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Executive summary

Introduction and objectives

Parsons Brinckerhoff Australia Pty Ltd (Parsons Brinckerhoff) was commissioned by Sydney Water
Corporation (Sydney Water) to undertake a combined Stage 1 and Stage 2 detailed site investigation (DSI)
for surplus land (‘the site’) associated with the Sydney Water-owned Ashfield Reservoir located at
165-169 Holden Street, Ashbury, NSW (‘the Sydney Water property’). The purpose of the DSI work was to
provide a more detailed understanding of potential contamination at the site to facilitate remedial strategy
assessment and potential divestment of the site by Sydney Water.

The objectives of the investigation were to:

assess the current contamination status of the site

assess the potential risks associated with contamination at the site (if identified), with respect to the
current commercial/industrial land use and the proposed future land use (potentially to be re-zoned for
low to medium density residential land use)

provide inputs to assist with preparation of the following documents (if necessary):

 a remediation cost estimate, including estimated volumes of contaminated soil exceeding the
adopted site assessment criteria that will require removal to render the site suitable for the
proposed future use

 an in situ waste classification for soil exceeding the adopted site assessment criteria to be
excavated from the site during any remedial works likely to take place and disposed of to a
licensed off-site waste facility.

The site is currently zoned ‘SP2 Water Supply System’ under the Canterbury Local Environmental Plan 2012
(Canterbury LEP). Sydney Water has indicated that the site may potentially be re-zoned for low to medium
density residential land use prior to divestment.

Summary of site history

Prior to the commencement of the Stage 2 DSI works, a Stage 1 preliminary site investigation (PSI) desktop
review of current and historical background information pertaining to the site was undertaken in order to
establish whether there were any known environmental concerns associated with the site.

This indicated that the property had been owned by Sydney Water since 1909, with ownership prior to this
time unknown. Sydney Water records indicated that the reservoir was built between 1912 and 1914, and a
review of historical aerial photography indicated that the remainder of the property was in use as a reservoir
since at least the earliest available photograph reviewed (1930). The neighbouring property immediately to
the west of the site was observed to be in use as the South Ashfield Brickworks at that time, and it was
therefore considered possible that materials from the brickworks may have been used in filling the site.

Early aerial photographs and records held by NSW WorkCover indicated that a greater number of buildings
were present on the Sydney Water property for part of the site’s history, likely comprising a combination of
permanent structures (including those remaining at the site) and temporary demountable structures.

Historical licencing information held by NSW WorkCover also indicated that petroleum and diesel may have
been stored on the Sydney Water property in the mid-1990s in storage sheds in the central western area of
the Sydney Water property (i.e. the south-western area of the site), with up to 200 L potentially being stored
on-site at any time. Other information held on file by Sydney Water indicated that lead paint had been flaking
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from the external surface of the reservoir (located on the portion of the property to be retained by Sydney
Water) prior to refurbishment works in the late 1990s.

With the exception of the South Ashfield Brickworks, which was redeveloped into Peace Park public
recreation area sometime between 1986 and 1994, historical aerial photographs indicated that the
surrounding area had remained primarily low density residential since at least 1930.

Records held by the City of Canterbury and the NSW EPA did not indicate any evidence of contamination or
contaminating activities at the site or in the vicinity of the site.

Scope of work
The Stage 2 DSI works were undertaken in accordance with the approved sampling, analysis and quality
plan (SAQP) for the site. The scope comprised undertaking soil investigations including excavation of fifteen
test pits (TP01 to TP15) to depths of between 0.8 and 3.0 metres below ground level (mBGL).

Selected representative soil samples were collected and analysed for contaminants of concern comprising
total recoverable hydrocarbons (TRH), benzene, toluene, ethylbenzene and xylene (BTEX compounds),
polycyclic aromatic hydrocarbons (PAHs), heavy metals (arsenic, cadmium, chromium, copper, lead,
mercury, nickel, and zinc), organochlorine pesticides (OCPs), organophosphate pesticides (OPPs),
polychlorinated biphenyls (PCBs) and asbestos (by quantitative method).

Results and conclusions

The results of the investigation indicated that:

Concentrations of BTEX compounds, OCPs, OPPs and PCBs in soil were below the laboratory PQLs,
and therefore were below the adopted human health criteria for the site.

Concentrations of TRH were below the laboratory PQLs or marginally above, with all concentrations
well below the adopted HSLs (residential land use, commercial/industrial and direct contact). No odours
or visible staining was observed in these locations.

Total PAH concentrations were below the adopted HILs; however calculated benzo(a)pyrene TEQ (limit
of reporting equals zero calculation method) concentrations exceeded HIL A (low density residential) in
four soil samples collected. The samples were collected from TP03, TP09, TP12 and TP14 at depths
ranging from the surface (0-0.1 mBGL) to 1.0 mBGL. Naphthalene concentrations were below or
marginally above detection limits for all samples and therefore below the adopted HSLs.

Heavy metal results were below the adopted HILs for low density residential land use and
commercial/industrial use with the exception of the lead concentration (490 mg/kg) reported for the
sample collected from TP12 at a depth of 0.5 mBGL which exceeded the HIL for low density residential
land use. Samples collected from the surface of TP12 and at 1.0 mBGL reported significantly lower lead
concentrations of 64 mg/kg and 14 mg/kg respectively.

Zinc exceeded the adopted EILs at TP11 (0-0.1 mBGL) and TP12 (0.5-0.6 mBGL). The zinc
concentration at TP11 (400 mg/kg) marginally exceeds the residential EIL but is well below the
commercial/industrial EIL. The zinc concentration at TP14 (2,400 mg/kg) exceeds the residential EIL but
is well below the commercial/industrial EIL. These concentrations are above the general range of zinc
concentration reported for other samples analysed at the site, in particular for the sample collected from
TP12 at 0.5-0.6 mBGL. The zinc exceedances are considered to be limited in nature and therefore are
not considered to pose a significant risk to on-site ecological receptors.

Benzo(a)pyrene exceeded the adopted ESL for urban residential land use in seven samples collected,
from TP01, TP03, TP09, TP12, TP13 and TP14 at depths ranging from the surface to 1 mBGL. The
adopted benzo(a)pyrene ESL for commercial/industrial land use was exceeding in four samples
collected from TP03, TP09, TP12 and TP14 at depths ranging from the surface to 1 mBGL. It is
recommended that any further assessment and/or remediation of benzo(a)pyrene undertaken on-site
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(given the benzo(a)pyrene TEQ exceeding HIL A) includes further assessment of the risk posed to the
on-site ecological receptors from benzo(a)pyrene concentrations, particularly prior to potential
divestment for residential use.

ACM in the form of cement sheeting fragments were observed at two locations on the site (at
0-0.1 mBGL in TP11 and 0.5-0.6 mBGL in TP14). Fragments collected from these locations
(TP11_0_AS_FRAG and TP14_FC_FRAG Sieve) were sent to the laboratory for testing, with the
laboratory confirming that asbestos was present in both fragments. The calculated concentration of
bonded ACM for the sample collected from TP11 (0.0107%w/w) was above the adopted health
screening levels for low density residential (0.01 %w/w) but below commercial/industrial (0.05 %w/w).
The calculated concentration of bonded ACM for the sample collected from TP14 was below the
adopted health screening level for low density residential and commercial/industrial. In addition, the
adopted criterion of no asbestos material present for surface soils has not been met given that ACM in
the form of a cement sheeting fragment was identified at TP11 (0-0.1 m). Asbestos quantification was
also undertaken on 17 soil samples, with all concentrations below detection.

An in situ waste classification was undertaken based on the laboratory results of soil samples collected
from the site. The fill material at the site is considered to be classified as special waste (to be managed
as asbestos) and general solid waste, for off-site disposal to an appropriately licensed waste facility. It is
recommended that materials are excavated, stockpiled, and sampled ex situ to confirm waste
classification prior to disposing of materials to an off-site waste facility.

No perched water or groundwater was encountered during the works to the maximum depth of
investigation (up to 3.0 mBGL). Soil data obtained from the site did not indicate any widespread
leachable contamination which may have potentially caused an impact to underlying groundwater.

The site meets the adopted screening/investigations levels for the current land use (commercial/industrial)
with the exception of asbestos in the form of a fragment of bonded ACM cement sheeting in surface soils at
TP11 (0-0.1m BGL). Appropriate management and removal of the asbestos impact on-site is recommended
to meet the criteria for the current site use.

The volume of material impacted by asbestos is estimated to be approximately 1,625 m3. The estimated
volume is based on the assumption that the asbestos impact is confined to the upper fill material across the
entire site area (described as gravelly clay), comprising an area of approximately 2,708 m2. This fill layer
generally ranges between 0.2 to 0.5 mBGL in the north-eastern portion of the site but extends up to
0.95 mBGL in the south-western portion of the site. Fill material was recorded to extend up to 2.1 mBGL at
TP09 and TP15, however the deeper fill material in this area has a different composition (sand) and no
asbestos has been observed in this fill material. The assumptions above would need to be confirmed via
observations and validation sampling during the remedial works. Based on these assumptions, the above
volume has been calculated based on an estimated average depth of fill materials requiring excavation of
0.6 m. Should asbestos impacted be observed in the underlying sandy fill materials, further assessment may
be required to determine the extent of the impacts and the works could result in removal of all fill materials
from the site (as a worst case scenario). Fill thicknesses at the site were found to vary from 0.2 to 2.2 m and
it was calculated that the total volume of fill material at the site was approximately 1,900 m3.

Benzo(a)pyrene TEQs in four samples, lead in one sample and asbestos reported in surface soils at TP11
exceeded the relevant adopted screening/investigations levels for low to medium density residential. Seven
benzo(a)pyrene concentrations exceeded the adopted ESL for urban residential land use. Appropriate
management and removal of the asbestos, lead and PAH impact on-site is recommended to meet the criteria
for potential future use as low to medium density residential, if the site is divested. Some deeper excavation
would be required around investigation location TP09 as benzo(a)pyrene impacts were reported within the
underlying sandy fill materials. Based on a surface area of approximately 50 m2 and an additional depth of
1 m, the volume of soil in excess of the asbestos-impacted soil which is estimated to be affected by PAHs is
considered to comprise approximately 50 m3.

Aboveground structures and materials stored on-site (in sheds and storage areas) were not assessed as part
of this DSI. These may require assessment for hazardous materials and/or other potential contaminants and
potentially removal prior to potential divestment of the site.
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1. Introduction

1.1 Background

Parsons Brinckerhoff Australia Pty Ltd (Parsons Brinckerhoff) was commissioned by Sydney Water
Corporation (Sydney Water) to undertake a combined Stage 1 and Stage 2 detailed site investigation (DSI)
for surplus land (‘the site’) associated with the Sydney Water-owned Ashfield Reservoir located at
165-169 Holden Street, Ashbury, NSW (‘the Sydney Water property’). The location and boundaries of the
Sydney Water property and the site are shown on Figures 1 and 2 respectively.

Sydney Water currently owns the site and has identified it as being surplus to its requirements. As such,
Sydney Water is considering potential divestment options. The purpose of the combined Stage 1 and 2 DSI
was to provide a more detailed understanding of potential contamination at the site to facilitate remedial
strategy assessment and potential divestment.

The site is currently zoned ‘SP2 Water Supply System’ under the Canterbury Local Environmental Plan 2012
(Canterbury LEP). Sydney Water has indicated that the site may potentially be re-zoned for low to medium
density residential land use prior to divestment.

1.2 Objectives

The objectives of the investigation were to:

assess the current contamination status of the site

assess the potential risks associated with contamination at the site (if identified), with respect to the
current commercial/industrial land use and the proposed future land use (potentially to be re-zoned for
low to medium density residential land use)

provide inputs to assist with preparation of the following documents (if necessary):

 a remediation cost estimate, including estimated volumes of contaminated soil exceeding the
adopted site assessment criteria that will require removal to render the site suitable for the
proposed future use

 an in situ waste classification for soil exceeding the adopted site assessment criteria to be
excavated from the site during any remedial works likely to take place and disposed of to a
licensed off-site waste facility.
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2. Scope of works
Prior to the commencement of the Stage 2 DSI works, a Stage 1 preliminary site investigation (PSI) desktop
review of current and historical background information pertaining to the site was undertaken in order to
establish whether there were any known environmental concerns associated with the site. The findings of the
Stage 1 PSI were then used to prepare a sampling, analysis and quality plan (SAQP) outlining the proposed
Stage 2 DSI scope of work and methodology. This was detailed in the Parsons Brinckerhoff report titled
Stage 1 Preliminary Site Investigation and Sampling, Analysis and Quality Plan – Sydney Water Ashfield
Reservoir, 165-169 Holden Street, Ashbury, NSW (reference: 2201679B-CLM-LTR-1007 RevC, dated
14 May 2015).

The Stage 2 DSI works were undertaken in accordance with the approved SAQP, and the findings of the
Stage 1 PSI are provided in Section 4 of this report.

The scope of works for the Stage 2 DSI comprised:

undertaking soil investigations including excavation of 15 test pits (TP01 to TP15) using an excavator to
depths of between 0.8 and 3.0 metres below ground level (mBGL) and collection of soil samples from all
test pit locations

laboratory analysis of selected representative soil samples for the contaminants of concern identified at
the site

preparation of this Stage 2 DSI report which focuses on assessing the soil contamination status of the
site, assessing the need for remediation at the site, and evaluating the suitability of the site for the
proposed potential future land uses.
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3. Site location and setting

3.1 Site location and identification

The general site identification details are provided in Table 3.1.

Table 3.1 Summary of general site information

Site address 165-169 Holden Street, Ashbury, NSW 2193

Site identification The Sydney Water property comprises Lot 1 in Deposited Plan (DP) 115504, Lot 1
in DP 911478, and Lot 1 in DP 711077. The portion of the property comprising the
site to be assessed comprises part of Lot 1 in DP 115504 and part of Lot 1 in DP
911478.

Site area The Sydney Water property comprises an area of approximately 8,280 m2. The
portion of the property comprising the site to be assessed is an area of
approximately 2,708 m2 (as defined on Figure 2).

Current site use The site is currently a disused portion of a depot, associated with the adjoining
Sydney Water Ashfield Reservoir and City Tunnel property.

Surrounding land uses A review of current aerial photographs indicates that the areas surrounding the site
generally comprise low to medium density residential properties and open space
parkland (with Peace Park located immediately to the west of the site).

Local government area
(LGA) and zoning

The site is located within the City of Canterbury LGA, and is zoned ‘SP2 Water
Supply System’ under the Canterbury LEP.

Proposed site use Sydney Water has indicated that the Sydney Water property is proposed to be
subdivided, with the potential for the site area to be re-zoned for low to medium
density residential land use prior to divestment.

3.2 Site inspection

The Sydney Water property and the site were inspected on 14 April 2015 by a Parsons Brinckerhoff
environmental scientist in the presence of Sydney Water personnel.

The Sydney Water property is surrounded by residential properties to the north and south, and beyond
Holden Street, which borders the site to the east. Peace Park adjoins the site to the west and north-west.
The property is enclosed by a chain wire fence, with the exception of where it immediately borders residential
properties to the north and south, where timber or colourbond fences are present. The property is accessible
via two sets of gates off Holden Street, in the north-eastern and south-eastern areas of the property.

The property generally slopes down to the south and to the west, which is consistent with regional
topography, although it has been levelled for construction of the reservoir and depot. This is evidenced by
several retaining walls present around the property.

The following sections describe in further detail both the site and the remaining area of the property to be
retained by Sydney Water. An aerial plan showing the site features is presented as Figure 2, and site
photographs are provided in Appendix C.
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3.2.1 Site

The site area is primarily paved with bitumen, with some grassed areas with trees and shrubs located along
the western, northern and eastern boundaries. No distressed vegetation was observed in these landscaped
areas of the site.

There are three buildings on the site, including a small brick building (likely used for storage) located along
the northern boundary, and two larger corrugated metal buildings located along the western site boundary.
The southernmost of these buildings appears to have been used for vehicle storage/maintenance, with the
northernmost building potentially being used for storage or as a workshop. The southernmost building was
indicated to have previously housed petroleum in cabinets on historical licencing information provided by
NSW WorkCover (see Table 4.1). The buildings have fallen into disrepair and are no longer in use.

Some building/construction equipment has been placed/stored in the central area of the site, comprising
traffic barriers, timber pallets and beams, sections of pipe, and stockpiled gravel/bitumen.

The site is separated from the lower south-western area of the property by a retaining wall, with the areas
differing by approximately 1 m at the western side of the site.

3.2.2 Remainder of Sydney Water property (to be retained)

The area of the property to be retained by Sydney Water features the Ashfield Reservoir which is an
elevated reservoir (on a large sandstone base structure) located in the central eastern area of the property.
Areas of the property to the west and south of the reservoir are lower, with retaining walls having been
constructed around this area of the property.

There is a large single storey brick building located to the north of the reservoir, which at the time of the site
inspection appeared to be in use for storage of telecommunications equipment. A smaller brick building is
located to the north-east of the reservoir, along the eastern property boundary.

Two buildings are located to the south of the reservoir. The easternmost of these buildings is currently set up
as a workshop. A concrete bunded area was present immediately to the north of this building, with evidence
of previous infrastructure that has been removed. It was considered likely that this may have formerly housed
electrical transformers and associated equipment, as newer electrical kiosks are present along the eastern
property boundary which may have replaced these.

The south-western area of the property comprises a vacant portion of the depot, primarily paved with
bitumen and with no aboveground structures or infrastructure. There is some building rubble (sections of
pipe, timber pallets and beams) on the western edge of the paved area. The western boundary of this area
slopes steeply down to Peace Park and is generally covered in vegetation, although it has been sealed in
some areas to prevent erosion and direct surface water flow into the park. The neighbouring residential
properties to the south appear to have encroached onto the Sydney Water property, with their fencelines
located within the boundaries of the Sydney Water-owned property.

3.3 Topography and surface water drainage

The site is situated at approximately 40-50 metres Australian Height Datum (mAHD) and slopes down to the
south and west. The nearest surface water body is the Cooks River, located approximately 1.3 km south-
west of the site.

As described in Section 3.2, some cutting and/or filling is apparent at the Sydney Water property, with
retaining walls used on the southern and western sides of some areas. Surface water is expected to flow to
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the south and west, towards Peace Park, with the retaining wall in the south-western area of the property
constructed to reduce the flow speed of surface water entering the park.

3.4 Geology

The regional geological map of the area (Department of Mineral Resources, 1983, 1:100,000 Geological
Series Sheet 9130 (Edition 1)) indicates that the site is underlain by Ashfield Shale, comprising black to dark-
grey shale and laminite.

The CSIRO Australian Soil Resource Information System (ASRIS) (http://www.asris.csiro.au/index_ie.html,
accessed 16 April 2015) indicates that the soils in the vicinity of the site are characterised as being kurosols.
Kurosols are characterised as having a strong texture contrast between A and B horizons and having
unusual subsoil chemical features, typically high magnesium, sodium and aluminium.

The ASRIS also indicated that soils underlying the site are mapped as having a very low probability of
occurrence of acid sulfate soils (ASS).

The site may have been subject to filling with materials from the adjacent South Ashfield Brickworks.

3.5 Hydrogeology

A review of the licensed borehole register on the NSW Government Water Information website
(http://allwaterdata.water.nsw.gov.au/water.stm) indicated that there were no registered groundwater bores
within a 500 m radius of the site.

Groundwater flow is likely to be to the west and south-west, based on the surrounding topography, towards
the Cooks River which is located approximately 1.3 km south-west of the site at its closest point. A surface
water body is also located within Canterbury Racecourse approximately 1.1 km south-west of the site, which
has the potential to be partially fed by groundwater considering the elevation of that site.

Based on the elevation of the site and the local topography, it is considered likely that groundwater is present
beneath the site within the underlying bedrock at depths of greater than 3-4 metres below ground level
(mBGL).
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4. Site history review

4.1 Stage 1 PSI historical searches

A Stage 1 PSI review of historical land use information pertaining to the site was undertaken to identify any
known environmental concerns. A summary of the searches undertaken is provided in Table 4.1.

Table 4.1 Summary of Stage 1 PSI historical search results

Search Results

Titles search Historical land title information provided by Sydney Water indicated that the property has been
owned by Sydney Water (as Board of Water Supply and Sewerage) since 1909. It is unknown who
owned the land prior to this time.

The title documentation is provided in Appendix D.

Historical aerial
photographs

Historical aerial photographs from 1930, 1951, 1961, 1970, 1978, 1986 and 1994 were requested
from NSW Land and Property Information (a division of the Office of Finance and Services), and
were reviewed along with the current (2014) photograph.

In the 1930 aerial photograph, the Sydney Water property appeared to have been constructed,
with the elevated reservoir clearly visible. Structures are visible on the property in the
north-western and south-western areas of the property, and to the north of the reservoir in the
north-eastern area of the property. Due to the shadow of the reservoir it was unclear whether
structures were present in the south-east area of the property. The surrounding area was
observed to be primarily low density residential properties to the north, south and east. The
property immediately to the west of the property (now Peace Park) appears to be in use as an
industrial facility. It is understood that this in use as the South Ashfield Brickworks during this
period. Structures are present on the property, and a large excavation area, potentially containing
water, located approximately 10-20 m from the site at its closest point.

In the 1961 aerial photograph, the Sydney Water property is clearer and it is apparent that there
were at least 10 structures on the property to the north, west and south of the reservoir. The
surrounding area remained generally unchanged.

In the 1970 aerial photograph, the number of structures on the property had reduced. The
structures remaining on the property appear to be consistent with those currently viewed during
the site walkover. The surrounding area remained generally unchanged.

No significant changes to the property or the surrounding area were observed in the 1986 aerial
photograph with the exception that backfilling of the brick works appears to have commenced.

In the 1994 aerial photograph, the Sydney Water property remained the same. The brickworks to
the west appeared to have been filled, levelled and grassed and was now parkland.

No significant changes to the property or the surrounding area were observed in the current (2014)
aerial photograph.

Copies of the historical aerial photographs reviewed during the Stage 1 PSI are provided in
Appendix E.
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Search Results

Council Section
149 certificate

A Section 149 certificate was reviewed for each of the three Lots (Lot 1 DP 115504, Lot 1 DP
711077 and Lot 1 DP 911478). The following apply to the Section 149 certificates.

The Section 149 certificates indicated that the Sydney Water property is currently zoned as ‘SP2
Infrastructure’ under the City of Canterbury LEP.

The ‘SP2 Infrastructure’ zoning exists to provide for infrastructure and related uses, and to prevent
development that is not compatible with or that may detract from the provision of infrastructure.
The development of roads is permitted without consent. Among the other conditions noted on the
certificates were the following:

The Sydney Water property is located within the Ashbury Conservation Area and is subject to
specific provisions in the environmental planning instrument and development control plan. The
Ashfield Reservoir is listed as a State Significant Heritage Item.

Development on the property is not subject to flood related development controls

The property is not proclaimed to be a mine subsidence district.

The property is not subject to road widening or road realignment under the LEP.

The property is not subject to Council or other public authorities’ policies relating to hazard risk
restrictions for land for landslip, bushfire, acid sulfate soils and tidal inundation that may restrict
development.

The property is not affected by an environmental planning instrument or proposed
environmental planning instrument that provides for the acquisition of the land by a public
authority.

A tree preservation order applies to the whole of the City of Canterbury

The property is subject to the council’s adopted policy on contaminated land. The policy
restricts development of land:

 which is affected by contamination

 which has been used for certain purposes, in respect of which there is not sufficient
information about contamination

 which is proposed to be used for certain purposes

 in other circumstances contained in the policy.

A copy of the Section 149 certificates provided by the City of Canterbury are included in
Appendix F.

NSW
WorkCover
Dangerous
Goods records

A dangerous goods licences search was conducted by NSW WorkCover involving a search of the
stored chemical information database and microfiche records held by WorkCover.

Historical licence information was provided for 1995 and 1996. The information provided indicates
that petroleum was kept in cabinets in the southern portion of the building located in the western
area of the site, and that a diesel shed was located to the south of this building (on the portion of
land to be retained by Sydney Water). The licence application indicates that up to 200 L of fuel
may have been stored on the Sydney Water property.

The plan included in the WorkCover information indicates that the western area of the property
featured multiple demountable buildings in 1995/1996 in addition to the permanent structures that
remain on the property. A total of seven demountable amenities buildings were shown on the plan
on the portion of the property comprising the site to be assessed.

Copies of the NSW WorkCover Dangerous Goods search results are provided in Appendix G.

Environment
Protection
Authority (EPA)
online notice
records

Online searches of the NSW EPA Protection of the Environment Operations Act 1997 public
register (http://www.epa.nsw.gov.au/prpoeoapp/) and the NSW EPA contaminated land record
database (http://www.epa.nsw.gov.au/prclmapp/searchregister.aspx) indicated that no licences or
notices were on record for the property or other properties in the vicinity of the property.
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Search Results

Sydney Water
records

A review of a portfolio of information held by Sydney Water in relation to the site was undertaken
on 20 April 2015. Relevant information is summarised below:

A review of environmental factors (Australian Water Technologies Pty Ltd (AWT), 1996) was on
file. This had been prepared for proposed maintenance and refurbishment of the reservoir. The
proposed activities were considered necessary to maintain the structural integrity of the
reservoir, to protect the environment from contamination with red lead and to enable the
reservoir to continue to operate. The report noted that breakdown of lead paint was apparent on
the external surfaces of the reservoir and repair to the external render was proposed.

Historical title information was provided by Sydney Water and has been included as
Appendix D. This information is discussed earlier in this table.

Two hazardous building materials register and asbestos management plan reports have been
prepared for the Sydney Water property by Parsons Brinckerhoff. These relate to the water
reservoir (2014) and the tunnel shaft (2015), both of which are located on the area of the site to
be retained by Sydney Water. Lead-based paint was present on both structures, with asbestos
containing material (ACM) also identified on the reservoir and bonded synthetic mineral fibres
(SMF) also identified on the tunnel shaft. No hazardous building materials survey is known to
have been undertaken of the buildings on the western portion of the site.

According to the Sydney Water online list of heritage assets
(http://www.sydneywater.com.au/SW/water-the-environment/what-we-re-doing/Heritage-
search/index.htm) the reservoir was built between 1912 and 1914; filling of the site is presumed to
have been undertaken prior to that time.

4.2 Previous environmental investigations

No previous environmental investigations are known to have been conducted at the site.

4.3 Summary of site history

The site has been owned by Sydney Water since 1909, with ownership prior to this time unknown. A review
of historical aerial photography indicated that the Sydney Water property has been in use as a reservoir and
associated depot since at least 1930, with the site having been filled and levelled prior to this time. Sydney
Water records indicate that the reservoir was built between 1912 and 1914. Based on the proximity of the
site to the South Ashfield Brickworks at this time (neighbouring the site to the west), it is considered possible
that materials from the brickworks may have been used in filling the site.

Early aerial photographs indicated that there were a greater number of buildings on the Sydney Water
property for part of the site’s history, which is supported by information provided by NSW WorkCover. It is
considered that buildings on the site may have been a combination of permanent structures (including those
remaining at the site) and temporary demountable structures.

Historical licencing information held by NSW WorkCover indicated that petroleum and diesel may have been
stored on the Sydney Water property in the mid-1990s in storage sheds in the central western area of the
Sydney Water property (i.e. the south-western area of the site), with up to 200 L potentially being stored
on-site at any time. Other information held on file by Sydney Water indicated that lead paint had been flaking
from the external surface of the reservoir (located on the portion of the property to be retained by Sydney
Water) prior to refurbishment works in the late 1990s.

Historical aerial photographs indicated that the surrounding area has remained primarily low density
residential since at least 1930, although the property located immediately to the west and downgradient of
the site was observed to be in use as the South Ashfield Brickworks from some time prior to 1930, before
being redeveloped into Peace Park public recreation area at some time between 1986 and 1994.
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Records held by the City of Canterbury and the NSW EPA do not indicate any evidence of contamination or
contaminating activities at the site or in the vicinity of the site, including no records held for the South
Ashfield Brickworks.

4.4 Preliminary conceptual site model

Based on the site inspection and the desktop review of site setting and historical land use information, a
preliminary conceptual site model (CSM) was prepared. This is summarised in Table 4.2.

Table 4.2 Preliminary CSM

Likely on-site sources
of impact

Likely sources of impact at the site include:

uncontrolled fill materials which would have historically been used to level the site
(some time prior to 1912)

potential waste dumping at the site, including any potential waste from the
demolition of former site structures

historical use of the site as a Sydney Water depot, including storage of equipment,
fuel and vehicles

possible leaks/spills of oil/petrol from vehicle activity and storage on the site

potential asbestos containing materials (ACM) from imported materials, previously
demolished site building/s, and weathering of existing site buildings

potential lead paint flaking from the reservoir structure prior to refurbishment

pesticides used historically and recently to maintain the site.

Potentially impacted
media

Soil: Impacts from historical use of the site as a depot, contaminated fill or waste
materials, storage of petroleum, storage and maintenance of vehicles, hazardous
building materials, or from pesticides used on-site.

Groundwater: Migration from soil impacts, although this is considered unlikely given
the elevation of the site, and that groundwater is likely to be located within underlying
bedrock. There is the potential for some discontinuous perched water to be present at
shallower depths at the site.

Contaminants of
concern

Contaminants of concern at the site comprise:

petroleum compounds including total recoverable hydrocarbons (TRH) and
benzene, toluene, ethylbenzene and xylene (BTEX compounds)

polycyclic aromatic hydrocarbons (PAHs)

heavy metals (including lead)

organochlorine and organophosphate pesticides (OCPs/OPPs)

polychlorinated biphenyls (PCBs)

asbestos.

Migration pathways Potential migration pathways include:

flaking of hazardous building materials (asbestos/lead) from structures onto the site
surface

vertical migration of contaminants in soil from infiltration of rain water

migration of contaminants through underground service trenches

run-off of surface contaminants in rain water

volatilisation of hydrocarbon contamination

airborne migration of contamination in dust or vapour.
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Potential exposure
pathways

Potential exposure pathways include:

inhalation of dust or vapours by site users or nearby site users

ingestion or dermal contact with contaminated surface soils or near surface soils by
current commercial/industrial, future residential site users or
excavation/maintenance workers

ingestion or dermal contact with contaminated water downgradient of the site
through extraction of groundwater via domestic bores or the use of downgradient
surface water bodies for recreation (e.g. the Cooks River).

Potential sensitive
receptors

Based on the site setting, sensitive receptors potentially include:

underlying soil and groundwater

current commercial/industrial users of the site

future residential users of the site

users of domestic bores in the vicinity of or downgradient of the site, although no
registered bores were identified within a 500 m radius of the site

surface watercourses receiving groundwater from the site, possibly including
surface water at Canterbury Racecourse and the Cooks River located 1.1 km and
1.3 km south-west of the site respectively

users of the neighbouring Peace Park recreation area

occupiers of residential properties surrounding and downgradient of the site

on-site and off-site construction or utility workers (those working within service pit
trenches).
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5. Data quality objectives
Systematic planning is critical to successful implementation of an environmental assessment and is used to
define the type, quantity and quality of data needed to inform decisions. The United States Environmental
Protection Agency (US EPA) has defined a process for establishing data quality objectives (DQOs) (US EPA,
2000a and 2000b), which has been referenced in the National Environment Protection (Assessment of Site
Contamination) Measure 1999 (NEPM, as amended 2013).

DQOs ensure that:

the study objectives are set

appropriate types of data are collected (based on contemporary land use and chemicals of concern)

the tolerance levels are set for potential decision making errors.

The DQO process is a seven-step iterative planning approach. The outputs of the DQO process are
qualitative and quantitative statements which are developed in the first six steps. They define the purpose of
the data collection effort, clarify what the data should represent to satisfy this purpose and specify the
performance requirements for the quality of information to be obtained from the data. The output from the
first six steps is then used in the seventh step to develop the data collection design that meets all
performance criteria and other design requirements and constraints. The DQO process adopted for the
Stage 2 DSI works is outlined in Table 5.1.

Table 5.1 DQO process

Step Description Outcomes

1 State the
problem

Sydney Water plans to divest the site, with the potential for the site to be rezoned for low to
medium density residential land use. The purpose of the Stage 2 DSI works is to determine
the contamination status of soils beneath the site.

2

Identify the
decisions/goal
of the
investigation

The decisions to be made based on the results of the investigation are as follows:

Has the soil been adequately sampled?

Were all the contaminants of concern analysed?

Is there sufficient data to prepare the Stage 2 DSI report?

Is there a risk to future users or occupiers of the site?

3
Identify the
inputs to the
decision

The inputs required to make the above decisions are as follows:

geological data

concentrations of contaminants of concern in soil

site assessment criteria for soil (outlined in Section 7)

observation data including presence of odours and discoloration of the soil

distribution of identified soil contamination.

4

Define the
study
boundaries/
constraints on
data

The boundaries of the investigation have been identified as follows:

Spatial boundaries: the spatial boundary of the investigation area is defined as the
geographical extent of the investigation area and the potential receptors of concern that
need to be considered by the study.

Temporal boundaries: the date of the project inception (April 2015) to the completion of
the fieldwork under the proposed investigation.
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Step Description Outcomes

5 Develop a
decision rule

The purpose of this step is to define the parameters of interest, specify the action levels
and combine the outputs of the previous DQO steps into an ‘if…then…’ decision rule that
defines the conditions that would cause the decision maker to choose alternative actions.

The parameters of interest are concentrations of contaminants of concern (metals,
pesticides, asbestos and hydrocarbons) in soil. An assessment of the concentrations of the
contaminants of concern is to be undertaken to develop the DSI and the suitability for the
current commercial/industrial and proposed future residential land use.

Should concentrations exceed the adopted assessment criteria remedial options will be
considered.

6
Specify limits
on decision
errors

The acceptable limits on decision errors to be applied in the investigation and the manner
of addressing possible decision errors have been developed based on the data quality
indicators (DQIs) of precision, accuracy, representativeness, comparability and
completeness and are presented in Table 5.2 and 5.3.

7
Optimise the
design for
obtaining data

The purpose of this step is to identify a resource-effective data collection design for
generating data that satisfies the DQOs.

This assessment has been designed considering the information and data obtained during
the Stage 1 PSI and site inspection (Sections 3 to 4). The resource effective data collection
design that is expected to satisfy the DQOs is described in detail in Section 6
(methodology).

To ensure the design satisfies the DQOs, DQIs (for accuracy, comparability, completeness,
precision and reproducibility) have been established to set acceptance limits on field
methodologies and laboratory data collected.

DQIs for sampling techniques and laboratory analyses of collected soil samples define the acceptable level
of error for this validation assessment. The adopted field methodologies and data obtained have been
assessed by reference to DQIs as follows:

precision: a quantitative measure of the variability (or reproducibility) of data

accuracy: a quantitative measure of the closeness of reported data to the true value

representativeness: the confidence (expressed qualitatively) that data are representative of each media
present on the site

comparability: a qualitative parameter expressing the confidence with which one data set can be
compared with another

completeness: a measure of the amount of useable data (expressed as a percentage) from a data
collection activity.

A summary of the field and laboratory DQIs for the validation assessment are provided in Tables 5.2 and 5.3.

Table 5.2 DQIs for field techniques

DQI

Precision

Standard operating procedures (SOPs) appropriate and complied with

Collection of inter-laboratory and intra-laboratory duplicates

Accuracy

Parsons Brinckerhoff SOPs appropriate and complied with

Collection of field and trip blanks and trip spikes

Representativeness
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Appropriate media sampled

Comparability

Same SOPs used on each occasion

Experienced sampler

Climatic conditions (temperature, rainfall, wind) considered

Same type of samples collected

Completeness

SOPs appropriate and complied with

All required samples collected

Table 5.3 DQIs for laboratory

DQI Acceptable limits

Precision

Analysis of laboratory duplicates for:

PAHs, TRH, BTEX and total metals in soil

<10% x PQL - ±30% RPD

4-10% x PQL - ±50-70% RPD

<4% x PQL - ± 2 x PQL

PAHs, TRH, BTEX and total and dissolved metals in water

<10% x PQL - ±10-20% RPD

4-10% x PQL - ±25-40% RPD

<4% x PQL - ± 2 x PQL

Analysis of laboratory prepared trip spikes (one per day per batch
volatiles) 70-130%

National Association of Testing Authorities (NATA) certified
laboratories NATA accreditation for analyses performed

Accuracy

Analysis of laboratory prepared trip blanks (one per batch) Non-detect for contaminants analysed

Analysis of rinsate blanks (one per day) Non-detect for contaminants analysed

Analysis of laboratory blanks Non-detect for contaminants analysed

Analysis of laboratory matrix spikes, laboratory control samples
and surrogate recoveries

70-130% inorganics/metals
60-140% organics
10-40% semi-volatile organic compounds

Analysis of laboratory duplicates for:

PAHs, TRH, BTEX and total metals in soil

<10% x PQL - ±30% RPD

4-10% x PQL - ±50 -70% RPD

<4% x PQL - ± 2 x PQL

PAHs, TRH, BTEX and total and dissolved metals in water

<10% x PQL - ±10-20% RPD

4-10% x PQL - ±25-40% RPD

<4% x PQL - ± 2 x PQL

Representativeness
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All required samples analysed
As per Section 6.2 of the SAQP (Parsons
Brinckerhoff, 2015)

Comparability

Sample analytical methods used (including clean-up) As per NEPM (2013)

Same units Justify/quantify if different

Same laboratories Justify/quantify if different

Sample practical quantification limits (PQLs) Less than nominated criteria

Completeness

All critical samples analysed
As per Section 6.2 of the SAQP (Parsons
Brinckerhoff, 2015)

All required analytes analysed As per Section 6.2 of the SAQP (Parsons
Brinckerhoff, 2015)

Appropriate methods and PQLs

As per NEPM (2013)Sample documentation complete

Sample holding times complied with
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6. Sampling and analysis
program

6.1 Sampling rationale

Prior to undertaking the Stage 2 DSI works, an SAQP was prepared by Parsons Brinckerhoff to present the
methodologies and protocols to be adopted to adequately characterise soil at the site.

A sampling plan comprising a combination of grid-based and targeted locations was adopted to sufficiently
assess the site. For grid-spaced sampling, Table A in the NSW EPA 1995, Sampling Design Guidelines
provides the recommended minimum number of sampling points required for site characterisation based on
detecting circular hot spots. The guidelines indicate that a minimum of nine sampling points are
recommended for a 3,000 m2 site, which would allow for detection of a hot spot of 21.5 m diameter with 95%
confidence. As the site covers a slightly larger area of approximately 3,270 m2, a slightly higher density was
adopted for grid-spaced investigation at the site (10 locations).

The proposed sampling plan comprised 10 grid-spaced sampling locations (TP01 to T10) and five additional
targeted locations (TP11 to TP15), selected to assess areas of concern identified during the Stage 1 PSI.
Table 6.1 details the investigations and the sampling rationale. The sample locations are shown on Figure 2.

Table 6.1 Sampling rationale

Location ID/s Rationale

TP01-TP10 Grid-spaced locations providing general site coverage

TP11 Targeting fill materials in the northern area of the site in the vicinity of the small storage shed
building

TP12 Targeting fill materials in the north-western area of the site, adjacent to Peace Park

TP13 Targeting the storage area in the central area of the site, and the historical site of demountable
sheds

TP14 Targeting fill materials immediately to the east of the south-western building. NSW WorkCover
records indicated that petroleum was stored within a shed in this building near to this test pit
location

TP15 Targeting fill materials immediately to the south-west of the south-western building. NSW
WorkCover records indicated that petroleum was stored within a shed in this building near to this
test pit location

All 15 locations were proposed to be investigated via excavation of test pits to a maximum depth of
3.0 mBGL, or 0.5 m into natural underlying soil, whichever occurred first. This method was chosen to
facilitate a thorough visual inspection of subsurface materials.

No groundwater assessment was proposed to be undertaken as part of the Stage 2 DSI. Based on the
elevation of the site and the local topography, groundwater is considered likely to be present within the
underlying bedrock at depths of greater than 3-4 mBGL. As such, the likelihood for groundwater
contamination at the site is considered to be low. It was therefore considered appropriate to investigate soil
contamination during the Stage 2 DSI, with the understanding that groundwater investigation may need to be
considered at a later stage (either prior to or during any remediation works) should significant soil
contamination be identified at the site.
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6.2 Fieldwork

6.2.1 Preliminaries – service location

A desktop search for underground services using the ‘Dial Before You Dig’ service was undertaken prior to
intrusive investigations. Sampling locations were cleared prior to the commencement of intrusive works by an
experienced service locater. The service locater was provided with information/plans from the relevant asset
owners and site-specific plans from Sydney Water. In addition, a toothless bucket was used to undertake
50 mm scrapes to a depth of 1.5 mBGL for all test pit locations prior to the use of a toothed bucket.

6.2.2 Intrusive investigation works and soil sampling

Following the clearing of locations, intrusive investigation works were undertaken at the site on 13 and
14 May 2015. An excavator equipped with a batter bucket and a toothed bucket was used to advance 15 test
pits (TP01 to TP15) to a maximum depth of 3.0 mBGL under the supervision of a Parsons Brinckerhoff
environmental scientist.

Soil samples were generally collected from the surface (0.0-0.2 mBGL), 0.5-0.6 mBGL, 1.0-1.1 mBGL, every
metre thereafter, and where changes in lithology or evidence of contamination were observed. A duplicate
sample was also collected in a zip lock bag and was screened with a photoionisation detector (PID) to
analyse for volatile organic compounds (VOCs). The PID was calibrated at the beginning of the day of field
works, using fresh air and 100 ppm isobutylene calibration standard. PID readings were used to aid in
selecting soil samples for laboratory analysis.

Subsurface conditions were logged by an experienced environmental scientist. Soil samples were placed in
250 mL jars, leaving minimal headspace, and closed using Teflon-coated lids.

For collection of samples for asbestos analysis, the sampling methodology outlined in the WA DoH 2009,
Guidelines for the Assessment, Remediation and Management of Asbestos-Contaminated Sites in Western
Australia was adopted, as referenced by the NEPM (2013). For ACM and friable asbestos (FA) a 10 L
sample was collected and screened manually on-site through a 7 mm sieve. Any ACM/FA retained on the
sieve (i.e. >7 mm in size) was bagged and sent to the primary laboratory for analysis. For asbestos fines
(AF) a separate sample of approximately 500 mL was collected in a bag. This entire sample was sent to the
laboratory for sieving and gravimetric determination of asbestos (<7 mm).

Samples were stored on ice in an esky and transported to the laboratory under chain of custody.

Dedicated disposable nitrile gloves were worn for each sampling episode to minimise the potential for cross
contamination. Sample containers were filled completely prior to being stored in an ice cooled esky and
transported to the laboratory with the samples.

A hand held GPS was used to record the coordinates of each sampling location. In addition, a ‘mud map’
was prepared in the field showing measured distances to locations of site features (e.g. site boundaries,
fences) and between locations.

6.3 Laboratory analysis

Selected soil samples collected were submitted to the primary analytical laboratory for analysis for
contaminants of concern at the site. In accordance with the approved SAQP, soil samples were selected
based on a combination of sample location and field observations, including PID results.
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Primary samples and intra-laboratory samples were analysed by SGS Australia Pty Ltd (SGS), with
inter-laboratory duplicate samples analysed by Australian Laboratory Services Pty Ltd (ALS). Both
laboratories are accredited by NATA for the analytical suites requested, with the exception of asbestos
quantification.

Table 6.2 provides a summary of the laboratory analytical schedule for soil samples for the Stage 2 DSI.

Table 6.2 Laboratory sampling and analysis plan - Soil

Analyte Primary
samples

Duplicates/
Triplicates

Field blank Trip blank Trip spike

TRH 18 2 2 1 -

BTEX compounds 18 2 2 1 1

PAHs 25 4 2 - -

8 heavy metals 25 4 2 - -

OCPs/OPPs 15 2 2 - -

PCBs 15 2 2 - -

Asbestos (quantitative) 17 - - - -

pH 16 - - - -

CEC 1 - - - -

Clay content 1 - - - -

TRH Total recoverable hydrocarbons

BTEX compounds Benzene, toluene, ethylbenzene and xylene
PAHs Polycyclic aromatic hydrocarbons

8 heavy metals Arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc

OCPs/OPPs Organochlorine pesticides/organophosphate pesticides
PCBs Polychlorinated biphenyls

CEC Cation exchange capacity

Following receipt of results, additional samples were also analysed as follows:

One additional sample collected from 1.0 mBGL at test pit location TP12 was analysed for lead to
vertically delineate impacts reported at this location.

Toxicity characteristic leachate procedure (TCLP) analysis was undertaken on two samples for lead,
three samples for nickel and three samples for benzo(a)pyrene to facilitate in situ waste classification.
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7. Soil assessment criteria
The assessment criteria for the investigation have been based on an analysis of land uses and potential
receptors. Based on this, assessment criteria provided in the following guidelines have been identified as
being applicable for assessing laboratory analytical data:

NEPM (2013)

Cooperative Research Centre for Contamination Assessment and Remediation of the Environment
(CRC CARE) Technical Report No. 10 Health Screening Levels for Petroleum Hydrocarbons in Soil and
Groundwater, Part 2: Application Document (Friebel & Nadebaum, 2011).

7.1 Health investigation levels and health screening
levels

To assess the presence and extent of soil contamination at a site, the NSW EPA refers to the NEPM (2013)
which provides health investigation levels (HILs) and health screening levels (HSLs) for the assessment of
impacted soil.

HILs provide an assessment of potential risk to human health from chronic exposure to contaminants, and
have been developed based on land use setting. As the purpose of this investigation is to assess the site
against both the current and potential future land use to facilitate divestment, both the ‘HIL A’ criteria for low
density residential land use with gardens/accessible soil and the ‘HIL D’ criteria for commercial/industrial land
use have been adopted.

HSLs have been developed for selected petroleum compounds and fractions and are applicable to
assessing human health risk via the vapour intrusion and inhalation pathway. The HSLs depend on specific
soil physicochemical properties and land use scenarios. They apply to different soil types and depths. For
the purpose of this investigation, both the ‘HSL A’ criteria for low density residential land use with
gardens/accessible soil and the ‘HSL D’ criteria for commercial/industrial land use have been adopted.

HSLs have been adopted based on a subsurface comprising of clay. This soil type has been selected based
on the results of clay content analysis undertaken on soils at the site and from observations of the soil profile.
Analysis of a residual soil sample collected from 0.5-0.6 mBGL at location TP01 indicated that clay content
was 89%. This sample was selected for analysis as it was considered to be representative of the residual
clay materials encountered at the site.

HSLs are also provided for asbestos contamination in soil, for bonded ACM, FA and AF. As per the WA DoH
(2009) guidelines, a 10 L sample is collected and screened manually on-site through a 7 mm sieve or
spread out for inspection on a contrasting material for visual inspection. Any ACM/FA retained on the sieve
(i.e. >7 mm in size) is then analysed in the laboratory for bonded ACM, with results quantified in per cent
weight by weight (%w/w). For FA/AF a separate sample of approximately 500 mL is collected, sieved in the
laboratory and gravimetric determination of asbestos (<7 mm) undertaken. The results are then compared to
the NEPM HSLs. If the HSLs are not exceeded then no contamination management options are required
provided the surface soil is free of visual asbestos. If results exceed the HSLs, further assessment,
management and/or remediation is required.

The HSL for friable asbestos and asbestos fines (FA/AF) provided in the NEPM (2013) is 0.001% for all land
use types. Current Australian methodologies for asbestos quantification, as outlined in Australian Standard
AS4964 2004, Method for Qualitative Identification of Asbestos in Bulk Samples, indicate that the presence
or absence of free (i.e. respirable) asbestos fibres can be determined with a PQL of 0.01%, an order of
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magnitude greater than the HSL. It is noted that laboratories typically report with a PQL of 0.001% for FA/AF,
however due to the limitations with the method adopted it is possible that free respirable asbestos fibre
contamination exists in samples at concentrations up to an order of magnitude greater than the reported
detection limit. In the absence of a methodology with a more appropriate PQL, it is considered appropriate to
compare analytical results obtained against the HSL, taking into consideration the limitations inherent in the
method.

The CRC CARE Technical Report No. 10 (Friebel & Nadebaum, 2011) provides HSLs for petroleum
hydrocarbons specifically for vapour inhalation for intrusive maintenance workers in shallow trenches, and for
direct contact. These have also been adopted.

The soil assessment criteria for this investigation is summarised in Table 7.1.
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7.2 Ecological screening levels and ecological
investigation levels

The NEPM (2013) provides ecological screening levels (ESLs) for TRH, BTEX compounds and PAHs for use
as an initial screening risk assessment to determine whether laboratory analysed concentrations of
contaminants potentially pose a risk to plant growth. For the purpose of this investigation, ESLs for ‘urban
residential and public open space’ and ‘commercial and industrial’ land uses with fine grained soil textures
have been considered. These are outlined in Table 7.2.

Table 7.2 Soil assessment criteria - ESLs

Analyte ESLs (mg/kg dry soil)

Urban residential
and public open space

Commercial and
industrial

TRH C6-C10 minus BTEX (F1) 180 215

TRH >C10-C16 minus naphthalene (F2) 120 170

TRH >C16-C34 (F3) 1,300 2,500

TRH >C34-C40 (F4) 5,600 6,600

Benzene 65 95

Toluene 105 135

Ethylbenzene 125 185

Xylene (Total) 45 95

Benzo(a)pyrene 0.7 1.4

The NEPM (2013) also provides ecological investigation levels (EILs), which were developed for metals,
naphthalene and pesticides. The EILs take into consideration the physiochemical properties of soil and
contaminants and the capacity of the local ecosystem to accommodate increases in the contaminant levels.
The EILs are derived using the following equation:

= ( ) + ( )

The ABC is the background contaminant level and requires measurement at appropriate reference points at
the site. The ACL, which is provided in the NEPM (2013), is the maximum contaminant concentration added
to the naturally occurring background level, exceedances of which may result in adverse effects on plant
health. EILs corresponding to urban residential land use were applicable for this investigation and are further
discussed in Section 8.2.2.
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8. Investigation results

8.1 Subsurface conditions

A summary of the subsurface profile encountered during intrusive works is presented in Table 8.1.

Table 8.1 General subsurface profile

Depth (mBGL) General soil description

0.0 m generally to 0.2-0.7. m

(fill extends up to 2.2m at TP15
in south-western corner of site)

Fill; Gravelly clay, grey, low to medium plasticity, subangular gravels. Bricks were
encountered in fill material in TP09, TP11 and TP15.

0.2-0.7 m up to 1.5 m Clay; Red/brown with increasing grey mottles with depth, medium plasticity, stiff.

0.7-2.2 m to maximum depth of
investigation (3 m)

Weathered shale; Grey and orange/brown mottled, extremely weathered.

Encountered at depths of 0.75-2.2 m in all locations, with the exception of TP02,
TP03, TP06 and TP07. These test pits were excavated to maximum depths of
0.95-1.5 m and were terminated within residual clay materials and were not
required to be excavated deeper into the underlying shale.

A significant increase in the depth of fill material was observed in test pits undertaken in the south-western
portion of the site (TP09, TP14 and TP15). A medium grained sand fill material was observed at TP09 and
TP15 below a depth of 0.6 to 0.9 m, which varied from the upper fill material observed at the majority of test
pits (gravelly clay). Bricks, terracotta, concrete and metal were among the material observed to be present in
this lower layer of fill. No potential ACM was observed in this lower fill layer.

Headspace analysis of VOCs was undertaken on all soil samples collected using a calibrated PID. PID
readings reported were between 0.0 and 0.1 ppm, suggesting that soils were unlikely to contain significant
concentrations of VOCs.

Potential ACM fragments were encountered at test pit location TP11 and TP14. A fragment from each test pit
was collected and submitted to the laboratory for analysis for asbestos. The laboratory confirmed the
presence of asbestos in each of the potential ACM fragments submitted for analysis.

No other ACM were observed at the site.

No perched water or groundwater was encountered during the investigation works to the maximum extent of
the investigations undertaken (up to 3.0 mBGL).

Environmental test pit logs (including GPS coordinates and PID readings) are provided in Appendix H, and
sampling locations are shown on Figure 2. A ‘mud map’ showing measured distances of sampling locations
from site features and measurements between locations is provided as Figure 4.

8.2 Analytical results

Selected soil samples collected from test pits were analysed for contaminants of concern. Soil samples were
selected based on a combination of sample location (to provide site coverage) and field observations (to
target areas of potential concern).
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The following sections provide a summary of the results of the soil investigation. More detailed summary
tables of analytical results are provided in Tables A1 to A6 in Appendix A, and laboratory reports are
provided in Appendix I.

8.2.1 HILs/HSLs

Table 8.2 provides a summary of the number of primary samples analysed, analytes tested for,
minimum/maximum constituent concentrations, and samples that exceeded the adopted HILs and/or HSLs
for the site.
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8.2.2 EILs/ESLs

8.2.2.1 EIL concentrations

As discussed in Section 7.2, EIL concentrations are required to assess the potential ecological impacts of
metals, pesticides and naphthalene contamination.

Tables 1B(4) and 1B(5) of the NEPM (2013) provide generic EILs for aged arsenic and lead, and fresh DDT
and naphthalene in soils (irrespective of their physicochemical properties). Aged values are applicable for
contamination present in soil for at least two years. EILs are provided for various land uses including ‘areas
of ecological significance’, ‘urban residential and open space’ and ‘commercial and industrial’. The ‘urban
residential and open space’ and ‘commercial and industrial’ land use EILs have been considered for this
investigation.

Site-specific EILs for chromium (III), copper, nickel and zinc have been calculated using the CSIRO
Ecological Investigation Level Calculation Spreadsheet provided online in the ASC NEPM Toolbox
(http://www.scew.gov.au/node/941). These calculations require an understanding of the cation exchange
capacity (CEC), clay content and pH of the residual soil at the site.

A soil sample collected from 0.5-0.6 mBGL in location TP01 was analysed for CEC and clay content. Based
on these analyses, the following values were used for calculations of EILs:

a CEC of 12 cmolc/kg dwt

clay content of 89 %

pH of 5.5

To calculate aged ABCs, the spreadsheet requires the state and traffic volume to also be entered. These
were entered as ‘NSW’ and ‘high’ respectively.

Table 8.3 outlines the EILs (generic and derived) for this investigation.

Table 8.3 Generic and calculated EIL concentrations

Analyte

NEPM (2013) EILs (mg/kg)

Urban residential and open public
spaces

Commercial and industrial

Arsenic1 100 160

Chromium (III)2 830 1400

Copper2 160 220

DDT1 180 640

Lead3 1,100 1,800

Nickel2 190 330

Zinc2 390 540

Naphthalene1 170 370

(1) NEPM (2013) Schedule B1 Table 1B(5) Generic EILs for aged As, fresh DDT and fresh naphthalene in soils irrespective of their
physicochemical properties

(2) Calculated using the CSIRO Ecological Investigation Level Calculation Spreadsheet
(3) NEPM (2013) Schedule B1 Table 1B(4) Generic added contaminant limits for lead in soils irrespective of their physicochemical

properties
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8.2.2.2 Comparison of analytical results with ESLs/EILs

Table 8.4 summarises soil concentrations which exceeded the adopted ESLs/EILs for ‘urban residential and
open public spaces’ and ‘commercial and industrial’ land use adopted for the site.

Table 8.4 Summary of soil ESL/EIL exceedances

Analyte Samples exceeding adopted ESLs/EILs

Urban residential and open
public spaces

Commercial and
industrial

TRH/BTEX compounds

TRH C6-C10 minus BTEX (F1) - -

TRH >C10-C16 minus naphthalene (F2) - -

TRH >C16-C34 (F3) - -

TRH >C34-C40 (F4) - -

Benzene - -

Toluene - -

Ethylbenzene - -

Xylene (Total) - -

PAHs

Naphthalene - -

Benzo(a)pyrene 7 samples 4 samples

OCPs

DDT - -

Heavy metals

Arsenic - -

Chromium (III) - -

Copper - -

Lead - -

Nickel - -

Zinc 2 samples -
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9. QA/QC

9.1 DQIs for analytical data

The DQIs for sampling techniques and laboratory analyses of collected representative soil samples define
the acceptable level of error required for this investigation. The DQOs have been assessed by reference to
the attributes presented in Table 9.1.

Table 9.1 Data quality indicators

DQI Description Applicability

Representativeness

The confidence that the data are
representative of each media present on the
site. Expresses the degree to which sample
data accurately and precisely represents a
characteristic of a population or an
environmental condition. Controlled through
selecting sampling locations that exemplify
site conditions and obtaining suitable
samples.

Consistent and repeatable sampling
techniques and methods were utilised.

Precision

The quantitative measure of the variability (or
reproducibility) of data. Expressed as relative
percentage differences (RPDs), assessed by
determining the RPDs between the original
and duplicate samples tested. Validity of the
data is questioned if the RPD limits are
exceeded and upon further investigation a
reason cannot be determined.

Work was conducted in accordance with
Parsons Brinckerhoff standard procedures.
The precision of the data was assessed by
calculating the RPDs of duplicate samples
following AS 4482.1 (2005).

Accuracy

The quantitative measure of the closeness of
reported data to the true values. Accuracy
can be undermined by such factors as field
contamination of samples, poor preservation
or preparation techniques.

Accuracy was assessed by using equipment
blanks and laboratory QA/QC analytical
results (including laboratory control samples,
spikes, and reference samples).

Completeness

The measure of the amount of usable data
from a data collection activity. Valid chemical
data are the values that have been identified
as acceptable or validated.

The completeness goal was set at there
being sufficient valid data generated during
the study. Measurements made were judged
to be valid measurements.

Comparability

The confidence that data may be considered
to be equivalent for each sampling analytical
event, i.e. the confidence with which one
data set can be compared with another.
Achieved through qualitative assessment of
QA/QC procedures, using comparable field
sampling, laboratory sample preparation and
analytical procedures and reporting units.

The sampling was in general accordance
with the sampling and analysis procedures
and as per standard industry procedures.
Each sample was analysed using identical
methods for each analyte and laboratory
practical quantitation limits (PQLs) were
consistent over each laboratory batch. A
check laboratory was used to provide data to
make a comparative assessment of
variability between laboratories.

Table 9.2 summarises conformance to specific QA/QC procedures.
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Table 9.2 Data quality assurance

Item Objectives met

Environmental
consultant

The environmental consultant maintains quality assurance systems certified to
AS/NZS ISO 9001:2000. Qualified and experienced environmental scientists with 2 to 5
years’ experience completed field works.

Procedures All work was conducted in accordance with relevant statutory work health and safety (WHS)
and environmental sampling guidelines, as well as standard company WHS and
environmental field procedures. Standard field sampling sheets were used. Details recorded
included Parsons Brinckerhoff staff and contractors present, time on/off-site, weather
conditions, calibration records and comments.

Sampling Collection of samples was undertaken by appropriately qualified and experienced personnel
following Parsons Brinckerhoff standard field procedures which are based on industry
accepted standard practice. Chain of custody was used to ensure the integrity of samples
from collection to receipt by the laboratory.

Field equipment Equipment was serviced and calibrated as per the manufacturer requirements.

Equipment
decontamination

Undertaken after each sampling episode where equipment used was not dedicated.

Field blanks to be non-detect for the potential contaminants (one field blank per day).

Field sampling procedures conformed to Parsons Brinckerhoff QA/QC protocols to prevent
cross contamination, preserve sample integrity, and allow for collection of a suitable data set
from which to make technically sound and justifiable decisions with data of satisfactory
usability. QA/QC sample results are presented in in Appendix B.

Transportation Samples were stored in chilled eskies on-site and during transport via courier to the
laboratory.

A chain of custody form was completed on-site and sent with the samples. The laboratory
confirmed receipt of the samples and specified the condition on delivery and the scheduled
analyses.

Appropriate holding times were met. Trip blank samples were carried during field works (at a
rate of one per sample batch) to assess contamination through field activities and transport.
Results were below laboratory PQLs.

Field QA/QC Two field blanks were collected during the soil field works. All blanks were analysed for TRH,
BTEX compounds, PAHs, OCPs, OPPs, PCBs and heavy metals. All results were below
PQLs.

One trip blank sample was analysed for TRH, BTEX compounds and naphthalene. All results
were below PQLs.

One trip spike sample was analysed for BTEX compounds. Recovery results were reported
between 85% and 100%. This was considered acceptable.

QA/QC sampling was undertaken to industry standard procedures including approximately 1
in 20 blind duplicates (intra-laboratory) to the primary laboratory and approximately 1 in 20
blind duplicates (inter-laboratory) to the secondary laboratory. Field and laboratory
acceptable limits are between 30-50% RPD as stated by AS 4482.1-1997. Non-compliances
have been documented in Section 9.2 of this report.

Laboratory analysis Analysis was carried out by laboratories with NATA certification for the required analyses with
the exception of asbestos quantification. NATA has noted that there is no accepted valid
method in Australia for this estimation and that they do not offer accreditation for this activity.

Detection limits were sufficient to enable comparison against the appropriate guidelines. All
PQLs adopted by the laboratories were less than the adopted assessment criteria. Although
the primary laboratory has adopted a PQL of 0.001% for FA/AF, it is noted that there are
limitations inherent in the adopted methodology. Although some forms of asbestos can be
detected to this limit, due to the limitations there is the potential that free respirable asbestos
fibre contamination exists within samples at concentrations up to an order of magnitude
greater than the reported detection limit. In the absence of an alternative method with a more
appropriate PQL, this methodology has been adopted and the limitations of the method
noted.
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Item Objectives met

Acceptable limits for
QA/QC samples

Primary laboratory QA/QC acceptance limits for recovery of surrogates, control samples are
matrix spikes to be 70 to 130% for organics and 80 to 120% recovery for inorganics and
waters. All method blanks to be less than PQL.

Reporting Report generally complies with the NEPM (2013).

9.2 Field QA/QC

The following sections discuss the field QA/QC program. Summary tables of QA/QC results are provided as
Tables B1 to B5 in Appendix B, and the results for internal and external QA/QC procedures are provided
within the laboratory analysis reports in Appendix I.

9.2.1 Blind duplicates

9.2.1.1 Analytical program

The field QA/QC soil sampling program comprised collection and analysis of:

one intra-laboratory duplicate (DUP1_AS) and one inter-laboratory duplicate (DUP1A_AS) of primary
soil samples TP06_0.45_AS. analysed for PAHs, heavy metals, TRH, BTEX compounds, OCPs, OPPs
and PCBs

one intra-laboratory duplicate (DUP2_AS) and one inter-laboratory duplicate (DUP2A_AS) of primary
soil samples TP07_0.05_AS analysed for PAHs and heavy metals.

No field duplicate analysis was undertaken for asbestos quantification. The purpose of collecting duplicate
samples is to measure the potential for inaccuracy in sample results due to field or laboratory procedures.
Analysis of anonymised duplicate samples by the primary and secondary laboratories serves to determine
the degree to which sample analyses which should provide identical results do, in fact, provide them. The
way this is measured is through the calculation of RPDs.

For contaminants which are discrete within the matrix being sampled, such as bonded asbestos, fibrous
asbestos or asbestos fines in soil, the duplication of a particular sample does not logically support the
objective of duplicate sampling. Chemical contaminants tend, through a variety of processes, to diffuse
towards homogeneous concentrations. However, as asbestos contamination represents foreign bodies
present in the soil which do not diffuse except through mechanical mixing there is no logical expectation of
similar quantities in any two discrete samples, even two samples split from one larger one. Therefore, the
results of the analyses of two such samples should not be expected to adhere to the same RPD criteria by
which chemical contaminants are measured.

9.2.1.2 RPDs

RPDs were calculated for the primary and duplicate samples for assessment of the data quality, in particular
for assessment of the reproducibility of the analytical data measurements or ‘precision’ given the adopted
field and laboratory methods.
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The RPDs were calculated using the formula below, and the results are presented in Tables B1 to B4 in
Appendix B.

Where Ro is the primary sample and Rd is the primary duplicate.

The RPD values were compared to the 30–50% RPD acceptance criterion outlined in Australian Standard
AS 4482.1 (for non- and semi-volatiles in soil) and NEPM (2013) Schedule B3. For volatile compounds no
published RPD acceptance criteria exists, however RPDs of <100% are considered acceptable where
concentrations are at least 10 times the PQL. RPDs for results less than the PQL were not calculated. In
instances where results were greater than the PQL for the one sample, but below PQL for the corresponding
primary or duplicate sample, a result equal to the PQL was adopted in order to calculate an RPD.

RPD exceedances were reported as follows:

an exceedance for TRH >C34-C40 fraction (132%) for primary sample TP06_0.45_AS and its
corresponding inter-laboratory duplicate (DUP1A)

an exceedance for chromium (74%) for primary sample TP07_0.05_AS and its corresponding
intra-laboratory duplicate (DUP02_AS)

an exceedance for chromium (73%) for primary sample TP07_0.05_AS and its corresponding
inter-laboratory duplicate (DUP02A_AS).

The limited number of elevated RPDs are considered to be representative of variable concentrations of
contaminants present in the fill materials observed at the site. The concentrations of chromium reported for
the samples listed above are within the general range of concentrations reported in other soil materials
collected from fill material at the site. The TRH concentration in the inter-laboratory sample was higher than
other results for the site, although remains at least an order of magnitude below all adopted site criteria.

All other RPDs were considered to be acceptable.

9.2.2 Blanks/spikes

Two field blanks, one trip blank and one trip spike sample were also collected and analysed. All results for
blank samples were below PQLs and results for the trip spikes were between 85% and 100%, considered to
be acceptable.

Quality control parameter frequency compliance, provided by both laboratories, indicated that quality control
analysis was undertaken within the required frequency and matrix spike recoveries were reported to be
within recovery limits.

9.3 Summary of QA/QC results

Parsons Brinckerhoff considers that the sample collection, documentation, handling, storage and
transportation procedures utilised are of an acceptable standard and the analytical results provided by the
laboratories are deemed reliable and complete, therefore the data are considered fit for purpose.

It is considered that the QA/QC procedures and results were acceptable and that the conclusions of the
report have not been significantly affected by the sampling or analytical procedures. Based on the results of
laboratory QA/QC samples and the sampling and handling procedures used for the collection and analysis of
soil, the data were considered representative and appropriate for use in this assessment.

%100
2/)(

%
RdRo

RdRo
RPD
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10. Discussion of results

10.1 HIL/HSL exceedances

All results for BTEX compounds, OCPs, OPPs and PCBs in soil were below the laboratory PQLs, and
therefore were below the adopted human health criteria for the site.

Minor concentrations of TRH C10-C16, TRH C16-C34 and TRH C34-C40 fraction were detected in the majority of
test pits, however the concentrations were generally an order of magnitude lower than the guidelines
adopted. No odours or visible staining was observed during test pitting location.

Total PAH concentrations were below the adopted HILs; however calculated benzo(a)pyrene TEQ (limit of
reporting equals zero calculation method) concentrations exceeded HIL A (low density residential) in four soil
samples collected. The samples were collected from TP03, TP09, TP12 and TP14 at depths ranging from
the surface (0-0.1 mBGL) to 1.0 mBGL. Naphthalene concentrations were below or marginally above
detection limits for all samples and therefore below the adopted HSLs.

Concentrations of each of the heavy metals assessed were reported in the majority of the soil samples
analysed, however these were generally consistent between locations and in most cases are considered to
be representative of background heavy metal concentrations. All heavy metal results were below the
adopted HILs for low density residential land use and public open space and commercial/industrial use with
the exception of the lead concentration (490 mg/kg) reported for the sample collected from TP12 at a depth
of 0.5 mBGL which exceeded the HIL for low density residential land use and public open space. A sample
collected from the surface of TP12 reported a significantly lower lead concentration (64 mg/kg). The sample
collected from TP12 at 0.5 mBGL also reported an elevated zinc concentration (2,400 mg/kg), however it
was below the adopted HILs.

ACM in the form of cement sheeting fragments were observed at two locations on the site. Two cement
sheeting fragments (TP11_0_AS_FRAG and TP14_FC_FRAG Sieve) were sent to the laboratory for testing
with the laboratory confirming that asbestos was present in both fragments.

Asbestos quantification was undertaken on 17 soil samples. The samples collected from TP11 at 0-0.1
mBGL and TP14 from 0.5-0.6 m contained bonded ACM in the form of cement sheeting fragments (>7mm).
To determine the bonded ACM concentrations in soil a soil density (clay 1.5 kg/L) and asbestos by weight in
cement bonded ACM (15%) were applied. The weight of the bonded ACM from TP11 and TP14 was
reported by the laboratory as 10.70 and 4.40 g, respectively. The calculated concentration of bonded ACM
for the sample collected from TP11 was above the adopted health screening levels for low density residential
(0.01 %w/w) but below commercial/industrial (0.05 %w/w). The calculated concentration of bonded ACM for
the sample collected from TP14 was below the adopted health screening level for low density residential and
commercial/industrial. The calculations are shown in Table 10.1 below.

Table 10.1 Bonded ACM concentration in soil calculations

Location Depth
(m)

Weight of 10 L soil

(sandy soil 1.5 kg/L)

Weight bonded
ACM cement
sheeting (g)

Weight of
asbestos (15% of
cement ACM, g)

Bonded ACM
(%w/w)

TP11 0.0-0.1 15 kg 10.70 1.605 0.0107

TP14 0.5-0.6 15 kg 4.40 0.660 0.0044

Of the 17 soil samples submitted to the laboratory for quantification of asbestos fines and fibrous asbestos
(AF/FA), all samples were below detection. The adopted criterion of no asbestos material present for surface
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soils has not been met given that ACM in the form of cement sheeting fragments identified at TP11 (0-0.1m).
Table 10.2 below summaries the asbestos detections and Figure 3 shows the location of the detections.

Table 10.2 Asbestos Detections Table

Location Sample ID Description

TP11 TP11_0_AS_FRAG Amosite, chrysotile and crocidolite asbestos detected (40×40×3mm),
collected in 10 L sample

TP14 TP14_FC_FRAG Sieve Chrysotile asbestos detected (55×40×3mm), collected in 10 L sample

10.2 ESL/EIL exceedances

Two reported concentrations of zinc exceeded the adopted EILs, at TP11 (0-0.1 mBGL) and TP12 (0.5-0.6
mBGL). The zinc concentration at TP11 (400 mg/kg) marginally exceeds the residential EIL but is well below
the commercial/industrial EIL. The zinc concentration at TP14 (2,400 mg/kg) exceeds the residential EIL but
is well below the commercial/industrial EIL. These concentrations are above the general range of zinc
concentration reported for other samples analysed at the site, in particular for the sample collected from
TP12 at 0.5-0.6 mBGL. The zinc exceedances are considered to be limited in nature and therefore are not
considered to pose a significant risk to on-site ecological receptors. The distribution of these concentrations
is shown on Figure 3.

The adopted benzo(a)pyrene ESL for urban residential land use was exceeded in seven samples collected,
from TP01, TP03, TP09, TP12, TP13 and TP14 at depths ranging from the surface to 1 mBGL. The adopted
benzo(a)pyrene ESL for commercial/industrial land use was exceeding in four samples collected from TP03,
TP09, TP12 and TP14 at depths ranging from the surface to 1 mBGL. Given the calculated benzo(a)pyrene
TEQ concentrations exceeded HIL A (low density residential) in four soil samples it is recommended that any
further assessment and/or remediation of benzo(a)pyrene undertaken on-site includes further assessment of
the risk posed to the on-site ecological receptors from benzo(a)pyrene concentrations, particularly prior to
divestment for residential use.

10.3 In situ waste classification

The results of the laboratory analyses were also compared to the contaminant threshold values for
classifying waste by chemical assessment without the leaching test as detailed in Table 1 of the NSW EPA
(2014) Waste Classification Guidelines Part 1: Classifying Waste. The following results exceeded the criteria
for general solid waste:

benzo(a)pyrene concentrations at TP01 (0.05 mBGL), TP03 (0-0.1 mBGL), TP09 (1.0-1.1 mBGL), TP12
(0.5-0.6 mBGL), TP13 (0.05 mBGL and small stockpile of road base and bitumen material above
TP13) and TP14 (0.5-0.6 mBGL)

lead concentrations at TP01 (0.05 mBGL), TP02 (0.5-0.6 mBGL), TP03 (0-0.1 mBGL), TP04
(0.05 mBGL), TP11 (0-0.1 mBGL), TP12 (0.5-0.6 mBGL) and TP15 (2.0 mBGL)

nickel concentrations at TP01 (0.05 mBGL), TP04 (0.05 mBGL), TP08 (0.05 mBGL), TP09 (0.5-
0.6 mBGL), TP10 (0.5-0.6 mBGL), TP12 (0.05 mBGL) and TP15 (0.5-0.6 mBGL).

A selection of the samples listed above (three for benzo(a)pyrene, two for lead and three for nickel) were
subsequently submitted to the laboratory for analysis using the toxicity characteristic leaching procedure
(TCLP) to confirm whether these elevated concentrations were considered to be leachable. Generally the
sample with the highest concentration was selected to undergo TCLP analysis and other samples were
selected to provide assessment across the soil profile. The results were then compared to Table 2 of the
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NSW EPA (2014) guidelines for classifying waste with the TCLP test. All results were below the criteria for
general solid waste, however it is noted that asbestos in the form of cement sheeting fragments has been
detected at TP11 and TP14. Based on this, the fill material at the site is considered to be classified as
special waste (to be managed as asbestos) as well as general solid waste, for off-site disposal to an
appropriately licensed waste facility.

Although the soil profile encountered at the site was found to be generally consistent, it is noted that this in
situ waste classification is based on samples collected from discrete test pit locations, and did not involve
visual observation of stockpiled materials. It is recommended that materials are excavated, stockpiled, and
sampled ex situ to confirm waste classification prior to disposing of materials to an off-site waste facility.

Summary tables of results in comparison to waste classification criteria are provided as Tables A61 to A10 in
Appendix A.

10.4 Updated CSM

Table 10.1 provides an updated CSM, which has been revised based on the findings of the combined
Stage 1 and 2 DSI work.

Table 10.3 Updated CSM

Sources of on-site
impact

Likely sources of impact at the site include:

uncontrolled fill materials which would have historically been used to level the site
(some time prior to 1912)

potential waste dumping at the site, including any potential waste from the
demolition of former site structures

historical use of the site as a Sydney Water depot, including storage of equipment,
fuel and vehicles

possible leaks/spills of oil/petrol from vehicle activity and storage on the site

potential asbestos containing materials (ACM) from imported materials, previously
demolished site building/s, and weathering of existing site buildings

potential lead paint flaking from the reservoir structure prior to refurbishment

Impacted media Soil: Impacts from historical use of the site as a depot, contaminated fill or waste
materials, storage of petroleum, storage and maintenance of vehicles or hazardous
building materials.

Groundwater: Migration from soil impacts, although this is considered unlikely given
laboratory results for concentration and leachability of soil samples collected from the
site, the elevation of the site and the fact that groundwater is likely to be located within
underlying bedrock.

Contaminants of
concern

Contaminants of concern at the site comprise:

petroleum compounds including TRH and BTEX compounds

PAHs

heavy metals (including lead)

pesticides

PCBs

asbestos.

Based on the soil laboratory results the revised contaminant of concerns for the site
are considered to be:

TRH

PAHs

heavy metals

asbestos.
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Migration pathways Potential migration pathways include:

flaking of hazardous building materials (asbestos/lead) from structures onto the site
surface

vertical migration of contaminants in soil from infiltration of rain water

migration of contaminants through underground service trenches

run-off of surface contaminants in rain water

volatilisation of hydrocarbon contamination

airborne migration of contamination in dust or vapour.

Potential exposure
pathways

Potential exposure pathways include:

inhalation of dust or vapours by site users or nearby site users

ingestion or dermal contact with contaminated surface soils or near surface soils by
current commercial/industrial, future residential site users or
excavation/maintenance workers.

Potential sensitive
receptors

Based on the site setting and laboratory results, sensitive receptors potentially
include:

underlying soil and groundwater

future residential users of the site

users of domestic bores in the vicinity of or downgradient of the site, although no
registered bores were identified within a 500 m radius of the site

surface watercourses receiving groundwater from the site, possibly including
surface water at Canterbury Racecourse and the Cooks River located 1.1 km and
1.3 km south-west of the site, respectively

users of the neighbouring Peace Park recreation area

occupiers of residential properties surrounding and downgradient of the site

on-site and off-site construction or utility workers (those working within service pit
trenches).

Data gaps The volume of affected fill material has been estimated based on this assessment but
may be refined following further work.

 No assessment was undertaken beneath the on-site buildings.

The effect of the South Ashfield Brickworks and its potential impacts to the local
environment is not known.
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11. Conclusions
The Stage 2 DSI works were undertaken to assess the current contamination status of the site, and potential
risks associated with this contamination with respect to the current commercial/industrial land use and the
proposed future land use (potentially to be re-zoned for low to medium density residential land use).

The results of the investigation indicated that:

Concentrations of BTEX compounds, OCPs, OPPs and PCBs in soil were below the laboratory PQLs,
and therefore were below the adopted human health criteria for the site.

Concentrations of TRH were below the laboratory PQLs or marginally above, with all concentrations
well below the adopted HSLs (residential land use, commercial/industrial and direct contact). No odours
or visible staining was observed in these locations.

Total PAH concentrations were below the adopted HILs; however calculated benzo(a)pyrene TEQ (limit
of reporting equals zero calculation method) concentrations exceeded HIL A (low density residential) in
four soil samples collected. The samples were collected from TP03, TP09, TP12 and TP14 at depths
ranging from the surface (0-0.1 mBGL) to 1.0 mBGL. Naphthalene concentrations were below or
marginally above detection limits for all samples and therefore below the adopted HSLs.

Heavy metal results were below the adopted HILs for low density residential land use and
commercial/industrial use with the exception of the lead concentration (490 mg/kg) reported for the
sample collected from TP12 at a depth of 0.5 mBGL which exceeded the HIL for low density residential
land use. Samples collected from the surface of TP12 and at 1.0 mBGL reported significantly lower lead
concentrations of 64 mg/kg and 14 mg/kg respectively.

Zinc exceeded the adopted EILs at TP11 (0-0.1 mBGL) and TP12 (0.5-0.6 mBGL). The zinc
concentration at TP11 (400 mg/kg) marginally exceeds the residential EIL but is well below the
commercial/industrial EIL. The zinc concentration at TP14 (2,400 mg/kg) exceeds the residential EIL but
is well below the commercial/industrial EIL. These concentrations are above the general range of zinc
concentration reported for other samples analysed at the site, in particular for the sample collected from
TP12 at 0.5-0.6 mBGL. The zinc exceedances are considered to be limited in nature and therefore are
not considered to pose a significant risk to on-site ecological receptors.

Benzo(a)pyrene exceeded the adopted ESL for urban residential land use in seven samples collected,
from TP01, TP03, TP09, TP12, TP13 and TP14 at depths ranging from the surface to 1 mBGL. The
adopted benzo(a)pyrene ESL for commercial/industrial land use was exceeding in four samples
collected from TP03, TP09, TP12 and TP14 at depths ranging from the surface to 1 mBGL. It is
recommended that any further assessment and/or remediation of benzo(a)pyrene undertaken on-site
(given the benzo(a)pyrene TEQ exceeding HIL A) includes further assessment of the risk posed to the
on-site ecological receptors from benzo(a)pyrene concentrations, particularly prior to potential
divestment for residential use.

ACM in the form of cement sheeting fragments were observed at two locations on the site (at
0-0.1 mBGL in TP11 and 0.5-0.6 mBGL in TP14). Fragments collected from these locations
(TP11_0_AS_FRAG and TP14_FC_FRAG Sieve) were sent to the laboratory for testing, with the
laboratory confirming that asbestos was present in both fragments. The calculated concentration of
bonded ACM for the sample collected from TP11 (0.0107%w/w) was above the adopted health
screening levels for low density residential (0.01 %w/w) but below commercial/industrial (0.05 %w/w).
The calculated concentration of bonded ACM for the sample collected from TP14 was below the
adopted health screening level for low density residential and commercial/industrial. In addition, the
adopted criterion of no asbestos material present for surface soils has not been met given that ACM in
the form of a cement sheeting fragment was identified at TP11 (0-0.1 m). Asbestos quantification was
also undertaken on 17 soil samples, with all concentrations below detection.



Parsons Brinckerhoff | 2201679B-CLM-RPT-1021 RevC | Commercial in Confidence 39

Sydney Water Corporation Combined Stage 1 and 2 Detailed Site Investigation - Sydney Water Ashfield
Reservoir, 165-169 Holden Street, Ashbury, NSW

An in situ waste classification was undertaken based on the laboratory results of soil samples collected
from the site. The fill material at the site is considered to be classified as special waste (to be managed
as asbestos) and general solid waste, for off-site disposal to an appropriately licensed waste facility. It is
recommended that materials are excavated, stockpiled, and sampled ex situ to confirm waste
classification prior to disposing of materials to an off-site waste facility.

No perched water or groundwater was encountered during the works to the maximum depth of
investigation (up to 3.0 mBGL). Soil data obtained from the site did not indicate any widespread
leachable contamination which may have potentially caused an impact to underlying groundwater.

The site meets the adopted screening/investigations levels for the current land use (commercial/industrial)
with the exception of asbestos in the form of a fragment of bonded ACM cement sheeting in surface soils at
TP11 (0-0.1m BGL). Appropriate management and removal of the asbestos impact on-site is recommended
to meet the criteria for the current site use.

The volume of material impacted by asbestos is estimated to be approximately 1,625 m3. The estimated
volume is based on the assumption that the asbestos impact is confined to the upper fill material across the
entire site area (described as gravelly clay), comprising an area of approximately 2,708 m2. This fill layer
generally ranges between 0.2 to 0.5 mBGL in the north-eastern portion of the site but extends up to
0.95 mBGL in the south-western portion of the site. Fill material was recorded to extend up to 2.1 mBGL at
TP09 and TP15, however the deeper fill material in this area has a different composition (sand) and no
asbestos has been observed in this fill material. The assumptions above would need to be confirmed via
observations and validation sampling during the remedial works. Based on these assumptions, the above
volume has been calculated based on an estimated average depth of fill materials requiring excavation of
0.6 m. Should asbestos impacted be observed in the underlying sandy fill materials, further assessment may
be required to determine the extent of the impacts and the works could result in removal of all fill materials
from the site (as a worst case scenario). Fill thicknesses at the site were found to vary from 0.2 to 2.2 m and
it was calculated that the total volume of fill material at the site was approximately 1,900 m3.

Benzo(a)pyrene TEQs in four samples, lead in one sample and asbestos reported in surface soils at TP11
exceeded the relevant adopted screening/investigations levels for low to medium density residential. Seven
benzo(a)pyrene concentrations exceeded the adopted ESL for urban residential land use. Appropriate
management and removal of the asbestos, lead and PAH impact on-site is recommended to meet the criteria
for potential future use as low to medium density residential, if the site is divested. Some deeper excavation
would be required around investigation location TP09 as benzo(a)pyrene impacts were reported within the
underlying sandy fill materials. Based on a surface area of approximately 50 m2 and an additional depth of
1 m, the volume of soil in excess of the asbestos-impacted soil which is estimated to be affected by PAHs is
considered to comprise approximately 50 m3.

Aboveground structures and materials stored on-site (in sheds and storage areas) were not assessed as part
of this DSI. These may require assessment for hazardous materials and/or other potential contaminants and
potentially removal prior to potential divestment of the site.



Parsons Brinckerhoff | 2201679B-CLM-RPT-1021 RevC | Commercial in Confidence 40

Sydney Water Corporation Combined Stage 1 and 2 Detailed Site Investigation - Sydney Water Ashfield
Reservoir, 165-169 Holden Street, Ashbury, NSW

12. Limitations
1. This Report has been prepared by Parsons Brinckerhoff Australia Pty Limited (“Parsons Brinckerhoff”)

for the benefit of Sydney Water Corporation (“Sydney Water”), the registered proprietor of the site
requested to be investigated by Parsons Brinckerhoff (“Site”) under its agreement with Sydney Water
dated 20 April 2011 (“Agreement”).

2. The nature and extent of the contamination assessment of the Site detailed in the Report reflects the
scope of the Services set out in the Specification in the Agreement.

3. A potential purchaser (but not including a purchaser’s successor in title) of the Site may rely on the
findings contained in the Report for the purpose of assessing the level of contamination of that Site
(“Permitted Purpose”).

4. The findings contained in the Report are subject to the qualifications, assumptions and limitations set
out in the Report or otherwise communicated to, or, by Sydney Water.  To the extent of any
inconsistency between this Limitation Statement and the qualifications, assumptions and limitations in
the Report, this Limitation Statement shall prevail.

5. The Report may contain information provided by others.  Except as otherwise stated in the Report,
Parsons Brinckerhoff has not verified the accuracy or completeness of this information.  To the extent
that the statements, opinions, facts, information, conclusions and/or recommendations in the Report
(“Conclusions”) are based in whole or in part on this information, those Conclusions are contingent upon
the accuracy and completeness of that information.  Parsons Brinckerhoff accepts no responsibility for
the reliability, accuracy, completeness or adequacy of information provided by others.

6. Parsons Brinckerhoff has prepared the Report without regard to any special or particular interest of any
person (including that of a potential purchaser), other than Sydney Water when undertaking the
Services or setting out its findings in the Report.

7. Matters material to a potential purchaser, may have been omitted from the Report, or may not have
bene investigated because of the scope of the Services. It follows that a potential purchaser may rely
only on what is expressed in the Report, including any restrictions set out in the Report.

8. The Report can only be relied upon for the Permitted Purpose and may not be relied upon for any other
purpose and does not purport to recommend or induce a decision to make (or not make) any purchase,
disposal, investment, divestment, financial commitment or otherwise in relation to the Site.

9. The Report has not and will not be updated for events occurring after the date of the Report or any other
matter which may have a material effect on its contents which come to light after the date of the Report.
Parsons Brinckerhoff will not be obliged to inform a potential purchaser of any matter arising or coming
to its attention after the date of the Report, which may affect or qualify the Report.

10. Parsons Brinckerhoff is not liable to a potential purchaser in respect of errors or omissions in the Report
which a potential purchaser knows of, or ought to be aware of, from:

a. its own actual knowledge and inquiries;
b. inquiries made by its advisers;  or
c. matters which a potential purchaser should have been aware of by making reasonable inquiry.
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11. To the fullest extent permitted at law, Parsons Brinckerhoff, its related bodies corporate, its officers,
employees and agents assume no liability and will not be liable to any potential purchaser for, or in
relation to, any losses, damages or expresses (including any indirect, consequential or punitive losses
or damages or any amounts for loss of income or profit, revenue or loss of opportunity to earn profit) of
any kind (arising in contract, tort (including negligence or otherwise), suffered or incurred by a potential
purchaser (or any other third party) arising out of or in connection with any matter outside the ambit of
the Permitted Purpose in relation to the Report or findings expressed in the Report.
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QA/QC results tables 
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Total BTEX mg/L 0.003 <0.003 <0.003
Xylene (m & p) µg/L 1 <1 <1
Xylene (o) µg/L 0.5 <0.5 <0.5
Xylene Total µg/L 1.5 <1.5 <1.5
C6-C10 less BTEX (F1) mg/L 0.05 <0.05 <0.05
Lead (Filtered) mg/L 0.001 <0.001 <0.001
Arsenic (Filtered) mg/L 0.001 <0.001 <0.001
Cadmium (Filtered) mg/L 0.0001 <0.0001 <0.0001
Chromium (III+VI) (Filtered) mg/L 0.001 <0.001 <0.001
Copper (Filtered) mg/L 0.001 0.002 0.002
Mercury (Filtered) mg/L 0.0001 <0.0001 <0.0001
Nickel (Filtered) mg/L 0.001 <0.001 <0.001
Zinc (Filtered) mg/L 0.005 0.007 0.007
2,4-DDT µg/L 0.1 <0.1 <0.1
4,4-DDE µg/L 0.1 <0.1 <0.1
a-BHC µg/L 0.1 <0.1 <0.1
Aldrin µg/L 0.1 <0.1 <0.1
b-BHC µg/L 0.1 <0.1 <0.1
Chlordane (cis) µg/L 0.1 <0.1 <0.1
gamma-Chlordane mg/L 0.0001 <0.0001 <0.0001
d-BHC µg/L 0.1 <0.1 <0.1
DDD µg/L 0.1 <0.1 <0.1
DDT µg/L 0.1 <0.1 <0.1
Dieldrin µg/L 0.1 <0.1 <0.1
Endosulfan I µg/L 0.1 <0.1 <0.1
Endosulfan II µg/L 0.1 <0.1 <0.1
Endosulfan sulphate µg/L 0.1 <0.1 <0.1
Endrin µg/L 0.1 <0.1 <0.1
Endrin aldehyde µg/L 0.1 <0.1 <0.1
Endrin ketone µg/L 0.1 <0.1 <0.1
g-BHC (Lindane) µg/L 0.1 <0.1 <0.1
Heptachlor µg/L 0.1 <0.1 <0.1
Heptachlor epoxide µg/L 0.1 <0.1 <0.1
Methoxychlor µg/L 0.1 <0.1 <0.1
o,p-DDD mg/L 0.0001 <0.0001 <0.0001
o,p'-DDE mg/L 0.0001 <0.0001 <0.0001
trans-Nonachlor mg/L 0.0001 <0.0001 <0.0001
Azinophos methyl µg/L 0.2 <0.2 <0.2
Bromophos-ethyl µg/L 0.2 <0.2 <0.2
Chlorpyrifos µg/L 0.2 <0.2 <0.2
Diazinon µg/L 0.5 <0.5 <0.5
Dichlorvos µg/L 0.5 <0.5 <0.5
Dimethoate µg/L 0.5 <0.5 <0.5
Ethion µg/L 0.2 <0.2 <0.2
Fenitrothion µg/L 0.2 <0.2 <0.2
Malathion µg/L 0.2 <0.2 <0.2
Methidathion µg/L 0.5 <0.5 <0.5
Benzo[b+j]fluoranthene mg/L 0.0001 <0.0001 <0.0001
1-Methylnaphthalene µg/L 0.1 <0.1 <0.1
2-methylnaphthalene µg/L 0.1 <0.1 <0.1
Acenaphthene µg/L 0.1 <0.1 <0.1
Acenaphthylene µg/L 0.1 <0.1 <0.1
Anthracene µg/L 0.1 <0.1 <0.1
Benz(a)anthracene µg/L 0.1 <0.1 <0.1
Benzo(a) pyrene µg/L 0.1 <0.1 <0.1
Benzo(g,h,i)perylene µg/L 0.1 <0.1 <0.1
Benzo(k)fluoranthene µg/L 0.1 <0.1 <0.1
Chrysene µg/L 0.1 <0.1 <0.1
Dibenz(a,h)anthracene µg/L 0.1 <0.1 <0.1
Fluoranthene µg/L 0.1 <0.1 <0.1
Fluorene µg/L 0.1 <0.1 <0.1
Indeno(1,2,3-c,d)pyrene µg/L 0.1 <0.1 <0.1
Naphthalene µg/L 0.1 <0.1 <0.1
PAHs (Sum of total) µg/L 1 <1 <1
Phenanthrene µg/L 0.1 <0.1 <0.1
Pyrene µg/L 0.1 <0.1 <0.1
Isodrin µg/L 0.1 <0.1 <0.1
Mirex µg/L 0.1 <0.1 <0.1
Parathion µg/L 0.2 <0.2 <0.2
Arochlor 1016 µg/L 1 <1 <1
Arochlor 1221 µg/L 1 <1 <1
Arochlor 1232 µg/L 1 <1 <1
Arochlor 1242 µg/L 1 <1 <1
Arochlor 1248 µg/L 1 <1 <1
Arochlor 1254 µg/L 1 <1 <1
Arochlor 1260 µg/L 1 <1 <1
Arochlor 1268 mg/L 0.001 <0.001 <0.001
Aroclor 1262 µg/L 1 <1 <1
PCBs (Sum of total) µg/L 5 <5 <5

Polychlorinated Biphenyls

Organophosphorous 

Organochlorine Pesticides



Appendix C 
Site photographs 



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 1: Site entrance driveway, facing east.

Photo 2: View of north-eastern area of the site, facing west.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 3: View of north-eastern area of the site, facing north-west.

Photo 4: View of retaining wall in south-western corner of site area, facing west.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 5: View of western area of site and site buildings, facing north.

Photo 6: View of site buildings in western and north-western area of site, facing west.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 7: View of storage area in central part of site, facing north-east.

Photo 8: View of storage shed in northern area of site, facing north.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 9: View of north-western area of site, behind site building, facing south.

Photo 10: View of north-western area of site, behind site building, facing north.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 11: View of the vegetated western area of the site behind buildings, facing south.

Photo 12: Storage area in southern portion of the south-western site building.
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ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 13: Storage area in northern portion of the north-western site building.

Photo 14: View of western area of the site, with the remainder of the Sydney Water 
property (to be retained) beyond, facing south.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 15: View of Sydney Water reservoir on area of property to be retained, facing
north-east.

Photo 16: View of drainage area into the neighbouring park, in south-western corner of the 
Sydney Water property (in area to be retained), facing south-west.
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United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 17: Soil retained on >7 mm sieve from surface sample at location TP01.

Photo 18: Soil excavated from test pit location TP02 during investigation works.
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ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 19: Soil profile at test pit location TP03.

Photo 20: Soil profile at test pit location TP04.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 21: Soil profile at test pit location TP05.

Photo 22: Soil profile at test pit location TP06.
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United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 23: Soil profile at test pit location TP07.

Photo 24: Soil profile at test pit location TP08.
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Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 25: Soil profile at test pit location TP09.

Photo 26: Soil profile at test pit location TP10.
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United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 27: Soil profile at test pit location TP11.

Photo 28: Soil profile at test pit location TP12.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 29: Soil retained on >7 mm sieve from surface sample at location TP13.

Photo 30: Soil profile at test pit location TP14. ACM cement sheet fragment found in fill 
material at 0.5 mBGL.



ENVIRONMENTAL SITE 
ASSESSMENT

United Petroleum Pty Ltd

Combined Stage 1 and 2 DSI
165-169 Holden Street, Ashbury, NSW

Photo 31: Soil profile at test pit location TP15.
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Title search documentation 























Appendix E 
Historical aerial photographs 

















Appendix F 
Section 149 certificate 













































Appendix G 
NSW WorkCover dangerous goods search results 












