concentrations of
analytes

Where a result was reported below the laboratory detection limits for one of the duplicate pair samples,
the sample was assigned a concentration equal to the detection limit for RPD calculation purposes.

8.2.1 Relative Percentage Difference for Soil

The RPD for the majority of parameters were below the limit of reporting, with chromium being the only
anolyte to record a percentage (33%). The RPD are therefore deemed to have an acceptable level of
precision.

8.2.2 Relative Percentage Difference for Groundwater

The RPD for the majority of parameters were 20% or less and are deemed to have an acceptable level of
precision. One RPD of >50% was recorded:

»  The original result for reactive Phosphorous was below the laboratory detection limit and the
duplicate results were for low levels of anolyte, resulting in a calculated RPD of >50%.

In summary, RPD calculations indicate the laboratory results are acceptable for use.
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9. Conceptual Site Model

A conceptual site model identifying potential primary sources of contamination is presented below.

Table 7 Conceptual Site Model Summary

Issue Contaminants of Pathways Receptors

Concern
Heathcote Acid Sulphate Soils Lateral migration via Humans On-site: Construction
Lower Land permeable sand strata. and maintenance workers,

Surface water runoff.

Dermal contact, inhalation
(dust and vapours), and
ingestion

visitors to site

Human Off-site: Down-gradient
residential groundwater bore
users, adjacent residents.

Ecosystems On-site: Flora and
fauna, groundwater

Ecosystems Off-site: Swan River
and surrounding ecosystems
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10. Conclusions

The following conclusions are drawn from this investigation:

»

»

»

»

»

»

The historical Certificates of Title review does not indicate any former land use that may be expected
to lead to potential contamination at the Site. However, titles could only be obtained dating back to
1990 and no previous titles were available before this date.

Aerial photographs indicate the potential for contamination to have occurred on the Site due to the
presence of market gardens onsite and potential importation of fill on the adjacent Coffee Point.

Field sampling efforts to determine presence of any potential contamination associated with former
use as a market garden was undertaken, laboratory results indicate the contaminates analysed for
where not present above detection limits.

The desktop study indicates that the low lying portion of the Site is located in a moderate to low ASS
risk area. This is confirmed by the samples collected in the field which indicate ASS may be present
below 1.75m BGL. Evidence for significant levels of ASS was not detected in soils shallower than
1.75m BGL. .

Collected groundwater samples do not indicate a widespread ASS impact. However, the results of
groundwater analysis for monitoring well CM02 are consistent with the findings of soil sample analysis
which indicates the presence of ASS at 1.75 m BGL.

Groundwater samples were generally of good quality, with only minor exceedances of the drinking
water guideline values for iron and chromium in one sample (CMO02) indicating significant
groundwater contamination is not present.
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11. Recommendations

From the conclusions made from the desktop and field sampling investigation the following
recommendations are made:

» Additional soil and groundwater sampling investigation be conducted in Lot 300 to assess the
potential impacts of ASS and determine any necessary remediation or management implications.

» Bi-annual groundwater monitoring of monitoring wells be conducted for at least one year.

» GHD would be pleased to provide a proposal for the recommended works that have been outlined
above.
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12. Limitations of Report

This report has been prepared by GHD for the City of Melville. No warranties, expressed or implied, are
offered to any third party and no liability will be accepted for the use of this report by any third party.

The work conducted by GHD under this commission has been to the standard that would normally be
expected of professional environmental consulting firm practising in this field in the State of Western
Australia. However, although strenuous effort has been made to assess contamination issues required
by this brief we cannot guarantee that other issues outside of the scope of work undertaken by GHD do
not remain.

An understanding of the Site conditions depends on the integration of many pieces of information, some
regional, some site specific, and some experienced based. Hence, this report should not be altered,
amended or abbreviated, issued in part or issued incomplete in any way without prior checking and
approval by GHD. GHD accepts no responsibility for any circumstances that arise from the issue of this
report that has been modified other than by GHD.

The limitations of this report should be read in conjunction with the entire report.

61/21691/82017 Hea_thf:ote L(_)wer Lan_d _ 25
Preliminary Site Investigation



13. References

Department of Environment. (2004a). Perth Groundwater Atlas. Perth: Department of Environment.

Department of Environment. (2004b). Potentially Contaminating Activities, Industries and Landuses.
Perth: Department of Environment.

Department of Water. (2005). Perth Groundwater Atlas. Department of Water.
http://portal.water.wa.gov.au/portal/page/portal/MapsDataAtlases/PerthGroundwaterAtlas
(Accessed: 5 November 2008).

Fisher Research Pty Ltd. (2008). Report on an Aboriginal heritage survey of the proposed development
at Heathcote Lower Lands, Applecross, City of Melvile, WA. Unpublished report: June 2008.

Gozzard, J.R. (1983). Fremantle Part Sheets 2033 | & 2033 IV, Perth Metropolitan Region,
Environmental Geology Series. Perth: Geological Survey of Western Australia.

Western Australian Planning Commission. (2007). Planning Bulletin Number 64 Acid Sulphate Soils:
Figure 19, Central Metropolitan Region Acid Sulphate Soils. Perth: Western Australian Planning
Commission.

61/21691/82017 Heathcote Lower Land
Preliminary Site Investigation

26


http://portal.water.wa.gov.au/portal/page/portal/MapsDataAtlases/PerthGroundwaterAtlas

e

Figure 1

61/21691/82017

Site Location

Heathcote Lower Land
Preliminary Site Investigation

27



389,500 391,000 392,500
T H 7 T : T — ] ¥ T 5 =Y =
F . : 1 KAR = Sl o i | =1
! s "-t‘ B EREN & 9 St Pedn Lokean®™Bf | b | T R
% 18 I\ 21 sivans Seh Pourt | & & E HamppEN [
(% SWAN ESTUARY MARINE PARK Lo & ’~ Closes [l | < i 0 O 5 L R Il
e (MILYU ) HENSMANM ST Home ot Z 23—‘ £ Euzafl:m 1
e 30 tefinis s = 2 fe!
i 9 8T gjj = b P & g
e real & 3 AL T 0| |2
it =g fiag @, o I AL TR (ET "
'é‘é\ﬁv bl AST ;9 O S & sTn bowls w705 HEN
S e i g 9 2 ib 1S RENWICK |8
=l \ ks e X 0 = 5 ISRy, S{T BEo ) g
Shokaut- . s, i 3 @ Of w 6 Gty of % s
i oo NE; ol
Palican Point el B ' § Blpcy Qe gmﬁn < NORTON
RS f] O S o reth o |Memorial
s SOUTH / 68 8 G o 7 ol
e TCE M P SOUTH
| 2 5 4
2 l? GARDMER &
i % =l Craig'.m.dar"cnn GAHDNEH 2L ar
RY MARINE PARK ‘%' 2 Rlel\llusrs.‘ulﬁlgth 51} .
AN POINT } J.' b = ;r |s-||.w;l.—1r C‘, ] H (!O
. \i : 2 o
\ gc%?f o \ DDMEF‘ é’ﬁ T o/ S/ Mons
‘] Corne | - *‘R‘EHIG ST ; : I AN
o=l g e{ Beach % ERIC ST cg;.“‘_ é BESSH
o e .\\J 3_ A 24 E‘,:;Gnﬁr E ) *
Q\ oty [ *} PRESTOM| ST ©"8" PRESTON < 4 oD
l'. : Wirx.'s': r @ (3] 3 G}'
| W Lodga ( Karalze =< I=
i Ml Tavern HiNen 15 43 RYRIE
I | EonpH ACHEE G i -
:.i S THELMA ST 2\ THEL ST THELN
5 i 'br-m 7 D‘C A 5 kid # | st
ame rchi () w
; i s bc'ré L /6 \ZBRITTAIN ST
w
| ALS ON AV S 18 /] ¥ i
K ¢
: o . Im; 4 1 ay 2 g
_-,,’ b - - R ~ Of]" 2 2] STG
) : /.—' N\“‘. GREENQCK o &AV 4 E?E fl:ﬂ r‘? /ﬂr;q— ELE..#NOI % )
g Melville Water : L m L LAsEncE e
: S o e | § 4= =
groyne 20 | 4 SAUNDERS | sT | &/ savnpgas > o—1-ST 28
; T Hlo = 25 i
£ fn e 3 2 [
?"SPYC'_ {/ 7 2 5-% g/~ w [ameny_sT|f” e
. ) -0/ > Et‘c‘ . SIHE BAUCH
/_f H:g i 8 § cf)ﬁ & Como|  PieS -
~, \C /oM, [/ calE ! ST House] 5
i 53 H
N e EE & - 8l .
\ ‘WMloied= = W 2 >/ COoLIDGE ST & o Sl
o R : W\es e O g 7 s
! ia;&* “‘1‘ Coffze Pt : ] ﬂ o |' {%.{;g‘_“ i__.* aolidge 1‘3 ¥ E ale
% N \: HET sT 545 @fReseve HENLEY L N R
g = - 1 i K*® Cagavan 7
z, BD 2} % o <[ CY Rgs
2 : N 6], E = 4
Pt Dundas g, e = \r'-, 5 CHAWS fﬁ%,
boardwalk = % s ! \ = ’5’.?
i = | ; 2 \_—~_ ) |BICKLE 2
-2 B\ : 5 | MeDougali
i ualllh Cike 'IBLIS ST@“" MODOUGALL 21 pa:}? "N_Ers?nug? aHome &
i pp.e;cms Transfer o T n*é KELSALy #
% RIMERMA S lion ] o) ) o 2
; A e“gf-‘#:“é“g‘-i” — Canning Ilgridge\- © | DAVILAK 2 ST D1 DAVILAL o %
E E_r: i ] % -; - ﬂ.mlaufoss 22 n'::' e = —_“Q k 8 PHILP AY %
; = 2 %\‘“0‘ S0 N Prim Seh E Ll e——— RD i o % 7 Q PETHE
f & of ¢ e ¥ - &g g g£.°% g e
B & o KISHORN , = P e 2 : WOOLTANA ST
[t bt z ol E
H DEE RS oNT &) E 0
H on e el g o <. L7 A e -
J APELECROSS &S 2N, 1 NN LG | SR oo
g i e # 9 ko T 23 Mannin = g
B I 3 > (@ © 1 whisy S @ snuash San_iul_r < |HENK B
3 % A, B ) %\ g = H[END]", Citizans s
( 1 I'.I_ "g__ € L
Cinr T . Fie| B S IR )
Uto Leda ' . l 11 lavefn
& o HELM o ] ¥kl o= PaTERsON 0D
Y ot : L Water skiing srea H \ 55 z
= *""“9 @ MAapa g % a v woskends dr‘{‘l public 3 |: gé 3 § b = Akt Fiis X
o, & T N | holidays anby E:(fé 2 ';'9 b ,;_,g o im Sch
& ﬁo ! beat rafp Pete] Amey QUG ENT] e
0] i Homa_ 4 Wy
" oD [sT# v O = * 553, Jvonsss
% ; s 2| Hlpndge O
P i H A MPark )
2. ‘ § ¥ b 10 % LTER Jurlﬁ 8
= H w zl5)s 4 Lodg
(o) ‘ll aZ|® tz‘a‘
‘\ § ‘:é, “$ ,:-,":.\@‘
’ "; P ewood Leslig ;.r.’_
& HostG nd Units @ Nursing ‘eme :
p ROEBLICK = DR =
e =
.S? Af-plwrm I Wikt & =
. g, Village G H\ (]
/ o 1??-:) ‘th %{C{:‘CK q.;‘ HEs _— 3{» i LETC|
. | 1 iy
s § S Beden i/ ‘55?(3 e IER ROINT
% o X ¢ Wya 6162 5
A % h n‘} 3 2 % I
7 g B0, 7 e > : 2| "
Q? £ N B0 o @ L—D‘SJ' = o] =+
Ak A WSS, 25N 2 ® =
P [ R b= ; o
Ly & ot rgz%ﬁ- o T . o ®Aquings "o oo.G =4
. =] > SR ! lnoppiE fl© z| 17 |3 4 A Collage _ poatshed” o | UNWIH
389,500 391,000
LEGEND
[ study Area - GHD - 20080402
1:15,000 (at A3) H City of Melville Job Number | 61-21691
0 75 150 300 450 600 Heathcote Lower Land Analysis Revision |0
o — ] Date | 03 NOV 2008
Metres - -
Map Projection: Transverse Mercator ~ Slte Locatlon

Horizontal Datum: Geocentric Datum of Australia
Grid: Map Grid of Australia 1994, Zone 50

CLIENTS PEOPLE‘PERFORMANCE

Figure 1

G:\61\21691\GIS\mxds\6121691-G003.mxd

239 Adelaide Terrace Perth WA 6004 Australia

T 61862228222 F 6186222 8555

© 2008. While GHD has taken care to ensure the accuracy of this product, GHD and Landgate make no representations or warranties about its accuracy, completeness or suitability for any particular purpose. GHD and Landgate cannot accept liability
of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred as a result of the product being inaccurate, incomplete or unsuitable in any way and for any reason.

Dataset names include published date where available. Background taken from Streetsmart Directory 2008 sourced from Landgate (SLIP). Created by: S Ismail

E permail@ghd.com.au W www.ghd.com.au


mailto:permail@ghd.com.au
http://www.ghd.com.au

e

Figure 2

61/21691/82017

Site Layout

Heathcote Lower Land
Preliminary Site Investigation

28



390,600 390,800

6,458,800

o o
S S
=) =)
o o
o o
< <
© ©

6,458,400

90,600 - . ) . — . . I. 390,800
LEGEND
[] study Area - GHD - 200
[ cadastre - COM - 200711

City of Melville Job Number | 61-21691

Heathcote Lower Land Analysis Revision | 0
Date | 03 NOV 2008

000 (atA3) H
40 60 80
EN T
Metres . '

Map Projection: Transverse Mercator Slte La‘yo Ut .
Horizontal Datum: Geocentric Datum of Australia
Grid: Map Grid of Australia 1994, Zone 50 CLIENTS PEOPLE/PERFORMANCE Flgure 2
GABN21691\GIS\mxds\6121691-G004.mxd 9 Adelaide Terrace Perth WA 6004 Australia T 61862228222 F 61862228555 E permail@ghd.com W www.ghd.com.au

© 2008. While GHD has taken care to ensure the accuracy of this product, GHD and COM, Landgate make no representations or warranties about its accuracy, completeness or suitability for any particular purpose. GHD and COM, Landgate cannot accept liability
of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred as a result of the product being inaccurate, incomplete or unsuitable in any way and for any reason.

Dataset names include published date where available. Aerial photography BG341219_SE & BG341219_SE undated sourced from COM. Aerial photography Metro Central 2008 Mosaic sourced from Landgate (SLIP). Created by: S Ismail



mailto:permail@ghd.com.au
http://www.ghd.com.au

e

Figure 3

61/21691/82017

Borehole Locations

Heathcote Lower Land
Preliminary Site Investigation

29



6,458,700

6,458,550

6,458,400

390,550 390,700 390,850 391,000
| | | |

= A CMO01 -

A CMO02

A [cvo3

| | | |
390,550 390,700 390,850 391,000

City of Melville Job Number | 6121691

~ Heathcote Aboriginal Heritage Study ~ Revision | A
Proposed Approximate Drilling Locations D Study Area Date 21 May 2008

1:1,500 at A3 LEGEND

0 510 20 30 40 m
[ . S—"

Map Projection: Transverse Mercator A Existing Well - StUdy Area

Horizontal Datum: Geocentric Datum of Australia 1994
Grid: Map Grid of Australia, Zone 50

G:\61\21691\GIS\mxds\6121961-P4.mxd

© 2008. While GHD has taken care to ensure the accuracy of this product, GHD Pty Ltd and DATA SUPPLIER(S) make no representations or warranties about its accuracy, completeness or suitability for any particular purpose. GHD and DATA SUPPLIER(S) cannot accept liability of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred as a result of the product being inaccurate, incomplete or unsuitable in any way and for any reason.

All datasets from GHD. Imagery taken from SLIP - 2006 Mosaic Created by: SJ

Figure 1

239 Adelaide Terrace Perth WA 6004 T 61 8 6222 8222 F 61 8 6222 8555 E permail@ghd.com.au W www.ghd.com.au

6,458,700

6,458,550

6,458,400


mailto:permail@ghd.com.au
http://www.ghd.com.au
srpearce
Text Box
CM01

srpearce
Text Box
CM02

srpearce
Text Box
CM03





























































































































































































































































































































