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EXECUTIVE SUMMARY 

EI Australia (EI) was engaged by Campbelltown 88 Development Pty Ltd (‘the client’) to conduct 
a Detailed Site Investigation and Salinity Assessment (DSI) of the land parcel located at 22-32 
Queen Street, Campbelltown NSW (the site).  The purpose of this investigation was to determine 
the environmental condition (contamination status) of the site, and to address conditions 12, 13 
and 23 of Campbelltown City Council Development Application Notice of Determination 
(308/2019/DA-CD).  It enables the developer to meet obligations under the State Environmental 
Planning Policy (SEPP 55) – Remediation of Land, for the assessment and management of 
contaminated soil and groundwater, should this be identified.  

The proposed development involves the demolition of existing structures, followed by the 
construction of multiple mixed use commercial and residential towers, overlying a common five-
level basement. The proposed commercial facility includes retail shops, cafe/restaurants, 
supermarket and a child care centre on ground floor. Landscaping (deep soil) areas are proposed 
outside the basement footprint along the eastern site boundary and in the south-eastern portion 
of the site. 

This DSI follows on from previous investigations completed for the site by EI, which were 
documented under the following reports: 

 EI (2020a) Preliminary Site Investigation (PSI), 22-32 Queen Street, Campbelltown NSW 
(Ref. E24711.E01_Rev1, dated 8 July 2020); 

 EI (2020b) Hazardous Material Survey, 22-32 Queen Street, Campbelltown NSW (Ref. 
E24711.E10_Rev0, dated 3 July 2020); and 

 EI (2021) Geotechnical Investigation, 22-32 Queen Street, Campbelltown NSW (Ref. 
E24711.G03, dated 3 June 2021). 

Objectives

The objectives of this investigation were to: 

 Evaluate the potential for site contamination on the basis of historical land uses, anecdotal 
and documentary evidence of possible pollutant sources; 

 Assess the degree of any soil and groundwater contamination, by means of intrusive 
sampling and laboratory analysis for the relevant potential contaminants;  

 Provide a conclusion regarding suitability of the site for proposed use; and 

 Make recommendations for the appropriate management of any impacted soils and/or 
groundwater, should site contamination be confirmed. 

Findings

The key findings from this DSI were as follows: 

 The site was occupied by a brick storage building and a commercial (factory outlet / parking) 
complex. Unbuilt parts of the site were covered by concrete driveways / car park and 
vegetation.  

 The PSI completed by EI (2020a) indicated that a UPSS was historically present at 32 Queen 
Street as a result of the former on-site service station. However, the GPR survey conducted 
during this investigation did not locate any tanks in the area where the former UPSS was 
possibly located. 

 No visible or olfactory signs of contamination were noted during the inspection. No above-
ground storage tanks (ASTs) were present. 
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Based on the borehole logs (BH1M-BH33), the site lithology was generalised as a layer of 
gravelly and sandy silty clay / gravelly sand filling (to an average depth of 0.4m BGL), 
overlying natural, sandy silty clay / clayey sand (from 0.1m to 6.3m BGL) and shale / 
sandstone bedrock.   

 Depth to water readings ranged from 1.39m to 2.48m BGL. Groundwater flow direction was 
inferred from local topography to be north-west towards Bow Bowing Creek. 

 Contaminant concentrations in the representative soil samples were all below the adopted 
investigation levels.  

 Contaminant concentrations in the representative groundwater samples were generally 
below the adopted GILs, with the exception of dissolved metals (cadmium, chromium, copper, 
nickel and zinc). 

 The metal concentrations in groundwater were considered consistent with natural 
(background) conditions in long standing, urban environments, rather than site specific 
impacts. Therefore, the detected metal concentrations are not considered to be cause of 
environmental concern for the site development. 

 Soil salinity results indicated that the natural site soils (sandy silty clay / clayey sand) were 
generally non-saline to moderately saline, with the exception of soil samples at borehole 
BH25M were very saline from the depth of 3.8m to 5.7m BGL. Soils were found to be slightly 
acidic to neutral (pH ranged from 4.9 to 7.9). Based on moderately saline to very saline soil 
conditions, we recommend to prepare a salinity management plan for this site. 

Based on the findings from this DSI conducted in accordance with the investigation scope agreed 
with the Client, and with consideration of the Statement of Limitations (Section 12), EI concluded 
that the site was suitable for the proposed development, provided the following recommendations 
are implemented: 

 Following removal of the asbestos containing materials identified during EI (2020b), an 
asbestos clearance inspection and certificate should be completed by a suitably qualified 
professional (SafeWork NSW Licensed Asbestos Assessor); 

 Following demolition and removal of associated wastes, an inspection of the exposed soil 
surfaces should be performed by a suitably qualified environmental consultant to ensure 
there are no unexpected finds; 

 Any material being removed from site (including surplus soil and potential virgin excavated 
natural materials (VENM)) requires classification for off-site disposal in accordance the EPA 
(2014) Waste Classification Guidelines; 

 Any material being imported to the site (i.e. for landscaping purposes) should be assessed 
for potential contamination in accordance with NSW EPA guidelines as being suitable for the 
intended use or be classified as VENM. 
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1. INTRODUCTION 

1.1 Background and Purpose 

EI Australia (EI) was engaged by Campbelltown 88 Development Pty Ltd (‘the client’) to conduct 
a Detailed Site Investigation and Salinity Assessment (DSI) of the land parcel located at 22-32 
Queen Street, Campbelltown NSW (herein referred to as the ‘the site’). 

The site is located 41 km south-west of the Sydney central business district (CBD), within the 
local government area (LGA) of Campbelltown City Council, as shown in Appendix A, Figure 1.  
The site is comprised of three cadastral allotments, identified as Lot X in Deposited Plan (DP) 
409704 (22 Queen Street), Lot 15 in DP 14782 (24 Queen Street) and Lot 1 in DP 1154928 (32 
Queen Street), covering a total area of 20,465.7m2, as depicted in Appendix A, Figure 2.

At the time of the investigation, the site was occupied by a brick storage building and a commercial 
(factory outlet / parking) complex. The unbuilt parts of the site were either concrete paved or 
grassed areas. 

The purpose of this investigation was to determine the environmental condition (contamination 
status) of the site, and to address conditions 12, 13 and 23 of Campbelltown City Council 
Development Application Notice of Determination (308/2019/DA-CD). The DSI enables the 
developer to meet obligations under the State Environmental Planning Policy (SEPP 55) –
Remediation of Land, for the assessment and management of contaminated soil and groundwater, 
should this be identified.  It follows on from previous investigations completed for the site by EI, 
which were documented under the following reports: 

 EI (2020a) Preliminary Site Investigation (PSI), 22-32 Queen Street, Campbelltown NSW 
(Ref. E24711.E01_Rev1, dated 8 July 2020); 

 EI (2020b) Hazardous Material Survey (HMS), 22-32 Queen Street, Campbelltown NSW 
(Ref. E24711.E10_Rev0, dated 3 July 2020); and 

 EI (2021) Geotechnical Investigation, 22-32 Queen Street, Campbelltown NSW (Ref. 
E24711.G03, dated 3 June 2021). 

1.2 Proposed Development

Based on the supplied plans (Appendix C), EI understands that site redevelopment involves the 
demolition of existing structures, followed by the construction of multiple mixed use commercial 
and residential towers, overlying a common five-level basement.  

The basements will cover the majority of the site area, with a finished floor level of 41.3 metres 
Australian Height Datum (mAHD). Locally deeper excavations are possible for footings, lift 
overrun pits, crane pads and service trenches. 

The proposed commercial facility includes retail shops, cafe/restaurants, supermarket and a child 
care centre on ground floor. Landscaping (deep soil) areas are proposed along the eastern site 
boundary and in the south-eastern portion of the site. 
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1.3 Regulatory Framework

The following regulatory framework and guidelines were considered during this DSI: 

 Contaminated Land Management Act 1997 (the CLM Act 1997); 

 Protection of the Environment Operations Act 1997 (the POEO Act 1997); 

 Environmental Planning and Assessment Act 1979 (the EP&A Act 1997);  

 State Environmental Planning Policy 55 - Remediation of Land (SEPP 55); 

 Campbelltown Local Environmental Plan 2015;

 EPA (1995) Sampling Design Guidelines;

 EPA (2017) Guidelines for the NSW Site Auditor Scheme;

 EPA (2020) Consultants Reporting on Contaminated Land: Contaminated Land Guidelines; 
and

 NEPC (2013) Schedule B(1) Guideline on Investigation Levels for Soil and Groundwater and
Schedule B(2) Guideline on Site Characterisation, in the National Environmental Protection 
(Assessment of Site Contamination) Amendment Measure 1999.

1.4 Project Objectives

The objectives of this investigation were to: 

 Evaluate the potential for site contamination on the basis of historical land uses, anecdotal 
and documentary evidence of possible pollutant sources; 

 Assess the degree of any soil and groundwater contamination, by means of intrusive 
sampling and laboratory analysis for the relevant potential contaminants;  

 Provide a conclusion regarding suitability of the site for proposed use; and 

 Make recommendations for the appropriate management of any impacted soils and/or 
groundwater, should site contamination be confirmed. 

1.5 Scope of Works

To achieve the above objectives, the following scope of works was completed: 

Desktop Study

 A review of relevant (hydro)geological and soil landscape maps for the project area; 

 A review of the previous investigation reports; and 

 A search of property files archived by Campbelltown City Council, for information relating to 
operational site history. 

Fieldwork and Laboratory Analysis

 Preparation of a Work, Health, Safety and Environmental Plan; 

 A review of existing underground services on-site, utilising Dial-Before-You-Dig (DBYD) plans 
and electro-magnetic equipment operated by a licensed services locator; 

 A site walkover inspection and Ground Penetrating Radar (GPR) survey in the location of the 
former underground petroleum storage system (UPSS) identified in the PSI (EI, 2020a); 

 Construction of test boreholes at 33 locations (BH1M - BH33), distributed in a triangular grid 
pattern across accessible parts of the site; 
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Boreholes were completed to collect samples for salinity assessment at four locations to 

depths of about 1m below the proposed bulk excavation which is about 13m BGL or prior 

refusal on bedrock; 

 Installation of four groundwater monitoring bores (BH1M, BH11M, BH25M and BH29M), 
located up- and down- gradient of the proposed redevelopment area; 

 Multiple level soil sampling within fill and natural soils at each of the test bores; 

 Completion of one groundwater monitoring event (GME), with measurement of standing 
water levels (SWLs) and representative sample collection at each of the installed wells; and 

 Laboratory analysis of selected soil and groundwater samples for relevant analytical 
parameters, as determined from the desktop study and field observations. 

Data Analysis and Reporting

This DSI report documents all desk study findings, the conceptual site model, data quality 
objectives, investigation methodologies and results.  It also provides a record of observations 
made during the site walkover inspection, borehole and monitoring well construction logs and a 
discussion of laboratory analytical results in regards to potential risks to human health, the 
environment and the aesthetic condition of the land.  
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2. SITE DESCRIPTION 

2.1 Property Identification, Location and Physical Setting 

The site identification details and associated information are presented in Table 2-1. The site 
locality and assessment area are illustrated in Appendix A, Figures 1 and 2. 

Table 2-1 Site Identification

Attribute Description

Street Address 22-32 Queen Street, Campbelltown NSW 

Location Description 41 km south-west of Sydney CBD.  Bound by:
 North: Queen Street, followed by a railway corridor; 
 East: Motel and car dealership to the north-east, then Campbelltown Road; 
 South: Public open space, followed by Campbelltown Performing Arts High 
School and Beverley Road; and 
West: Commercial buildings and ground level car park.

Site Coordinates Northern-eastern corner of site (GDA2020-MGA56):
 Easting: 299036.588;
 Northing: 6229213.089. 

(Source: http://maps.six.nsw.gov.au) 

Site Area 20,465.7m2 

Lots and DPs Lot X in DP 409704 = 22 Queen Street; 
Lot 15 in DP 14782 = 24 Queen Street; and 

Lot 1 in DP 1154928 = 32 Queen Street. 

State Survey Marks Three Permanent Marks are situated within close proximity to the site: 
 PM52482F and PM4704N: on the corner of Kialba Road and Watsford Road 
(approximately 105m west); and 

 PM53222: on the Kialba Road (approximately 70m north). 
(Source: http://maps.six.nsw.gov.au) 

LGA Campbelltown City Council 

Parish Holsworthy 

County Cumberland

Current Zoning B4: Mixed Use 
(Campbelltown Local Environmental Plan 2015) 

2.2 Surrounding Land Use 

The site is situated within an area of mixed use, as described in Table 2-2.  The local sensitive 
receptors within close proximity to the site are also identified in this table. 

Table 2-2 Surrounding Land Uses

Direction Land Use Description
Sensitive Receptors 
(distance)

North Railway corridor 
Commercial properties (e.g. roadfreight transport, 
suppliers, warehouses, retail shops and car dealers) 
Community Kids Leumeah Early Education Centre

Childcare centre (approximately 
210m northeast)
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Direction Land Use Description
Sensitive Receptors 
(distance)

South Public open space 
Campbelltown Performing Arts High School

High school (approximately 100m 
south) 

East Residential / commercial properties Residential (approximately 150m 
east)

West Commercial properties
Queen Street General Practice / Dexterity Health Medical 
Centre

Medical centres (immediately 
adjacent and 210m west) 

2.3 Regional Setting

The topography, (hydro)geology and soil landscape information are summarised in Table 2-3.

Table 2-3 Regional Setting

Attribute Description

Topography Gently undulating rises with local relief 10-30m.  Slopes <5% but occasionally up to 
10% (Hazelton and Tille, 1990).  The site displays a slight down slope to the 
northwest, with elevations varying from 60.2-60.8 mAHD along the southern 
boundary to 58.3-58.7 mAHD along the northern boundary (Appendix C).

Site Drainage Likely to be consistent with the general slope of the site.  Stormwater is expected to 
be collected in stormwater pits and piped to the municipal collection system, which 
likely flows towards Bow Bowing Creek approximately 200m northwest of the site. 

Regional Geology The Department of Mineral Resources Wollongong-Port Hacking 1:100,000 
Geological Series Sheet 9029-9129 (DMR, 1985) indicates the site is underlain by 
Ashfield Shale (Rwa), consisting of laminite and dark-grey siltstone.  However, the 
western site boundary is close to the geological boundary with Quaternary-aged 
sedimentary deposits (Qal), described as quartz and lithic “fluvial” sand, silt and clay. 

Soil Landscape The Soil Conservation Service of NSW Soil Landscapes of the Wollongong-Port 
Hacking 1:100,000 Sheet (Hazelton PA and Tille PJ, 1990) indicates that the site 
overlies a Blacktown (bt) residual soil landscape.  This landscape type is 
characterised by gently undulating rises on Wianamatta Group shale, with broad 
rounded crests and ridges with gently inclined slopes.  Natural soils are dominated 
by impervious clays.  

Acid Sulfate Soil 
(ASS) Risk 

With reference to the Acid Sulfate Soil Risk Map (1:25,000 scale; Murphy, 1997) and 
the Campbelltown Local Environmental Plan 2015, the site is not mapped for ASS. 
As such, ASS is not expected to be encountered onsite. Further assessment of ASS 
was considered unwarranted. 

Salinity Potential The DIPNR (2003) Map of Salinity Potential in Western Sydney 2002 indicates that 
the site is within an area of moderate to high salinity potential. 

Nearest Surface 
Water Features 

Bow Bowing Creek (200m northwest) and Leumeah Creek (350m east). 

Groundwater 
Bore Records 
and Groundwater 
Flow Direction 

A search of WaterNSW was conducted by EI during the PSI (2020a), which revealed 
no registered bores within a 500m radius of the site, indicating that the local 
groundwater resource was not being (heavily) utilised.  
Groundwater flow direction was inferred to be northwest, towards Bow Bowing 
Creek. 
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2.4 Site Walkover Inspection

Observations were recorded during a walkover inspection of the site on 7 June 2021.  These are 
summarised below and photographs taken during the inspection are presented in Appendix D.  
A detailed description of the site and earlier use is provided in EI (2020a) and summarised in 
Section 3. 

 The site was located within a mixed commercial and residential area. Local commercial 
activities were mainly associated with warehousing and retail activities. A railway corridor 
was located approximately 30m northwest to southwest of the site. 

 The site consisted of a brick storage building at 24 Queen Street  (former tenpin bowling 
centre) and a commercial (factory outlet / parking) complex at 32 Queen Street 
(Photographs 1, 3 and 5). Unbuilt parts of the site were covered by concrete driveways / car 
park and vegetation. 

 The commercial complex (32 Queen Street) was mostly untenanted at the time of the 
investigation. An active motor auction was noted in the basement within the southern 
portion of the property (Photograph 8) and an active medical centre was on the upper 
floor. 

 Building wastes were stockpiled in the south-eastern corner and along the south-eastern 
boundary of the site (Photographs 3 and 7). 

 The concrete paving was generally in fair to good condition. Major cracks were only noted 
in the south-eastern portion of the site. However, no oil staining was noted. 

 The vegetation on site did not appear stressed. 

 Ground Penetrating Radar (GPR) was completed to determine the presence of former UPSS 
identified in the PSI (EI, 2020a), which was associated with the former on-site service station 
at 32 Queen Street between 1979 and 1991. The survey did not locate any tanks in the area 
where the former UPSS was possibly located.  

 No visible or olfactory signs of contamination were noted during the inspection, including 
fragments of fibre cement sheeting (FCS). 

 No above-ground storage tank (AST) was present. 
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3. PREVIOUS INVESTIGATIONS 
A number of previous investigations had been completed for the site by EI, which were 
documented under the following reports: 

 EI (2020a) Preliminary Site Investigation, 22-32 Queen Street, Campbelltown NSW (Ref. 
E24711.E01_Rev1, dated 8 July 2020); 

 EI (2020b) Hazardous Material Survey, 22-32 Queen Street, Campbelltown NSW (Ref. 
E24711.E10_Rev0, dated 3 July 2020); and 

 EI (2021) Geotechnical Investigation, 22-32 Queen Street, Campbelltown NSW (Ref. 
E24711.G03, dated 3 June 2021). 

A summary of the investigations is provided in Table 3-1. 

Table 3-1 Summary of Previous Investigations

Project Task Findings

EI (2020a) Preliminary Site Investigation

Objectives The primary objective of this investigation was to provide a qualitative assessment 
of the environmental condition of the site, by appraising the potential for site 
contamination on the basis of field observations, historical land uses and 
anecdotal and documentary evidence. 
A secondary objective was to make recommendations for further investigation of 
the site, should the potential for contamination be confirmed. 

Scope of Works The scope of the investigation included: 

 Review of relevant (hydro)geological and soil landscape maps for the project area; 

 A search for groundwater bore records within close vicinity of the site; 

 A site walkover inspection; 

Review of site history, including Lotsearch report and historical aerial photographs;

A search of property files archived by Campbelltown City Council, for information 
relating to operational site history; 

 A search of SafeWork NSW records, for information relating to the storage of 
hazardous chemicals, including possible underground tank approvals and locations; 

 Searches of public registers maintained by the NSW Environment Protection 
Authority (EPA) for statutory notices and licensing agreements issued under the 
Contaminated Land Management Act 1997 and Protection of the Environment 
Operations Act 1997; 

 A search of the List of NSW Contaminated Sites Notified to the EPA; and 

 Reporting. 

Findings At the time of the site inspection on 11 June 2020, the site was occupied by 
vegetation at 22 Queen Street, one brick storage building at 24 Queen Street and one 
commercial (factory outlet / parking) complex at 32 Queen Street. The site was mostly 
sealed with buildings and concrete pavements. The remaining parts were vegetated 
areas. 

Waste building materials were stockpiled in the south (eastern) parts of the site (at the 
rears of the two buildings).  Fragments of fibre cement sheeting (FCS) were observed 
on the ground surface in front of the building on 24 Queen Street (i.e. in northern site 
corner). 

The site was used for low density, residential and open space purposes up to 1965 
(at least).  Redevelopment of the site, which included the replacement of residences 
and vegetation with commercial / industrial buildings and hardstand concrete, 
commenced sometime between 1965 and 1975.  The storage building at 24 Queen 
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Project Task Findings

Street was likely constructed between 1975 and 1984, while the factory outlet / 
parking complex at 32 Queen Street was constructed around 2009.

The commercial activities which took place on the site included joinery manufacture, 
motor towing services, motor garages and/or service stations (32 Queen Street; 1979-
1991), motor dealers, contractors, glass merchants and a bowling centre. 

No visual or olfactory evidence of (gross) contamination was detected on the site. 

During the site walkover, there was no visual evidence that a UST or AST was 
present on the site. However, the SafeWork NSW search indicated that UPSS was 
present at 32 Queen Street as a result of former service station activity between 1979 
and 1991. 

The site was free of statutory notices and licensing agreements issued under the 
Contaminated Land Management Act 1997 and Protection of the Environment 
Operations Act 1997.  The site was not included on the List of NSW Contaminated 
Sites Notified to the EPA. 

The conceptual site model (CSM) established there was low to moderate potential for 
site contamination derived from the identified sources, except in relation to the 
hazardous building products, which was considered to pose a high likelihood. 

Conclusion Based on the above findings, it was concluded that there was potential for 
contamination to exist on the site.  Following demolition and prior to any future 
redevelopment, a detailed (Phase 2) investigation should be undertaken, to further 
characterise the soils and groundwater at the site and determine the suitability of the 
land for proposed use.

Recommendations Before commencement of any demolition works, a Hazardous Materials Survey 
should be completed by a suitably qualified consultant, to identify any hazardous 
materials present within the existing building fabrics. 

Following demolition and prior to any future redevelopment, a DSI should be 
undertaken, to further characterise the contamination status of soils and groundwater.  

EI (2020b) Hazardous Material Survey

Purpose The purpose of this survey was to present the findings of a qualitative risk 
assessment of the hazardous building materials located on the site. 

Aim / Scope of 
Works 

 Ascertain whether the buildings on site contained hazardous materials, including; 

 Asbestos-containing materials (ACM); 

 Synthetic mineral fibre (SMF) materials; 

 Polychlorinated biphenyls (PCB) containing materials; and 

 Lead-based paint systems (LBP); 

 Undertake a qualitative risk assessment of the hazardous materials contained 
within the buildings; 

 Develop control strategies for the ongoing management of hazardous materials 
contained within the buildings; 

 Identify and provide recommendations where remedial works are needed; and 

 Prepare a report with the findings of the inspection, including the hazardous 
materials register and recommendations for the ongoing management or remedial 
works.  

Conclusion Hazardous building materials, including ACM, SMF and LBP were identified within 
the building structures. All identified hazardous building materials were ranked 
Priority 3 or 4 (i.e. stable and posing negligible health risk under present 
conditions).  No immediate remedial action was deemed necessary.
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Project Task Findings

EI (2021) Geotechnical Investigation

Objective The objective of this investigation was to assess site surface and subsurface 
conditions at five borehole locations, and to provide geotechnical advice and 
recommendations addressing the following: 

 Dilapidation Surveys; 

 Excavation methodologies and monitoring requirements, including rock excavation; 

 Groundwater considerations; 

 Vibration considerations; 

 Excavation support requirements, including geotechnical design parameters for 
retaining walls and shoring systems; 

 Building foundation options, including design parameters and earthquake loading 
factor in accordance with AS1170.4:2007. 

 The requirement for additional geotechnical works. 

Scope of Works  Preparation of a Work Health and Safety Plan; 

 Review of relevant geological maps for the project area; 

 Site walkover inspection; 

 Scanning of proposed borehole locations for buried conductive services using a 
licensed service locator with reference to Dial Before You Dig (DBYD) plans; 

 Auger drilling of five boreholes (BH1M, BH2, BH3, BH4M and BH5) by a track-
mounted drill rig using solid flight augers equipped with a ‘Tungsten-Carbide’ (T-C) 
bit. 

 Standard Penetration Testing (SPT) was carried out, where possible, during 
auger drilling of the boreholes to assess soil strength/relative densities. 

 Measurements of groundwater seepage/levels, where possible, in the augered 
sections of the boreholes during and shortly after completion of auger drilling. 

 The strength of the bedrock in the augered sections of the boreholes was 
assessed by observation of the auger penetration resistance using a T-C drill bit 
and examination of the recovered rock cuttings. 

 Continuation of BH1, BH2M, BHM, BH4M, and BH5 using NMLC diamond coring 
techniques to termination depths to approximately 15-16m BGL. 

 Boreholes BH2M and BH4M were converted into groundwater monitoring wells with 
depths of 13.25m BGL (47.45m AHD) and 12.82m BGL (46.28m AHD) to allow for 
long-term groundwater monitoring. 

 Soil and rock samples were sent to National Australian Testing Authority (NATA) 
accredited laboratories for testing and storage.  

 Preparation of this report. 

Findings The subsurface conditions across the site were summarised as: 

 Gravelly Silty Clay Fill (to the depth of approximately 0.3m BGL); overlying 

 Residual Clay soils (from 0.2 to 1.4m BGL); overlying 

 Weathered Shale/Sandstone bedrock (from 2.6m BGL onwards).  

Standing water levels at the two installed groundwater monitoring wells were 
recorded at depths ranging from 2.1m to 2.7m BGL on 20 April 2021. 

Conclusion Based on the investigation results, the following was considered to be the main 
geotechnical issues for the proposed development: 

 Soil salinity of the soils; 

 Basement excavation and retention to limit lateral deflections and ground loss as a 
result of excavations, resulting in damage to nearby structures; 

 Rock excavation; and 

 Foundation design for building loads. 
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4. CONCEPTUAL SITE MODEL 

In accordance with NEPC (2013) Schedule B2 – Guideline on Site Characterisation, EI (2020a)
developed a preliminary CSM that assessed plausible linkages between potential contamination 
sources, migration pathways and human and environmental receptors.  In this DSI, EI reviewed 
and updated the CSM in order to identify the gaps in the existing site characterisation. 

4.1 Summary of Site History

Based on the historical information (EI, 2020a), the site was used for low density residential and 
open space purposes up to 1965 (at least).  Redevelopment of the site for commercial / industrial 
uses was commenced sometime between 1965 and 1975.  The storage building at 24 Queen 
Street was likely constructed between 1975 and 1984, while the factory outlet / parking complex 
at 32 Queen Street was constructed around 2009. 

Former commercial activities on the site included joinery manufacture, motor towing services, 
motor garages and/or service stations (32 Queen Street; 1979-1991), motor dealers, contractors, 
glass merchants and a bowling centre. The SafeWork NSW search indicated that a UPSS was 
historically present at 32 Queen Street as a result of the former service station. However, the 
GPR survey conducted during this DSI did not locate any tanks in the area where the former 
UPSS was possibly located. 

4.2 Subsurface Conditions 

Excluding any surface paving, the sub-surface conditions of the site were generalised as a layer 
of shallow filling (<0.5m BGL), overlying residual clay soils and shale / sandstone bedrock. 

Groundwater flow direction was inferred to be north-west towards Bow Bowing Creek based on 
local topography. 

4.3 Potential Contamination Sources 

The potential contamination sources were as follows:

 Former commercial activities (joinery manufacture, motor towing services, motor garages 
and/or service stations (32 Queen Street; 1979-1991), motor dealers, contractors, glass 
merchants and a bowling centre); 

 Imported fill materials of unknown origin and quality (used to grade the site); 

 Hazardous building materials (including ACM and lead-based paints), present within the 
fabrics of the former / existing structures; 

 The application of pesticides around building (footing) perimeters; 

 Leaks from vehicles in the parking areas; and 

 Off-site migration from neighbouring commercial properties. 

4.4 Emerging Contaminants 

Per- and Poly- Fluoroalkyl Substances (PFAS)

EPA (2017) requires that PFAS are considered when investigating land contamination.  The 
probability of PFAS occurrence, which was based on considerations outlined in the PFAS National 
Environmental Management Plan (NEMP 2020), is reviewed in Table 4-1. In this instance, the 
potential for PFAS to be present on-site was low. 
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Table 4-1 PFAS Decision Tree

Preliminary Screening
Probability of 
Occurrence1

Has an activity listed in NEMP (2020) 2 as being associated with PFAS 
contamination occurred on-site?  If so, list activity: Petroleum products 
storage 

L - (No evidence suggested a 
fire occurred onsite)

Has an activity listed in NEMP (2020) 2 as being associated with PFAS 
contamination occurred up-gradient or adjacent to the site?  If so, list 
activity. 

L 

Did fire training involving the use of suppressants occur on-site between 
1970 and 2010? 

L 

Did fire training occur up-gradient or adjacent to the site between 1970 and 
2010? 3 

L

Have “fuel” fires ever occurred on-site between 1970 and 2010? 
(e.g. ignition of fuel (solvent, petrol, diesel, kero) tanks?) 

L 

Have PFAS been used in manufacturing or stored on-site? 4 L

Could PFAS have been imported to the site in fill materials from a site with 
an activity listed in NEMP (2020)? 

L 

Could PFAS-contaminated groundwater or run-off have migrated on to the 
site? 

L 

Is the site or adjacent sites listed in the NSW EPA PFAS Investigation 
Program? 5

L

If the probability is medium or high in any of the rows, does the site 
analytical suite need to be optimised to include preliminary sampling and 
testing for PFAS in soil (including ASLP testing) and waters? 

No 

Note 1 Probability: L – low (all necessary documentation has been reviewed and there is no recorded instance or 
compelling rationale); M – moderate (all necessary documentation has been reviewed and there is potential 
evidence of a recorded instance with compelling rationale); H – high (all necessary documentation has been 
reviewed and there is evidence of a recorded instance with compelling rationale). 

Note 2 Activities listed in Appendix B of NEMP (2020). 
Note 3 Runoff from up-gradient PFAS use may impact surface water, soil, sediment and groundwater. 
Note 4 PFAS is used wide range of industrial processes and consumer products, including in the manufacture of non-

stick cookware, specialised garments and textiles, Scotchguard™ and similar products (used to protect fabric, 
furniture, leather and carpets from oils and stains), metal plating and in some types of fire-fighting foam. 
(https://www.nicnas.gov.au/chemical-information/factsheets/chemical-name/perfluorinated-chemicals-pfas) 

Note 5 Refer to https://www.epa.nsw.gov.au/your-environment/contaminated-land/pfas-investigation-program.

Emerging Chemicals

The EPA uses Chemical Control Orders (CCOs) as a primary legislative tool under the 
Environmentally Hazardous Chemicals Act 1985, to control chemicals of concern and limit their 
potential impact on the environment. Considerations for chemicals controlled by CCOs, and other 
potential emerging chemicals, are outlined in Table 4-2. In this instance, the potential for an 
emerging chemical of concern to be present on-site was low, with the possible exceptions of 
polychlorinated biphenyls and pesticides in imported fill and near surface soil. 

Table 4-2 Emerging or Controlled Chemicals

Chemicals of Concern (CCO or emerging) Decision

Were aluminium smelter wastes used or stored on site (CCO, 1986)? No 

Do dioxin contaminated wastes (CCO, 1986) have the potential to impact the site? 
1 

No 

Were organotin products (CCO, 1989) used or stored on site? 2 No 

Were polychlorinated biphenyls (PCBs) used or PCB wastes (CCO, 1997) stored 
on-site? 3

Possibly in imported 
fill 
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Chemicals of Concern (CCO or emerging) Decision

Were scheduled chemical or wastes (CCO, 2004) used or stored? 4

Possibly in imported 
fill or in near surface 

soil due application of 
pesticides for termite 

control 

Are other emerging chemicals suspected? 5 No

If Yes to any questions, has site sampling suite been optimised to include 
sampling for these chemicals of concern? 

Yes 

Note 1 From burning of certain chemicals, smelting or chemical manufacturing or fire on or near the site. 
Note 2 From anti-fouling paints used or removed at boat and ship yards and marinas. 
Note 3 From older transformer oils and electrical capacitors 
Note 4 Twenty-four mostly organochlorine pesticides and industrial by-products 
Note 5 Other chemicals considered as emerging (e.g. 1,4 dioxane; associated with some CVOC). 

4.5 Potential Contaminants 

The primary contaminants of potential concern (COPCs) at the site were considered to be: 

 Priority Metals (Met) - arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc; 

 Total Recoverable Hydrocarbons (TRH); 

 Volatile Organic Compounds (VOC); including 

 Benzene, Toluene, Ethylbenzene and Xylenes (BTEX); 

 Polycyclic Aromatic Hydrocarbons (PAH); 

 Organochlorine and Organophosphorus Pesticides (OCP / OPP); 

 Polychlorinated Biphenyls (PCB);  

 Phenols; and 

 Asbestos. 

4.6 Risk Assessment 

An assessment of the potential contamination risks for the site is outlined in Table 4-3. 

Table 4-3 Assessment of Potential Contamination Risk

Potential Source Impacted Medium COPC Risk of Contamination

Former commercial 
activities 

Soil 
Groundwater 

Met, TRH, VOC 
(including 
BTEX), PAH 
and phenols 

Moderate 
The former underground tank at 32 Queen 
Street presented a preferred vertical pathway 
for petroleum hydrocarbons; the installed 
depth was unknown, hence, allow increased 
risk from the UST, being situated close to 
(even in) perched groundwater. 

Importation of fill of 
unknown origin and 
quality 

Shallow soil Met, TRH, 
BTEX, PAH, 
OCP, OPP, PCB 
and asbestos 

Low
Based on the borehole logs (Appendix E), 
shallow filling (< 0.5m BGL) present on the 
site. Contamination loads, if present, likely to 
be small. Therefore the risk was considered 
low. 

Hazardous building 
materials 

Building fabrics
Surface soil 

Met (lead in 
particular), PCB 
and asbestos 

Low to Moderate 
Hazardous building materials, including ACM, 
SMF and LBP were identified within the 
building structures during the HMS (EI, 
2020b). All identified hazardous materials 
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Potential Source Impacted Medium COPC Risk of Contamination

were noted to be stable and therefore pose 
negligible health risk under present 
conditions. However, these materials must be 
appropriately managed during demolition 
works. 

Application of 
pesticides

Surface soil 
(building footings, 
sub-slab) 

Met, OCP, OPP Low
If present, expected to be limited in extent to 
shallow, building footprint sub-slab soils, due 
to the nature of application.  Metals and OCP 
may be highly persistent in soils. 

Leakage from 
vehicles in parking 
areas 

Surface soil Met, TRH, VOC 
(including BTEX) 

Low 
Contamination, if present, likely to be 
localised and restricted to surface or shallow 
soil horizons. Given the concrete pavement in 
the parking areas was in good condition, the 
overall risk was considered low. 

Migration from off-
site sources 

Soil 
Groundwater 

Met, TRH, VOC 
(including 
BTEX), PAH 
and phenols 

Low
The PSI (EI, 2020a) identified that 34 & 15 
Queen Street (immediately adjacent and 23m 
west, respectively) were historically used as 
service stations between 1979 and 1990.   
Current local activities were mainly 
associated with warehousing and retails.  
Heavy (chemical) industries not present. 
Surrounding properties of concern were all 
cross- and down- gradient from the site.  Up-
gradient sources were not identified. 
Therefore, the risk was considered low. 

4.7 Exposure Pathways and Receptors 

The following potential receptors of site contamination were identified: 

 Demolition and construction workers; 

 Users of the adjacent land during construction; 

 Future site users;  

 Ecological receptors in areas of exposed soil / landscaping; and 

 Bow Bowing Creek. 

Given the assessment conducted in Section 4.6, the risks to these receptors were considered to 
be low to moderate. 

A summary of the CSM is provided in Table 4-4, identifying the potential contamination sources, 
exposure pathways and human and environmental receptors.

4.8 Data Gap

Based on the CSM derived for the site and the qualitative assessment of risks, the degree 
(presence / extent) of any impacts associated with the identified contamination sources 
constituted an investigation data gap.  This data gap required further assessment by way of 
further intrusive sampling and analysis, to quantify the possible risks to the site receptors. 
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5. METHODOLOGY 

5.1 Sampling and Analysis Quality Plan (SAQP)

The SAQP ensures that the data collected during environmental works are representative and 
provide a robust basis for assessment decisions.  The SAQP for this DSI included the following: 

 Data quality objectives, including a summary of the objectives of the DSI; 

 Investigation methodology, including the media to be sampled, details of analytes and 
parameters to be monitored and a description of intended sampling points; 

 Sampling procedures (including sample handling, preservation and storage); 

 Field screening methods; 

 Laboratory analysis methods; and 

 Analytical quality assurance / quality control (QA/QC). 

5.2 Data Quality Objectives 

In accordance with the NEPC (2013) Schedule B2 Guideline on Site Characterisation, the USEPA 
(2006) Data Quality Assessment and EPA (2017) Guidelines for the NSW Site Auditor Scheme, 
data quality objectives (DQO) were developed by the EI investigation team, following the NEPM- 
/ EPA- endorsed, seven step process (Table 5-1).  In doing so, the appropriate levels of data 
quantity and quality needed for the specific requirements of the project were established. 
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5.3 Data Quality Indicators

To ensure that the investigation data were of an acceptable quality, they were assessed against 
the quality indicators outlined in Table 5-2.  Assessment of data quality is presented in Section 
6 and Appendix I. 

Table 5-2 Data Quality Indicators

QA/QC Component Data Quality Indicator(s)

Precision 
A quantitative measure of 
the variability (or 
reproducibility) of data 

Data precision was assessed by reviewing the performance of blind field 
duplicate sample sets, through calculation of relative percentage 
differences (RPD).  Data precision was deemed acceptable if RPDs were 
found to be less than 30%.  RPDs that exceeded this range were 
considered acceptable where: 
 Results were less than 10 times the limits of reporting (LOR); 
 Results were less than 20 times the LOR and the RPD was less than 
50%; or 

 Heterogeneous materials or volatile compounds were encountered. 

Accuracy 
A quantitative measure of 
the closeness of reported 
data to the “true” value 

Data accuracy was assessed through the analysis of: 
 Split field duplicate sample sets; 
 Field and method blanks, analysed for the analytes targeted in the 
primary samples; 

 Matrix spike and matrix spike duplicate sample sets; and 
 Laboratory control samples. 

Representativeness 
The confidence (expressed 
qualitatively) that data are 
representative of each 
medium present onsite 

To ensure the data produced by the laboratory were representative of 
conditions encountered in the field, the following measures were taken: 
 Blank samples run in parallel with field samples, to confirm there were no 
unacceptable instances of laboratory artefacts; 

 Review of relative percentage differences (RPD) values for field and 
laboratory duplicates to provide an indication that the samples were 
generally homogeneous, with no unacceptable instances of significant 
sample matrix heterogeneities; and 

 The appropriateness of collection methodologies, handling, storage, and 
preservation techniques was assessed to ensure/confirm there was 
minimal opportunity for sample interference or degradation (i.e. volatile 
loss during transport due to incorrect preservation / transport methods). 

Completeness
A measure of the amount of 
useable data from a data 
collection activity 

Analytical data sets acquired during the DSI were evaluated as complete 
upon confirmation that: 
 Standard operating procedures (SOPs) for sampling protocols were 
adhered to; and 

 Copies of all chain of custody (COC) documentation were included and 
found to be properly completed. 

It could therefore be considered whether the proportion of “useable data” 
generated in the data collection activities was sufficient for the purposes of 
the land use assessment. 

Comparability 
The confidence (expressed 
qualitatively) that data may 
be considered to be 
equivalent for each sampling 
and analytical event 

Data sets from separate sampling episodes were required and issues of 
comparability were reduced through adherence to SOPs and regulator-
endorsed or published guidelines and standards on each data gathering 
activity. 
In addition the data were collected by experienced samplers and NATA-
accredited laboratory methodologies will be employed. 
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5.4 Sampling Rationale

With reference to the CSM described in Section 4, soil and groundwater sampling works were 
planned in accordance with the following rationale: 

 Sampling fill and natural soils from 33 borehole locations across accessible parts of the site, 
with two locations targeting the area where the former UPSS was located, to characterise in 
situ soils;  

 Sampling natural soils from four locations to assess the site salinity; 

 Completion of a single groundwater monitoring even (GME) at four installed monitoring wells, 
to characterise local groundwater conditions; and 

 Laboratory analysis of representative soil and groundwater samples for the COPCs. 

5.5 Assessment Criteria 

The assessment criteria adopted for this DSI are outlined in Table 5-3. These were selected from 
available published guidelines that are endorsed by national or state regulatory authorities, with 
due consideration of the exposure scenarios that are expected for various parts of the site, the 
likely exposure pathways, and the identified potential receptors. 

For the purposes of this DSI, the adopted soil assessment criteria are referred to as the Soil 
Investigation Levels (SILs) and the adopted groundwater assessment criteria are referred to as 
Groundwater Investigation Levels (GILs). 

Table 5-3 Adopted Investigation Levels for Soil and Groundwater

Medium Guidelines Rationale

Soil NEPC (2013) HILs, 
HSLs, EILs, ESLs 
and Management 
Limits for TRH 

Soil Health-based Investigation Levels (HILs)
Building footprint: NEPC (2013) HIL-B thresholds for residential 
with minimal opportunities for soil access settings. 
Child care outdoor playing area (north-eastern site boundary): 
NEPC (2013) HIL-A thresholds for residential with garden / 
accessible soil settings as a conservative approach. 
Landscaping areas (south-eastern portion): NEPC (2013) HIL-C 
thresholds for public open space settings. 
Soil Health-based Screening Levels (HSLs)

Basement footprint: NEPC (2013) HSL-D thresholds for vapour 
intrusion at commercial and industrial sites were applied to 
assess potential human health impacts from residual vapours 
resulting from petroleum, BTEX and naphthalene (per Section 
2.4.8 Schedule B1 NEPC 2013). 

Landscaping areas: NEPC (2013) HSL-A&B thresholds for low 
to high density residential sites as a conservative approach. 

For asbestos:
No visible asbestos on soil surface in all areas of the site; 

 HSL-A: bonded ACM within the childcare outdoor playing 
area; 

 HSL-B: bonded ACM within the building footprint; 
 HSL-C: bonded ACM in landscaping areas; 
 Friable Asbestos: 0.001% w/w in all areas of the site. 



Detailed Site Investigation and Salinity Assessment 
Report Number: E24711.E02_Rev1 | 4 November 2022

Page | 21

22-32 Queen Street, Campbelltown NSW 
Campbelltown 88 Development Pty Ltd

 

Medium Guidelines Rationale

Ecological Investigation Levels (EILs) / Ecological 
Screening Levels (ESLs)
EILs / ESLs were considered relevant for any retained deep soils 
on the site. EILs / ESLs only apply to the top 2 m (root zone). 
The derived EIL criteria presented by EI are based on the 
addition of site specific Added Contaminant Limit (ACL) criteria 
and the Ambient Background Concentration (ABC) for a high 
traffic NSW suburb. The adopted ESL criteria presented by EI 
are based on fine grained criteria.
Management Limits for Petroleum Hydrocarbons
Where the HSLs and ESLs for petroleum hydrocarbons were 
exceeded, sample results were also assessed against the NEPC 
(2013) Management Limits for the F1-F4 TRH fractions, to 
assess propensity for phase-separated hydrocarbons (PSH), fire 
and explosive hazards and adverse effects on buried 
infrastructure. 

Soil Salinity

Criteria for soil salinity assessment were derived from the DLWC 
(2002) Indicators of Urban Salinity. 

Groundwater ANZG (2018) GILs for 
Fresh Waters and 
NEPC (2013) 
Groundwater HSLs 

Groundwater Investigation Levels (GILs) for Fresh Waters
ANZG (2018) provides GILs for typical, slightly-moderately 
disturbed aquatic ecosystems, Trigger Values (TVs) for the 95% 
level of protection of aquatic ecosystems; however, the 99% TVs 
were applied for the bio-accumulative analyte (mercury). 
Health-based Screening Levels (HSLs)
The NEPC (2013) groundwater HSLs for vapour intrusion were 
used to assess potential human health impacts from residual 
vapours resulting from petroleum, BTEX and naphthalene 
impacts. The HSL-D thresholds for commercial and industrial 
settings were applied.

5.6 Soil Sampling 

The soil sampling works conducted at the site are described in Table 5-4.  Sampling locations 
are illustrated in Figure 2, Appendix A. 

Table 5-4 Summary of Soil Sampling Methodology

Activity/Item Details

Fieldwork Intrusive soil investigations were conducted on 7 and 8 June 2021, and 
comprised 33 borehole locations. 

Investigation Method Test bores BH5 and BH6 were advanced using a hand auger, while the 
remainder of the test bores were drilled using a ute-mounted drill rig, fitted with 
solid flight augers. 
Borehole details are presented in the detailed logs attached in Appendix E. 

Soil Logging Drilled soils were classified in the field with respect to lithological characteristics 
and evaluated on a qualitative basis for odour and visual signs of contamination.  
Soil classifications and descriptions were based on Australian Standard (AS) 
1726-2017. Borehole logs are presented in Appendix E. 

Soil Sampling Soil samples were collected using a dry grab method (the sampler wearing 
unused, dedicated nitrile gloves) and placed into laboratory-supplied, acid-
washed, solvent-rinsed glass jars, or snap-lock, plastic bags. 
Blind and split field duplicates were separated from the primary samples and 
placed into dedicated glass jars. 
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Activity/Item Details

At each location, aliquots of soil were placed into separate zip-lock bags for 
laboratory asbestos analysis and in-field VOC screening by a PID.

Soil Vapour Screening Screening for VOC in soil headspace samples was conducted using a pre-
calibrated PID with a 10.6mV ionisation lamp.  

Decontamination Nitrile sampling gloves were replaced between each sampling location. 
Augers were cleaned of all residual soil between each borehole location.  

Management of Soil 
Cuttings 

Soil cuttings were used as backfill for completed boreholes.

Sample Preservation 
and Transport 

Samples were stored in a chilled chest (with frozen ice packs), whilst on-site and 
in transit to the contracted laboratories.  
Soil samples were transported to SGS Australia Pty Ltd (SGS; the primary 
laboratory) under strict chain-of-custody (COC) conditions.  Signed COC 
certificates and sample receipt advice (SRA) were provided by SGS for 
confirmation purposes (Appendix G). Split (inter-laboratory) soil field duplicates 
were submitted to Envirolab Services Pty Ltd (Envirolab; the secondary laboratory) 
under strict COC conditions.  Signed COC forms and SRA were provided by 
Envirolab for confirmation purposes. 

Laboratory Analysis 
and Quality Control 

Soil samples were analysed by SGS and Envirolab for the COPC.  All samples 
were analysed within the required holding period, as documented in the 
corresponding laboratory reports (Appendix H).
In addition to the split (inter-laboratory) field duplicates (QT1 & QT2; analysed by 
Envirolab), QC testing comprised two blind (intra-laboratory) field duplicates 
(QD1 & QD2), an equipment rinsate blank, a laboratory-prepared trip spike soil 
sample and a laboratory-prepared trip blank soil sample, all analysed by SGS. 
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5.7 Groundwater Sampling

The groundwater sampling works are described in Table 5-5.  The monitoring well locations are 
illustrated in Figure 2, Appendix A. 

Table 5-5 Summary of Groundwater Sampling Methodology

Activity/Item Details

Fieldwork Four groundwater monitoring wells were installed on 7 and 8 June 2021. The wells 
were subsequently developed following installation to remove sediment introduced 
during drilling.  Water level gauging, well purging, field testing and groundwater 
sampling were conducted on 15 June 2021. 

Well Construction Four bores were converted to groundwater monitoring wells as follows: 
BH1M: installed to a depth of 5.0m BGL (screened from 2.0-5.0m BGL); 

 BH11M: installed to a depth of 4.5m BGL (screened from 1.5-4.5m BGL);  
 BH25M: installed to a depth of 5.7m BGL (screened from 2.7-5.7m BGL); and 
 BH29M: installed to a depth of 3.0m BGL (screened from 1.5-3.0m BGL). 

Well construction was in general accordance with the standards described in NUDLC 
(2012) and involved the following: 
 50 mm, Class 18 uPVC, threaded, machine-slotted screen and casing; 
 Base and top of each well was sealed with a uPVC cap; 
 Annular, graded sand filter was used to approximately 300 mm above top of screen 
interval; 

 Granular bentonite was applied above annular filter to seal the screened interval; 
 Cuttings backfill just below ground level; and 
 Surface completion comprised of a -0.5 m plastic J-cap closing the well, with a gatic 
cover at ground level. 

Well 
Development 

Well development was conducted for each well after installation.  Each well was 
purged until dry. 

Well Gauging Monitoring wells were gauged to determine standing water level (SWL) (depth to 
groundwater) prior to well purging at the commencement of the GME on 15 June 
2021.  Gauging was conducted with a water/oil interface probe. 

Well Purging and 
Field Testing 

The measurement of water quality parameters was conducted repeatedly during 
purging and the details were recorded onto field data sheets, once water quality 
parameters stabilised.  Field measurements for Dissolved Oxygen (DO), Electrical 
Conductivity (EC) and pH of the purged water were also recorded during well purging.  
Purged water volumes removed from each well and field test results are summarised 
in Table 7-3. 

Groundwater 
Sampling 

Groundwater samples were collected by a micro-purge system (with the exception of 
BH29M which was sampled using a HDPE bailer due to low volumes of water 
available in the installed well).  Water was continuously measured for four parameters 
(Temperature, EC, Redox, DO, pH).  Once three consecutive field measurements 
were recorded for purged water to within ± 10% for DO, ± 3% for EC , ± 0.2 units for 
pH, ± 0.2° for temperature and ± 20 mV for redox, this was considered to indicate that 
representative groundwater quality had been achieved and final physio-chemical 
measurements were recorded.  Groundwater samples were then collected from the 
micro-purge sampling pump discharge point. 

Decontamination 
Procedure 

The water level probe and MicroPurge kit were washed in a solution of potable water 
and Decon 90 and then rinsed with potable water. 

Sample 
Preservation 

Sample containers were supplied by the laboratory with the following preservatives:
one, 1 litre amber glass, acid-washed and solvent-rinsed bottle; 

 two, 40ml glass vials, pre-preserved with dilute hydrochloric acid, Teflon-sealed; and 
 one, 250mL, HDPE bottle, pre-preserved with dilute nitric acid (1mL). 
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Activity/Item Details

Samples for metals analysis were field-filtered using 0.45 µm pore-size membranes. 
All containers were filled with sample to the brim then capped and stored in insulated 
chests (containing ice bricks), until completion of the fieldwork and during sample 
transit to the laboratory. 

Sample Transport After sampling, the ice brick filled chests were transported to SGS using strict COC 
procedures.  SRA was provided by the laboratory to document sample condition upon 
receipt.  Copies of the SRA and COC certificates are presented in Appendix G. 
A split (inter-laboratory) field duplicate was submitted to Envirolab under strict COC 
conditions.  Signed COC certificates and sample receipt documentation were provided 
by Envirolab for confirmation purposes (Appendix G). 

Laboratory 
Analysis and 
Quality Control 

Groundwater samples were analysed by SGS (primary laboratory) and Envirolab
(secondary laboratory) for the COPCs.  All samples were analysed within the required 
holding period, as documented in the corresponding laboratory reports (Appendix H). 
In addition to the split (inter-laboratory) field duplicate (GWQT1; analysed by 
Envirolab), QC testing comprised a blind (intra-laboratory) field duplicate (GWQD1), 
an equipment rinsate blank, a laboratory-prepared, trip spike soil sample and a 
laboratory-prepared, trip blank soil sample, all tested by SGS. 



Detailed Site Investigation and Salinity Assessment 
Report Number: E24711.E02_Rev1 | 4 November 2022

Page | 25

22-32 Queen Street, Campbelltown NSW 
Campbelltown 88 Development Pty Ltd

 

6. DATA QUALITY ASSESSMENT 

The assessment of data quality is defined as the scientific and statistical evaluation of 
environmental results to determine if they meet the objectives of the project (USEPA, 2006).  For 
this DSI, data quality assessment involved an evaluation of the compliance of the field (sampling) 
and laboratory procedures with established protocols, as well as the accuracy and precision of 
the associated results from the quality control measures.  The findings are summarised in Table 
6-1 and discussed in detail in Appendix I. 

In summary, the overall quality of the analytical data from this DSI was considered to be of an 
acceptable standard for interpretive use and preparation of an updated CSM. 

Table 6-1 Quality Control Process

Stage Control
Conformance
[Yes, Part, 
No]

Report Section(s)

Preliminaries DQO established Yes See DQO/DQI, 
Section 5.2 and 5.3 

Field work Suitable documentation of fieldwork 
observations including borehole logs, field 
notes. 

Yes See Appendix E and F 

Sampling 
plan 

Use of relevant and appropriate sampling 
plan (density, type, and location) 

Yes See sample rationale 
Section 5.4

All media sampled and duplicates collected Yes See Appendix G

Use of approved and appropriate sampling 
methods (soil, groundwater, soil vapour) 

Yes See Section 5.6 and 
5.7 

Selection of soil samples according to field 
PID readings (where VOCs are present) 

Yes See Section 7 and 
Appendix E 

Preservation and storage of samples upon 
collection and during transport to the 
laboratory

Yes See Section 5.6 and 
5.7

Appropriate field rinsate and trip blanks taken Yes See Appendix G 

Completed field and analytical laboratory 
sample COC procedures and documentation 

Yes See Appendix G 

Laboratory Sample holding times within acceptable limits Yes See laboratory QA/QC,
Appendix H, I, J

Use of appropriate analytical procedures and 
NATA-accredited laboratories 

Yes See laboratory QA/QC, 
Appendix H, I, J

LOR/PQL low enough to meet adopted 
criteria 

Yes See laboratory QA/QC, 
Appendix H, I, J 

Laboratory blanks Yes See laboratory QA/QC, 
Appendix H, I, J

Laboratory duplicates Yes See laboratory QA/QC, 
Appendix H, I, J

Matrix spike/matrix spike duplicates Yes See laboratory QA/QC, 
Appendix H, I, J

Surrogates (or System Monitoring 
Compounds)

Yes See laboratory QA/QC, 
Appendix H, I, J 
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Stage Control
Conformance
[Yes, Part, 
No]

Report Section(s)

Analytical results for replicated samples, 
including field and laboratory duplicates and 
inter-laboratory duplicates, expressed as 
Relative Percentage Difference (RPD) 

Yes See laboratory QA/QC, 
Appendix H, I, J 

Checking for the occurrence of apparently 
unusual or anomalous results (e.g. laboratory 
results that appear to be inconsistent with 
field observations or measurements) 

Yes See Appendix B, E, F

Reporting Report reviewed by senior staff to assess 
project meets desired quality, EPA guidelines 
and project outcomes. 

Yes See Document Control 
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7. RESULTS 

7.1 Soil Field Results

7.1.1 Sub-Surface Conditions

Excluding any surface paving, the general site lithology encountered during the soil investigations 
was a layer of gravelly and sandy silty clay / gravelly sand filling (to an average depth of 0.4m 
BGL), overlying natural, sandy silty clay / clayey sand (from 0.1m to 6.3m BGL) and then shale / 
sandstone bedrock.  More details are provided in Table 7-1 and borehole logs are presented in 
Appendix E. 

Table 7-1 Generalised Sub-Surface Profile (mBGL)

Layer Description Minimum and Maximum Depth

Hardstand Concrete pavement 0.0 – 0.2

Fill Silty CLAY; low plasticity, dark brown, with minor 
gravels and rootlets (topsoil). 

0.0 – 0.6 

Silty CLAY: low to medium plasticity, yellow brown 
mottled grey, with minor gravels (reworked natural).

0.12 – 0.6 

Silty CLAY; low plasticity, brown, with gravels. 0.08 – 0.5 

Gravelly Silty CLAY; low plasticity, brown and grey, 
with gravels and minor brick fragments. 

0.15 – 1.6 

Sandy Silty CLAY; low plasticity, brown mottled red 
and black, with sand, gravels and brick fragments. 

0.0 – 0.7 

Gravelly SAND; medium to coarse grained, brown, 
with gravels. 

0.08 – 0.5 

Natural Sandy Silty CLAY; low to medium plasticity, brown 
and orange mottled grey. 

0.12 – 6.3

Clayey SAND; fine to coarse grained sand, orange 
brown and light grey, with low plasticity clay. 

0.1 – 4.5

Bedrock SHALE/SANDSTONE; weathered, brown and grey. 0.3 – 6.3+

Note 1 + Termination depth of deepest borehole. 

7.1.2 Field Observations and PID Results

Soil samples were obtained from the test bores at various depths ranging between 0.1-6.0m BGL.  
All examined soil samples were evaluated on a qualitative basis for odour and visual signs of 
contamination (e.g. hydrocarbon odours, oil staining, petrochemical filming, asbestos fragments, 
ash, charcoal) and the following observations were noted: 

 No suspicious odour was detected in any of the examined soils;  

 No fragments of potential ACM were observed in any of the drilled/examined soil;  

 VOC concentrations from collected soil samples were low (<0.2 parts per million (ppm)). VOC 
concentrations were field-screened using a portable Photo-ionisation Detector (PID). The PID 
results are shown in the borehole logs (Appendix E). 
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GPR survey conducted at central? part of 32 Queen Street, did not report any anomalies 
indicating the presents of USTs or associated UPSS infrastructure. The GPR report is 
provided in Appendix nn    

7.2 Groundwater Field Results

7.2.1 Monitoring Well Construction

Four groundwater monitoring wells were installed on 7 and 8 June 2021.  Construction details for 
the installed groundwater monitoring wells are summarised in Table 7-2. 

Table 7-2 Monitoring Well Construction Details

Well ID
Well Depth 

(m BGL)

Well Stick-up 
(m)

Screen Interval 
(m BGL)

First water 
(m BGL) 

Lithology 
Screened

BH1M 5.0 -0.2 2.0-5.0 3.0 Sandy Silty Clay 

BH11M 4.5 -0.1 1.5-4.5 4.0 
Sandy Silty Clay 
/ Clayey SAND 

BH25M 5.7 -0.1 2.7-5.7 3.5 Sandy Silty Clay 

BH29M 3.0 -0.1 1.5-3.0 - Sandy Silty Clay 

7.2.2 Field Observations

A GME was conducted on 15 June 2021.  Field data were recorded before sampling, as presented 
in Table 7-3.  Field data sheets are attached in Appendix F.  Samples were then evaluated on 
the basis of odour and visual signs of contamination, with the following observations noted: 

 Groundwater in the monitoring wells BH1M and BH25M was observed to be light grey in 
colour, with low to medium turbidity, while in the monitoring wells BH11M and BH29M, 
groundwater was observed to be orange brown in colour, with medium to high turbidity; 

 No olfactory or visual evidence of contamination was detected in the monitoring wells; 

 No sheens were observed on the sampled groundwater; 

 The observed standing water levels (DTW) ranged from 1.39m to 2.48m BGL; and 

 Groundwater samples were observed to be oxidising (Redox 217 to 280 mV), slightly acidic 
(pH 5.6 to 6.5) and highly saline (EC 20,193 to 37,012 S/cm).  

Table 7-3 Groundwater Field Data

Well
DTW

(m BGL)
DO

(mg/L)
pH

EC

( S/cm)

T
(oC)

Redox1

(mV)

BH1M 1.39 1.05 5.61 26583 21.60 280.2

BH11M 1.94 0.88 5.93 20193 23.02 235.2 

BH25M 2.04 1.02 6.52 37012 20.02 217.1 

BH29M 2 2.48 - - - - - 

Notes:
DTW – Depth to Water
mBGL – metres below ground level (All wells were completed as standpipes with measured stick-down as 
shown in field notes under Appendix F)  
DO – Dissolved Oxygen in units of milligrams per litre (mg/L) 
EC – groundwater electrical conductivity as measured onsite using portable EC meter 

S/cm – micro Siemens per centimetre (EC units)  

Redox – Reduction Potential 
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mV – millivolts  
1 Field Redox (mV) readings adjusted to Standard Hydrogen Electrode (SHE) by adding field electrode potential (205mV).
2 No sufficient water in monitoring well BH29M for field measurements. 

7.3 Laboratory Analytical Results

7.3.1 Soil Analytical Results

Summary of the soil analytical results, with number of tested samples, minimum/maximum 
analyte concentrations for primary samples and samples found to exceed the SILs, is presented 
in Table 7-4.  More detailed tabulation of results showing the concentrations for individual 
samples alongside the adopted soil criteria are presented in Table T-1 (Appendix B). 

Table 7-4 Summary of Soil Analytical Results

Number of 
Primary 
Samples

Analyte
Minimum 

Concentration 
(mg/kg)

Maximum 
Concentration 

(mg/kg)
Samples Exceeding SILs

Priority Metals 

47 Arsenic 1 11 None

47 Cadmium <0.3 0.5 None 

47 Chromium (Total) 5.6 96 None

47 Copper 3.4 49 None 

47 Lead 8 72 None 

47 Mercury <0.05 0.09 None 

47 Nickel 2.3 52 None 

47 Zinc 11 110 None 

PAH

47 Naphthalene <0.1 0.2 None 

47 Benzo(a)pyrene <0.1 0.3 None 

47 Carcinogenic PAH 
(as B(a)P TEQ) 

<0.3 0.5 
None 

47 Total PAH <0.8 3.6 None 

BTEX   

47 Benzene <0.1 <0.1 None

47 Toluene <0.1 <0.1 None

47 Ethyl benzene <0.1 <0.1 None 

47 Xylenes (Total) <0.3 <0.3 None 

TRH   

47 F1 <25 <25 None 

47 F2 <25 <25 None

47 F3 <90 300 None 

47 F4 <120 <120 None 

VOC   

11 Total VOC <24 <24 None 

Pesticides   
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Number of 
Primary 
Samples

Analyte
Minimum 

Concentration 
(mg/kg)

Maximum 
Concentration 

(mg/kg)
Samples Exceeding SILs

33 OCP <1 <1 None

33 OPP <1.7 <1.7 None 

PCB   

33 Total PCB <1 <1 None

Phenols   

10 Total Phenols <0.1 0.1 None

Asbestos   

33 Asbestos Not detected Not detected None

7.3.2 Groundwater Analytical Results

Summary of the groundwater analytical results, with number of tested samples, 
minimum/maximum analyte concentrations for primary samples and samples found to exceed 
the GILs, is presented in Table 7-5.  More detailed tabulation of results showing the 
concentrations for individual samples alongside the adopted groundwater criteria are presented 
in Table T-2 (Appendix B).

Table 7-5 Summary of Groundwater Analytical Results

Number of 
Primary 
Samples

Analyte
Minimum 

Concentration 
Maximum 

Concentration Sample(s) Exceeding GILs

Priority Metals

4 Arsenic <1 2 None 

4 Cadmium <0.1 0.3 
ANZG (2018) 0.2 µg/L 
BH1M (0.3 µg/L) 

4 Chromium (Total) <1 2 
ANZG (2018) 1 µg/L for Cr VI 
BH1M (2 µg/L) 
BH29M (2 µg/L) 

4 Copper <1 3 
ANZG (2018) 1.4 µg/L
BH1M (3 µg/L) 
BH29M (2 µg/L) 

4 Lead <1 <1 None

4 Mercury <0.1 <0.1 None 

4 Nickel 5 57 
ANZG (2018) 11 µg/L 
BH1M (57 µg/L) 
BH11M (15 µg/L) 

4 Zinc 22 100 

ANZG (2018) 8 µg/L 
BH1M (100 µg/L) 
BH11M (22 µg/L) 
BH25M (47 µg/L) 
BH29M (72 µg/L) 

PAH

4 Naphthalene <0.1 <0.1 None 

4 Benzo( )pyrene <0.1 <0.1 None 
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Number of 
Primary 
Samples

Analyte
Minimum 

Concentration 
Maximum 

Concentration Sample(s) Exceeding GILs

4 Total PAH <1 <1 None

BTEX 

4 Benzene <0.5 <0.5 None 

4 Toluene <0.5 <0.5 None

4 Ethyl benzene <0.5 <0.5 None 

4 o-xylene <0.5 <0.5 None

4 m + p-xylene <1 <1 None 

TRH

4 F1 <50 <50 None

4 F2 <60 <60 None 

4 F3 <500 <500 None

4 F4 <500 <500 None 

VOC

4 Total VOC <10 <10 None 

Phenols

4 Total Phenols 10 20 None 
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8. SITE CHARACTERISATION 

8.1 Subsurface Conditions 

Based on the borehole logs (BH1M-BH33), the site lithology was generalised as a layer of gravelly 
and sandy silty clay / gravelly sand filling (to an average depth of 0.4m BGL), overlying natural, 
sandy silty clay / clayey sand (from 0.1m to 6.3m BGL) and shale / sandstone bedrock.   

8.2 Soil Impacts

No visual signs of contamination (e.g. oil staining, petrochemical filming, asbestos fragments) 
were noted during the soil investigation. 

Analytical results for the COPCs in representative fill and natural soil samples were all found to 
comply with the adopted soil investigation levels. 

 Concentrations of priority metals were low. Adopted health based and ecological criteria were 
not exceeded. 

 No VOCs and BTEX compounds were detected.  

 Detected concentrations of petroleum hydrocarbons (TRH-F3) were low. Adopted criteria 
were not exceeded. 

 Minor concentrations of PAHs were reported in shallow fill at BH3, BH23, BH25M and BH30; 
however adopted health based and ecological criteria were not exceeded. 

 No OCPs, OPPs or PCBs were detected.  

 Minor concentrations of Phenols were reported in natural soil at BH25M; however adopted 
health based criteria were not exceeded. 

 Asbestos was not identified in any of the examined / analysed soils, nor observed on the 
ground surface during the site inspection and field work. 

8.3 Groundwater Impacts

From the GME on 15 June 2021, depth to water readings ranged from 1.39m to 2.48m BGL. 
Groundwater flow direction was inferred from the general topography to be north-west towards 
Bow Bowing Creek. 

Local groundwater conditions were oxidising, slightly acidic and highly saline. 

For all tested samples, the concentrations of the potential chemicals were below the adopted 
GILs, except for dissolved metals (cadmium, chromium, copper, nickel and zinc). 

EI considered that the metal concentrations were indicative of natural (background) conditions in 
long standing, urban environments, rather than site specific impacts. Site soils were also not 
considered to be the source of metal impacts, given the low levels in the tested, representative 
(fill and natural) samples. 

8.4 Review of Conceptual Site Model

On the basis of the DSI findings, the CSM discussed in Section 4 was considered to appropriately 
identify contamination sources, migration mechanisms and exposure pathways, as well as 
potential on-site and off-site receptors. The identified data gap (Section 4.8) was considered all 
addressed. 
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9. Soil Salinity 

Summary of the soil salinity results is presented in Table 9-1.  More detailed tabulation is
presented in Table T-3 (Appendix B) and laboratory report is provided in Appendix H. 

Table 9-1 Summary of Soil Salinity Results

Sample ID pH
Electrical 

Conductivity 
(EC - µs/cm)

Field Soil 
Texture

Adopted 
Multiplicatio

n Factor

ECe 
(dS/m)

Soil Salinity Class

BH1M-0.9-1.0 6.1 490 Sandy Silty Clay 7 3.43 Slightly Saline

BH1M-1.9-2.0 
4.9 1000 Sandy Silty Clay 6 6 

Moderately 
Saline 

BH1M-2.9-3.0
5.2 1100

Sandy Silty Clay 
7 7.7 

Moderately 
Saline 

BH1M-3.9-4.0 
5.7 930 

Sandy Silty Clay 
7 6.51 

Moderately 
Saline 

BH1M-4.9-5.0 
6.1 820 

Sandy Silty Clay 
9 7.38 

Moderately 
Saline 

BH1M-5.9-6.0 
7.1 960 

Sandy Silty Clay 
7 6.72 

Moderately 
Saline 

BH11M_0.4-0.5 6.3 130 Sandy Silty Clay 6 0.78 Non-Saline 

BH11M_1.4-1.5 5.5 280 Sandy Silty Clay 6 1.68 Non-Saline 

BH11M_2.4-2.5 6.7 410 Sandy Silty Clay 7 2.87 Slightly Saline 

BH11M_3.4-3.5 
6.9 650 

Sandy Silty Clay 
7 4.55 

Moderately 
Saline 

BH11M_4.4-4.5 
7.7 590 Clayey Sand 8.5 5.015 

Moderately 
Saline 

BH25M_0.8-0.9 5.2 470 Sandy Silty Clay 6 2.82 Slightly Saline 

BH25M_1.8-1.9 
6.6 670 

Sandy Silty Clay 
6 4.02 

Moderately 
Saline 

BH25M_2.8-2.9 
7 830 

Sandy Silty Clay 
7 5.81 

Moderately 
Saline 

BH25M_3.8-3.9 7.3 1200 Sandy Silty Clay 7 8.4 Very Saline

BH25M_4.8-4.9 7.8 1300 Sandy Silty Clay 9 11.7 Very Saline

BH25M_5.6-5.7 7.9 1300 Sandy Silty Clay 9 11.7 Very Saline 

BH29M_0.9-1.0 6.2 260 Sandy Silty Clay 7 1.82 Non-Saline 

BH29M_1.9-2.0 
7.6 1100 

Sandy Silty Clay 
7 7.7 

Moderately 
Saline 

BH29M_2.9-3.0
7.8 970 

Sandy Silty Clay 
7 6.79 

Moderately 
Saline 

Laboratory results indicated that the natural site soils (sandy silty clay / clayey sand) were 
generally non-saline to moderately saline, with the exception of soil samples at borehole were 
very saline BH25M from the depth of 3.8m to 5.7m BGL. Soils were found to be slightly acidic to 
circum-neutral (pH ranged from 4.9 to 7.9). 



Detailed Site Investigation and Salinity Assessment 
Report Number: E24711.E02_Rev1 | 4 November 2022

Page | 34

 

22-32 Queen Street, Campbelltown NSW 
Campbelltown 88 Development Pty Ltd

 

10. CONCLUSION 

The property located at 22-32 Queen Street, Campbelltown NSW was the subject of a Detailed 
Site Investigation, which was conducted to assess the nature and degree of on-site contamination 
associated with current and former uses of the property.  The key findings from this DSI were as 
follows: 

 The site was occupied by a brick storage building and a commercial (factory outlet / parking) 
complex. Unbuilt parts of the site were covered by concrete driveways / car park and 
vegetation.  

 The PSI completed by EI (2020a) indicated that a UPSS was historically present at 32 Queen 
Street as a result of the former on-site service station. However, the GPR survey conducted 
during this investigation did not locate any tanks in the area where the former UPSS was 
possibly located. 

 No visible or olfactory signs of contamination were noted during the inspection. No above-
ground storage tanks (ASTs) were present. 

 Based on the borehole logs (BH1M-BH33), the site lithology was generalised as a layer of 
gravelly and sandy silty clay / gravelly sand filling (to an average depth of 0.4m BGL), 
overlying natural, sandy silty clay / clayey sand (from 0.1m to 6.3m BGL) and shale / 
sandstone bedrock.   

 Depth to water readings ranged from 1.39m to 2.48m BGL. Groundwater flow direction was 
inferred from local topography to be north-west towards Bow Bowing Creek. 

 Contaminant concentrations in the representative soil samples were all below the adopted 
investigation levels.  

 Contaminant concentrations in the representative groundwater samples were generally 
below the adopted GILs, with the exception of dissolved metals (cadmium, chromium, copper, 
nickel and zinc). 

 The metal concentrations in groundwater were considered consistent with natural 
(background) conditions in long standing, urban environments, rather than site specific 
impacts. Therefore, the detected metal concentrations are not considered to be cause of 
environmental concern for the site development. 

 Soil salinity results indicated that the natural site soils (sandy silty clay / clayey sand) were 
generally non-saline to moderately saline, with the exception of soil samples at borehole 
BH25M were very saline from the depth of 3.8m to 5.7m BGL. Soils were found to be slightly 
acidic to neutral (pH ranged from 4.9 to 7.9). Based on moderately saline to very saline soil 
conditions, we recommend to prepare a salinity management plan for this site. 

Based on the findings from this DSI conducted in accordance with the investigation scope agreed 
with the Client, and with consideration of the Statement of Limitations (Section 12), EI concluded 
that the site was suitable for the proposed development, provided the recommendations detailed 
in Section 11 are implemented. 
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11. RECOMMENDATIONS 

EI makes the following recommendations in relation to the proposed development:

 Following removal of the asbestos containing materials identified during EI (2020b), an 
asbestos clearance inspection and certificate should be completed by a suitably qualified 
professional (SafeWork NSW Licensed Asbestos Assessor);. 

 Following demolition and removal of associated wastes, an inspection of the exposed soil 
surfaces should be performed by a suitably qualified environmental consultant to ensure 
there are no unexpected finds; 

 Any material being removed from site (including surplus soil and potential virgin excavated 
natural materials (VENM)) requires classification for off-site disposal in accordance the EPA 
(2014) Waste Classification Guidelines. 

 Any material being imported to the site (i.e. for landscaping purposes) should be assessed 
for potential contamination in accordance with NSW EPA guidelines as being suitable for the 
intended use or be classified as VENM. 
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12. STATEMENT OF LIMITATIONS 

This report has been prepared for the exclusive use of Campbelltown 88 Development Pty Ltd, 
whom is the only intended beneficiary of EI’s work.  The scope of the investigation carried out for 
the purpose of this report was limited to that agreed with Campbelltown 88 Development Pty Ltd. 

No other party should rely on this document without the prior written consent of EI, and EI 
undertakes no duty, or accepts any responsibility or liability, to any third party who purports to rely 
upon this document without EI's approval. 

The findings presented in this report are the result of discrete and specific sampling 
methodologies used in accordance with best industry practices and standards.  Due to the site-
specific nature of soil sampling from point locations, it is considered likely that all variations in 
subsurface conditions across a site cannot be fully defined, no matter how comprehensive the 
field program. 

While normal assessments of data reliability have been made, EI assumes no responsibility or 
liability for errors in any data obtained from previous assessments conducted on site, regulatory 
agencies (e.g. Council, EPA), statements from sources outside of EI, or developments resulting 
from situations outside the scope of works of this project. 

Despite all reasonable care and diligence, the ground conditions encountered and concentrations 
of contaminants measured may not be representative of conditions between the locations 
sampled and investigated.  In addition, site characteristics may change at any time in response 
to variations in natural conditions, chemical reactions and other events (e.g. groundwater 
movement and or spillages of contaminating substances).  These changes may occur subsequent 
to EI’s investigation. 

EI’s assessment is necessarily based upon the results of the site investigation and the restricted 
program of surface and subsurface sampling, screening and chemical testing which was set out 
in the project proposal.  Neither EI, nor any other reputable consultant, can provide unqualified 
warranties nor does EI assume any liability for site conditions not observed or accessible during 
the time of the investigations. 

This report was prepared for Campbelltown 88 Development Pty Ltd and no responsibility is 
accepted for use of any part of this report in any other context or for any other purpose or by other 
third parties.  This report does not purport to provide legal advice. 

This report and associated documents remain the property of EI subject to payment of all fees 
due for this assessment.  The report shall not be reproduced except in full and with prior written 
permission by EI. 
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ABBREVIATIONS 

ACM Asbestos-Containing Materials
AHD Australian Height Datum 
ASS Acid Sulfate Soils 
AST Above-ground Storage Tank 
B( P Benzo( Pyrene  (a PAH compound) 
BGL Below Ground Level 
BH Borehole 
BTEX Benzene, Toluene, Ethylbenzene, Xylenes 
CCO Chemical Control Order 
COC Chain of Custody 
CSM Conceptual Site Model 
CVOC Chlorinated Volatile Organic Compounds (a sub-set of the VOC suite) 
DA Development Application 
DBYD Dial Before You Dig 
DO Dissolved Oxygen 
DP Deposited Plan 
DSI Detailed Site Investigation 
EC Electrical Conductivity 
EI EI Australia 
EIL Ecological Investigation Level 
EPA Environment Protection Authority (of New South Wales) 
ESL Ecological Screening Level 
F1 C6-C10 TRH (less the sum of BTEX concentrations) 
F2 >C10-C16 TRH (less the concentration of naphthalene) 
F3 TRH >C16-C34 
F4 TRH >C34-C40 
FCS Fibre Cement Sheeting 
FFL Finished Floor Level 
GIL Groundwater Investigation Level 
GIPA Government Information Public Access 
GME Groundwater Monitoring Event 
GPR Ground Penetrating Radar 
GSW General Solid Waste 
HDPE High Density Polyethylene 
HIL Health-based Investigation Level 
HMS Hazardous Material Survey 
HSL Health-based Screening Level 
km Kilometres 
L Litres 
LEP Local Environmental Plan 
LGA Local Government Area 
LOR Limit of Reporting (limit of reporting for respective laboratory method) 
m Metres 
µg/L Micrograms per Litre 
mg/L Milligrams per Litre 
mV Millivolts 
N/A Not Applicable 
NATA National Association of Testing Authorities, Australia 
NEPC National Environment Protection Council 
NEPM National Environment Protection Measure 
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NSW New South Wales
OCP Organochlorine Pesticides 
OPP Organophosphate Pesticides 
PAH Polycyclic Aromatic Hydrocarbons 
PCB Polychlorinated Biphenyls 
pH Potential Hydrogen (a measure of the acidity or basicity of an aqueous solution) 
PQL Practical Quantitation Limit (limit of detection for respective laboratory method) 
PSH Phase-Separated Hydrocarbons 
PSI Preliminary Site Investigation 
QA/QC Quality Assurance / Quality Control 
Redox Reduction-Oxidation Potential 
SAQP Sampling and Analysis Quality Plan 
SIL Soil Investigation Level 
SOP Standard Operating Procedure 
SRA Sample Receipt Advice (document confirming laboratory receipt of samples) 
SWL Standing Water Level 
TEQ Toxicity Equivalent Quotient 
TPH Total Petroleum Hydrocarbons (superseded term equivalent to TRH) 
TRH Total Recoverable Hydrocarbons (non-specific analysis of organic compounds) 
UCL Upper Confidence Limit (of the mean) 
UPSS Underground Petroleum Storage System 
USEPA United States Environmental Protection Agency 
UST Underground Storage Tank 
VENM Virgin Excavated Natural Material 
VOC Volatile Organic Compounds (specific organic compounds which are volatile) 
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Appendix B – Tables

 
  



Table T1  – Summary of Soil Test Results 

Asbestos

BH1M_0.1-0.2 7/06/2021 3 <0.3 8.3 7 16 <0.05 5.4 32 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH2_0.1-0.2 7/06/2021 8 <0.3 23 26 56 <0.05 25 66 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH3_0.1-0.2 7/06/2021 7 <0.3 15 18 72 0.07 13 77 <0.3 <0.1 <0.8 0.2 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH4_0.1-0.2 7/06/2021 7 <0.3 15 12 37 0.05 6.7 55 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH7_0.1-0.2 8/06/2021 11 <0.3 17 35 45 <0.05 15 110 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH8_0.1-0.2 7/06/2021 10 <0.3 15 17 41 <0.05 8.7 60 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH9_0.2-0.3 7/06/2021 3 <0.3 12 15 8 <0.05 8.3 32 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH10_0.2-0.3 7/06/2021 6 <0.3 19 20 28 <0.05 14 87 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 300 <120 N.A. <1 <1.7 <1 N.A. No

BH11M_0.1-0.2 7/06/2021 8 <0.3 16 12 30 <0.05 9.1 30 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH12_0.1-0.2 7/06/2021 9 <0.3 15 13 56 0.06 6.4 28 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH13_0.2-0.3 8/06/2021 6 <0.3 13 19 48 <0.05 7.9 61 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 N.A. No

BH14_0.3-0.4 8/06/2021 4 <0.3 11 20 29 <0.05 6.3 40 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH15_0.2-0.3 8/06/2021 6 <0.3 20 16 15 <0.05 13 42 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH17_0.2-0.3 8/06/2021 6 <0.3 12 19 20 <0.05 9.3 42 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH18_0.1-0.2 8/06/2021 6 0.3 9.6 22 24 <0.05 7 83 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH19_0.2-0.3 8/06/2021 4 <0.3 13 49 24 <0.05 13 47 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH20_0.2-0.3 8/06/2021 6 <0.3 20 22 39 <0.05 19 50 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH21_0.2-0.3 8/06/2021 1 0.5 7.3 21 14 <0.05 44 80 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH22_0.15-0.2 8/06/2021 3 <0.3 9.5 21 19 <0.05 7.2 41 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH23_0.2-0.3 7/06/2021 4 <0.3 15 18 16 <0.05 8.8 51 0.4 0.2 3.4 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH24_0.2-0.3 8/06/2021 6 <0.3 19 19 19 <0.05 13 34 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH25M_0.3-0.4 8/06/2021 7 <0.3 17 25 20 <0.05 10 44 <0.3 <0.1 1.1 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH26_0.3-0.4 8/06/2021 5 <0.3 14 24 16 <0.05 7.6 29 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH27_0.2-0.3 8/06/2021 6 <0.3 10 15 19 <0.05 13 54 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH29M_0.3-0.4 8/06/2021 6 <0.3 20 20 21 <0.05 11 43 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH30_0.2-0.3 8/06/2021 5 <0.3 16 32 35 0.09 14 65 0.5 0.3 3.6 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH31_0.3-0.4 8/06/2021 7 <0.3 15 24 19 <0.05 9.8 35 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 100 <120 N.A. <1 <1.7 <1 N.A. No

BH32_0.3-0.4 8/06/2021 5 <0.3 14 32 20 <0.05 13 94 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 140 <120 N.A. <1 <1.7 <1 N.A. No

BH33_0.2-0.3 8/06/2021 5 <0.3 12 26 37 <0.05 6.2 24 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 140 <120 <24 <1 <1.7 <1 <0.1 No

11 0.5 23 49 72 0.09 44 110 0.5 0.3 3.6 0.2 <0.1 <0.1 <0.1 <0.3 <25 <25 300 <120 <24 <1 <1.7 <1 <0.1 No

BH1M_0.9-1.0 7/06/2021 7 <0.3 13 14 17 <0.05 6.1 31 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH4_0.6-0.7 7/06/2021 10 <0.3 17 18 27 <0.05 13 48 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH5_0.3-0.4 8/06/2021 2 <0.3 6.5 3.4 9 <0.05 2.3 12 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH6_0.1-0.2 8/06/2021 3 <0.3 5.6 3.5 8 <0.05 2.3 11 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 <1 <1.7 <1 <0.1 No

BH8_0.7-0.8 7/06/2021 6 <0.3 12 20 17 <0.05 6.8 34 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH12_0.4-0.5 7/06/2021 7 <0.3 12 19 17 <0.05 5.7 31 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH13_0.7-0.8 8/06/2021 6 <0.3 9.5 20 16 <0.05 6.2 26 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH16_0.3-0.4 8/06/2021 1 <0.3 7.7 18 9 0.08 27 77 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH20_1.8-1.9 8/06/2021 5 <0.3 9.1 17 16 <0.05 5.7 30 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH22_0.4-0.5 8/06/2021 2 <0.3 19 9.5 16 <0.05 12 61 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH24_0.8-0.9 8/06/2021 7 <0.3 15 26 22 <0.05 9.7 44 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH25M_0.8-0.9 8/06/2021 6 <0.3 17 20 17 <0.05 7.7 28 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 N.A. N.A. N.A. 0.1 N.A.

BH25M_1.8-1.9 8/06/2021 5 <0.3 11 20 12 0.05 12 37 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 <24 N.A. N.A. N.A. <0.1 N.A.

BH27_0.7-0.8 8/06/2021 5 <0.3 31 5.3 20 0.06 19 38 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH28_0.2-0.3 8/06/2021 4 <0.3 96 14 12 <0.05 52 27 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. <1 <1.7 <1 N.A. No

BH30_0.7-0.8 8/06/2021 8 <0.3 16 27 24 <0.05 11 58 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH32_0.8-0.9 8/06/2021 6 <0.3 9.7 25 20 <0.05 9.8 60 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 110 <120 N.A. N.A. N.A. N.A. N.A. N.A.

BH33_0.6-0.7 8/06/2021 6 <0.3 14 20 20 <0.05 7.3 31 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 <90 <120 N.A. N.A. N.A. N.A. N.A. N.A.

10 <0.3 96 27 27 0.08 52 77 <0.3 <0.1 <0.8 <0.1 <0.1 <0.1 <0.1 <0.3 <25 <25 110 <120 <24 <1 <1.7 <1 <0.1 No

5 0.7 480 NL 110 50 280

NL 1 NL NL 310 90 NL

NL 2 NL NL NL 150 NL

NL 3 NL NL NL 290 NL

NL NL NL NL NL NL NL

NL NL NL NL NL NL NL

NL NL NL NL NL NL NL

NL NL NL NL NL NL NL

NL 4 NL NL NL 310 NL

NL 6 NL NL NL 480 NL

NL 9 NL NL NL NL NL

NL 20 NL NL NL NL NL

100 410 230 1,100 210 650 0.7 170 65 105 125 45 180 120 1,300 5,600 180

Notes: 

HIL A NEPC 1999 Amendment 2013 ‘HIL A' - Health based Residential with garden / accessible soil, also includes children's day care centres, preschools and primary schools.

HIL B NEPC 1999 Amendment 2013 ‘HIL B' - Health based Residential with minimal opportunities for soil access including dwellings with fully and permanenetly paved yard space such as high-rise buildings and apartments.

HIL C NEPC 1999 Amendment 2013 ‘HIL C' - Health based public open space such as parks, playgrounds, playing fields, secondary schools and footpaths. 
HSL A & B NEPC 1999 Amendment 2013 ‘HSL A & B' Health Based Screening Levels applicable for vapour intrusion values applicable for low-high density residential settings.

HSL C NEPC 1999 Amendment 2013 ‘HSL C' Health Based Screening Levels applicable for vapour intrusion values applicable for recreational/open space settings.

HSL D NEPC 1999 Amendment 2013 ‘HSL D' Health Based Screening Levels applicable for vapour intrusion values applicable for commercial / industrial settings.

EIL Ecological Investigation Level for urban residential and public open space land use. 

ESL Ecology Screening Level for urban residential and public open space land use. 

NA Not Analysed

NL Not Limiting’ If the derived soil vapour limit exceeds the soil concentration at which the pore water phase cannot dissolve any more of the individual chemical

1 As strata is predominantly clay, fine grained soil assessment criteria values were applied.

2 EIL/ESL were calculated based on the average results of pH (6.6) and CEC (14 meq/100g) for a high traffic NSW suburb.
F1 To obtain F1 subtract the sum of BTEX concentrations from the C6-C10 fraction.

F2 To obtain F2 subtract naphthalene from the >C10-C16 fraction.

F3 (>C16-C34)
F4 (>C34-C40)

HIL A - Residential with garden / accessible soil

NEPM (2013) Criteria

HSL A & B - Low to high density residential               
 Soil texture classification – Clay

0.01 / 
0.001

0.02 / 
0.001

HSL D - Commercial / Industrial       
 Soil texture classification – Clay

EILs / ESLs - Urban Residential and Public Open 

Space 1   2

1

Source depths (1 m  to <2 m. BGL)

Source depths (2 m  to <4 m. BGL)

Source depths (4 m + BGL)

Source depths (0 m  to <1 m. BGL)

1,200 40060,000 4

Total PA
H

s

BTEX

Presence / absence

F1 F2 F3 

F4 

N
aphthalene

B
enzene

Toluene

Ethylbenzene

Total Xylenes

800 1,000 3,500 10,000

90
300

Cr(VI)
17,000 600 80 1,200 30,000 3 300

Source depths (0 m  to <1 m. BGL)

Management Limits – Residential, parkland and 

public open space 1

Source depths (1 m  to <2 m. BGL)

HIL C - Recreational 300

Source depths (2 m  to <4 m. BGL)

Source depths (4 m + BGL)

Source depths (4 m + BGL)

Results are recorded in mg/kg

0.05 / 
0.001

HSL C - Recreational / open space       
 Soil texture classification – Clay

Source depths (0 m  to <1 m. BGL)

Source depths (1 m  to <2 m. BGL)

Source depths (2 m  to <4 m. BGL)

Fill

Natural

Maximum concentration

7,400 3 300

400 1

1,200

Sample ID

Cr#

Priority Metals

Cu Pb Hg

Statistical Analysis

Maximum concentration

240

Zn

100 20
100

Cr(VI)
6,000 300 40 400

Pesticides

O
C

Ps

O
PPs

Sampling Date

Ni

 PC
B

s

PAHs

Total VO
C

Total Phenols

3,000

45,000

40,000

TRHs

Statistical Analysis

500 150
500

Cr(VI)
30,000 120HIL B - Residential with minimal soil access 1600

As Cd

C
arcinogenic PA

H
s 



o-xylene

Toluene

Ethylbenzene

m/p-xylene

Benzene

Naphthalene

Total PAHs



1



Appendix C – Proposed Development







































Appendix D – Site Photographs 



 

 

 

 
 

Photograph 1: The brick storage building (former tenpin bowling centre) at 24 Queen Street. 
 

 

Photograph 2: Vegetated area at 22 Queen Street. 
 



 

 

 

Photograph 3: The rear of the brick storage building (the south-eastern portion of the site). 
 

 
Photograph 4: The concrete driveway between the two buildings.

 



 

 

 

Photograph 5: The commercial complex at 32 Queen Street. 
 

 
 

Photograph 6: The south-western site boundary. 



 

 

 

Photograph 7: The south-eastern site boundary. 
 

 
 

Photograph 8: Access to the motor auctions in the basement (within the southern portion of 
the site).



 

 

 

Appendix E – Borehole Logs  

 
  





































































 

 

 

Appendix F – Calibration Forms and Field Data 

Sheets

 
  













 

 

 

Appendix G – Chain of Custody and Sample 

Receipt Documentation

 
  





















 





 





















 



















 































   
   
   
   
   
   
 








               





















 



 



  




































































































































         

         

         

         

         

         

         

         

         

         

         

         

         

         





 
 





 



 



  




































































































































         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         





 
 





 



 



  




































































































































         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         





 
 





 



 



  













































































































































         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         





 
 





 



 



  













































































































































         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         





 
 





 



 



  













































































































































         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         





 
 





 



 



  



























   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   





 
 





 



 



  



























   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   





 
 





 



 



  




































    

    

    

    

    

    

    

    

    

    

    

    

    





 
 





 



 



  




























































































     



 
 



















 





 





















 



















 































   
   
   
   
   
   
 







               





















 



 



  









































































































       

       

       

       

       

       

       

       





 
 





 



 



  












































































































       

       

       

       

       

       



 
 











 

 

 

Appendix H – Laboratory Analytical Reports  

 
  








































































 







 







 




















































    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  











   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 



















   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 









    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 









    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 

    

    

    

    

    

       

       

       

       

 

   

   

   

   

   

      

      

      

      

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       
       
       

       

       

       
       

       
       

 









  

   

   

   

   

   

      

      
      
      

      

      

      
      
      
      

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       
       
       
       
       
       
       
       
       
       
       

       

       
       
       
       
       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

 

 

 

 

 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  

  

  

  

  

  

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

 









  

  

  

  

  

  

     

     

     

     

     

     

     

     

     

     

     

     

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 









  

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

 









  

  

  

  

  

  

     

     

     

     

     

     

     

     

     

     

 









    

    

    

    

    

       

 

    

    

    

    

    

       

 









    

    

    

    

    

       
       

 

    

    

    

    

    

       
       

 

    

    

    

    

    

       
       

 

    

    

    

    

    

       
       

 









    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 









    

    

    

    

    

       
       

 

    

    

    

    

    

       
       

 

    

    

    

    

    

       
       

 

    

    

    

    

    

       
       

 









    

    

    

    

    

       
       
       
       
       
       
       
       
       
       
       
       
       

 

    

    

    

    

    

       
       
       
       
       
       
       
       
       
       
       
       
       

 

    

    

    

    

    

       
       
       
       
       
       
       
       
       
       
       
       
       

 









    

    

    

    

    

       
       
       
       
       
       
       
       
       
       
       
       
       

 









    

    

    

    

    

       
       

       

       

 

    

    

    

    

    

       
       

       

       

 

    

    

    

    

    

       
       

       

       

 

    

    

    

    

    

       
       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       
       
       
       

 

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 











  

    

    

    

    

    

       

       

       

       

       

       

       

       
       
       
       

 

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 











  

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 

    

    

    

    

    

       
       

       
       
       
       
       
       
       
       
       

 











  

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 

    

    

    

    

    

       

       

       

       

       

       

       

       
       
       
       

 

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 











  

    

    

    

    

    

       
       

       
       
       
       
       
       

       

       

       

 











   
   

   
   
   
   
   
   

   

   

   

 









    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 









  

    

    

    

    

    

       

 

    

    

    

    

    

       

 

   

   

   

   

   

      

 









    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 









  

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

 

 

 

 

 

    

 









    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 

    

    

    

    

    

       

 









    

    

    

    

    

       

       

 

    

    

    

    

    

       

       

 

    

    

    

    

    

       

       

 

    

    

    

    

    

       

       

 

    

    

    

    

    

       

       

 

    

    

    

    

    

       

       

 

  

  

  

  

  

     

     

 



















   

   

   

   

   

   

   

   

 



















   

   

   

   

 



















   

   

   

   

   

   

   

   

   

 



















   

   

   

   

   

   

   

 



















   

 







 

                   
                   
              




                    
                 




                




                  
                  




                  
 



                     




                
               
                   




              
               
                      
                 
                  




                
                   
                
             




                

 

 
 
 





                 
                  
                 
                  




                
                 




                 
                 
              




                 
                  
                 
                




                










           
                
             
               
                 
 



                  
               
               
 



                   
                  
                
             




              
             




           
              




               
                  
             




              
             
               
              
               




                




              
                
                       




                   


 
                     

                    





































                       
                       
                        
 



                     


                   
                           



 
 

                       
                   


                         
 

               


                       
                     
 























































































 













                 








  

 

 

 

 

  

  



































                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        



       

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        



       

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        



       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



       

        

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    



   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    



   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    



   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    



   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    



   

     

     

     



   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

     

    

    

    

    

    

 





                          

                         

                       



                          







   

     

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    



   

     

     

     

 





                       







 

    

    

 

    

    

   

 

    

    

   

   

   

 

    

    

 

    

    

    

    

    

 

    

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

    

   

   

   

   

   

   

 





                       







 

    

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

 

    

    

   

   

   

   

   

   

   

   

   

   

    

   

    

   

   

   

 





                       







 

    

    

   

   

   

   

   

   

    

   

    

   

   

   

   

   

   

   

   

   

   

    

   

 

    

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 





                       







 

    

    

    

   

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

   

 

    

    

   

   

   

   

   

   

   

   

   

    

    

   

   

   

   

   

   

   

   

   

    

    

   

   

   

   

   

   

   

   

   

    

 





                       







 

    

    

   

 

    

    

 

    

    

   

   

   

   

   

   

   

   

   

   

    

   

   

   

   

   

   

   

   

   

   

    

   

   

   

   

   

   

   

   

   

   

    

   

   

   

   

   

   

 

    

    

   

   

   

   

   

   

 





                       







 

    

    

   

   

   

   

    

   

   

   

   

    

   

   

   

   

 

    

    

   

   

   

 

    

     

   

   

   

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

 





                       







 

    

     

   

   

   

   

   

   





   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

    

   

   

   

   

   

    

    

    

   

   

    

   

   

    

   

   

   

     

   

   

   

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 





                       







 

    

     

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

   

   

   

   

   

   

   





   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

    

   

   

   

   

   

    

    

    

   

   

    

   

   

    

   

   

   

     

   

   

 





                       







 

    

     

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

   

   

   

   

   

   

   





   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

    

   

   

   

 





                       







 

    

     

   

    

    

    

   

   

    

   

   

    

   

   

   

 

    

 



   

   

   

   

   

    

    

   

   

 

    

    

    

    

    

    

    

 

    

    

    

   

   

 





 

                       

 

 

                          







 

     

        

        

 

     

        

      

        

      

        

      

 

     

        

 

     

        

        

        

        

        

        

 

     

        

        

        

        

        

        

        

 

     

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 





 

                       

 

 

                          







 

     

        

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 





 

                       

 

 

                          







 

     

        

      

      

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 





 

                       

 

 

                          







 

     

         

 

     

        

      

      

      

      

      

      

      

      

      

      

      

       

      

        

      

      

      

      

      

      

      

      

      

      

      

       

      

        

      

      

      

      

      

      

      

      

      

      

      

       

      

        

      

      

      

      

      

      

      

      

      

      

      

       

      

        

 





 

                       

 

 

                          







 

     

        

      

      

      

      

      

      

      

      

      

      

       

      

 

     

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

      

      

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 





 

                       

 

 

                          







 

     

        

      

       

      

      

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

      

      

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

      

      

        

      

      

      

      

      

 





 

                       

 

 

                          







 

     

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

      

      

 

     

        

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

 





 

                       

 

 

                          







 

     

        

      

      

      

       

 

     

        

        

        

 

     

        

      

        

      

 

     

        

 

     

        

      

      

      

      

      

      

        

      

      

      

      

      

      

        

      

      

      

      

      

      

        

      

      

      

      

      

      

        

      

      

      

 

 

 





 

                       

 

 

                          







 

     

        

      

      

      

      

      

      

 

     

        

      

      

      

      

      

       

      

      

      

        

      

      

      

      

      

       

      

      

      

        

      

      

      

      

      

       

      

      

      

        

      

      

      

      

      

       

      

      

      

        

      

      

      

      

      

       

      

      

      

 





 

                       

 

 

                          







 

     

        

      

      

      

      

       

      

      

      

        

      

      

      

      

       

      

      

      

 

     

  



      

      

      

      

      

       

       

      

      

       

      

  



      

      

      

      

      

       

       

      

      

       

      

  



      

      

      

      

      

       

       

      

      

       

      

         

      

      

      

      





      

      

 





 

                       

 

 

                          







 

     

  



      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      

      

      

      

      

      





      

      





      

      

      

      

      

      

       

       

 





 

                       

 

 

                          







 

     

         

      

      

       

      

      

      

      

      





      

      

      

      

         

      

      

      

      





      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      





      

      

      

      

 





 

                       

 

 

                          







 

     

  



      

      

      

      

      

      

      

      

      

      





      

      





      

      

      

      

      

      

       

       

       

      

      

       

      

      

      

      

      





      

      

      

      

  



      

      

      

      

      

       

       

      

      

       

      

 

     

  



      

      

      

      

      

       

       

      

      

  



      

      

      

      

      

 





 

                       

 

 

                          







 

     

         

       

      

      

 

     

        

      

       

      

      

       

      

        

      

       

      

      

       

      

        

      

       

      

      

       

      

        

      

       

      

      

       

      

        

      

       

      

      

       

      

        

      

       

      

      

       

      

 

     

        

      

       

      

      

       

      

        

      

       

 





 

                       

 

 

                          







 

     

         

      

       

      

 





                      

                      







 

    

       

 

    

       

 

    

       

      

      

      

 

    

       

       

       

       

 

    

       

      

      

      

      

      

       

       

      

      

      

      

      

       

       

      

      

      

      

      

       

 

    

       

      

      

      

       

      

       

      

      

      

       

      

       

 





                      

                      







 

    

       

      

      

       

      

 

    

       

      

      

      

      

      

      

      

       

      

      

       

      

      

      

      

      

      

      

       

      

      

       

      

      

      

      

      

      

      

       

      

      

 

    

       

       

       

 

    

       

 

    

       

      

 



 





                      

                      







 

    

       

 

    

       

      

      

      

      

      

      

      

      

      

      

       

      

      

      

      

      

      

      

      

      

      

       

      

      

      

      

      

      

      

      

      

      

       

      

      

      

      

      

      

 

    

       

      

      

      

      

      

      

 

    

       

      

      

 





                      

                      







 

    

        

      

      

       

      

      

       

      

      

       

      

      

       

      

      

 

    

       

      

      

       

      

      

 

    

 



      

      

      

       





      

      

      

      

      

       

      

      

       

 



      

      

      

       





      

      

      

      

      

       

      

      

       

 



      

      

      

       





      

      

      

      

      

 





                      

                      







 

    

        

      

      

       

 

    

 



      

      

      

      

      

       

      

      

 

    

       

      

       

      

       

       

      

       

      

       

       

      

       

      

       

 

    

       

      

       

      

      

       

 





                          

                       

                       



                         





 

       

        

        

        

        

 

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 





                          

                       

                       



                         





 

       

        

      

      

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

 

       

        

      

      

      

      

      

      

      

      

      

      

      

       

      

        

      

      

      

      

      

      

      

      

      

      

 





                          

                       

                       



                         





 

       

        

       

      

        

      

      

      

      

      

      

      

      

      

      

      

       

      

 

       

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

      

      

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 





                          

                       

                       



                         





 

       

        

      

      

      

      

      

       

      

      

        

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

      

      

 

       

        

      

      

      

      

      

      

      

      

      

       

        

      

      

      

      

      

      

      

      

      

       

        

      

 





                          

                       

                       



                         





 

       

        

      

      

      

      

      

      

      

       

 

       

        

      

      

      

      

      

      

        

      

      

      

      

      

      

        

      

      

      

      

      

      

 

       

        

      

      

      

      

      





      

      

      

      

        

      

      

      

      

      





      

      

      

      

        

      

      

      

      

      

 





                          

                       

                       



                         





 

       

  



      

      

      

      

 

       

  



      

      

      

      

      

       

       

      

      

       

      

  



      

      

      

      

      

       

       

      

      

       

      

  



      

      

      

      

      

       

       

      

      

       

      

 

       

  



      

      

      

      

      

       

       

      

      

 

       

        

      

       

      

      





      

      

 





                          

                       

                       



                         





 

       

        

      

       

      

      





      

      

        

      

       

      

      





      

      

 

       

        

      

       

      

      





     

      

 





 



                       
 

 







 









                         



 

 

 

 

 


 

 

 

 

 

 



















 

















               



                       

                     

 



 








































































 









 





 












































 








 



  




  






  




  






  






  






  






  






  





  





  




  






  






  






  






  

  






 









  






  






  













 








 



 








  





  






  






 









  






  






  






  






  






 








  










 





 
 










 






 


 









  
  
  
  

                    
 





                 


                      
                           


                         
 

               


                       
                     
 



  
  
   
  
  






















































































































 







 
















































 

 

 

 

 

    

    

    

    

    

    

    

    

 



















   

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 









  











   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 



















   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 









    

    

    

    

    

       

       

       

       

 











   

   

   

   

 









    

    

    

    

    

       

       

       

       

       

       

       

       

       

 











   

   

   

   

   

   

   

   

   

 









   

   

   

   

   

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 









   

   

   

   

   

      

 









   

   

   

   

   

      
      

 









   

   

   

   

   

      

 









   

   

   

   

   

      

 









    

    

    

    

    

       
       
       
       
       

       
       

 











   

   

   

   

   

   

   

 









    

    

    

    

    

       

 











   

 







 

                    
                 




                




               
               
 



              
               
                      
                
                   




                   




                 
                  
                 
                  




                
                 




                 
                 
              




                




           
                
             
               
                 




                
               
               
                




                   
                  
                
             




              
             




               
                  
             





































                       
                       
                        
 



                     


                   
                           



 
 

                       
                   


                         
 

               


                       
                     
 























































































 













                 








   
   
   
   
   
   
 



































                         

                    

                       

 

                        









       

        

        

        

        



       

        

        

        

        



       

        

        

        

        

        

        



       

        



       

        

        

        

        

        

        



       

        

        

        

        



       

        

        

        

        



       

        

        

        

        

        

        



       

        

        

        

        

 





                         

                    

                       

 

                        









       

        

        



       

        

        



       

        

        

        

        

        

        



       

        

        

        

        

        

        

 





                          

                         

                       



                          







   

     

    

    

    

     

    

    

    

     

    

    

    



   

     

    

     

    

     

    



   

     

    

    

    

    

    

     

    

    

    

    

    

     

    

    

    

    

    



   

     

    

    

    

    

    

     

    

    

    

    

    

     

    

    

    

    

 





                          

                         

                       



                          







   

     

 





                       







 

    

    

   

 

    

    

 

    

    

 

    

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

   

 

    

    

 

    

    

   

   

   

   

   

   

 

    

    

   

   

   

 

   

 





                       







 

    

 



   

   

   

   

   

    

    

   

   

    

 

    

     

   

   

   

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

   

   

   

   

   

   

   





   

   

   

   

 





                       







 

    

 



   

   

   

   

   

   

   

   

   

   

    

    

   

   

   

   

   

    

    

    

   

   

    

   

   

   

 

    

    

    

   

   

 





 

                       

 

 

                          







 

     

        

        

 

     

        

 

     

        

 

     

        

 

     

        

 

     

        

      

      

      

      

       

      

      

      

 

     

  



      

      

      

      

      

       

       

      

      

       

      

 

     

         

      

      

      

      

       

 





 

                       

 

 

                          







 

     

  



      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      

      

      

      

      

      

       





      

      

      

      

      

      

       

       

 





 

                       

 

 

                          







 

     

         

      

      





      

      

      

      

         

      

      

      

      





      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      





      

      

      

      

      

      

      

      

      

      

 





 

                       

 

 

                          







 

     

  



      

      

      

      

       





      

      

      

      

      

      

       

       

       

      

      





      

      

      

      

 

     

        

      

       

      

      

       

      

        

      

       

      

      

       

      

 





                      

                      







 

    

       

      

 

    

       

 

    

       

      

      

      

      

      

      

      

       

      

      

 

    

       

 

    

       

 

    

       

      

      

      

      

      

      

 

    

       

      

      

       

      

      

 

    

 



      

      

      

      

      

       

      

 





                      

                      







 

    

        

 

    

 



      

      

      

       





      

      

      

      

      

       

      

      

       

 

    

       

      

       

      

      

       

 





                          

                       

                       



                         





 

       

        

 

       

        

 

       

        

      

      

      

      

      

      

 

       

  



      

      

      

      

      

       

       

      

      

       

      

 

       

  



      

      

      

      

      

       

       

      

      

 

       

        

      

       

      

      





     

      

 





 



                       
 

 







 









                         



 

 

 

 

 


 

 

 

 

 

 



















 

















               



                       

                     

 



 























 

 

 

Appendix I – QA/QC Assessment 

 
  



 

 

 

I1.1 Quality Assurance / Quality Control Program

Quality assurance comprises an assessment of the reliability of the field procedures and 
laboratory results against standard industry practices and the SAQP.  A summary of the project 
QA/QC measures incorporated into this DSI is presented in Table I-1. 

Table I-1 Project QC Measures

Task Description Project 

Field QA/QC

General Work was to be undertaken 
following standard field procedures 
which are based on industry 
accepted standard practice. 

Soil samples were collected directly from the 
augers. Soil samples were placed in 250 gram 
glass jars, which were filled to minimise 
headspace, and sealed using Teflon-coated 
lids. 
Groundwater samples were obtained using 
sample bottles/jars/vials provided by the 
laboratory. 

All fieldwork was supervised by a 
suitably qualified and experienced 
scientist or engineer. 

Yes

Soil Screening 
with PID

The PID was serviced and 
calibrated as per manufacturer 
requirements.  
PID calibrated at the beginning of 
each day of fieldwork.  

Yes 
See Appendix F for calibration documentation. 

Equipment 
Decontamination

Sampling equipment to be 
decontaminated after the collection 
of each soil sample by washing 
with phosphate-free 
detergent (such as Decon 90 or 
Alconox) and potable water, 
followed by a final distilled water 
rinse. 
One rinsate blank would be 
collected and analysed for the 
primary contaminants.  
All results should be non-detect. 

Yes 
Two rinsate samples were collected in total. 
One was collected during the soil investigations 
on 7 June 2021 (QR1), with the other being 
collected during the groundwater monitoring 
event on 15 June 2021 (GWQR1). All results 
were non-detect. 

Transport Samples were stored in a chilled 
(with ice) cooler box and 
transported to the laboratories. To 
ensure the integrity of the samples 
from collection to receipt by the 
analytical laboratory, samples were 
sent by courier to the laboratories 
under ‘chain of custody’ describing 
sample preservation and transport 
duration.

Yes 

Trip Blanks Trip Blank (TB) samples were to be 
prepared and analysed by the 
primary laboratory for BTEX. 
Analytical results for this sample 
were below the laboratory LOR, 
indicating that ideal sample 
transport and handling conditions 
were achieved. 

Two trip blank samples (QTB1 and GWTB1) 
prepared by the primary laboratory, were 
analysed for BTEX during soil and groundwater 
testing. The results were reported below the 
laboratory LOR, indicating that ideal sample 
transport and handling conditions were 
achieved. 



 

 

 

Task Description Project 

Trip Spikes Trip spike (TS) samples were to be 
submitted to the primary laboratory 
for BTEX analysis, the results for 
which were reported within the 
RPD acceptance levels for trip 
spike recovery. It was therefore 
concluded that satisfactory sample 
transport and handling conditions 
were achieved. 

Two trip spike samples (QTS1 and GWTS1) 
were submitted to the primary laboratory for 
BTEX analysis, the results of which were 
reported within the RPD acceptance levels for 
trip spike recovery. It was therefore concluded 
that satisfactory sample transport and handling 
conditions were achieved. 

Duplicates Field duplicate samples were 
analysed as follows: 
 intra-laboratory duplicate samples 
at a rate of 1 in 20 primary 
samples (as per NEPM); and 

 inter-laboratory duplicate samples 
at a rate of 1 in 20 primary 
samples (as per NEPM). 

Field and laboratory acceptable 
limits between 30-50% RPD as 
stated by AS4482.1–2005.  RPDs 
that exceed this range may be 
considered acceptable where: 
 Results are less than 10 times the 
limits of reporting (LOR); 

 Results are less than 20 times the 
LOR and the RPD is less than 
50%; or 

 Heterogeneous materials or 
volatile compounds are 
encountered. 

Non-compliance is to be 
documented in the report and the 
sample re-analysed or a higher 
level conservatively adopted. 

The required sampling density of 1 per 20 
duplicated primary samples was achieved and 
sufficient for the investigation. 
Generally, samples complied with RPD 
calculations. Soil results can exhibit wide 
variations in results due to sample 
heterogeneity, which can in turn exaggerate 
RPDs. Additionally, some RPD exceedance 
calculations can be attributed to low limits of 
reporting. 
Field QC samples and calculated RPD values 
are presented in Table I-5. 
Copies of laboratory reports are included in 
Appendix H. 

Laboratory QA/QC

Laboratory 
Analysis

The laboratories selected are 
NATA accredited for the analytes 
selected and perform their own 
internal QA/QC programs. 

Yes 
SGS - primary laboratory
Envirolab - secondary laboratory 
Laboratory QA/QC analyses are included in 
Appendix J. 

Appropriate detection limits were 
used for the analyses to be 
undertaken.

Practical Quantitation Limits for all tested 
parameters during the DSI are presented in 
summary tables Table QC3 in Appendix J. 

Holding Times Holding times are the maximum 
permissible elapsed time in days 
from the collection of the sample to 
its extraction and/or analysis. All 
extraction and analyses should be 
completed within standard 
guidelines. 

Assessment of holding times has been 
undertaken by the laboratory. 



 

 

 

Task Description Project 

Method Blanks The method blank sample is 
laboratory prepared, containing the 
reagents used to prepare the 
sample for final analysis.  The 
purpose of this procedure is to 
identify contamination in the 
reagent materials and assess 
potential bias in the sample 
analysis due to contaminated 
reagents.  The QC criterion aims to 
find no detectable contamination in 
the reagents.  Each analysis 
procedure should be subject to a 
method blank analysis.  The results 
of each should indicate that 
contaminants were not detected.   

Assessment of method blanks has been 
undertaken by the laboratory. 

Laboratory 
Duplicates

Laboratory duplicates are field 
samples that are split in the 
laboratory and subsequently 
analysed a number of times in the 
same batch. These sub-samples 
are selected by the laboratory to 
assess the accuracy and precision 
of the analytical method. 
The selected laboratories should 
undertake QA/QC procedures such 
as calibration standards, laboratory 
control samples, surrogates, 
reference materials, sample 
duplicates and matrix spikes. Intra-
laboratory duplicates should be 
performed at a frequency of 1 per 
10 samples.  

Assessment of laboratory duplicates has been 
undertaken by the laboratory. 

Laboratory 
Control Standard

A laboratory control standard is a 
standard reference material used in 
preparing primary standards. The 
concentration should be equivalent 
to a mid-range standard to confirm 
the primary calibration.  Laboratory 
control samples should be 
performed on a frequency of 1 per 
20 samples or at least one per 
analytical run. 

Assessment of laboratory control standards has 
been undertaken by the laboratory.

Matrix Spikes / 
Matrix Spike 
Duplicates

Matric spikes are field samples to 
which a predetermined stock 
solution of known concentration 
has been added.  The samples are 
then analysed for recovery of the 
known addition.  Recoveries should 
be within the stated laboratory 
control limits of 70 to 130% and 
duplicates should have RPDs of 
less than 50%.

Assessment of matrix spikes has been 
undertaken by the laboratory. 



 

 

 

Task Description Project 

Surrogate 
Spikes

Surrogate spikes provide a means 
of checking, for every analysis that 
no gross errors have occurred at 
any stage of the procedure leading 
to significant analyte loss.  
Recoveries should be within the 
stated laboratory control limits of 
70 to 130%. 

Assessment of surrogate spikes has been 
undertaken by the laboratory. 

Conclusion The QA/QC indicators should 
either all comply with the required 
standards or showed no variations 
that would have no significant 
effect on the quality of the data. 

Assessment of the investigation QA/QC is 
presented in the following sections. 

I1.2 Calculation of Relative Percentage Difference

The RPD values were calculated using the following equation: 

=  
| |

[( + ) 2]
 × 100 

Where: 

CO = Concentration obtained for the primary sample; and 

CR = Concentration obtained for the blind replicate or split duplicate sample. 

I2.1 Field QA/QC 

The field (intra- / inter- laboratory) duplicate samples collected during the works are summarised 
in Table I-2.  Inter-lab duplicates were analysed by the secondary laboratory, Envirolab. 

Table I-2 Field QC Sampling Program

Matrix Primary QA Sample Duplicate
(Primary Lab)

Triplicate
(Secondary Lab)

Total 
Duplicates

Soil BH3_0.1-0.2 QD1 QT1 2

BH32_0.3-0.4 QD2 QT2 2 

Groundwater BH1M GWQD1 GWQT1 2

  



 

 

 

I2.2 Field Data Quality Indicators

A discussion of the field data quality indicators is presented in Table I-3 below.

Table I-3 Field Data Quality Indicators

DQI Item Conformance

Precision
Measure of the variability (or 
reproducibility) of data. 

SOPs appropriate and complied with Yes

Accuracy
Quantitative measure of the 
closeness of reported data to 
the true values.

SOPs appropriate and complied with Yes

Calibration of instruments against known standards Yes

Representativeness
Confidence the data are
representative of each media 
present on the site. 

Appropriate media sampled according to SAQP Yes

Each media identified in SAQP sampled Yes

Completeness
Percentage of useable data 
from sampling episode (set). 

Each critical location sampled Yes

SAQP appropriate and complied with Yes

Appropriate number of field duplicate samples 
taken 

Yes

Experienced sampler Yes

Field documentation correct Yes

Comparability
Confidence [expressed 
qualitatively] that data may be 
considered to be equivalent for 
each sampling and analytical 
event.

Same sampling method used on each 
occasion/location 

Yes

Experienced sampler Yes

Same type of samples collected (filtered, size, 
fractions) 

Yes

I2.3  Conclusion for the Field QA/QC 

All field work, including equipment decontamination and sample preservation and transport, was 
conducted in accordance with the SAQP and SOPs, which were devised with reference to 
industry-approved guidelines.  Appropriate QC measures were integrated into each sampling 
event and the DQI were met, or if not, the variability was suitably justified. 

All samples, including field QC samples, were transported to the primary and secondary 
laboratories under refrigerated conditions, using strict COC procedures.  Relevant documents 
(COC forms) were presented with the samples at the times of delivery.  All supporting documents 
(COCs and SRAs) were completed in full and signed, where appropriate.  Copies of these were 
included in Appendix G.  EI considered the field QA/QC program carried out during the DSI to 
be appropriate. 

I2.4  Laboratory QA/QC 

Primary and intra-laboratory duplicate samples were analysed by SGS (located in Alexandria 
NSW), with inter-laboratory duplicate samples analysed by Envirolab (located in Chatswood 
NSW).  All laboratories are accredited by NATA for the analyses undertaken.  A discussion of the 
laboratory DQIs is presented below. 



 

 

 

Table I-4 Laboratory Data Quality Indicators

DQI Item Conformance

Completeness
A measure of the amount 
of useable data 
(expressed as %) from a 
data collection activity 

All critical samples analysed according to SAQP and 
proposal

Yes

All analytes analysed according to SAQP in proposal Yes

Appropriate methods and PQLs Yes

Sample documentation complete Yes

Sample holding times complied with Partial
Holding time 
exceedance 
before 
preparation of 
samples for 
salinity 
parameters. 
Minor non-
conformance. 

Comparability
The confidence 
(expressed qualitatively) 
that data may be 
considered to be 
equivalent for each 
sampling and analytical 
event

Sample analytical methods used (including clean-up) Yes

Sample PQLs (justify/ quantify if different) Yes

Same laboratories (justify/ quantify if different) Yes

Same units (justify/ quantify if different) Yes

Representativeness
Confidence that data are 
representative of each 
media 

All key samples analysed according to SAQP in the 
proposal 

Yes

Precision
A quantitative measure of 
the variability (or 
reproducibility) of data 

Analysis of laboratory duplicates Yes 

Analysis of field duplicates Yes

Analysis of laboratory-prepared volatile trip spikes Yes

Accuracy
A quantitative measure of 
the closeness of reported 
data to the true value

Analysis of field blanks Yes

Analysis of rinsate blanks Yes 

Analysis of method blanks Yes

Analysis of matrix spikes (MS) Yes 

Analysis of matrix spike duplicates (MSD) Yes 

Analysis of surrogate spikes Yes 

Analysis of reference materials Not applicable 

Analysis of laboratory control samples Yes  

I2.5 Conclusions for the Laboratory QA/QC 

All contracted laboratories (SGS and Envirolab) were accredited by NATA for the analyses 
undertaken.  All analytical procedures used were industry recognised and endorsed standard 
methods.  Appropriate QC measures were integrated into each testing batch and the DQI were 



 

 

 

met, or if not, the variability was suitably justified.  All final reports were submitted in full and 
included all requested analyses, as per the signed COC forms.  EI considered the laboratory 
QA/QC programs carried out during the DSI to be appropriate. 

I2.6  Summary of Project QA/QC 

The project DQOs specified in Section 6, Table 6-1 were considered to have been achieved.  
The adopted QA/QC program ensured that the data collated during the DSI were accurate, 
precise and representative of the (final) site conditions.  It was therefore considered that the data 
were sufficiently precise and accurate and that the results could be used for DSI interpretative 
purposes. 

 



Appendix J – Laboratory QA/QC and DQOs 



F1*

F2**

F3 (>C16 - C34)

F4 (>C34 - C40)

Benzene

Toluene

Ethylbenzene

Xylene (total)

Arsenic

Cadmium

Chromium (Total)

Copper

Lead

Mercury

Nickel

Zinc

Sample identification

Description

Sampled Date


