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PREFACE  

 
The technical working papers for the proposed ILC at Enfield were prepared during 
the first half of 2005. These were prepared in response to the requirements for the 
preparation of an Environmental Impact Statement (EIS) under Part 4 of the 
Environmental Planning & Assessment Act, 1979 (EP&A Act). Specific requirements 
for the EIS were issued on 1 March 2005 by the (then) Director- General of 
Infrastructure, Planning and Natural Resources. 
 
The EP& A Act was amended on 1 August 2005 by the creation of Part 3A of the Act, 
and the Department of Infrastructure, Planning and Natural Resources was dissolved 
on 26 August 2005 and replaced by the Department of Planning and the Department 
of Natural Resources.  
 
The proposed ILC at Enfield has since been declared a major project, pursuant to 
SEPP (Major Projects) 2005 and Sydney Ports has subsequently lodged an application 
under Part 3A of the Act. 
 
Editorial changes to the technical working papers to reflect the changes in legislation 
or changes in Government departments have not been made. 
 
The following should be considered when reading the technical papers: 
 

 The Director-General’s requirements issued under Part 4 are now deemed to have 
been issued under Part 3A, and any reference to the Director-General’s 
requirements should be read as a reference to Director-General’s requirements 
issued under Part 3A; 

 
 Any reference to an EIS under Part 4 of the Act should be read as a reference to 

an Environmental Assessment under Part 3A of the Act; 
 

 Any reference to the Department of Infrastructure, Planning and Natural 
Resources should be read as a reference to either the Department of Planning or 
the Department of Natural Resources, as appropriate. 
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1. Introduction

1.1 Scope
A number of investigations to identify the presence and levels of contamination have been conducted
on the site of the former Enfield Marshalling Yards. These investigations have included both desk
studies and intrusive investigations involving installation of boreholes and test pits.

Previous contamination investigations conducted on the former Enfield Marshalling Yards (excluding
the DELEC site) (CH2M Hill, 1999a, 1999b) and the DELEC site (Egis, 2001) were subject to
separate non-statutory audits under Section 47 (1) (b) (iii) of the NSW Contaminated Land
Management Act 1997. The Auditors conducting the works were accredited by NSW Department of
the Environment and Conservation (DEC) under Section 49 of the Contaminated Land Management
Act 1997.

The information contained within the existing reports has been summarised to provide an overview of
the contamination status of the site and remediation requirements for future use. This report provides a
summary of the previous reports and the Auditor’s interpretation. No additional investigations have
been conducted for preparation of this document.

 CH2M HILL (1999a). Enfield Marshalling Yards. Part A– Environmental Contamination
Assessment. For Sydney Ports Corporation/Rail Estate. Final. March 1999;

 CH2M HILL (1999b) Enfield Marshalling Yards. Part B – Environmental Contamination
Assessment. For Sydney Ports Corporation/Rail Estate. Final August 1999;

 Dames and Moore (1999). Summary site Audit Report. Enfield Marshalling Yard. For Sydney
Ports Corporation. 20 September 1999;

 Egis (2001). Detailed Contamination Assessment, DELEC Depot, Enfield. For Sydney Ports
Corporation/Freightcorp.  Final Report. December 2001;

 Egis (2002). Proposed Enfield Intermodal terminal, Soil Conditions Report. For Sydney Ports
Corporation. January 2002;

 Environ (2002). Site Audit Report, DELEC Depot Enfield. For Sydney Ports Corporation.
January 2002; and

 GHD (2005). Environmental Contamination Review. May 2005.

A series of investigations were conducted during the 1990s the findings have been summarised within
the report on the Detailed Contamination Assessment of the DELEC site prepared by Egis in 2001.

None of the above reports relates to the site of the proposed Intermodal Logistics Centre in its entirety
but relate to either one of the following areas of land:
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 Part of the former Enfield Marshalling Yards (excluding the DELEC site). This contains the
disused section of land and Toll Australia Facilities comprising Lot 14 DP1007302. This area
includes part of the former Enfield Marshalling Yards and is referred to as ‘former Marshalling
Yards’ through this document; and

 DELEC site including the active DELEC Service Centre (Lot 2 DP1006861) and the land parcel
occupied by Australian Temporary Fencing (Lot 101 DP1001498).

The location of these land parcels are shown in Figure 1. For ease of reference through this document
the division of the site into these two areas has been retained. The reports within these two land areas
cover the site of the proposed ILC in its entirety.

1.2 Assessment Criteria
The site assessment criteria used within these previous reports to determine the levels of
contamination are detailed below.

1.2.1 Soils
The relationship between land uses sensitivity (e.g residential vs commercial/industrial) and associated
differences in investigation criteria is largely based on exposure periods/exposure settings. The
National Environmental Health Forum (NEHF) Monographs, Soil Series 2, Exposure Scenarios and
Exposure Settings 2nd Edition (1998) provides Default Exposure Ratios (DERs) for six different
exposure settings, including residential and commercial/industrial. These settings are differentiated by
exposure periods and exposure pathways. Land uses such as ‘standard’ residential (Exposure Setting
A), where occupants have an exposure period of 24 hours a day, 365 days a year, for an average
occupancy period of 70 years are considered to be sensitive and are given a DER of 1.0. Land uses
such as commercial/industrial where workers have more limited exposure period of 8 hours per day, 5
days a week, 48 weeks per year and approximately 30 years duration have a DER of 0.2.

The NEHF Health Based Soil Investigation Levels (HBSIL) thresholds relevant to assess soil
contamination on the former Marshalling Yards and DELEC site are HBSIL NEHF (F) levels for
redevelopment of the site for commercial/industrial purposes. Reference was also made to the more
stringent Ecological Investigation Levels (EILs) where appropriate. For Total Petroleum
Hydrocarbons (TPH) the criteria were taken from ‘Contaminated Sites: Guidelines for Assessing
Service Station Sites’ (NSW EPA, 1994).

The results from sampling taken within the part of the site to be developed for the proposed
Community and Ecological Area were looked at separately and compared against more stringent
criteria as this area is to be vegetated and subject to controlled public access. The site criteria, for this
area, was taken to be NEHF (E) criteria for Parks, Recreational Open Space, Playing Fields including
Secondary Schools (open space criteria).
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1.2.2 Groundwater
The criteria used to assess groundwater contamination is the ‘Australian and New Zealand
Environment and Conservation Council’ and the ‘Agricultural and Resource Management Council of
Australia and New Zealand’, ANZECC/ARMCANZ (2000) Australian and New Zealand Guidelines
for Fresh and Marine Water Quality. The Guidelines for Protection of Aquatic Ecosystems were used.

1.3 Audit Status
Site contamination audits were conducted on the two areas of land noted in Section 1.1. The
contamination audit documentation is listed below.

 Dames and Moore (1999) Summary Site Audit Report, Enfield Marshalling Yards. Ref 30306-00-
006-070. September 1999.

 Environ (2002) Site Audit Report, DELEC Depot, Enfield. Ref 31-0022. January 2002

These documents have been attached as Attachment A.

During detailed design a number of areas off-site may require further investigation, these include the
road bridge western landing point, road bridge footings, rail connection points and acoustic barriers.
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2. Historical Land Use and Potential
Contaminants

2.1 Former Marshalling Yards
Investigations into the historical land use conducted through the 1990s identify that the former
Marshalling Yards area was developed in 1916. It was created as a distribution link between the ports
of Rozelle and Darling Harbour, and formed part of the Campsie to Flemington Goods Line. The site
was used as a locomotive depot and goods siding for coal, dairy products, wheat and grain, stone,
timber, metal and livestock. The site was operated continually from 1916 to the closure of the original
Enfield Marshalling Yards in 1993 (CH2M Hill, 1999a, Dames & Moore, 1999). Five spoil stockpiles
were created on the site in the 1990s, their approximate location is shown in Figure 2.

Prior to 1916 the site was used predominantly for agricultural/grazing purposes. However, other
activities were also noted in the early 1900s, including Enfield Brick Company, poultry farm, timber
merchants, an omnibus proprietor and a night soil depot. It is possible that site levelling could have
been conducted prior to the laying of railway tracks over most of the site.  There are a number of
buildings and other features on site, these and their known uses, are shown in Figure 1 and described
in Table 1. This information was used to determine potential contamination on site and to enable the
intrusive investigations to target contaminants and areas of concern.

Table 1: Previous Potentially Contaminating Activities on the Former Marshalling Yards.
Area Date Activities Contaminants of concern

Wagon Repair
Shed

Operational
from circa
1920 – 1993

Site was used for stripping and
general maintenance of axle bogies,
relining brakes and internal carriage
repairs. The floor comprised bare
earth until it was sealed in the late
1960s.

Potential for heavy metals (from
maintenance activities), asbestos and
TPH/BTEX (arising from oil/grease
spills) and OCPs/OPPs (from
application of herbicides/pesticides
beneath the building).

Tarpaulin
Factory

Brought to
the site from
Central
railway
station in
1924.
Operational
between
1925-1991

Building used to produce
tarpaulin/canvas bags from rolls of
canvas and to repair tarpaulins. It
had an elevated wooden floor.
There was reportedly no chemical
treatment of fabrics in this factory.

Potential for heavy metals and OCPs
(from application of
pesticides/herbicides beneath the
building). Arsenic, TPH/BTEX and
creosote (PAHs) may be present in the
soils as a result of leaching from
preserved timber.

Railway tracks
and sidings

From circa
1920-1993

Tracks and sidings occupied up to
75% of the site. Most track work
was removed in the late 1980s. No
history of locomotive maintenance
or refuelling in this location.

Potential for heavy metals, PAHs,
phenolics (boiler ash), OCPs and
OPPs.
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Area Date Activities Contaminants of concern
Administration
building

Constructed
1940s

No record of chemical use. Potential for asbestos to be present
within the building fabric. There is the
potential for OCPs, PAH/phenol and
heavy metal contamination within fill
beneath the building.

Pedestrian
footbridge

Installed in
the 1940s

This steel bridge was used for
provision of access to bus routes on
Cosgrove Road. Bitumen is present
beneath areas of the footbridge.

Potential contaminants include
TPH/BTEX and PAH.

Two bitumen
car parks

Constructed
1970s

One of these may be in the location
of a former coal bunker.

Potential contaminants include
TPH/BTEX and PAH.

Drainage
channels and
low lying
areas

Pre 1920 Filling has occurred (up to 6.5m
deep).

Potential contaminants in fill include
PAH, phenol and heavy metals.

Eastern
boundary

This area was thought to be
potentially uncontaminated.

-

5 stockpiles
on site

Early 1990s During the 1990s a large stockpile
(“Mt Enfield”) which was on the
current New Enfield Marshalling
Yard to the west of the site was
relocated and sorted into five
stockpiles on the site. Mt Enfield
contained reworked shale and
sandstone, plus building rubble,
ash, slag, ballast and general
debris. The stockpiles are of varying
size up to 10m high. These were
designed as temporary features to
be dismantled during future
development of the site or for offsite
use/disposal.

Potential for heavy metals, TPH/BTEX,
PAHs/phenolics.

Marshalling
Yard
(remainder of
site)

Pre 1920 There is a layer of fill over the site
surface.

Fill possibly contains ash, hydrocarbon
spills, pesticide and herbicide residues
from previous site uses.
Potential for heavy metals, asbestos,
TPH/BTEX, PAHs, phenolics and
OCPs/OPPs.

General area 1916-1993 A significant number of locomotives
and associated wagons were
loaded/unloaded and moved
through the site. The potential exists
for widespread contamination of
surface soils associated with ballast
and locomotive spillages and
operation.

Potential contaminants include: heavy
metals, TPH/BTEX, PAH/phenolics,
and OCPs/OPPs.

Source: Adapted from Dames & Moore 1999, Environ 1999, CH2M HILL 1999a, 1999b.

As part of site development landfilling was undertaken, in particular in depressions/low lying areas.
The fill comprises generally, gravel, ballast, slag and ash in a dark brown/black coarse sand matrix.
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Deeper layers consist of gravelly sandy clay fill, extending to depths in excess of 10m in some
locations across the site (CH2M Hill, 1999a).

Since closure of the Enfield Marshalling Yards significant amounts of refuse have arrived on site
through fly tipping. GHD identified over 100 stockpiles of waste of varying size and composition
during a walkover inspection conducted in 2005. These materials comprise soil, mixed demolition
waste, timber, concrete rubble, asbestos sheeting and liquid waste drums (GHD, 2005).

2.2 DELEC Site
The area of the DELEC site remained low-lying marshland until the 1950s. The Public Transport
Commission of NSW commenced development of the DELEC and Electric Locomotive Maintenance
Centre in 1957 after acquiring, filling and levelling the land (Egis, 2001). Refuelling activities
commenced in the late 1950s and servicing of electric locomotives began in the early 1960s. Three
large above ground storage tanks (ASTs) were erected on site by 1965. Interviews and literature
reviews undertaken by Egis confirmed that various fuel spills occurred in the refuelling area which
was not sealed until the 1990s. A number of historic waste dumps were also reported in the area to the
south of the car park and possibly at the rear of the sand plant (see Figure 2). The fuel storage and
refuelling facilities on the northern end of the site were unbunded and unpaved until the 1990s,
providing potential pathways for contamination into the ground.

Key areas of concern on the DELEC site are shown in Table 2.

Imported clay and ash underlie the DELEC site. The ash was reported to have originated from steam
locomotives, which were stored on the site prior to the development of the locomotive Maintenance
Centre. The fill extends to depths typically ranging from 2m-4m (Egis, 2001), underlain by 0.2-6m of
clay over moderately weathered shale. The deeper layers of fill appear to correspond to the location of
former natural drainage channels.
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Table 2. Previous Activities and Contaminants of Concern on the DELEC Site
Areas Date Activities Contaminants of concern

All track areas
especially load
box

From
1950s

Potential for leaks and spills as a result of
previous activities. The load box was
replaced in 1985. Anecdotal reports
indicate that locomotives with faulty
engines regularly exhausted unburnt fuel
at these facilities while being serviced.

TPH, especially long chains and
diesel.

Diesel AST area
(main fuel storage
area)

Circa 1965 Three large ASTs were erected by 1965,
removed in the 1990s and replaced with
a larger AST in the same location. This
area was not sealed.
Abrasive blasting of the zinc based tank
coatings on the former ASTs has the
potential to cause zinc contamination in
surrounding soils.

Potential for Zinc, Copper, Lead
and Mercury.

Refuelling areas
(including
locomotive
fuelling point)

Refuelling
conducted
since late
1950s

Potential for leaks and spills associated
with fuel storage and refuelling activities.
The refuelling area included fuel storage,
mixed liquor tank, chemical store and
lubrication oil tanks. The area was sealed
between 1991-1996, with only the bowser
area concrete before that date. There
were a number of reports of fuel spillages
before the area was sealed.

TPH, especially long chains and
diesel.

Carpark From
1950s

Potential for leakages/cleaning of steam
engine boilers. Chromium was used as a
corrosion inhibitor and as a coolant in
diesel and electrical engines.

Chromium and hydrocarbons.

Locomotive
Maintenance
Shed

Potential for release of contaminants
during servicing or maintenance
activities.

Potential for heavy metals and
hydrocarbons.

Steam Spray
Shed / electrical
workshop, mixed
liquor waste tank
areas and load
box/turntable
(high
maintenance
activities).

From
1950s

Cleaning with solvents. Potential
contaminants known to include TPH and
may potentially include volatile
halogenated compounds (VHC) eg.
Methylene chloride used as a cleaning
solvent.

Potential for organic and
inorganic contamination.

In existing
buildings and
around old fibro
buildings,
potentially
anywhere on site

From
1950s

Deterioration of building materials,
abrasion of asbestos brake linings,
disposal of linings

Potential for asbestos.

South of car park
and rear of sand
plant

- Historic waste dumps. The area to the
south of the car park was reportedly
excavated and backfilled during the
1990s.

Potential for a range of organic
and inorganic contaminants.
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Areas Date Activities Contaminants of concern
Majority of site
including wheel
lathe area

From
1950s

Filling with ash and other unknown
materials occurred over the majority of
the site.
Abrasive blasting and painting of steel
locomotive components.

General spillage/leakage of hydrocarbons
during site activities.

Potential contaminants
associated with ash and other fill
materials including PAH and
heavy metals.
Chromium from steam boiler
wastes, PAH, phenols and
heavy metals. Contaminants
associated with blasting and
painting include zinc and other
metals such as copper, lead and
mercury.
Hydrocarbons

Turntable area Prior to
1950s

Possible former market garden where
pesticides may have been used.

OC/OP pesticides.

Source: Adapted from Egis 2001, Egis 2002, Environ 2002
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3. Contamination Assessment Results

3.1 Former Marshalling Yards
Table 3 provides a summary of the locations on the former Marshalling Yards where laboratory
results showed contamination concentrations in excess of site criteria which will require remediation
in some form. The approximate location of each ‘hotspot’ is shown in Figure 2.

Table 3 Former Marshalling Yards Contamination Results Exceeding Site Criteria

Contaminant Concentration
(mg/kg)

Location

Copper TPH Asbestos

Comment

Wagon Repair Shed 8,010 max
16,166

Detected in
25% of

samples

Remediation required at this location.

Site Criteria 5,0001 1,0002 -
1 – NEHF (F) commercial/industrial Criteria
2 – C10-C36 NSW EPA 1994 Criteria
Source:CH2M Hill 1999a, 1999b

A number of samples taken to delineate the extent of the TPH contamination hotspot in the Wagon
Repair Shed were in excess of the site criteria (CH2M Hill, 1999b), all but one were below
3,000mg/kg. The TPH contamination identified at the Wagon Repair Shed was generally limited to the
surface soils and probably associated with a historic spill (CH2M Hill, 1999b).

Elevated concentrations of lead were found in soil samples from the Tarpaulin Factory which
exceeded the site criteria, indicating a localised contamination ‘hotspot’. Further investigations
conducted identified that as the lead is naturally immobile the contamination was not thought to
represent a potential risk to the environment, and/or human health. It was concluded that there was no
clear pattern and the limited extent did not warrant further action (Dames and Moore, 1999, CH2M
Hill, 1999b). One sample within the Tarpaulin Factory tested for TPH was found to be above the site
criteria (CH2M Hill, 1999b). No further action was recommended.

The eastern boundary of the site was considered by the desk study to be uncontaminated. Testing from
this location identified levels of lead, zinc, and TPH elevated above background concentrations in
three of seven samples taken, however results were well below commercial/industrial criteria. Testing
over the remaining marshalling yards area which were not subject to targeted sampling showed that
although there were elevated concentrations of arsenic, copper, lead, zinc and cadmium in a number of
locations, commercial/industrial criteria was not exceeded.

Stockpiles 1,2,3 and 5 were found to be uncontaminated and suitable for reuse on site (CH2M Hill,
1999b).
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Community and Ecological Area
Six boreholes were installed within the proposed Community and Ecological Area as part of
investigations conducted by CH2M Hill in 1999.  This area also includes a large stockpile (No 4) as
shown in Figure 2. The current design of this area allows for stockpile 4 to remain in place. This area
will be vegetated and subject to controlled public access. Therefore, soil contamination results were
compared against NEHF (E) criteria for ‘open space’ use. The results which exceed NEHF (E) criteria
are shown in Table 4.

Table 4 Proposed Community and Ecological Area Contamination Results Exceeding NEHF (E)
Criteria

BH no Arsenic
Concentration

(mg/kg)

Comment

BH30 On the west side
approximately 200m north
of Punchbowl Road (see
Figure 2)

257 Contamination found at 0-0.1m. CH2M Hill recommended
additional investigations in the vicinity of BH 30 where
contaminant concentrations were encountered which
exceeded background levels. Concentrations slightly exceeded
open space criteria but were below commercial/industrial
criteria. Additional investigations in the vicinity of BH30 would
be undertaken prior to assessing remediation requirements.

NEHF (E) open space
criteria

200

Source: CH2M Hill 1999a

Stockpile 4 was found to be horizontally homogenous in its geotechnical structure. 18 samples were
taken from Stockpile No 4 at varying depths. Analytical results from this stockpile were below NEHF
(E) open space criteria. Therefore, it is considered suitable to remain on site in the Community and
Ecological Area.

The site audit concluded that the site was suitable for industrial use, subject to some soil remediation
and validation during development.

3.2 DELEC Site
The DELEC site was subject to contamination investigations in the 1990s, 2001 and 2002. These
studies identified that there is a widespread presence of TPH ‘hotspots’ at concentrations greater than
the site criteria of 1,000mg/kg (Egis, 2001). As such the TPH ‘hotspots’ are considered to present a
potential risk to site users, and to the environment if off-site migration occurs. Most of the TPH occurs
between railway tracks.

The audit conducted on the DELEC site identified it to be suitable for continued commercial/industrial
uses subject to the implementation of the recommended remediation and management measures
targeted towards addressing the identified issues of contamination.  The audit report (Environ, 2002)
listed a number of further tasks identified by the Auditor which would be undertaken. These include:
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 Further risk assessment or removal of TPH contamination in shallow soils;

 Assessment of off-site migration in areas where TPH has been detected in deep soils near the site
boundary;

 Further assessment of copper concentrations and soil remediation if necessary;

 Inspection and validation of soils beneath existing structures where they are removed; and

 Validation of any areas of exposed soil which will be readily accessible to site users to confirm
the absence of asbestos fibres.

Table 5 provides a summary of the locations where laboratory results showed contamination
concentrations in excess of site criteria which will require some form of remediation. The approximate
locations of the associated ‘hotspots’ are shown in Figure 2.

Hydrocarbon staining of the ground was noted in a number of locations with tests confirming that TPH
contamination was generally confined to the upper soil levels. Other areas considered to be
contaminated include those where Egis identified visual evidence of hydrocarbon contamination, but
where no testing was conducted include:

 Near Yard Staff Amenities (West of the Old Drum Store area) (BD38)

 West of the A/C Workshop and Plumbers (West of the Old Chemical Store) (BD35)

 Bulk Oil Storage Area (East of the old diesel AST/UST area) (BD31)

 Locomotive Wash Bay (Steam Cleaning Area) (BD25)

 Old Load Box (BD18/BD20)

 Locomotive Fuelling Point (BD8)

 Track areas

All identified areas of staining are shown in Figure 2. Further details of the volume of material to be
remediated in these areas is provided in Section 5.

The potential exists for heavy metal, PAH and phenol contamination of fill material. There were a
number of reported concentrations exceeding the EILS for arsenic, chromium, copper, lead, nickel and
zinc across most of the site. However these concentrations remain significantly below the NEHF (F)
criteria and were not considered by Egis to pose an unacceptable health hazard for the intended land
use and no remediation is required. Since the concentrations exceed EILs, there is a possibility that
plant growth in such material may be inhibited. This could be mitigated through importing topsoil and
selection of tolerant plant species for landscaping.
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Table 5: DELEC Contamination Results exceeding Site Criteria Requiring Remediation
Contaminant Concentrations (mg/kg)Location

Asbestos Copper Zinc TPH
Comment

BH21 Near the
Locomotive Maintenance
Shed (Western
Boundary)

- 14,000 - - Sample taken from depth of 0.2m from
the surface. This has copper levels
nearly three times over the criteria

BD51 Main Fuel Storage
Area (Diesel)

- - 58,700 8,247 Elevated zinc sample taken from depth
of 0.2m. The origin of this
contamination is not known.
Management and remediation is
required

BD50 Main Fuel Storage
Area (Diesel)

- - - 7,123 Management and remediation required

BH42 Locomotive
Parking Area

- - - 1,060 1,060mg/kg just exceeds threshold
criteria. Remediation is not required

BH45 Load Box - - - 1,300 Will require remediation
BH61 Effluent Treatment
Plant

- - - 5,700 Will require remediation

SS2 Between Track,
Locomotive Parking Area

- - - 2,789 Aliphatic concentration shown, TPH not
analysed. Will require remediation

BH34 Old Load Box - - - 1,630 Will require remediation
BH 36 Near Turntable - - - 3,400 Will require remediation
BH31 Locomotive Wash
Bay

- - - 1,142 Will require remediation

TP7 Southern Portion of
Site

- - - 1,963 Will require remediation

TP9 South West Property
Boundary

- - - 2,670 Will require remediation

TP10 Wheel Set Storage
Area

- - - 5,600 Will require remediation

BH6 South West
Property Boundary

- - - 1,550 Will require remediation

BH12 Mixed Liquor
Waste Tank Area

- - - 6,257 Will require remediation

BH11 Smart Ash Burner - - - 8,400 Will require remediation
SS6 Between Tracks
Near Mixed Liquid Waste
Tank Area

- - - 9,710 Aliphatic concentration shown, TPH not
analysed. Will require remediation

BH19 Near The
Dangerous Goods
Storage Compound

Amosite
and
chrysotile

Sample taken from beneath the
concrete paved area at depth of 0.2m.
Removal required

Site Criteria 5,0001 35,0001 1,0002

1 – NEHF (F) commercial/industrial criteria
2- C10-C36 NSW, EPA 1994 Criteria
Source: Egis (2001)
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3.3 Groundwater Contamination
Analytical results taken from groundwater samples collected across the site indicate heavy metal
concentrations (chromium, copper, manganese, nickel and zinc) at levels which exceed the ANZECC
2000 groundwater assessment thresholds (CH2M Hill, 1999a, 1999b). Previous studies also identified
TPH contamination within groundwater on the DELEC site, although the source and relationship of
this contamination could not be determined. The TPH concentrations in the perched aquifer reportedly
reduced over time, indicating there has been a general improvement in groundwater quality in this
location (Egis, 2001).

Whilst it is possible that heavy metal concentrations in the fill are impacting on the quality of
groundwater in the perched aquifer, the levels of heavy metals within the perched aquifer are generally
lower than those within the deeper clay aquifer. As such, heavy metal concentrations in the deeper
aquifer are unlikely to be related to site activities, but are more likely to reflect the regional (degraded)
background conditions (Dames and Moore, 1999).  Further evidence of this is the fact that the heavy
metal concentrations up-gradient and down-gradient on the site are similar, suggesting groundwater is
migrating onto the site from an off-site source.

The perched groundwater at the DELEC site and former Marshalling Yards was not considered to
represent a significant contamination risk to either on-site or off-site receptors (Egis, 2001, CH2M
Hill, 1999b). Some of the concentrations exceed guidelines for protection of aquatic ecosystems,
however, it is considered that there is a low risk that contaminated groundwater discharges may occur
to an off-site waterbody.
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4. Remediation Requirements

4.1 Remediation Options
The site audit identified the following remediation options to be adopted for the site. They include:

 Excavation and off-site disposal. This would generally be the preferred method for removal of
heavy metals and asbestos contaminated materials. This would need to be undertaken by an
experienced Contractor, with the material to be excavated and transported to a NSW Department
of Environment and Conservation (DEC) licensed facility for disposal. Material removed would
be replaced with clean fill; and

 Landfarming. This is effective treatment for volatile compounds such as TPH. Remediation is
achieved by excavating the contaminated soils which then undergo biodegradation treatment to
lower the contaminant concentrations. Following the confirmation that contamination levels have
been reduced to appropriate levels, the soil is able to be re-used on site as fill.

The site audits identified a number of areas where further investigation, remediation or other action is
required. Remediation of contaminated soils will be undertaken by Sydney Ports as a separate
Category 2 remediation work under SEPP 55. Remediation requirements for each of the areas of the
site are discussed further below:

4.2 Former Marshalling Yards
Actions to be undertaken on the former Marshalling Yards are detailed as follows:

 Soil remediation is required in the area of the Wagon Repair Shed to remove asbestos and
hydrocarbon contaminated soil. This is to be achieved through the removal of the entire
surface/subsurface soils to a depth of 500mm extending to a distance of 5m around the perimeter
of the shed, with disposal to a NSW DEC licensed facility. This would result in removal of up to
1250m3;

 Removal of flytipped material which could contain potentially contaminating substances and
disposal at an appropriate facility (maximum volume estimated to approximately 6,000m3 or
9,140 tonnes);

 Validation of all remediated areas and any final exposed soil surfaces should be conducted, in
accordance with DEC guidelines, to ensure the complete removal of potential contaminants;

 The material within the five stockpiles can be reused in site redevelopment, but validation of the
final exposed surfaces would need to be conducted; and

 Investigation should be conducted of any soils found during site redevelopment which are visually
contaminated or which are different from the soils encountered in the investigation.
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Further investigations into the arsenic contamination hotspot within the proposed Community and
Ecological Area will be undertaken to determine the significance and extent of the elevated levels
identified in this area prior to assessing remediation options.

4.3 The DELEC Site
The DELEC site audit identified the following remediation work would need to be undertaken. Further
details of material volumes for removal are provided in Section 5:

 Remediation of the localised area of copper contaminated soil to the west of the Locomotive
Maintenance Shed (maximum volume 300m3) and removal of localised area of zinc beneath the
Main Fuel Storage Area (Bulk Diesel Fuel Storage Area) via excavation and disposal to a NSW
DEC licensed facility;

 Heavy metal concentrations above environmental investigation levels in the soils on the site may
inhibit the growth of sensitive plants. Importation or reuse of clean fill (from stockpiles) and
importation of clean topsoil is recommended for landscaped areas;

 Landfarming, to be used to remediate the following localised areas of TPH contaminated soil for
the following:

 South-West Property Boundary and Southern Portion of the Site (maximum volume 500m3)

 Wheel Set Storage Area (maximum volume 500m3)

 Effluent Treatment Plant (maximum volume 400m3)

 Near Turntable (maximum volume 300m3)

 Mixed Liquor Waste Tank and Smart Ash Burner Area (maximum volume 300m3)

 Locomotive Wash Bay (maximum volume 400m3)

 Load Box (maximum volume 400m3)

 Old Load Box (maximum volume 300m3)

 Track Areas (maximum volume 4,300m3)

 Main Fuel Storage Area (maximum volume 1,600m3)

 West of old Drum Store (Near The Yard Staff Amenities) (maximum volume 400m3)

 West of the Old Chemical Store (West Of A/C Workshop and Plumbers) (maximum volume
400m3)

 East of the Bulk Oil Storage Area (maximum volume 300m3)

 Locomotive Fuelling Point (maximum volume 1,100m3)

 The asbestos contamination in the subsurface near the Dangerous Goods Storage Compound will
require remediation once the existing pavement is removed. This is to be achieved via excavation
and off site disposal to a NSW DEC licensed facility. Maximum volumes of material for removal
are estimated to be 200m3;
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 Inspection and validation of soils beneath all existing structures when they are removed would
also be necessary; and

 Validation of all remediated areas and any final exposed soil surfaces should be conducted in
accordance with DEC guidelines to ensure complete removal of potential contaminants.

The zinc contamination hotspot was identified as being limited in extent and constrained to shallow
soils, as a result it is not considered to pose a significant contamination hazard. The soils in the
vicinity of the zinc contamination hotspot would be removed as TPH contamination was identified in
this area. Landfarming would not be appropriate for this area due to the presence of zinc.

4.4 Off-Site Works
Contamination issues would be considered for off-site works in the following areas as part of the
detailed design:

 Road bridge western landing point;

 Road bridges footings;

 Rail network connection points; and

 Acoustic barriers.

4.5 Asbestos Remediation
Asbestos removal is required from the Wagon Repair Shed (on the former Marshalling Yards) and
Dangerous Goods Storage Area (on the DELEC site). Presence of asbestos over the remaining site
area has not been identified and no further asbestos remediation is considered to be required. Air
monitoring would need to be used to monitor the generation of airborne asbestos fibres. If this
monitoring identifies a possible threat to human health it will be necessary to implement engineering
controls to ensure the safety of workers on site. A hazardous materials survey of buildings on site
proposed to be demolished would need to be conducted to ensure any asbestos containing materials
are identified and disposed of in a controlled manner.

4.6 Remediation Strategy
A remediation strategy in the form of a Remediation Action Plan (RAP) is required prior to
remediation commencing. This would be prepared in accordance with NSW EPA Guidelines
‘Contaminated Sites: Guidelines For Consultant’s Reporting on Contaminated Sites’ (NSW EPA,
1997). This needs to be prepared with due consideration of State Environmental Planning Policy
(SEPP55) and the Contaminated Land Management Act 1997 and address the requirements detailed in
Section 4. If during site redevelopment there is visual or olfactory evidence of contamination, further
investigations and possible remediation would be necessary. Following completion of remediation all
exposed surfaces are to be validated to ensure that all TPH /asbestos and heavy metal contamination
has been removed. As the heavy metal contamination within groundwater on the proposed ILC site is
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thought to be due to the degraded background conditions and not the result of potentially
contaminating activities on site, no actions are required with respect to groundwater.
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5. Volume Estimates

5.1 Contaminated Soil
Minimum and maximum volume estimates have been calculated for areas which require remediation
on site. These are shown in Table 6. A number of assumptions were made when calculating volumes
relating to the depth and extent of the identified hotspots.

Table 6 Contaminated Soil Volume Estimates
Location Contaminant Minimum

Volume (m3)
Maximum

Volume (m3)
Former Marshalling Yards1

Wagon Repair Shed (WRS2) TPH 50
Wagon Repair Shed (WRS2) Asbestos 30
Wagon Repair Shed (WRS9) Asbestos 30
Wagon Repair Shed (WRS12) Asbestos 30
Wagon Repair Shed (WRS32) Asbestos 30

1,250

Subtotal 170 1,250
DELEC Site2

Near Turntable (BH36) TPH 200 300
Mixed Liquor Waste Tank/Smart Ash Burner area
(BH12/BH11)

TPH 200 300

Load Box (BH45) TPH 250 400
Effluent Treatment Plan (BH61) TPH 300 400
Wheel Set Storage Area (TP10) TPH 400 500
South west property boundary (TP9, TP7, BH6) TPH 300 500
Near Locomotive Maintenance Shed (Western boundary)
(BH21)

Copper 200 300

Near Dangerous Goods Storage Compound (BH19) Asbestos 100 200
Track areas with observed surface staining TPH 2,700 4,300
Main Fuel Storage Area (BD50/51) TPH, Zinc 1,300 1,600
Near Yard Staff Amenities (west of Old Drum Store) (BD38) TPH 300 400
West of old Chemical Store (West of A/C workshop and
plumbers) (BD35)

TPH 300 400

East of Bulk Oil Storage Area (BD31) TPH 200 300
Locomotive Wash Bay Area (BD25) TPH 300 400
Old Load Box (BD18/BD20/BH34) TPH 200 300
Locomotive Fuelling Point (BD8) TPH 800 1,100
Sub Total 8,000 12,000
Total 8,170 13,250
1 – CH2M Hill, 1999b
2 – Egis, 2001
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One additional area where remediation may be required, identified in the CH2M Hill and Egis reports,
is the arsenic hotspot within the proposed Community and Ecological Area on the former Marshalling
Yards.

5.2 Flytipped Material
There is a significant amount of stockpiled debris on the site.  Over 100 stockpiles of varying size and
composition were noted by GHD during a walkover inspection in 2005. Materials within the
stockpiles include soil, mixed demolition waste, timber, concrete rubble, asbestos sheeting and liquid
waste. Indicative volumes of stockpiled material to be removed from site are provided in Table 7. This
does not include the 5 stockpiles of inert material which can be reused in landscaping etc.

Table 7 Estimate of Stockpiled/Flytipped Material Volumes
Waste Composition Estimated weight (tonnes) Estimated Volume* (m3)

Soil (solid waste) 580 263
Mixed Demolition Waste 5,600 2,545-4,000
Timber Waste 1,880 1,175
Concrete Only (<500mm in size) 55 25
Concrete Only (>500mm in size) 1,000 455
Asbestos Pieces or Sheeting 25 25
Total 9,140 5,943
Liquid Waste (Drummed) 650 litres
*GHD Volumes have been calculated based on assumed stockpile densities.
Source: GHD 2005

The derelict structures and flytipped materials are to be removed from site prior to remediation works
commencing. Removal of this material forms a separate Development Approval (DA No 0304/365).

The volumes presented in Table 6 are based on areas identified within the reports to date and does not
take into account the potential for additional hotspots to be uncovered during works which may also
require remediation. Similarly Table 7 provides estimates of volumes on materials present in early
2005.
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6. Conclusions
The results of the intrusive investigation indicate that there is no significant widespread contamination
that may potentially pose a threat to the environment or to human health under the proposed land use.
The audits conducted in December 1999 (Dames and Moore, 1999) and January 2002 (Environ, 2002)
identified the site as being suitable for commercial and industrial use, however, a number of localised
hotspots were identified which will require remediation. There is also the potential for further
undetected hotspots to exist.

The majority of hotspots detected are within the DELEC site and are associated with hydrocarbons.
Landfarming would be the preferred method for removal whereby soils would be excavated and
treated to reduce contaminant concentrations to acceptable levels. Where asbestos fibres have been
identified within the soils landfarming would not be appropriate. Materials from these areas would
need to be removed from the site and disposed of at a NSW DEC licensed facility. Heavy metal
contamination would also need to be removed from site and disposed of in a licensed facility.

A number of heavy metals were identified in the soils in excess of background concentrations (but
below the site criteria). Whilst it is considered that these would not represent a threat to human health,
a number of these elements have phytotoxic properties and may inhibit plant growth. This may have
implications for landscaping and vegetation establishment on the site. This would be mitigated through
importation of topsoil and through the planting of tolerant species where required.

Further investigation into elevated arsenic levels within the proposed Community and Ecological Area
would be undertaken to determine the extent of the hotspot in this location and possible remediation
options based on the potential for risk to human health and the environment.

Derelict structure and flytipped material would be removed from site prior to site development. All
visually contaminated materials would be removed as part of this process. Validation sampling of all
exposed surfaces would be required once remediation is complete to ensure that once contamination
hotspots have been removed or remediated any remaining concentrations of potential contaminants are
within acceptable limits. During detailed design a number of areas off-site may require further
investigation. These areas include road bridge western landing point, road bridge footings, rail
network connection points and acoustic barriers.

A remediation strategy will need to be prepared in accordance with SEPP 55 and the Contaminated
Land Management Act 1997 and ‘Guidelines for Consultant’s Reporting on Contaminated Sites’
(NSW EPA, 1997). This should include provisions for inspection and validation of soils beneath
existing structures when they are removed. In addition to remediation of identified contamination
hotspots it would also need to incorporate procedures to identify and remediate contamination hotspots
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uncovered during site development works, which would not have been detected by the targeted
sampling approach adopted by previous contamination investigations.

Development of the site as an ILC will mean that the majority of the site will be sealed with a layer of
hardstanding. This would reduce the potential for infiltration of rainwater and off-site movement of
groundwater contaminants. Sealing the surface will also eliminate any potential risks of asbestos
exposure. There is the potential for horizontal migration of the deeper aquifer off-site onto
neighbouring residential properties, however, the heavy metal contamination within the groundwater
is thought to either reflect the degraded background conditions or be attributable to natural or off-site
sources (Egis, 2001). As such no remediation of groundwater is considered to be required.
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Abbreviations
ANZECC Australian and New Zealand Environment and Conservation Council

ARMCANZ Agricultural and Resource Management Council of Australia and New Zealand

As Arsenic

AST Above Ground Storage Tank

BTEX Benzene, toluene, ethyl benzene, xylene

Cu Copper

DEC Department of Environment and Conservation (formerly Environmental Protection
Authority)

DELEC Diesel Electric Locomotives

DER Default Exposure Ratio

EILS Ecological Investigation Levels

HSBIL Health Based Soil Investigation Levels

NEHF National Environmental Health Forum

OCP Organo chlorine pesticides

OPP Organo phosphate pesticides

PAH Poly Aromatic Hydrocarbons

SEPP State Environmental Planning Policy

TPH Total Petroleum Hydrocarbons

Zn Zinc
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DAMES & MOORE
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20 September 1999 North Sydney  NSW  2060

Tel: (02) 9955 7772
Fax: (02) 9955 7324
A.C.N. 003 293 696



DAMES & MOORE PTy LTD

SUMMARY SITE AUDIT REPORT
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Report prepared for
Sydney Ports Corporation

September 1999



20 September 1999

Ref:  J\:30306-006-070
SYD-GN:tt\REPORT\ENFIELDAUD REV 1

Sydney Ports Corporation
Level 8, 207 Kent Street
Sydney   NSW  2000

Attention:  Mr Kevin Davis

Dear Sir

SUMMARY SITE AUDIT REPORT
ENFIELD MARSHALLING YARD

I have pleasure in submitting the summary site audit report for the now unused section of Enfield
Marshalling Yard which Sydney Ports Corporation has an interest in.  A copy of the Site Audit
Statement, produced in accordance with the NSW Contaminated Land Management Act 1997, follows
the Table of Contents.

Thank you for giving me the opportunity to conduct this audit.  Please call me if you have any
questions.

Yours faithfully
DAMES & MOORE

Graeme Nyland
Director
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ABBREVIATIONS

ALS Australian Laboratory Services

ANZECC Australian and New Zealand Environment and Conservation Council

AST Above ground Storage Tank

BaP Benzo(a)pyrene

BTEX Benzene, Toluene, Ethylbenzene & Xylenes (Monoaromatic Hydrocarbons)

CT Certificate of Title

DLWC Department of Land and Water Conservation

DP Deposited Plan

EPA Environment Protection Authority (NSW)

ha Hectare

LOR Limit of Reporting

MAH Monocyclic Aromatic Hydrocarbons

Mercury Inorganic mercury unless noted otherwise

Metals As: Arsenic, Cd: Cadmium, Cr: Chromium, Cu: Copper, Ni: Nickel, Pb: Lead, Zn:
Zinc, Hg: Mercury, Ba: Barium, Bo: Boron, Co: Cobalt, Mn: Manganese, Mo:
Molybdenum, Sn; Tin, Sb; Antimony.

m Metre

mg/kg Milligrams per Kilogram

mg/l Micrograms per Litre

mm Millimetre

NATA National Association of Testing Authorities

NC Not Calculated

ND Not Detected

ng/L Nanograms per Litre

NEHF National Environmental Health Forum

NHMRC National Health and Medical Research Council
n Number of Samples
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OCPs Organochlorine Pesticides

OH&S Occupational Health & Safety

OPPs Organophosphorus Pesticides

PAHs Polycyclic Aromatic Hydrocarbons

PCBs Polychlorinated Biphenyls

PID Photoionisation Detector

PQL Practical Quantitation Limit

pH a measure of acidity, hydrogen ion activity

QA/QC Quality Assurance/Quality Control

RPD Relative Percent Difference

SVOCs Semi Volatile Organic Compounds

TPHs Total Petroleum Hydrocarbons

UCL Upper Confidence Limit

UST Underground Storage Tank

VOCs Volatile Organic Compounds

XRF X-Ray Fluorescence

- On tables is "not calculated", "no criteria" or " not applicable"

Note that analyte lists of the individual analytes included within each of the groups of analytes in the
laboratory program are included in the Appendix.  The Appendix also contains a method reference.
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SUMMARY SITE AUDIT REPORT
ENFIELD MARSHALLING YARD

for
Sydney Ports Corporation

1. INTRODUCTION AND LOCATION

I have conducted a site audit contamination review of part of the Enfield Marshalling Yards at

Cosgrove Road, Strathfield South.  The audit was commissioned by Sydney Ports Corporation on 4

December 1998.  The site is currently part of Lots 10 and 11, DP 869239.  It is shown (Attachment

1) as Lot 14 on "Plan of boundary adjustment for Lot 9 in DP 24332 and Lot 4 in DP 869239" dated

18 June 1999.  The plan is not yet registered.

The site subject to this audit does not include the currently active diesel-electrical (DELEC)

maintenance facility or the Freight Rail Marshalling Yard which neighbour this site.

The audit was conducted for the purpose of determining what investigation or remediation remains

necessary before the land is suitable for future industrial use.  The review therefore falls within the

definition of a non-statutory audit under Section 47(1) (b) (iii) of the NSW Contaminated Land Act

1997 No 140.  The use envisaged at this time would involve significant reshaping of the existing site

topography.

The scope of work for the audit included review of the following documents prepared by the

Consultant, CH2M HILL Australia Pty Ltd.  The audit also included discussion with the consultant

and site visits.

• Enfield Marshalling Yards – Part A Contamination Assessment – Sampling and Analysis Plan, 22

December 1998.

• Sydney Ports Corporation/Rail Estate Enfield Marshalling Yards Part A – Environmental

Contamination Assessment – Volume 1 March 1999.

• Sydney Ports Corporation/Rail Estate Enfield Marshalling Yards Part A – Environmental

Contamination Assessment – Volume 2 Appendices, February 1999.
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• Sydney Ports Corporation/Rail Estate Enfield Marshalling Yards Part B – Environmental

Contamination Assessment – Volume 1 Draft dated April 1999.

• Sydney Ports Corporation/Rail Estate Enfield Marshalling Yards Part B – Environmental

Contamination Assessment – Volume 1 Final dated May 1999.

• Sydney Ports Corporation/Rail Estate Enfield Marshalling Yards Part B – Environmental

Contamination Assessment – Volume 1 Final Report Revision 1 dated August 1999.

• Sydney Ports Corporation/Rail Estate Enfield Marshalling Yards Part B – Environmental

Contamination Assessment – Volume 2 Appendices.  Draft dated April 1999, partly revised May

1999, and Appendix F dated August 1999.

Reference numbers given in this report refer to the regulatory guidelines listed in Section 12 of this

report.
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2. SITE CONDITIONS

The site covers 45.78 ha, mainly within the currently unused central area of the Enfield Marshalling

Yards.

The site is essentially flat with a gentle slope towards the southeast, except for a number of large soil

stockpiles up to 10m high which have been placed on the site.  There are a number of unused

structures, most in poor repair.  They include a wagon repair shed, brick administration building, and

former tarpaulin factory.  The wagon repair shed has a sealed floor.  The tarpaulin factory is an iron

and wood structure which has been vandalised.

There are several areas of deteriorating bitumen surface, previously used as car parks.  Most of the

site has an unsealed surface with crushed rock ballast or aggregate surfacing.  A lot of the site is

overgrown.

There is fly tipped debris over much of the site.  The debris includes building wastes, household

wastes, car bodies, railway sleepers and general refuse.

The only visual contamination noted consisted of small scale oil staining.

The site is zoned for industrial use.  No change in zoning is anticipated.  Neighbouring land uses

include industrial and residential.  Industrial uses include warehousing, the diesel-electric

maintenance facility (on the downslope and downgradient side of the site) and Freight Rail yards.

None of the adjacent uses appear to have significant potential to impact the site.
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3. SITE HISTORY

The site history was investigated mainly by reference to historical records held by State Rail and

interviews with railways employees.  Documentation is sufficient to be confident that major

contaminating activities have been identified.  The site was used as a railway marshalling yard

between 1916 and 1993.  Activities relevant to the contamination status of the site are summarised

below and features are indicated on Attachment 2 .

Pre 1916

The site was used for agricultural and grazing purposes.  Use of pesticides and herbicides based on

arsenic or mercury is possible.

1916 – 1990

The site was largely developed as a marshalling yard by the mid 1920s.  Site  levelling to fill gullies

now occupied by stormwater channels would have been conducted prior to laying of railway tracks

over most of the site.

A wagon repair shed operated for the life of the yard.  The floor was bare earth until it was sealed in

the late 1960s.  Activities conducted in the shed included stripping and general maintenance of axle

boxes, relining of brakes, and internal carriage repairs.

The tarpaulin factory operated between 1925 and 1991.  It has an elevated wooden floor.  The

building has been used to produce tarpaulin/canvas bags from rolls of canvas and to repair tarpaulins.

There was reportedly no chemical treatment of fabrics in this factory.

Railway tracks and sidings occupied up to 75% of the site.  There is no history of locomotive

maintenance or refuelling during the time.  Small structures constructed during site development

included signal boxes.

The administration building and steel footbridge were constructed in the 1940s.  The building is made

of brick and has a concrete floor slab.  There is no record of chemical use in the building.

Two bitumen car parks were constructed in the 1970s.  One of them may be in the location of a

former coal bunker.
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Most of the track work was removed in the late 1980s.

1990 – 1999

During the early 1990s, a large stockpile ("Mt Enfield") which was on the current Freight Rail yard to

the west of the site was relocated and sorted into 5 stockpiles on the site.  Mt Enfield contained

reworked shale and sandstone, plus building rubble, ash, slag, ballast and general debris.

The site has been vacant since 1993.  Since then, some material has been added to the stockpiles and

debris has been dumped on the site.

The Consultant reports that a Rail Estate representative indicated that no hazardous products were

stored on the site.  There is therefore no inventory of chemicals and wastes associated with the site.

While it seems likely that there would have been some chemical usage, eg. at the Wagon Repair shed,

there is no evidence of above or below ground fuel storage tanks nor any other large scale chemical

use.

There are inevitably some information gaps due to the long period of site use.  However, the site

history investigation by the Consultant has been thorough, and it is unlikely that significantly further

useful historical information could be obtained.
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4. CONTAMINANTS OF CONCERN

Based on the site history and features, the site has been divided into a number of areas for assessment

purposes.  The contaminants of concern are listed below for each area.

Areas of Site Potential Source of Contamination Contaminants of Concern

Tarpaulin factory The historical review identified the potential for
contamination arising from the application of
pesticides/herbicides beneath the building.

Heavy metals and OCPs

Wagon Repair Shed Activities undertaken in the shed included light
maintenance of wagons and carriages (i.e.
consisting of axle box maintenance/stripping,
fixing/fitting/relining asbestos brake shoes,
replacing air hoses etc.)

Heavy metals, Asbestos,
TPH/BTEX and OCPs/OPPs

Administration Building Possible use of pesticides under floor slab OCPs, Heavy metals

Drainage channels/Low
lying areas

Investigations identified significant fill deposits
along three drainage lines and former low lying
areas.

Heavy metals,
PAHs/Phenolics

Eastern Boundary No known activities Heavy metals

Stockpiles Contents of stockpiles not documented. Heavy metals, TPH/BTEX,
PAHs/phenolics

Marshalling Yard
(remainder of site)

Fill over site possibly contains ash, hydrocarbon
spills possible, abrasion, pesticide and herbicide
spraying

Heavy metals, TPH/BTEX,
PAHs, phenolics, OCPs/OPPs

Potential heavy metal contaminants within the Marshalling Yard include arsenic, cadmium,

chromium, copper, mercury, nickel, lead and zinc. The contaminants listed for the marshalling yard

could potentially be found in the other areas of the site with similar fill.

Appendix A contains analyte lists for individual analytes within each of the groups of analytes, and

also contains references to the analytical methods used.
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5. SOIL STRATIGRAPHY AND HYDROGEOLOGY

The general profile over the site, from the surface down, can be summarised from information

contained in the borelogs as:

• Stockpiles

There are five stockpiles of varying size on the site, up to 10 m high.  The stockpiles consist

mainly of clayey or sandy soil, in approximately horizontal layers.  Minor amounts of ballast

and gravel were noted by CH2MHILL in drilling through the stockpiles.

• Crushed Rock

Over most of the site there is a layer of ballast or road base, generally recorded as being about

0.1 m thick.

• Sand or gravel fill

A layer of coarse grained granular fill is found over most of the site.  This fill is described as

highly heterogeneous.  Components of the granular fill include slag, ash, and crushed rock.

At the northern end of the site, this layer is about 0.5 m thick.  In the (filled) Northern Drainage

Channel, it reaches its maximum thickness of 6.5 m.  It is up to 4 m thick between the Northern

and Central Drainage Channels, decreasing to the south.  Within the Central Drainage Channel

it is up to 3 m thick, generally 1.5 m thick.  South of the Central Drainage channel, the

thickness is generally less than 0.7 m except in the Southern Drainage Channel where it is up to

1.5 m thick.

• Clay Fill

Clay fill underlies the granular fill.  In only a few bores a thin lens of ash or sand was noted in

this fill.  The thickness of clay fill is probably variable and up to a few metres, but it is difficult

to distinguish from the underlying residual clay and the borehole logs do not usually

distinguish them.
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• Residual Clay

Residual clay formed on shale underlies the site.  Fragments of rock are noted in places.

• Bedrock

Bedrock consists of shales, siltstone and sandstone of the Wianamatta Group.  This unit was not

cored in the investigation, but some wells were placed into the top of the rock.

During monitoring well installations, inflow of groundwater was noted on borelogs to be generally at

the top of bedrock, and occasionally at the base of granular fill or from clay layers (possibly at the

interface between fill and natural clay).

CH2MHILL describe a two aquifer system, with shallow waters dominated by sodium bicarbonate

and deep waters by sodium chloride.  This appears generally true but there are few shallow wells

which intercept water as they are mainly screened within clay fill, and some of the deeper wells have

sodium bicarbonate or mixed waters.  CH2MHILL indicate a flow direction towards the south east,

with mounding in a recharge area between the Northern and Central Drainage Lines.  Mounding in

this area is consistent with the presence of thick granular fill.  The most likely flow path for perched

water would appear to be through the granular fill and to be controlled by the topography of the lower

permeability clay fill.

Standing water levels in wells vary between 1 m and 8 m below existing ground level.  It appears that

the groundwater is slightly confined and rises, but not to the level of the perched water.
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6. QUALITY ASSURANCE AND QUALITY CONTROL PLAN

A sampling and analysis plan was produced by CH2MHILL prior to the Part A field investigations,

and included a laboratory data evaluation plan.  The main factors affecting the quality of the data

obtained are briefly outlined below.

• field investigation locations were selected on the basis of detailed site history evaluation and

were appropriate;

• in areas of the site in which the site history indicates that contamination hotspots are possible,

the density of sampling and analysis was in accordance with Reference 15.  Over the remainder

of the site, a lower density, aimed at detecting major broad scale contamination, was adopted.

This provided a sufficient database for this stage of the investigation.  Further investigation or

validation of some areas at greater sampling density will be required.

• field soil sampling was conducted directly off augers without use of split samplers.  This was

adequate for this stage of the investigation because most of the contaminants of concern were

of low volatility, and soils were to be screened for volatile components using a photoionisation

detector (PID).  Data relating to the PID calibration and screening results are not included in the

reports reviewed, and were apparently kept in field books.  They could therefore not be

included in the audit and the Auditor cannot verify that laboratory analyses targeted potential

volatile contaminants;

• a portable XRF was used by the Consultant for field screening of metals.  Calibration details

were not provided and the results have not been included in or relied on for this audit.

• the analytical laboratories used are NATA registered for the analyses conducted, and practical

quantitation limits, except for some analyses for cadmium in groundwater, which do not impact

the findings of this audit, were appropriate;

• except as discussed in Section 8, the analyte lists agreed with the contaminants of concern;

• chain of custody documentation and laboratory certificates indicate that laboratory analyses

were conducted within holding times;
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• the laboratory internal quality control results for matrix spikes, matrix spike duplicates,

duplicates and surrogates were within laboratory control limits with minor exceptions which do

not impact on the findings of this audit;

• there does not appear to have been any groundwater blank or rinsate samples.  (Groundwater

evaluation is further discussed in Section 9);

• field duplicate results for soils were within 30% RPD with some exceptions.  CH2MHILL

attributed the higher RPD results to the heterogeneous sample matrix.  A review of the

exceedences indicates that they are nearly all at low concentrations which are near the detection

limit and well below environmental criteria.  Where that is not the case, the results are within

the same grouping for assessment purposes and represent a very small percentage of the data

set.  They therefore do not significantly impact the conclusions of the audit;

• field duplicate results for contaminants of concern in groundwater are within acceptable RPDs.

(Some results for manganese and iron exceeded RPD goals, but do not impact the findings of

the audit).

• low concentrations of TPH were found in a number of groundwater samples by the project

laboratory (ALS).  A repeat round of sampling was conducted with samples analysed by both

ALS and Amdel.  ALS again detected TPH but Amdel did not.  Given the low concentrations

(all <1 mg/L), widespread nature, and lack of sources on site, it is likely that the positive TPH

detections are false, but this is not certain; and

• metals were also analysed by both laboratories in Round 3.  To assess the reliability of the

metals analyses, results from selected wells are compared for three rounds of analysis by ALS

and one by Amdel and are summarised in the tables below.  The results indicate considerable

fluctuations over the three rounds.  The intralaboratory duplicates were generally within the

same order of magnitude with some exceptions especially for copper.  The interlaboratory

duplicates were generally in agreement with several notable exceptions.  It is concluded that the

results can be used for general assessment of metals but that there is some doubt about the

absolute concentrations.
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COMPARISON OF RESULTS
(Shaded values exceed Consultants Criteria, units are mg/l)

Zinc (Criteria 0.05)
ALS AMDELWELL

Round 1 Round 2 Round 3 Round 3
2 - - 0.301 0.36
3 1.36 2.03 0.681 0.95
4 0.306 - 0.011 0.01
5 0.893 0.457 0.119 0.11
6 0.251 0.311 1.27 0.066
7 0.064 0.025 0.018 0.016

Arsenic (Criteria 0.05)
ALS AMDELWELL

Round 1 Round 2 Round 3 Round 3
2 - - 0.02 0.015
3 0.09 0.165 0.1 0.13
4 <0.01 - <0.01 0.001
5 <0.01 <0.001 <0.01 <0.005
6 <0.01 <0.001 <0.01 <0.005
7 <0.01 0.002 <0.01 0.003

Cadmium (Criteria 0.002)
ALS AMDELWELL

Round 1 Round 2 Round 3 Round 3
5 0.012 0.002 <0.001 0.002

Copper (Criteria 0.005)
ALS AMDELWELL

Round 1 Round 2 Round 3 Round 3
2 - - 0.003 0.005
3 0.01 0.05 0.002 0.004
4 0.007 - <0.001 0.002
5 0.051 0.174 0.004 0.005
6 0.018 0.307 0.351 0.01
7 0.001 0.019 <0.001 0.001

12D - 0.64 0.006 0.012
14 - 0.252 0.035 0.032
15 - 0.117 0.002 0.002
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7. ENVIRONMENTAL QUALITY CRITERIA

The environmental quality criteria used by the Consultant for the site investigation are listed below for
soil and groundwater.

Soil
Analyte Criteria (mg/kg) Analyte Criteria

(mg/kg)
Arsenic 500 Styrene 100
Cadmium 100 1,3,5 – Trimethylbenzene 3
Chromium (trivalent) 60% Chloromethane 1.2
Chromium (hexavalent) 500 Vinyl Chloride 0.1
Copper 5000 Bromomethane 6.8
Lead 1500 1,1 – Dichloroethene 0.037
Nickel 3000 Cis 1,2 – Dichloroethene 31
Zinc 35,000 1,1,1 – Trichloroethane 50
Mercury (inorganic) 75 Carbon Tetrachloride 0.23
Phenolics 42,500 Trichloroethane 60
TPH (C6-C9) 65 Dibromomethane 0.0049
TPH (C10-C36) 5,000 1,1,2 – Trichloroethane 50
Benzene 1 Tetrachloroethene 4
Toluene 1.4 1,1,1,2 – Tetrachloroethane 2.4
Ethylbenzene 3.1 1,1,2,2,- Tetrachloroethane 0.45
Xylenes (total) 14 1,2,3 – Trichloropropene 0.0014
PAHs/B(a)P 100/5 1,2 – Dibromo – 3 – chloropropane 0.2
OCPs (total) 10 Hexachlorobutadiene 0.1
OPPs (individual) 10 Chlorobenzene 15
PCBs 50 1,3 – Dichlorobenzene 2.5
2 – Chlorotoluene 160 1,2 – Dichlorobenzene 2.5
1,4 – Dichlorobenzene 4.0 Bromodichloromethane 0.63
1,2,4 – Trichlorobenzene 0.5 Bromoform (Tribromomethane) 56
Dibromochloromethane 5.9 Asbestos -
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Groundwater
Analyte Criteria (µg/L) Analyte Criteria (µg/L)

Arsenic 50 TPH (C6-C9)
Cadmium 2 TPH (C10-C36)
Chromium (trivalent) 10 Benzene 300
Copper 5 Toluene 300
Lead 5 Ethylbenzene 140
Nickel 150 Xylene 380
Zinc 50 PAHs (total) 3
Mercury 0.1 OCPs (total) 106 ng/L
Phenolics 50 OPPs (total) 185 ng/L
Hexachlorobutadiene 0.1 PCBs 0.001
Chlorobenzene 15 1,3 – Dichlorobenzene 2.5
1,4 – Dichlorobenzene 4.0 1,2 – Dichlorobenzene 2.5
1,2,4 – Trichlorobenzene 0.5

The primary assessment guidelines used were:

• Health based investigations for commercial or industrial settings (NEHF F) included in the EPA

“Guidelines for the NSW Site Auditor Scheme” (Reference 12); and

• ANZECC (1992) “Australian Water Quality Guidelines for Fresh and Marine Waters”,

summary guidelines for protection of aquatic ecosystems, fresh waters (Reference 2).  It is

noted that the guideline quotes a range for some metals, and consultant quotes the upper limit

of the range without providing justification.  The implications of this are discussed in Section 9.

The proposed site usage is industrial.  Groundwater under the site likely discharges to the Cooks River

to the east of the site.  The Auditor therefore considers that use of these assessment guidelines is

appropriate.

The Consultant also refers to other guidelines for analytes which are not included in the primary

assessment guidelines.  The “Guidelines for Assessing Service Station Sites” (Reference 10) has been

referred to by the Consultant in assessing TPH concentrations.  Dutch Intervention Values contained

in Environmental Quality Objectives in The Netherland, published by the Dutch Ministry of Housing,

Spatial Planning and the Environment, have been referred to for those pesticides for which there is no

NEHF guideline.  USEPA Region 9: "Preliminary Remediation goals – Residential Soil" are also

referred to.  Use of these additional guidelines is not endorsed by the Auditor and were only

considered by the Auditor where relevant to the results obtained.
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8. SOIL ANALYTICAL RESULTS AND EVALUATION

The site has been subdivided into seven discrete areas (Attachment 2) for investigation purposes.

Analytical results are discussed below for the different areas of the site.

A. TARPAULIN FACTORY

The tarpaulin factory covers an area of approximately 0.5 ha in the south east corner of the site.  The

analytical results for selected contaminants (mg/kg) can be summarised as:

Analyte n Detections Average
95th UCL

Maximum NEHF F n> criteria

Arsenic 24 24 14 38 500 0
Cadmium 24 11 3 11 100 0
Copper 24 24 172 979 5000 0
Nickel 24 24 9 29 3000 0
Lead 24 24 2035 15200 1500 3
Zinc 24 24 665 2520 35000 0
Mercury (inorganic) 2 2 - 0.2 75 0
OCP 24 4 - 1.15 - 0
OPP 24 0 - - - 0

The soil profile under the tarpaulin factory in two hand auger holes was described as sand to 0.35m

over clay in one hole and clay from the surface in the other.  The soil type of the other samples is not

recorded.  All samples are recorded as being obtained from a depth of 0-0.1 m or 0-0.15 m.  This is

appropriate for the contaminants of concern in this area.

Lead, copper and zinc in a number of locations and in one sample, arsenic and cadmium exceed

probable background concentrations.  Only lead exceeds the industrial soil criteria in 3 samples, 2

only marginally.  There is no clear distribution pattern to the elevated metals, except that they are

associated with each other.  No material type information is presented.

The sample with the highest lead concentration was re-analysed, homogenised and re-analysed again.

Samples were also obtained from 2m away from the sample location.  Results (mg/kg)were:

Duplicates: 15200, 175
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Homogenised duplicates: 175, 702, 1190, 2110, 1320, 2230

Samples 2m away: 64, 228, 389, 595

It is concluded that the high lead concentration is of very limited extent and does not warrant further

action.  Sampling density in the tarpaulin factory area exceeded the minimum requirements of the

EPA Sampling Design Guidelines (Reference 15) for hotspot detection.

Mercury was listed in the Consultant's Work Plan as a contaminant of concern but was analysed for in

only 2 samples.  It was subsequently deleted from the contaminants of concern.  This deletion is

reasonable for this area based on the site history presented.

Analyses were also conducted for OCPs, OPPs, TPH, BTEX, phenols and PAHs.  No results requiring

further action were obtained.  OPPs had been included as chemicals of concern, but none were

detected.  (Limits of Reporting-LOR are indicated in the Appendix).

It is concluded that no further investigation or remediation is required in this area.

B. WAGON REPAIR SHED

The wagon repair shed and immediate surrounds cover an area of approximately 0.25ha.  The

analytical results (mg/kg) can be summarised as:

Analyte n Detections Average
95th UCL

Maximum NEHF F n> Criteria

Arsenic 40 40 89 211 500 0
Cadmium 40 28 6 28 100 0
Chromium (total) 40 40 14 65 500 (Cr 6+) 0
Copper 40 40 715 8010 5000 1
Nickel 40 40 20 68 3000 0
Lead 40 40 518 1500 1500 0
Zinc 40 40 851 4350 35000 0
Mercury
(inorganic)

5 0 - - 75 0

OCPs (total) 16 1 - 0.68 - 0
OPP 16 0 - - - 0
TPH C6 – C9 40 0 - - - 0
TPH C10 – C36 40 31 1911 16416 - 1
Phenols 40 6 5 79 42500 0
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Analyte n Detections Average
95th UCL

Maximum NEHF F n> Criteria

PAHs 40 30 11 112 100 1
Asbestos 16 4 - - - NA

An industrial criteria for TPH C10-C36 of 5,000 mg/kg was derived by the Consultant by multiplying

the threshold concentration for sensitive landuse in the NSWEPA “Guidelines for Assessing Service

Station Sites” (Reference 10) by a factor of 5 in accordance with exposure scenarios used by Taylor

and Langley (Reference 5).  This approach appears reasonable for this application.

All but 4 of the samples were taken from the surface of the soil directly beneath the bitumen seal

(where present).  The other four samples were obtained from 0.1-0.2m below the ground surface.  All

results are included in the statistics.  In general, subsurface conditions beneath and around the Wagon

Repair shed consist of 200 mm of sand or gravel overlying clay.

The results indicate elevated (in relation to typical background) concentrations of arsenic, copper,

lead, zinc and heavy end TPH, in many samples, and cadmium, PAH and phenols in some samples.

No light end TPH or BTEX were detected, but all samples were from shallow depth.  The highest

TPH and lead concentrations are distributed within and around the shed without any noticeable

pattern, indicating that they were sourced from activities prior to sealing of the shed floor.

In all cases, except one result each for copper, TPH and total PAHs, the concentrations are below the

industrial criteria.  In all cases, the average result (95th UCL) is well below the industrial criteria.

A trace of asbestos was detected in 25% of the samples inspected.  There are no EPA endorsed criteria

for asbestos.  (The method used and an explanation of the results obtained are included in the

Appendix).

The Consultant recommends remediation of soil containing TPH and asbestos in the vicinity of the

wagon repair shed.
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C. ADMINISTRATION BUILDING

Eight samples from beneath the administrations building were analysed for some heavy metals and

OPPs.  There was one detection of OPPs (mainly endrin at 0.76 mg/kg) and some elevated metals, but

all results were well below industrial criteria.

It is concluded that no further investigation or remediation is required in this area for industrial use.

D. DRAINAGE LINES

Samples obtained from boreholes placed in drainage lines were analysed for heavy metals.  However,

most of the samples analysed were from shallow soils, with only two samples from deeper than 1m.  It

is known that fill from the drainage lines is up to 6.5m deep.  It is not clear if these samples, which did

not contain elevated metals, represent the typical fill.  No analyses were conducted for organic

contaminants, and organic field screening results are not included in the reports.  Any contaminants

present would not impact site users, but could impact groundwater.

E. EASTERN BOUNDARY

The eastern boundary area covers approximately 3ha.  There were 7 sampling locations from which

samples were analysed for some heavy metals, and 3 locations from which samples were analysed for

mercury, OCPs, OPPs, TPH, Phenols and PAHs.  There were some detections of elevated metals,

especially lead (maximum 208 mg/kg) and zinc (maximum 382 mg/kg), and some TPH (C10-C36,

maximum 339 mg/kg).  Concentrations detected in the limited number of analytical tests were well

below industrial criteria.  Logs are not presented for some of the soils analysed.  The consultant

concludes that the soils in the Eastern Boundary area are unlikely to pose a potential threat to the

environment and/or human health, and that the soils will be covered under SPC's landscaping plan.

While the concentrations are all well below industrial criteria, the results clearly indicate contaminants

above background concentrations.  As the sampling density is relatively low (falling below the

recommended 40 investigation locations in Reference 15),  there is a possibility of undetected hot

spots.  Further investigation and validation of any exposed soil after development in this area is

therefore warranted.

F. STOCKPILES
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Samples were taken from boreholes drilled through the stockpiles.  The analytical program for the

contaminants of concern was:

Number of AnalysesContaminant of Concern
S1 S2 S3 S4 S5

Metals 11 54 10 18 13
TPH 5 0 0 0 0

BTEX 5 0 0 0 0
PAHs 0 0 0 0 0

Phenolics 0 0 0 0 0

A few elevated concentrations of arsenic, copper, lead and zinc were recorded, but all were well

below industrial criteria.  The borehole logs give no indications of organic contaminants.  Samples

were apparently screened by PID for volatile organics, but no results are presented.  Further

characterisation of the stockpiles will be required for reuse on site or disposal.

G. MARSHALLING YARDS

Samples analysed from the marshalling yards consisted of the initial sampling of 21 locations around

the yard, and follow-up sampling and analysis for some metals in four areas.  For the initial sampling,

the results (mg/kg) including duplicates can be summarised as:

Analyte n Detection Average
95th UCL

Maximum NEHF F n> Criteria

Arsenic 22 22 136 337 500 0
Cadmium 22 3 - 39 100 0
Copper 22 22 187 708 5000 0
Lead 22 22 163 590 1500 0
Zinc 22 22 478 1680 35000 0
Mercury 22 22 - 0.8 75 0
OCPs 22 2 - 0.64 - 0
OPPs 22 0 - - - 0
TPH C6-C9 22 0 - - - 0
BTEX 13 0 - - - 0
Phenols 22 2 - 3 42500 0
PAHs 22 9 - 3 100 0
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While no results were above industrial criteria, there were elevated concentrations of arsenic, copper,

lead and zinc in many locations and cadmium in some locations.  Follow-up sampling and analysis

was conducted for those metals, proceeded by field screening with an XRF.  The XRF results have not

been included in the audited results, but provide a good indication of the variations within the site.

Overall data from the laboratory analysis can be summarised as:

Analyte n Detections Average
95th UCL

Maximum NEHF F n> Criteria

Arsenic 66 66 176 608 500 1
Cadmium 44 17 6 39 100 0
Copper 45 45 142 708 5000 0
Lead 45 45 122 590 1500 0
Zinc 66 66 415 1680 35000 0

Only one individual sample marginally exceeded the industrial criteria for arsenic.

Eight samples were analysed for asbestos, and it was detected by polarised light microscopy in one of

the samples.  The low sampling density and positive detection indicate that there is the potential for

asbestos to be found in other areas of the site.

Due to the low sampling density over this large area, it is concluded that there is a possibility of

undetected contamination of unacceptable dimension, and that validation of exposed areas should be

conducted after site development.



Report Revision 1
Summary Site Audit Report Enfield Marshalling Yard 20 September 1999
for Sydney Ports Corporation Page 20

Ref:   J:\30306\006_070\REPORT\ENFIELD AUD REV 1 DAMES & MOORE

9. GROUNDWATER RESULTS AND EVALUATION

Well locations are indicated on Attachment 3. A summary of the wells installed is shown on the

following table.  The table also shows the analytical results for zinc, copper and arsenic, which were

analytes consistently found at above background concentrations in site soils.  Elevated lead and

cadmium were also found in soil in some locations.  (The results shown on the table are for sampling

Round 2 except as noted – there is some variability of results between the three Rounds of sampling).

Copper and zinc are consistently detected in the majority of the wells at above the criteria (Note: that

the ANZECC guidelines quote a range for both zinc and copper, depending on water hardness, and

the table highlights results exceeding the higher end of the range.  As noted on the following table, the

shallow water is soft.  Therefore, the lower end of the range is more applicable).

Cadmium exceeded the criteria in Round 1 in MW5.  Results for later rounds were much lower.  The

ANZECC guideline for cadmium is 0.2 – 2 µg/L, and the analytical detection limit was 1 µg /L except

for the Amdel results in Round 3.  In Round 3, MW5 concentration was at the lower end of the

guideline range, and MW9D was within the range.  The results indicate that there is not widespread

cadmium contamination of groundwater.  Lead and nickel were detected above guidelines in isolated

results, but there is not widespread or consistent contamination.

The concentration of zinc is above criteria in most wells.  Highest concentrations were recorded in

MW9D, a well screened in clay and bedrock on the upgradient end of the site, and MW3, screened in

granular fill and clay in the recharge zone of deep fill towards the centre of the site.  The

concentration of zinc in MW9S, a shallower well screened in clay, is much less (1/7th) than MW9D,

but still exceeds the guideline by 7 times.  The concentration of zinc in the wells on the downgradient

boundary (MW5, MW6, MW8, MW15) all exceed the guideline.  These wells are all screened in clay.

The zinc concentrations over the site do not indicate a concentration gradient, and do not form a

statistically normal distribution.

Copper concentrations exceed criteria in many wells in Round 2, but concentrations were generally

lower in Round 3.  There is no apparent correlation between copper and zinc concentrations.  The

highest copper concentrations were recorded in wells MW6, screened in clay on the downgradient

boundary, and MW9D on the upgradient end.  There is no apparent pattern to the results.
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WELL SUMMARY

Well
No.

Screened Material Inflow Recorded in
Field

Cation/Anion Relative Salinity/
Hardness

pH Zinc
(0.005

0.05 mg/l)

Copper
(0.002 –

0.005 mg/l)

Arsenic
(0.05mg/l)

Comment

1 Partly in granular fill Base of granular fill Dry - - - -
2 Below granular fill in clay In clay - - 7.1 0.301 0.003 -
3 Base of granular fill and clay Base of granular fill Mix Fresh/very hard 6.3 2.03 0.05 0.165
4 Clay In clay Bicarbonate Brackish 7.1 0.011 <0.001- -
5 Clay None Chloride Very saline/very hard 5.6 0.457 0.174 <0.001 Downgradient boundary
6 Clay Top of rock beneath clay Chloride Saline/hard 5.8 0.311 0.307 <0.001 Downgradient boundary
7 Clay beneath shallow fill In clay, top of weathered

rock
Bicarbonate Brackish to fresh;/soft 6.9 0.025 0.019 0.002

8 Clay None Dry - 6.7 0.205 0.01 -
9S Clay None Dry - - 0.332 0.009 -
9D Clay In clay/top of rock Chloride Very saline/very hard 6.7 2.72 0.46 0.007 Upgradient side of site
10S Clay None Dry - - - - -
10D Weathered rock At top of rock Bicarbonate Brackish to fresh/hard 7.8 0.033 0.004 0.002
11 Clay beneath deep fill At top of rock Mix Saline/very hard 6.8 0.034 0.02 0.002

12S Clay In clay - - - - - -
12D Clay In clay, near top of rock? Chloride Very saline/very hard 6.8 0.669 0.64 <0.001
13S Clay None - - - - - -
13D Clay, into top of rock? In clay Bicarbonate Brackish to fresh/ med.

hard
6.8 0.02 0.018 0.002

14 Clay, into top of rock At top of rock? Chloride Very saline/very hard 6.7 0.265 0.252 0.006
15 Clay/shale None Chloride Saline/hard 7.0 0.189 0.117 0.004

16S Clay None Insufficient
sample

- 6.4 0.006 0.002 -

16D Clay/siltstone None Chloride Saline/hard 6.6 0.026 0.014 0.003

Analytical Results for Wells 2, 4, 8, 9S and 16S form ALS Round 3, others Round 2.
Anzecc Guideline for Protection of Aquatic Ecosystems, Fresh Water.
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Data for metals concentration on the deeper Ashfield Shale aquifer indicate a decreasing trend over

the site.  The (at least partially) confined nature of the aquifer, and the lack of evidence of downward

migration of metals in the fill, also indicate that metal concentrations in the deep aquifer are unlikely

to be related to the site activities, and are more likely to reflect the regional (degraded) background

conditions.

The relationship between metals in shallow (perched) groundwater and metal concentrations in the fill

is not clear, nor are the potential flow paths offsite.  It is probable that metal concentrations in the fill

are impacting the quality of the perched water.

Low concentrations of petroleum hydrocarbons were detected in scattered wells.  The detections were

not confirmed by a check laboratory, which reported all samples at concentrations below the LOR.

The concentrations are very low and the distribution indicates that they are not related to site

activities.
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10. ASSESSMENT OF RISK

Risk has been assessed with reference to applicable guidelines and criteria as discussed in the

previous sections.

The site is large, and the overall density of sampling is relatively low except in areas of targeted

sampling.  However, the database is large, and the results obtained across the site are consistent, so

there is a high degree of confidence in the representativeness of the results obtained.

Elevated metals results are found in soils over the site, but very few individual results exceeded

industrial guidelines.  The metals are associated with fill material, and the distribution is not uniform,

so there is a possibility that higher concentrations could be found in places which could potentially

present a risk to site users.

Heavy end petroleum hydrocarbons were found in surface soils near the wagon repair shed.  This

represents a low risk to site users.

Asbestos fibres were detected in some soil samples.  This potentially poses a low risk to site users,

which cannot be quantified.

There is a risk that there are contaminants within the stockpiles due to their heterogeneous nature.

There is also a risk of isolated contamination due to the indiscriminate dumping which has occurred

over the site.

The groundwater contains concentrations of metal contamination, principally zinc and copper.  The

groundwater will not pose a risk to site users, but exceeds guidelines for protection of aquatic

ecosystems, and therefore poses a risk if it discharges to a water body.  The most likely discharge

point is the Cooks River, which is approximately 300 m from the site.

The site is currently unused.  Development of the site is likely to result in sealing or covering of the

existing soils.  This will minimise or eliminate any risk to site users.
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11. EVALUATION OF REMEDIATION

Remediation has not been conducted.  CH2MHILL recommend soil remediation in the area of the

wagon repair shed for TPH and asbestos.

12. COMPLIANCE WITH REGULATORY GUIDELINES AND DIRECTIONS

Currently applicable guidelines, referenced by number in this audit report, are:

AUSTRALIAN AND NEW ZEALAND ENVIRONMENT AND CONSERVATION COUNCIL

(ANZECC) PUBLICATIONS

1 Australian and New Zealand Guidelines for the Assessment and Management of

Contaminated Sites, published by the Australian and New Zealand Environment and

Conservation Council (ANZECC) and the National Health and Medical Research Council

(NHMRC), January 1992.

2 Australian Water Quality Guidelines for Fresh and Marine Waters. ANZECC, November

1992.

3 Guidelines for the Laboratory Analysis of Contaminated Soils. ANZECC, August 1996.

NATIONAL ENVIRONMENTAL HEALTH FORUM MONOGRAPHS

4 Health-Based Soil Investigation Levels, by Imray, P. and Langley, A., National

Environmental Health Forum Monographs, Soil Series No.1 1998, 2nd edition, SA Health

Commission, Adelaide.

5 Exposure Scenarios and Exposure Settings, by Taylor, R. and Langley, A., National

Environmental Health Forum Monographs, Soil Series No.2, 1998, 2nd edition, SA Health

Commission, Adelaide.

6 Composite Sampling, by Lock, W.H., National Environmental Health Forum Monographs,

Soil Series No.3, 1996, SA Health Commission, Adelaide.

OTHER DOCUMENTS
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7 Guidelines for Drinking Water Quality in Australia, NHMRC & Australian Water

Resources Council, 1996

8 Guidelines for the Assessment and Cleanup of Cattle Tick Dip Sites for Residential

Purposes, NSW Agriculture and CMPS&F Environmental, February 1996.

9 Guidelines for Assessing Banana Plantation Sites, October 1997, EPA publication 97/37.

10 Guidelines for Assessing Service Station Sites, December 1994, EPA publication 94/119.

11 Guidelines for Consultants Reporting on Contaminated Sites, November 1997, EPA

publication 97/104.

12 Guidelines for the NSW Auditor Scheme, June 1998,  EPA publication 98/58.

13 Guidelines for the Vertical Mixing of the Soil on Former Broad-Acre Agricultural Land,

January 1995, EPA publication 95/2.

14 Guidelines on Significant Risk of Harm from Contaminated Land and the Duty to Report,

April 1999, EPA publication 99/8.

15 Sampling Design Guidelines, September 1995, EPA publication 95/59.

The investigation was conducted generally in accordance with the “Guidelines for Consultants

Reporting on Contaminated Sites” (Reference 11 above).  The checklist included in that document has

been completed by the Auditor and is kept on file.  The EPA’s “Preliminary Draft Checklist for Site

Auditors using the EPA Guidelines for the NSW Site Auditor Scheme” has also been completed by

the Auditor and is kept on file.

The Consultant does not identify any consents, licenses, notifications or other regulatory requirements

for the site.  It is understood that well licenses were not obtained from DLWC.
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13. CONTAMINANT MIGRATION POTENTIAL

The concentrations of some metals in soils exceed guidelines for residential sites.  There are some

residential properties near the site.  Those soils are generally covered with crushed rock and according

to the borelogs are coarse textured soils.  Significant migration in dust is therefore not likely.

Groundwater in the deep aquifer on the downgradient boundary of the site contains elevated

concentrations of heavy metals.  It is likely that offsite migration of contaminants in groundwater is

occurring.  However these contaminants have probably not originated on the site.

It is also possible that offsite migration of contaminants in shallow perched water is occurring.  Flow

paths and volumes of perched water are not well defined, and the monitoring wells are not placed to

definitely detect offsite migration.

It is concluded that the shallow groundwater on site has low level contamination by heavy metals.

The absence of flow paths offsite has not been demonstrated.  While risk to offsite water bodies is

likely to be very low, this likelihood cannot be definitely shown by the currently available data.  If

site development does not prevent formation of shallow perched water, further investigation of the

potential for offsite migration should be conducted.

The site owner needs to consider the possibility of a significant risk of harm from offsite migration of

contaminants in groundwater.
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14. CONCLUSIONS AND RECOMMENDATIONS

The conclusions below are made as a result of the audit conducted.  These conclusions are made in the

context of a site which is currently unused, and for which the potential future use would involve

considerable site redevelopment and surface regrading.

• The site audited is suitable for industrial use, subject to some soil remediation and validation

during redevelopment,

• Soil remediation in the area of the wagon repair shed should be conducted prior to site

redevelopment;

• Flytipped material which could contain contamination should be removed prior to site

redevelopment;

• There is little risk of undetected major soil contamination above industrial criteria, but

validation of final exposed surfaces should be conducted as there is a possibility of

contamination which has not been detected.  The validation should be for the identified

contaminants of concern, and should be at a density recommended in the EPAs Sampling

Design Guidelines;

• The material within the stockpiles can be reused in site redevelopment with little risk of major

soil contamination, but validation of final exposed surfaces should be conducted as there is a

possibility of isolated contamination;

• Investigation should be conducted of any soils found during site redevelopment which are

visually contaminated or which are different from the soils encountered in the investigation;

• Groundwater is contaminated with heavy metals.  The metals in the groundwater are generally

those found at elevated concentrations in the site soils.  The source of the groundwater

contamination has not been established. Contamination of deep groundwater has probably not

originated on the site.
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• Groundwater is unlikely to be used or be useable on site, so the groundwater contamination will

not inhibit industrial use of the site.

• The shallow ground water on site has low level contamination by heavy metals.  The absence of

flow paths offsite has not been demonstrated.  While risk to offsite water bodies is likely to be

very low, this likelihood cannot be definitely shown by the currently available data.

15. OTHER RELEVANT INFORMATION

This non-statutory audit was conducted for Sydney Ports Corporation, for their purpose of assessing

their current requirements.  It may not be suitable for other users.  The consultant, CH2MHILL, has

included Limitations in their investigation report.  The audit must also be subject to those limitations.

The Auditor has prepared this document in good faith, but is unable to provide certification outside of

areas over which he had some control or is reasonably able to check.

It is not possible in a Summary Site Audit Report to present all data which could be of interest to all

readers of this report.  Readers are referred to the referenced investigation reports for further data.

Users of this document should satisfy themselves concerning its application to, and where necessary

seek expert advice in respect to, their situation.

*   *   *

Yours faithfully
DAMES & MOORE

Graeme Nyland
NSW Site Auditor 9808
Contaminated Land

Attachments: 1. Survey Plan
2. Site Layout
3. Monitoring Well Locations

Appendix Analyte Lists and Method Reference
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APPENDIX A
ANALYTE LISTS AND METHOD REFERENCE

This Appendix contains examples of laboratory test certificates from the investigation reports,

containing lists of the individual analytes included within each of the groups of analytes in the

laboratory program.  References to the laboratory analytical methods used are also given.
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