
 

 

 

martens 

environmental science & engineering 

 

 

 

  

Combined Preliminary and Detailed 
Site Investigation 

Green Renovation Works 

Bayview Golf Course, Bayview, NSW 

Final Report 

P2309440JR04V01 

September 2023 

Prepared For Bayview Golf Club 



 

 

 

Combined PSI & DSI: Green Renovation Works at Bayview Golf Course, Bayview, NSW | 2 
 

 

martens 

Project Details 

Report Title Combined Preliminary and Detailed Site Investigation: Green Renovation Works at Bayview Golf Course, Bayview, 
NSW 

Client Bayview Golf Club 

Document P2309440JR04V01 

Director Andrew Norris 

Manager Gray Taylor 

Principal Author William Xu 

 

 

 

 

 

 

 

 

 

Document History 

Issue Issue Date Status Description / Comment Author Reviewer Approved 

1 1/09/2023 Draft Final Release WX BM GT 

       

       

       

 

 Copyright Martens & Associates Pty Ltd 
Suite 201, 20 George St, Hornsby, NSW 2077, Australia 
ACN 070 240 890 ABN 85 070 240 890 
P +61-2-9476-9999 | mail@martens.com.au | www.martens.com.au 
 
Copyright Statement 

Martens & Associates Pty Ltd (Publisher) is the owner of the copyright subsisting in this publication.  Other than as permitted by the Copyright Act and as outlined in the Terms of Engagement, no 
part of this report may be reprinted or reproduced or used in any form, copied or transmitted, by any electronic, mechanical,  or by other means, now known or hereafter invented (including 
microcopying, photocopying, recording, recording tape or through electronic information storage and retrieval systems or otherwise), without the prior written permission of Martens & Associates 
Pty Ltd.  Legal action will be taken against any breach of its copyright.  This report is available only as book form unless specifically distributed by Martens & Associates in electronic form.  No part 
of it is authorised to be copied, sold, distributed or offered in any other form. 

 

 



Combined PSI & DSI: Green Renovation Works at Bayview Golf Course, Bayview, NSW | 3

martens

Content

1 Introduction ............................................................................................................. 7
Overview ................................................................................................................... 7

Proposed Development ......................................................................................... 7

Previous Assessments............................................................................................... 7

Objectives ................................................................................................................. 7

Scope of Work .......................................................................................................... 8

Reference Guidelines and Planning Instruments ............................................... 8

2 IA and Site Background Information .................................................................... 9
IA and Site Identification and Environmental Settings ...................................... 9

Hydrogeology and Groundwater Use ............................................................... 10

3 Preliminary Site Investigation ............................................................................. 12
Historical Aerial Photography .............................................................................. 12

Northern Beaches Council Development Records ......................................... 13

NSW EPA and Department of Defence Records ............................................. 13

External Potentially Contaminating Activities ................................................... 14

4 Site Walkover Inspection ..................................................................................... 15

5 Conceptual Site Model ......................................................................................... 16
Areas of Environmental Concern........................................................................ 16

Potential Exposure Pathways and Receptors ................................................... 16

CSM Discussion ....................................................................................................... 17

6 Sampling, Analysis and Quality Plan.................................................................. 18
Overview ................................................................................................................. 18

Data Quality Objectives ....................................................................................... 18

Data Quality Indicators......................................................................................... 20

Site Assessment Criteria......................................................................................... 21

Soil Investigation Methodology ........................................................................... 22

Laboratory Analytical Suite .................................................................................. 23

7 Investigation Results ............................................................................................ 25
Subsurface Conditions .......................................................................................... 25

Field Observations.................................................................................................. 25

Soil Analytical Results............................................................................................. 25

QA/QC Data Review ............................................................................................ 26

8 Discussion and Conclusion................................................................................. 27

9 Limitations ............................................................................................................. 29

10 References............................................................................................................. 30

11 Attachment A: Maps ............................................................................................. 31

12 Attachment B: Proposed Masterplan.................................................................. 32

13 Attachment C: Aerial Photograph ..................................................................... 168

14 Attachment D: Desktop Contamination Searches........................................... 169

15 Attachment E: Borehole Logs ........................................................................... 170

16 Attachment F: Summary Tables ........................................................................ 171

17 Attachment G: Data Quality Assessment ......................................................... 172



 

 

 

Combined PSI & DSI: Green Renovation Works at Bayview Golf Course, Bayview, NSW | 4 
 

 

martens 

18 Attachment H: Laboratory Analytical Results, COC and Sample Receipt .... 173 

 



 

 

 

Combined PSI & DSI: Green Renovation Works at Bayview Golf Course, Bayview, NSW | 5 
 

 

martens 

Tables 

Table 1:  Site identification and environmental setting information .............................................................. 9 

Table 2: Summary of groundwater bore records ........................................................................................ 11 

Table 3: Historical aerial photography observations................................................................................... 12 

Table 4: Northern Beaches Council DA Records. ...................................................................................... 13 

Table 5:  NSW EPA and Department of Defence Records ........................................................................ 13 

Table 6: Summary of Site inspection observations .................................................................................... 15 

Table 7: Potential contamination sources and contaminants of potential concern. .................................... 16 

Table 8: Conceptual site model. ................................................................................................................. 16 

Table 9: Data Quality Objectives ................................................................................................................ 18 

Table 10: Data Quality Indicators ............................................................................................................... 20 

Table 11: Site Assessment Criteria. ........................................................................................................... 22 

Table 12: Investigation and sampling methodology ................................................................................... 23 

Table 13: Summary of Soil Laboratory Analysis......................................................................................... 24 

Table 14: Summary of Soil Analytical Results ............................................................................................ 25 



 

 

 

Combined PSI & DSI: Green Renovation Works at Bayview Golf Course, Bayview, NSW | 6 
 

 

martens 

 Abbreviations 

AASS Actual acid sulfate soil MBT Monobutyltin 

ABC Ambient background concentrations MNA Monitored natural attenuation 

ACM Asbestos containing material MPE Multi phase extraction 

AEC Area of environmental concern NAPL Non aqueous phase liquid 

AF Asbestos fines NATA National Association of Testing Authorities 

AMP Asbestos Management Plan ND No data 

ANZECC Australia and New Zealand Environment Conservation Council NEPC National Environment Protection Council 

ANZG Australian and New Zealand Governments NEPM National Environment Protection Measure 

ASC 
NEPM 

National Environmental Protection (Assessment of Site 
Contamination) Measure (2013) 

OCP Organochloride pesticides 

ASS Acid sulfate soil OEH NSW Office of Environment and Heritage 

ASSMAC Acid Sulfate Soils Management Advisory Committee OPP Organophosphorus pesticides 

AST Above ground storage tank PACM Potential asbestos containing material 

BGL Below ground level PAH Polycyclic aromatic hydrocarbons 

BH Borehole PASS Potential acid sulfate soil 

BTEXN Benzene, toluene, ethylbenzene, xylene, naphthalene PCB Polychlorinated biphenyl 

CEMP Construction Environmental Management Plan PCEMP Post Construction Environmental Management Plan 

COC Chain of custody PESA Preliminary Environmental Site Assessment 

COPC Contaminants of potential concern PFAS Per- and polyfluoroalkyl substances 

DA Development application PID Photoionisation detector 

DBT Dibutyltin ppb Parts per billion 

DEC Department of Environment and Conservation ppm Parts per million 

DECC Department of Environment and Climate Change PQL Practical quantitative limit (interchangeable with EQL and LOR) 

DNAPL Dense non aqueous phase liquid PSI Preliminary Site Investigation 

DP Deposited Plan QA/QC Quality assurance / quality control 

DPI NSW Department of Primary Industry RAC Remediation acceptance criteria 

DPIW NSW Department of Primary Industry  Water RAP Remedial Action Plan 

DQI Data quality indicators HHRA Human Health Risk Assessment 

DQO Data quality objectives RPD Relative percentage difference 

DSI Detailed Site Investigation SAC Site assessment criteria 

EAC Ecological assessment criteria SAQP Sampling and Analysis Quality Plan 

EIL Ecological investigation level SEPP State Environmental Planning Policy 

EMP Environmental Management Plan SIL Soil investigation level 

EPA NSW Environmental Protection Authority SOP Standard operating procedure 
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LOR Limit of reporting (interchangeable with EQL and PQL) VHC Volatile halogenated compounds 

MA Martens & Associates Pty Ltd VOC Volatile organic compounds 
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1 Introduction

Overview

This report, prepared by Martens and Associates (MA), documents a Combined Preliminary and 
Detailed Site Investigation (PSI & DSI) to support a Development Application (DA) for proposed 
renovation works to 12 greens to Nor ) at 52 Cabbage 
Tree Road and 1825 Pittwater Road, Bayview, NSW the site on behalf of Bayview Golf Club
( ).  

The investigation area (IA) for this combined PSI and DSI are only within the areas of proposed 
renovation works for the 12 greens as shown in Map 02 of Attachment A.

Proposed Development

From the plans provided by the client (CC, 2023), we understand that works are proposed to 
upgrade 12 greens, requiring varying amounts of cut and fill across the works areas.  It is 
understood that the maximum proposed excavation depth is 1.75 mbgl.  Details regarding 
proposed works at each green complex are provided in Appendix B. 

Previous Assessments

MA have completed a number of land contamination assessments for various sections of the 
wider site as part of various proposed development works including a seniors living development 
and flood mitigation and drainage works.  The following reports have previously been completed: 

Martens & Associates (2017) Detailed Site Investigation: Proposed Flood Mitigation 
Earthworks Bayview Golf Course, Bayview, NSW, Job No. P1706099JR03V01.

Martens & Associates (2017) Remedial Action Plan: Proposed Flood Mitigation 
Earthworks Bayview Golf Course, Bayview, NSW, Job No. P1706099JR05V01.

Previous investigations did not include any assessment of the current IA (12 greens proposed for 
upgrades) and therefore previous assessment results have not considered as part of this 
combined PSI and DSI.

Objectives

The objectives for this combined PSI and DSI include:

1. Provide an assessment of past investigations, IA uses based on a review of available 
historical records.

2. Assess the current conditions of the IA and surrounding land use via a detailed site 
walkover inspection. 

3. Identify potential contamination sources / areas of environmental concern (AEC) and 
contaminants of potential concern (COPC)

4. Prepare a conceptual site model (CSM).

5. Quantify potential risks from contamination within the IA by undertaking a program of 
intrusive investigation, soil sampling and laboratory analysis.
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6. Provide comment on the suitability of the IA for the proposed works, and where required, 
provide recommendations for additional investigations.

Scope of Work

The scope of works includes the following:

1. Review of available online mapping resources.

2. Review of available online hydrogeological and groundwater information.

3. Review of information relevant to the IA including available historical records, images and 
regulatory information relating to potential land contamination issues.

4. A walkover inspection to review current land use, potential contaminating activities and 
neighbouring land use.

5. Intrusive soil investigation at sampling points located within recognised AECs to observed 
existing soil conditions and collect representative soil samples.

6. Laboratory analysis of samples for COPC.

7. Preparation of a report in general accordance with the relevant sections of ASC NEPM 
(2013), NSW EPA (2017 and 2020) and SEPP (2021).

Reference Guidelines and Planning Instruments

This assessment was prepared in general accordance with the following guidelines and planning 
policies:

1. NSW DUAP (1998) Managing Land Contamination: Planning Guidelines

2. State Environmental Planning Policy (Resilience and Hazards) 2021.

3. ASC NEPC (1999, amended 2013) National Environmental Protection (Assessment of 
Site Contamination) Measure (referred to as ASC NEPM (2013)).

4. NSW EPA (2017) 3rd Ed. Contaminated Land Management: Guidelines for the NSW Site 
Auditor Scheme.

5. NSW EPA (2022) Sampling Design Guidelines Part 1 Application

6. NSW EPA (2020) Consultants Reporting on Contaminated Land, Contaminated Land 
Guidelines.

7. HEPA (2020) PFAS National Environmental Management Plan, Version 2.0.
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2 IA and Site Background Information

IA and Site Identification and Environmental Settings

IA and Site identification details and environmental settings are summarised in Table 1.  The 
location of the site and general surrounding area are shown in Appendix A.

Table 1:  Site identification and environmental setting information

Item Description / Comment

Site address 52 Cabbage Tree Road and 1825 Pittwater Road, Bayview, NSW

Lot / DP Lot 1 in DP 662920

Lot 5 in DP 45114

Lot 191 in DP 1039481

Lot A in DP 339874

Lot 150 in DP 1003518

Lots 1, 2 and 3 in DP 986894

Lot 300 in DP 1139238

Lot 1 in DP 19161.

Approximate area of 
proposed development 
works (IA) 

2.0856 ha 

(By calculation - QGIS)

Local Government Area Northern Beaches Council

Zoning RE2 Private Recreation

(Pittwater Local Environmental Plan 2014)

Current use Golf Course

Proposed use Golf Course

Geology The published geological map covering this area indicates that the IA is 
predominantly underlain by Quaternary deposits: silty to peaty quartz sand, silt, 
and clay with ferruginous and humic cementation in places and common shell 
layers.  

The north western and south eastern portion is indicated to be underlain by 
Newport Formation and Garie Formation: interbedded laminate, shale, quartz, to 
lithic-quartz sandstone and clay pellet sandstone (Sydney 1:100 000 Geological 
Sheet 9130, 1st edition).

The location of geological units within the site are presented in Appendix A (Map 
05).  

Soil landscape Soil landscape mapping from eSPADE (NSW DPE, 2023) platform identified the 
following soil landscapes within the site: 

Deep Creek Landscape at the central and western portion deep (>200 cm) 
Podzols on well-drained terraces, Siliceous Sands on current floodplain and 
Humus Podzols in low lying areas.

Disturbed Terrain Landscape at the eastern portion turfed fill areas 
commonly capped with up to 40 cm of sandy loam or up to 60 cm of
compacted clay over fill or waste materials.

Erina Soil Landscape at the western and south eastern portion moderately 
deep to deep Yellow Podzolic Soils on fine grained bedrock with Yellow 
Podzolic Soils and Yellow Earths on coarse grained parent material with 
Yellow Earths on footslopes and deep structured loams and Yellow Earths 
along drainage lines.
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Item Description / Comment

Watagan Soil Landscape at the north western portion allow to deep (30
200 cm) Lithosols / Siliceous Sands and Yellow Podzolic Soils on 
sandstones; moderately deep (100 200 cm) Brown Podzolic Soils, Red 
Podzolic Soils and Gleyed Podzolic Soils on shale.

Tuggerah Soil Landscape at the southern portion deep (>200 cm) Podzols 
on dunes and Podzols / Humus Podzol intergrades on swales.

The location of mapped soil landscapes within the site are presented in 
Appendix A (Map 06).  

Topography Soil landscape mapping from eSPADE (NSW DPE, 2023) provide descriptions of 
topography for the following soil landscapes present within the site:

Deep Creek Soil Landscape Level to gently undulating alluvial floodplain 
draining the Hawkesbury Sandstone.  Local relief <5m, slopes <3%.  
Depositional floors of steeply dissected valleys of the Hornsby Plateau.  
Partially cleared tall open woodland and weed infested tall open forest and 
closed forest.

Disturbed Terrain Landscape Level plain to hummocky terrain, extensively 
disturbed by human activity, including complete disturbance, removal or 
burial of soil.  Local relief <10m, slopes <30%.  Landfill includes soil, rock, 
building and waste materials.  Original vegetation completely cleared, 
replaced with turf or grassland.

Erina Soil Landscape - Undulating to rolling rises and low hills with local relief 
<60 m and slopes <25%.  Rounded narrow crests with moderately inclined 
slopes. Extensively cleared tall open-forest with open-heathland in exposed 
coastal areas.

Watagan Soil Landscape - Rolling to very steep hills and slopes.  Local relief 
ranges from 50 220 m and slope gradients are >25%.  Crests and ridges are 
convex and narrow (<300 m).  Hillslopes are steep with talus slopes often 
containing sandstone boulders.  Occasional narrow sandstone and colluvial 
benches are present. Slopes with gradients>70% often have cliffs and scarps 
>10 m high.

In conclusion, the southern golf course is generally flat with slopes <3% and 
grades between 0 and 5 mAHD, apart for the south eastern portion which grades 
up to 22 m AHD with a northerly aspect.  

The northern golf course has steep slopes (up to 30%) with a southerly aspect 
and grades 5 and 46 mAHD. 

Mapping of topography for the site is provided in Appendix A (Map 03).

Surface hydrology Depressions and swamps in the northern and eastern portions of the site collect 
water during rainfall events.  Cahill Creek flows from the northern to the eastern 
portion of the site.   

The site generally drains generally centrally to an inlet which ultimately connects 
to Winnererremy Bay, Pittwater, located approximately 260 m north east of the 
site.

Surrounding land use Land uses surrounding the Site includes:

North Residential developments.

East Pittwater High School.

South Residential developments.

South east Commercial and industrial developments.

West Residential developments.

Hydrogeology and Groundwater Use

Review of WaterNSW Real-time Water Database identified 4 groundwater bores, either within the 
IA, or within 300 m of the IA.  A summary of the available bore information provided on available 
records is provided in Table 2.
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Table 2: Summary of groundwater bore records 

Groundwater 
Bore 
Identification 

Direction and Distance Depth To 
Groundwater 
(mBGL) 

Registered Use Water Bearing 
Zone Substrate 

GW111610 Southern portion of the site  1.2 Recreation Silty sand fill 

GW014463 Western portion of the site 1.5 Irrigation Sand 

GW106813 200 m north of the site 11.4 Domestic Sandstone 

GW108920 250 m north west of the site 13.0 Domestic No records 

 intrusive investigation observed groundwater inflow 
between 0.8  1.3 mBGL across the site.  Intrusive works for this PSI / DSI did not encounter 
groundwater up to 1.2 mbgl. 

Based on saturated soil depths and the existing 0.25 m contour site plan, a permanent water 
table is expected beneath the main golf course at a level of the order of 0.1 to 0.5 mAHD. 
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3 Preliminary Site Investigation

Historical Aerial Photography

A selection of historical aerial photographs covering the period 1940 to 2023 have been reviewed 
to provide an understanding of historical land use and activities within the IA and on surrounding 
land.  A summary of observations made from historical aerial photography is provided in Table 3.  

Table 3: Historical aerial photography observations.

Year Golf Course and IA Observations Observation on Surrounding Land

19401 Much of the golf course land is grassed area with 
line of trees dividing fairways for golf course use.  

Existing dam and former structures observed at the 
eastern and south eastern portion of the golf 
course, respectively.

Areas to the north and east remain vegetated 
and undeveloped.

Much of the land to the south west is cultivated 
and occupied by orchards, with some 
horticultural activities.  

Low density residential dwellings in all 
directions except to the east.

19511 Some existing greens (1, 2, 4 and 13) were 
constructed within the IA.

Increased horticultural activities to the north 
and south west of the golf course.  

Increased residential structures to the south 
east.

19611 Some clearing and replanting of trees at the central 
portion for the construction of all of the remaining 
greens, apart for the 3rd green, at central and 
western portion of the golf course.

Further increase in horticultural activities to the 
north, south west and south of the golf course. 

Further increase in residential structures to the 
south and south east.

19711 Clearing of trees at the southern portion of the golf 
course.

Reduction in horticultural activities and clearing 
of vegetation to the south west of the golf 
course.

Clearing of vegetation for the construction of 
residential structures and Pittwater High School 
to the north east and east of the golf course, 
respectively.

19781 Dams constructed at the western and central 
western portions of the golf course.

Increase in residential structures to the east, 
south and south west, and additional structures 
constructed at Pittwater High School.

Some clearing of vegetation to the north.

19861 No notable changes. Further clearing of vegetation for the 
construction of residential structures to the 
north of the golf course.

Increase in residential structures all directions 
except for the north west and north east.

19941 Clearing of trees at location of the existing 3rd green. Increase in residential structures to the north 
and south.

20021 Existing 3rd green was constructed within the IA Increase in residential structures to the south 
west.

20051 No notable changes. No notable changes.

20102 Former structures were demolished and existing 
amenities building constructed at the southeast 
portion of the site.

No notable changes.

20162 Hotel / villas were constructed at the southeast 
portion of the site.

No notable changes.
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Year Golf Course and IA Observations Observation on Surrounding Land

20232 No notable changes. No notable changes.

Notes:
1. Sourced from Spatial Service - NSW Department of Customer Service Historical Imagery Viewer.
2. Sourced from Nearmap (2023).

Copies of historical aerial photographs used for review purposes are provided in Appendix C.

Northern Beaches Council Development Records

Historical development record relevant to 1825 Pittwater Road was provided by Northern Beaches
Council in Appendix C.  Applications with potentially contaminating activities associated with the 
IA are summarised in Table 4.

Table 4: Northern Beaches Council DA Records.

NSW EPA and Department of Defence Records

A review of NSW EPA and Department of Defence records was completed for the PSI using the 
following databases: 

Records of public notices of contaminated land under Section 58 of the Contaminated 
Land Management Act 1997 (CLM Act). 

Records relating to contaminated land notified to NSW EPA under Section 60 of the CLM 
Act.

Records relating to licensed activities, applications, notices, and audits under the 
Protection of the Environment Operation Act 1997 (POEO Act). 

Records relating to sites listed under the NSW EPA per-and polyfluoroalkyl substances 
(PFAS) investigation program. 

Records relating to site being investigated and or managed by the Department of Defence 
for PFAS contamination. 

Information obtained from these records is provided below in Table 5 and Appendix D.

Table 5: NSW EPA and Department of Defence Records

Records Onsite Offsite

Notices under Section 58 of the CLM Act 1997 No record No record within 500 m

Duty to Report Contamination under Section 60 
of the CLM Act 1997

No record No record within 500 m

Records under the POEO Act 1997 No record No record within 500 m

NSW EPA PFAS investigation program No record No record within 500 m. 

Application ID Year Description

0730/98 1998 Landfill, earthworks and water storage landfill, earthworks & water 
storage

IF2/0190/97 1997 Landfill / earthworks landfill, earthworks and additional water storage

0343/94 1994 Dredging and earthworks construction of an access track and 
dredging of existing water storage dam
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Records Onsite Offsite

Department of Defence PFAS management and 
investigation program 

No record No record within 500 m

External Potentially Contaminating Activities

Review of available online mapping and business services registers relating to potential 
contaminating businesses and activities (e.g., service stations, fire stations, mechanics, dry 

f the IA was conducted for the PSI.  The review 
did not identify locations within 500 m of the IA. 
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4 Site Walkover Inspection 

An inspection of the wider golf course Site along with the 12 greens forming the IA was conducted  
by a Senior MA Environmental Consultant on 8 August 2023.  Observations made during the 
inspection of the Site are provided below in Table 6. 

Table 6: Summary of Site inspection observations 

Item Comment  

Buildings and structures Golf club and car park located at Lot 300 in DP 1139238 (south eastern portion of 
southern golf course). 

Maintenance sheds were located at Lot 2 in DP 531960 (northern portion of southern 
golf course).  

Ground surfaces and 
pavements 

Majority of the site was vegetated and developed for golf course purposes, with 
hardstand car park at the south eastern corner of the site. 

The ground surface of the IA considered of grass and bunkers as part of each green 
complex.  

Fill material and soil 
stockpiles 

Based on previous site wide investigations and site observations, the presence of fill 
material within the IA is considered likely. 

Historic structures No evidence of former structures were observed across entire IA. 

Chemical storage No evidence of oil storage (empty drum) was noted within the IA. 

UPSS, USTs and ASTs1 No evidence of UPSS, USTs, and ASTs were observed during the wider site 
inspection nor within the IA.  

Waste materials and 
storage 

Sand and mulch stockpiles were observed near the maintenance sheds at Lot 2 in 
DP 531960.   

No storage or waste material was observed within the IA.  

Odours and staining No significant odours or staining were reported or observed during the inspection. 

Hazardous building 
materials 

No surficial PACM fragments were observed during the site inspection. 

Electrical substation No electrical substations observed within the wider site or IA.  

Vegetation and 
phytotoxicity 

Vegetation at the IA consisted mostly of manicured grass forming the green 
complex.  All vegetation within the IA and across the wider site was observed to be 
generally in good condition.  Evidence of potential phytotoxicity effects to vegetation 
was not observed. 

Notes: 
1. Underground petroleum storage systems (UPSS), underground storage tanks (USTs), and aboveground storage 

tanks (ASTs).  
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5 Conceptual Site Model

Areas of Environmental Concern

Our assessment of potential contamination sources / AECs and associated COPC for the IA was 
made for the site based on available site history, aerial photograph interpretation and observation 
made during the site walkover.  Table 7 presents potential contamination sources and 
contaminants of potential concern for the IA.

Table 7: Potential contamination sources and contaminants of potential concern.

Potential Exposure Pathways and Receptors

A conceptual site model (CSM), based on the AEC and COPC identified in Table 7, and the 
associated exposure pathways to potential receptors are summarised in Table 8.

Table 8: Conceptual site model.

AEC Potential for Contamination COPC

AEC

Golf Course Use

Application of pesticides, herbicides and heavy metals for pest 
control during use as a golf course.

HM, OCP / OPP, 
phenyl acid and

triazine.

AEC

Potential Fill 
Areas

Fill material may have been imported from unknown offsite 
sources.  This is of particular significance if filling material was 

sourced from locations of heavy industry, is a by-product of 
industrial processes, or includes demolition debris contaminated 

with asbestos containing materials (ACM).

HM, TRH, BTEXN, 
PAH, OCP / OPP, 

PCBs and asbestos.

Item Description

Affected Media and 
Mechanism of 
Contamination 

Soil has been identified as potentially affected media.  Potential mechanisms for 
-

from potential fill, site structures and former market garden use.  Contamination from 
anthropogenic impacts (such as asbestos containing material or other building waste) 
may also be present within the site soil.

Groundwater is not expected to be a media of interest requiring further investigation
given that the proposed works are not resulting any substantial change to the current 
land use (i.e. a golf course) nor will there be any beneficial use of groundwater during 
or as a result of the proposed works. 

Potential Exposure 
Pathways

Human-health

Ingestion

Dermal absorption

Inhalation (dust, vapours, ground gases)

Ecological

Biota uptake and intake

Potential Receptors Human-health

Future site users and visitors

Commercial / industrial workers (offsite)

Maintenance workers

Construction workers

Ecological 

Flora and fauna (onsite and offsite hydraulically down-gradient)
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CSM Discussion

Based on the source exposure pathway receptor linkage framework outlined above in Section 
5.2, potential risks to receptors may exist at the site due to the potential AECs (sources of 
contamination) identified by the investigation.  Based on the AECs identified by the PSI, potential 
areas of contamination and exposure pathways may exist at the site that present a potential risk 
to site receptors, and further intrusive site investigation for soil is required to quantify potential 
risks.
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6 Sampling, Analysis and Quality Plan

Overview

A Sampling Analysis and Quality Plan (SAQP) has been developed to ensure that data collected 
for the DSI is representative of soil conditions, and provides a robust basis for assessment 
decisions.  Preparation of the SAQP was completed in general accordance with NEPC (2013b) 
methodology and includes:

Data quality objectives (DQO). 

Data quality indicators (DQI).

Sampling methodologies and procedures.

Field screening methods.

Sample handling, preservation, and storage procedures.

Analytical QA/QC. 

The SAQP is summarised in the following sections.

Data Quality Objectives 

DQO for the investigation are prepared as statements specifying the qualitative and quantitative 
data required to support project decisions.  DQO have been prepared in general accordance with 
NEPC (2013b) and NSW EPA (2020) guidelines and are presented in Table 9. 

Table 9: Data Quality Objectives

DQO Item Commentary

1. State the 
Problem

The DSI is being conducted to characterise potential land contamination risks that may exist 
with the IA for the proposed greens works at Bayview Golf Course.

The DSI will evaluate potential risks to future site receptors posed by COPCs associated with 
AECs that have been identified within the IA (see Section 5).  A CSM has been developed for 
the investigation from information gathered by a desktop study, site inspection and laboratory 
analysis.  The CSM outlines that potential source - exposure pathway receptor linkages may 
exist at the Site which could result in potential exposure to receptors associated with the 
proposed land use.

Given the potential risk to receptors posed by media that has been identified by the CSM, a 
program of soil sampling and laboratory analysis is required to characterise of the Site for 
CLM purposes.

Any requirement for additional investigation or remediation will be discussed by this report.

2. Identifying the 
Decision(s) / 
Study Goals

The decisions required to be made for the DSI will be based on the following questions:

Is the environmental data collected for the project, suitable for assessing relevant land 
contamination exposure risks?

Are impacts from previous or current site use(s) present in IA soils that may pose a risk 
to human-health or the environment during residential (with access to soil) use of the IA?

Does the IA require further investigation, remediation, or management before applicable 
media can be considered suitable for the proposed development and land use?
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DQO Item Commentary 

3. Identification of 
Inputs to the 
Decision 

The inputs to the decisions include: 

 Proposed land use as present in the development plans. 

 The CSM developed for the investigation. 

 Sampling design employed to screen for potential risks posed by COPC. 

 Soil samples collected from sampling points.  

 Observations made during intrusive investigation and sample collection. 

 The measured physical and/or chemical parameters of the site media sampled (including 
field data and laboratory analytical results, where relevant). 

 Tier 1 assessment criteria adopted for the appraisal of potential contamination risks from 
Site media. 

4. Study Boundary 
Definitions 

The boundaries of the study are as follows: 

 Lateral - defined by the IA boundary (present in Appendix A) and the sampling points 
used for sample collection to screen for potential contamination. 

 Vertical  limited to the depth of soil samples collected at each sampling point. 

 Temporal  data collected during the investigation relates specifically to the date of 
sampling and access availability across the IA to undertake the field investigation.  
Constraints which may affect the completion of the field investigation include, access 
limitations for equipment and field personnel, the presence of above and below ground 
infrastructure / services, and hazards creating risks to health and safety. 

5. Development of 
Decision Rules 

The decision rules for this investigation are as follows: 

 The maximum soil concentration for the respective COPCs will be the key statistical 
parameter of interest. 

 If the maximum concentration for a respective COPC exceeds the adopted SAC, outlined 
in Section 6.4, further investigation or remediation will be required. 

6. Specification of 
Limits on 
Decision Errors 

Specific limits for this project will be in accordance with National and NSW EPA guidance.   

The null hypothesis for the soil investigation is: 

 The 95% Upper Confidence Limit (UCL) of the mean for chemicals of concern exceed 
land use criteria (presented in Section 6.4). 

The acceptance of the soil suitability will be based on the probability that: 

 The 95% UCL of the mean will satisfy the given site criterion. Therefore, there is a limit on 
the decision error of 5% that a conclusive statement may be incorrect. 

 The standard deviation of the results was less than 50% of the relevant Tier 1 investigation 
criterion. 

 No single result exceeds the land use criteria by 250% or more. 

Soil concentrations for COPCs that are below investigation criteria, made or approved by the 
NSW EPA, are treated as acceptable and indicative of soil quality being suitable for the 
proposed land use.  
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DQO Item Commentary

7. Optimisation of 
Sampling Design

For the purposes of this investigation, a sampling approach has been adopted to screen for 
COPCs in identified AECs at the Site.  To achieve this, a systematic sampling programme of 
12 locations (undertaken at the recommended minimum sampling densities for site 
characterisation - grid-based sampling requirements of NSW EPA (2022)), has been adopted 
for soil screening purposes.  This will include:

Soil investigation by the methods discussed in Section 6.5.

Collection of soil profile samples (including fill and natural soils where encountered) at 
each sampling location.

A selection of samples for analytical testing will be based on the soil units encountered at 
sampling locations and field observations made (including visual and olfactory evidence).  
Typically, at least one sample per location will be tested.

Analysis of samples for COPC identified by the CSM (Section 5.1) to assess the 
environmental condition of soils associated with AECs.

Data Quality Indicators 

In accordance with the requirements of NSW EPA (2017), the investigation data set has been 
compared with DQI outlined in Table 10 to ensure that collected data meets the project needs 
and that DQO has been met.

Table 10: Data Quality Indicators

Assessment Measure 
(DQI)

Comment

Precision a measure of 
the variability (or 
reproducibility) of data.

Precision is assessed by calculating the relative percent difference (RPD) between 
field duplicates and primary samples.

Data precision is deemed acceptable where results are 0 - 10 x EQL or where 
RPDs <50% (10 - 30 x EQL) or <30% (>30 x EQL). 

Exceedance of this range may still be considered acceptable where 
heterogeneous materials such as fill are sampled.  

Accuracy a measure of 
the closeness of reported 

Data accuracy is assessed by:

Field spikes and blanks.

Laboratory control samples.

Representativeness the 
confidence that data are 
representative of each 
media present on the Site.

To ensure data representativeness the following field and laboratory procedures are 
followed:

Ensure that the design and implementation of the sampling program have been 
completed in accordance with MA standard operating procedures (SOP). 

Trip blank and trip spike samples shall be used for volatiles during field sampling 
to ensure no cross contamination or laboratory artefacts.

Ensure that all laboratory hold times are met and that sample handling and 
transport are completed in accordance with the MA SOP.

Completeness A measure 
of the amount of usable 
data from a data collection 
activity.

To ensure data set completeness, the following is required:

Confirmation that all sampling methodology was completed in general 
accordance with the MA SOP.

COC and receipt forms.

Results from all laboratory QA / QC samples (lab blanks, trip blank, trip spike, 
lab duplicates).

NATA accreditation stamp on all laboratory reports.
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Assessment Measure 
(DQI)

Comment

Comparability - The 
confidence that data may 
be considered to be 
equivalent for each 
sampling and analytical 
event.

Data comparability is maintained by ensuring that:

All Site sampling events are undertaken following methodologies outlined in MA 
SOP and published guidelines.

NATA accredited laboratory methodologies shall be followed on all laboratory 
analysis.

Site Assessment Criteria

The SAC adopted for the investigation are listed in Table 11.  Where laboratory double 
compositing of primary soil samples has occurred, the contaminant SAC has modified to half of 
the SAC value for screening purposes.
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Table 11: Site Assessment Criteria.

Media Adopted 
Guidelines

Applicability

Soil ASC NEPM 
(2013)

Health investigation levels (HIL)

NEPC (2013a) HIL C Public open space (i.e. parks, play grounds, playing fields, 
ovals, secondary schools and foot path)

Health screening levels (HSL)

Petroleum hydrocarbon HSLs

NEPC (2013a) HSL C Recreational / Open space (coarse soils).

Asbestos HSLs

Assessed on a visual and detect / non-detect basis.

Ecological Investigation Levels (EIL)

Urban residential and public open space land use

EILs have been derived by using the methodology prescribed in Schedule B1 of NEPC 
(2013a).  EILs are calculated by using the Added Contaminant Levels (ACL) for 
respective contaminants presented in Table 1B(1), Table 1B(2), Table 1B(3), Table 
1B(4) and Table 1B(5) from Schedule B1 of NEPC (2013).  Ambient Background 
Concentrations (ABC) are also used for the calculation of EILs and are based on ABC 
concentrations for NSW old suburb / low traffic settings, as tabulated in Schedule 
B5c of NEPC (2013c) for respective contaminants.  

The following physiochemical properties and considerations were calculated from 
laboratory analysis of 3 natural samples across the Site limited site-specific data: 

pH: pH 5.6.

CEC: 4.17 cmol/kg.

Clay content: 5 %.

Contamination is considered aged (>2 years).

The site-specific EIL calculations are presented in Appendix F.

Ecological Screening Levels (ESL)

N )pyrene (coarse textured soils) in 
urban residential and public open space land use settings.  

Management Limits

NEPC (2013a) Management Limits (coarse textured soils) are adopted for 
assessment of TRH in residential, parkland, and public open space settings

Soil Investigation Methodology

The soil investigation and sampling methodology provide in Table 12 was completed to meet the 
project DQO.
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Table 12: Investigation and sampling methodology

Activity Detail / Comments

Fieldworks Subsurface soil investigations were completed on 15 August 2023 by an experienced MA 
environmental consultant and involved:

Excavation of 24 surface samples (SS01 SS24) using a clean shovel up to a 
maximum investigation depth of 0.2 mBGL and collection of soil samples.

Excavation of 12 boreholes (BH201 BH212) using an electric auger up to a 
maximum investigation depth of 1.0 mBGL and collection of soil samples.

12 x 500 mL asbestos fines (AF) / friable asbestos (FA) samples were collected in 
zip locked bags from the excavated boreholes for laboratory assessment for 
asbestos in soil in accordance with ASC NEPM (2013).  

Laboratory double composting of 24 collected surface samples and laboratory 
analysis for 12 composites samples.

Laboratory analysis of 12 discrete soil samples.

Collection and laboratory analysis of 2 soil duplicate samples.

Sampling locations are shown in Appendix A Map 12.

Soil logging and field 
Observations

Soils were described in the field, with soil classifications and descriptions based on the 
Unified Soil Classification System (USCS) and Australian Standard AS 1726 2017 
Geotechnical site investigations.  

Soils were also evaluated qualitatively for odour, visual evidence of contamination, and 
presence of anthropogenic inclusions.

Soil descriptions and field observations are summarised in Section 7.1.

Soil sampling Soil samples were collected by grab method, using unused, dedicated nitrile gloves.  
Samples were placed into laboratory supplied, acid washed, solvent rinsed, 250 mL glass 
jars, and filled with sufficient sample to minimise headspace to limit volatile loss, then 
sealed by a plastic lid.

Blind field duplicates collected at a rate of 1 per 10 primary samples.  Field duplicate 
samples were separated from respective primary samples and placed into glass jars. 

AF/FA soil samples were collected in zip locked bags.

Soil sample 
identification, 
storage, and handling 

Sampling jars and zip locked bags were labelled with site specific nomenclature, including 
project number, sample location, sampling depth, date, and sampler initials.  

Sampling jars were stored in a refrigerated (ice-brick) cooler box and transported to 
Envirolab Services, a NATA accredited analytical laboratory, with an accompanying Chain 
of Custody (COC) document and laboratory supplied security seals. 

Laboratory analysis of 12 x 500 mL of soil samples collected in zip locked bags were 
dispatched to Australian Safer Environment and Technology for the analysis of AF/FA 
samples.

Sample Receipt Advice (SRA) was provided by each laboratory, documenting sample 
conditions upon receipt at the laboratory. 

Copies of COC and SRA documents are presented in Appendix H. 

Decontamination The auger and shovel used for soil excavation purposes was decontaminated between 
sampling points by scrubbing with a solution of Decon 90, followed by rinsing with potable 
water. 

Laboratory Analytical Suite

Laboratory analysis of soil samples was performed by Envirolab Services Pty Ltd, a NATA-
accredited analytical laboratory.  24 surface samples were double composited by the laboratory 
prior to analysis (identified as CO1 to CO12).

A summary of the laboratory analyses conducted for the investigation is provided in Table 13. 
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Table 13: Summary of Soil Laboratory Analysis 

COPC Primary Samples 
Analysed 

Composite Samples 
Analysed 

QA/QC Samples 
Analysed 

BTEXN 12 - 1 trip spike 

TRH 12 - 1 trip blank 

PAH 12 - - 

HM1 12 12 2 duplicates 

OCP / OPP 12 12 - 

Phenyl acid and triazine 
(Herbicides) - 12 - 

Asbestos in soil 12 - - 

AF/FA 12 - - 

pH and CEC 3 - - 

Notes 

1 HM  arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc. 

Laboratory chain of custody (COC) documentation relating to the proposed analysis of samples 
is provided in Appendix H. 
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7 Investigation Results

Subsurface Conditions

Surface soil sampling was performed at each sampling location utilising manual hand tools.  Soils 
observations from each sampling location indicated that fill material consisting of silty clayey sand
to a maximum target depth of 0.2 mbgl.  

Borehole soil sampling was performed at each sampling location utilising an electric auger.  Soils 
observations from each sampling location indicated that fill consisting of silty and / or clayey sand 
was observed up to 1.0 mbgl, with alluvium and / or residual soil consisting of sandy and / or silty 
clay underlying fill material to a maximum target depth of 1.2 mbgl.  

Groundwater or near surface intermittent water-bearing zones were not observed during intrusive 
investigation.

Sampling plan is provided in Appendix A (Map 12) and borehole logs are provided in Appendix 
E.

Field Observations

Field observations compiled during the intrusive investigation are summarised below:

Olfactory evidence of contamination was not detected in soils during sampling at each 
test location. 

Visual evidence of contamination (i.e., slag, heavy staining, ash, charcoal, or coal wash 
rejects, etc.) in soil samples collected was not observed.

Evidence of potential cement-fibre materials, potentially containing asbestos, were not 
observed in examined soils.

Soil Analytical Results

Samples collected from respective sampling locations were analysed for relevant COPC 
established by the CSM (Section 5) developed for the investigation.  Laboratory analytical results 
obtained from the two sampling event completed at the Site were compared to SAC established 
for the investigation.  A summary of these results is provided Table 14.

Table 14: Summary of Soil Analytical Results

Analyte Results Compared to SAC

Heavy metals HIL

Laboratory results from analysed soil samples were reported below HIL-C.

EIL

Laboratory results for metals were reported below the EIL.

OCP/OPP HIL

Laboratory results from analysed soil samples were reported below HIL-C.

EIL

Laboratory results from analysed soil samples were reported below EIL criteria.
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Analyte Results Compared to SAC

TRH, BTEXN, PAH HIL and HSL

Laboratory results from analysed soil samples were reported below HSL-C criteria.

EIL and ESL

Laboratory results from analysed soil samples were reported below respective EIL and 
ESL criteria.

AF/FA AF / FA was not detected in soil samples analysed by the analytical laboratory.

Phenyl Acid HIL

Laboratory results from analysed soil samples were reported below HIL-C.

Triazine (Herbicides) HIL

Laboratory results from analysed soil samples were reported below HIL-C.

Tabulated results showing laboratory establish contaminant concentrations for both composite 
and individual samples, alongside SAC, are present in Appendix F, while laboratory analytical 
reports are provided in Appendix H. 

QA/QC Data Review

Field QA/QC data was collected in accordance with the project SAQP, as presented in Section 5.  
A review of both field and laboratory QA/QC procedures has been completed for the project and 
is presented in the data validation report in Appendix G. 

Based on the review of QA/QC data, the overall quality of the field and analytical data obtained is 
considered to be of acceptable standard for interpretation.
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8 Discussion and Conclusion 

For the purposes of the proposed renovation works to 12 greens, this combined PSI and DSI has 
been completed by MA to evaluate potential land contamination associated with historical and 
current land use that may pose a potential risk to on and off site receptors. 

Available site history information indicated that the land was used as under construction as a golf 
course prior to 1941 and most of the existing greens were constructed prior to 1961.  The IA has 
remained its use as Bayview Golf Course to present day. 

IA walkover did not identify any surficial forms (i.e. soil staining or odour) of contamination.  
Council records indicate that Bayview Golf Course underwent earthworks during the 90s which 
are considered potential sources of contamination.   

A conceptual site model was developed for the site following the completion of the MA PSI
desktop review and visual site inspection, which identified the following AECs: 

o Existing golf course use. 

o Potential filled areas for the entire golf course. 

In consideration of the identified AECs, there is a potential for the exposure pathway between 
contaminant and receptor to be complete, indicating there to be a risk of contamination within the 
IA.  A soil sampling programme was therefore undertaken to further investigate these AECs via 
intrusive methods (surface sampling and borehole excavation) for visual assessment of asbestos 
and soil laboratory analysis of identified COPCs.  

24 surface soil samples were collected to a maximum depth of 0.2 mBGL within the areas of 
proposed renovation works for the 12 greens (24 surface samples double composited - forming 
12 composite samples).  12 boreholes were excavated via an electric auger to a maximum target 
depth of 1.2 mBGL at areas of potential fill. Soils at sampling locations were described fill material 
consisting of clayey and / or silty sands up to 1.0 mbgl, and alluvium and or residual soil material 
consisting of sandy and / or silty clays up to 1.2 mBGL. No visual evidence of potential 
contamination (i.e., PACM, odours or staining) was observed within subsurface soils. 

Laboratory results of primary and composite samples were compared to human health and 
ecological assessment criteria based on residential (with accessible soil) land use.  Laboratory 
analytical results for asbestos and all other COPCs were found at concentrations less than 
adopted SAC, indicating that contamination risk to human health and ecological receptors are 
considered low from potential exposure pathways via soil. 

In light of the above, MA consider the IA to be suitable for green redevelopment works and no 
further contamination investigations are required.   

We recommend that the following works are completed so that contamination risks remain low 
and acceptable during, and post construction works:  

 Preparation and implementation of a Construction Environmental Management Plan 
(CEMP) for the construction phase of the project. The CEMP is to include protocols to 
address any unexpected finds which may be encountered during targeted excavation 
works for footings and other potential targeted minor excavation as part of the proposed 
development.  



 

 

 

Combined PSI & DSI: Green Renovation Works at Bayview Golf Course, Bayview, NSW | 28 
 

 

martens 

 If required, undertake a formal waste classification assessment to ensure that any spoil 
generated during excavation work is classified and disposed of in accordance with NSW 
EPA (2014) Waste Classification Guidelines.   
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9 Limitations 

This combined PSI and DSI was undertaken in accordance with current industry standards.   

It is important to note that no land contamination study can be considered to be a complete and 
exhaustive characterisation of a site nor can it be guaranteed that any assessment shall identify 
and characterise all areas of potential contamination or all past potentially contaminating land 
uses.  This is particularly the case where onsite filling has occurred and site access was limited.  
Therefore, this report should not be read as a guarantee that only contamination identified shall 
be found on the site.  Should material be exposed in future which appears to be contaminated, 
additional testing may be required to determine the implications for the site.   

Martens & Associates Pty Ltd has undertaken this assessment for the purposes of assessing 
potential site contamination.  No reliance on this report should be made for any other investigation 
or proposal.  Martens & Associates Pty Ltd accepts no responsibility, and provides no guarantee 
regarding the characteristics of areas of the site not specifically studied in this investigation. 
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11 Attachment A: Maps 
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12 Attachment B: Proposed Masterplan 
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14 Attachment D: Desktop Contamination Searches 
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15 Attachment E: Borehole Logs 
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Preliminary and Detailed Site Invesitgation
Bayview Golf Course, NSW
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EQL 1 0.2 0.5 1 2 1 1 25 25 50 50 100 100 50 0.2 0.1 0.1 0.1 0.1 0.05 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.5 0.5 0.5 0.05
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BH207/0-0.2 15 Aug 2023 <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 <0.2 <0.1 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05
BH208/0-0.2 15 Aug 2023 <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 <0.2 <0.1 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05
BH209/0-0.2 15 Aug 2023 <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 <0.2 <0.1 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05
BH210/0-0.2 15 Aug 2023 <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 <0.2 <0.1 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05
BH211/0-0.2 15 Aug 2023 <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 <0.2 <0.1 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05
BH212/0-0.2 15 Aug 2023 <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 <0.2 <0.1 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05

Statistics
Number of Results 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Number of Detects 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 1 0 0 0 0 1 0 0 0 1
Minimum Concentration <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 0.2 <0.1 <0.1 <0.1 <0.1 <0.05 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 <0.5 <0.5 <0.05
Minimum Detect ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.2 ND ND ND 0.2 0.2 0.1 0.1 ND 0.3 ND ND ND ND 0.3 ND ND ND 1.3
Maximum Concentration <1 <0.2 <0.5 <1 <2 <1 <1 <25 <25 <50 <50 <100 <100 <50 0.2 <0.1 <0.1 <0.1 0.2 0.2 0.1 0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 0.3 <0.5 <0.5 <0.5 1.3
Maximum Detect ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.2 ND ND ND 0.2 0.2 0.1 0.1 ND 0.3 ND ND ND ND 0.3 ND ND ND 1.3
Average Concentration * 0.5 0.1 0.25 0.5 1 0.5 0.5 12 12 25 25 50 50 25 0.11 0.05 0.05 0.05 0.063 0.04 0.054 0.054 0.05 0.071 0.05 0.05 0.05 0.05 0.071 0.25 0.25 0.25 0.13
Median Concentration * 0.5 0.1 0.25 0.5 1 0.5 0.5 12.5 12.5 25 25 50 50 25 0.1 0.05 0.05 0.05 0.05 0.025 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.25 0.25 0.25 0.025
Standard Deviation * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.029 0 0 0 0.043 0.051 0.014 0.014 0 0.072 0 0 0 0 0.072 0 0 0 0.37
% of Detects 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 8 8 8 8 0 8 0 0 0 0 8 0 0 0 8
% of Non-Detects 100 100 100 100 100 100 100 100 100 100 100 100 100 100 92 100 100 100 92 92 92 92 100 92 100 100 100 100 92 100 100 100 92
* A Non Detect Multiplier of 0.5 has been applied.

Environmental Standards
NEPM, NEPM 2013 Table 1B(7) Management Limits in Res / Parkland, Coarse Soil
2013, NEPM 2013 Table 1A(3) Rec C Soil HSL for Vapour Intrusion, Sand
2013, NEPM 2013 Table 1B(6) ESLs for Urban Res, Coarse Soil
2013, NEPM 2013 Table 1A(1) HILs Rec C Soil
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Detect mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
EQL 4 0.4 1 1 1 0.1 1 1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NEPM 2013 Table 1B(7) Managemen t Limits in Res / Parkland, Coarse Soil
NEPM 2013 Table 1A(3) Rec C Soil HSL for Vapour Intrusion, Sand
NEPM 2013 Table 1B(5) Generic EIL - Urban Res & Public Open Space 100 320 95 1,100 25 250 180
NEPM 2013 Table 1B(6) ESLs for Urban Res, Coarse Soil
NEPM 2013 Table 1A(1) HILs Rec C Soil 300 90 300 17,000 600 80 1,200 30,000 10 400 340 20 10 400 250 1 20

Field ID Date

BH201/0-0.2 15 Aug 2023 0 6 <0.4 4 7 160 <0.1 2 57 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH202/0-0.2 15 Aug 2023 0 9 <0.4 7 15 14 <0.1 4 29 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH203/0-0.2 15 Aug 2023 0 8 <0.4 22 12 22 <0.1 11 36 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH204/0-0.2 15 Aug 2023 0 <4 0.6 9 14 11 2.1 19 32 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH205/0-0.2 15 Aug 2023 0 <4 <0.4 15 2 4 <0.1 <1 9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH206/0-0.2 15 Aug 2023 0 8 0.4 10 4 25 2.1 2 30 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH207/0-0.2 15 Aug 2023 0 6 0.6 9 10 10 2.0 3 22 0.3 <0.1 <0.1 <0.1 <0.1 0.7 0.6 <0.1 <0.1 <0.1 0.3 0.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH208/0-0.2 15 Aug 2023 0 5 <0.4 18 14 17 <0.1 3 37 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH209/0-0.2 15 Aug 2023 0 <4 <0.4 10 4 8 1.4 3 20 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH210/0-0.2 15 Aug 2023 0 5 <0.4 17 3 14 0.9 2 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH211/0-0.2 15 Aug 2023 0 <4 <0.4 7 7 8 <0.1 2 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
BH212/0-0.2 15 Aug 2023 0 <4 2 10 4 16 18 2 22 0.3 <0.1 <0.1 <0.1 <0.1 4.0 2.4 <0.1 <0.1 <0.1 0.3 1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Statistics

Number  of Results 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Number  of Detects 12 7 4 12 12 12 6 11 12 2 0 0 0 0 3 3 0 0 0 2 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Minimum Concentration 0 <4 0.4 4 2 4 <0.1 <1 9 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Minimum Detect 0 5 0.4 4 2 4 0.9 2 9 0.3 ND ND ND ND 0.1 0.2 ND ND ND 0.3 0.2 ND ND ND ND ND ND ND ND 0.2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Maximum Concentration 0 9 2 22 15 160 18 19 57 0.3 <0.1 <0.1 <0.1 <0.1 4 2.4 <0.1 <0.1 <0.1 0.3 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Maximum Detect 0 9 2 22 15 160 18 19 57 0.3 ND ND ND ND 4 2.4 ND ND ND 0.3 1 ND ND ND ND ND ND ND ND 0.2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Average Concentration * 0 4.8 0.43 12 8 26 2.2 4.5 27 0.092 0.05 0.05 0.05 0.05 0.44 0.3 0.05 0.05 0.05 0.092 0.19 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.062 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Median Concentration * 0 5 0.2 10 7 14 0.475 2.5 25.5 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Standard Deviation * 0 2.7 0.52 5.3 4.8 43 5 5.3 13 0.097 0 0 0 0 1.1 0.68 0 0 0 0.097 0.3 0 0 0 0 0 0 0 0 0.043 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

% of Detects 100 58 33 100 100 100 50 92 100 17 0 0 0 0 25 25 0 0 0 17 25 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% of Non-Detects 0 42 67 0 0 0 50 8 0 83 100 100 100 100 75 75 100 100 100 83 75 100 100 100 100 100 100 100 100 92 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

* A Non Detect Multiplier of 0.5 has been  applied.

Environmental Standards
NEPM, NEPM 2013 Table 1B(7) Management Limits in  Res / Parkland, Coarse Soil
2013, NEPM 2013 Table 1A(3) Rec C Soil HSL for Vapour Intrusion, Sand
2013, NEPM 2013 Table 1B(6) ESLs fo r Urban  Res, Coarse Soil
2013, NEPM 2013 Table 1A(1) HILs Rec C Soil

Met als Organochlorine Pesticides Organophosphorous Pest icides PCBs Pest icides
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EQL 4 0.4 1 1 1 0.1 1 1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NEPM 2013 Table 1B(5) Generic EIL - Urban Res & Public Open Space 50 160 47.5 550 1,100 12.5 125 90
NEPM 2013 Table 1A(1) HILs Rec C Soil 150 45 45 8500 300 40 600 15000 5 200 170 10 5 400 125 10

Field ID Date
Composite 1 15 Aug 2023 7 <0.4 4 7 29 <0.1 2 45 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 2 15 Aug 2023 8 <0.4 6 5 6 0.3 3 18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 3 15 Aug 2023 <4 0.8 7 9 19 <0.1 3 36 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 4 15 Aug 2023 <4 1 7 6 20 2.3 2 51 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 5 15 Aug 2023 <4 <0.4 4 4 8 1.5 1 19 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 6 15 Aug 2023 <4 <0.4 4 4 7 0.4 2 18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 7 15 Aug 2023 <4 0.6 6 5 7 2.5 2 19 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.3 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 8 15 Aug 2023 5 <0.4 7 5 15 <0.1 2 29 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 9 15 Aug 2023 <4 <0.4 6 6 9 0.3 2 25 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 10 15 Aug 2023 4 <0.4 9 8 18 0.4 5 32 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 11 15 Aug 2023 6 0.5 12 12 19 <0.1 3 32 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Composite 12 15 Aug 2023 10 <0.4 11 6 11 <0.1 3 29 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Statistics
Number of Results 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Number of Detects 6 4 12 12 12 7 12 12 0 0 0 0 0 2 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum Concentration 4 <0.4 4 4 6 <0.1 1 18 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Minimum Detect 4 0.5 4 4 6 0.3 1 18 ND ND ND ND ND 0.1 0.1 ND ND ND ND 0.1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Maximum Concentration 10 1 12 12 29 2.5 5 51 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.3 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Maximum Detect 10 1 12 12 29 2.5 5 51 ND ND ND ND ND 0.3 0.3 ND ND ND ND 0.2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Average Concentration * 4.3 0.38 6.9 6.4 14 0.66 2.5 29 0.05 0.05 0.05 0.05 0.05 0.075 0.088 0.05 0.05 0.05 0.05 0.071 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Median Concentration * 3 0.2 6.5 6 13 0.3 2 29 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Standard Deviation * 2.8 0.28 2.6 2.3 7.1 0.91 1 11 0 0 0 0 0 0.072 0.08 0 0 0 0 0.045 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% of Detects 50 33 100 100 100 58 100 100 0 0 0 0 0 17 25 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% of Non-Detects 50 67 0 0 0 42 0 0 100 100 100 100 100 83 75 100 100 100 100 75 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
* A Non Detect Multiplier of 0.5 has been applied.

Environmental Standards
2013, NEPM 2013 Table 1A(1) HILs Rec C Soil

Metals Organochlorine Pesticides Organophosphorous Pesticides Pesticides



Preliminary and Detailed Site Investigation
Bayview Golf Course
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mg/kg µg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
EQL 0.5 500 0.5 1 0.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2 0.5 1 0.5 1 0.5 0.5 0.5 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NEPM 2013 Table 1A(1) HILs Rec C Soil 2850 400 650 200 400 400 400

Field ID Date
Composite 1 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 2 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 3 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 4 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 5 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 6 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 7 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 8 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 9 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 10 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 11 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Composite 12 15 Aug 2023 <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Statistics
Number of Results 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Number of Detects 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum Concentration <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Minimum Detect ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Maximum Concentration <0.5 <500 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <0.5 <1 <0.5 <1 <0.5 <0.5 <0.5 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Maximum Detect ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Average Concentration * 0.25 250 0.25 0.5 0.25 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 1 0.25 0.5 0.25 0.5 0.25 0.25 0.25 0.5 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Median Concentration * 0.25 250 0.25 0.5 0.25 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 1 0.25 0.5 0.25 0.5 0.25 0.25 0.25 0.5 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Standard Deviation * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
95% UCL (Student's-t) * 0.25 250 0.25 0.5 0.25 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 1 0.25 0.5 0.25 0.5 0.25 0.25 0.25 0.5 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
% of Detects 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% of Non-Detects 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
* A Non Detect Multiplier of 0.5 has been applied.

Environmental Standards
2013, NEPM 2013 Table 1A(1) HILs Rec C Soil

NA Phenols Other Herbicides



Inputs
Select contaminant from list below

Cr_III Land use
Below needed to calculate fresh and aged 
ACLs (mg contaminant/kg dry soil)

Fresh Aged

4.17

National parks and areas of 
high conservation value

120 110

5.6

Commercial and industrial 290 530

1

Enter % clay (values from 0 to 100%) 0

5
Below needed to calculate fresh and aged 
ABCs 120 110

Measured background concentration 
(mg/kg). Leave blank if no measured value 200 320

or for fresh ABCs only 290 530

Enter iron content (aqua regia method) 
(values from 0 to 50%) to obtain estimate 
of background concentration

7

or for aged ABCs only

Enter State (or closest State)

NSW

Enter traffic volume (high or low)

low actual result 115.9480486 110.0407355

201.5621329 324.0759464

285.8808403 534.8727149

Outputs

Urban residential and open 
public spaces

200 320

Cr III  soil-specific EILs



Inputs
Select contaminant from list below

Cu Land use
Below needed to calculate fresh and aged 
ACLs (mg contaminant/kg dry soil)

Enter cation exchange capacity (silver 
thiourea method) (values from 0 to 100 
cmolc/kg dwt) Fresh Aged

4.17

National parks and areas of 
high conservation value

40 45

Enter soil pH  (calcium chloride method) 
(values from 1 to 14)

5.6

Enter organic carbon content (%OC) 
(values from 0 to 50%)

Commercial and industrial 80 130

1
0

10
Below needed to calculate fresh and aged 
ABCs 40 45

Measured background concentration 
(mg/kg). Leave blank if no measured value 60 95

or for fresh ABCs only 80 130

Enter iron content (aqua regia method) 
(values from 0 to 50%) to obtain estimate 
of background concentration

7

or for aged ABCs only

Enter State (or closest State)

NSW

Enter traffic volume (high or low)

low actual result 40.13727086 43.36309496

61.10831661 94.36626097

80.49664194 129.9774707

Outputs

Urban residential and open 
public spaces

60 95

Cu soil-specific EILs



Inputs
Select contaminant from list below

Ni Land use
Below needed to calculate fresh and aged 
ACLs (mg contaminant/kg dry soil)

Enter cation exchange capacity (silver 
thiourea method) (values from 0 to 100 
cmolc/kg dwt) Fresh Aged

4.17

National parks and areas of 
high conservation value

30 9

5.6

Commercial and industrial 40 40

1
0

10
Below needed to calculate fresh and aged 
ABCs 30 9

Measured background concentration 
(mg/kg). Leave blank if no measured value 35 25

or for fresh ABCs only 40 40

Enter iron content (aqua regia method) 
(values from 0 to 50%) to obtain estimate 
of background concentration

7

or for aged ABCs only

Enter State (or closest State)

NSW

Enter traffic volume (high or low)

low actual result 27.60117155 8.594751849

33.27961815 26.06398452

39.86368996 41.07365013

Outputs

Urban residential and open 
public spaces

35 25

 Ni soil-specific EILs



Inputs
Select contaminant from list below

Zn Land use
Below needed to calculate fresh and aged 
ACLs (mg contaminant/kg dry soil)

Enter cation exchange capacity (silver 
thiourea method) (values from 0 to 100 
cmolc/kg dwt) Fresh Aged

4.17

National parks and areas of 
high conservation value

50 110

Enter soil pH  (calcium chloride method) 
(values from 1 to 14)

5.6

Commercial and industrial 140 340

1
0

5
Below needed to calculate fresh and aged 
ABCs 50 110

Measured background concentration 
(mg/kg). Leave blank if no measured value 100 250

or for fresh ABCs only 140 340

Enter iron content (aqua regia method) 
(values from 0 to 50%) to obtain estimate 
of background concentration

7

or for aged ABCs only

Enter State (or closest State)

NSW

Enter traffic volume (high or low)

low actual result 49.88967676 114.1037823

98.59682366 246.4968235

136.8643155 340.5211809

Outputs

Urban residential and open 
public spaces

100 250

Zn soil-specific EILs
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17 Attachment G: Data Quality Assessment 

Sample Handling 

Lab Report 
Sample Chain of 
Custody (COC) 

Procedures 

Sample  
Preservation 

Sample Receipt 
Notification 

Matches COC 

Samples Analysed 
Within Holding 

Time 

330569  S Pass Pass Pass Pass 

Precision / Accuracy 

Lab Report 
Analysed by NATA 

Laboratory 
Trip Spike and 

Blank Used 

Adequate 
Duplicates 
Analysed 

Field Rinsate 
Analysed 

330569  S Pass Pass Pass NA 

Trip spike and blank were reported within the acceptable recovery range. 

Trip blank reported less than LOR for volatile analysis. 

As dedicated sampling equipment were used during the investigation, no rinsate was required. 

Duplicates and Laboratory QA / QC 

Lab Report Field RPD 
Laboratory 
Surrogate 
Recovery 

Laboratory 
Duplicate RPD 

Lab Blank and 
Matrix Spike 

Recovery 

Laboratory 
Control Sample 

330569  S Pass Pass Pass Pass Pass 

RPD control limits between primary sample BH208/0-0.2 and duplicate sample DUP01, and 
between primary samples BH210/0-0.2 and duplicate sample DUP02, both met acceptable RPD 
values for all heavy metals apart for copper and zinc, and chromium, respectively.  Considering 
these high RPD values are likely attributed to the heterogeneous nature of fill material and that 
the exceeded concentrations are below the adopted SAC, the data is useable for this report. 
 



Lab Report Number 330569 330569 330569 330569
                    Field ID BH208/0-0.2 DUP01 BH210/0-0.2 DUP03

                            Date 15 Aug 2023 15 Aug 2023 15 Aug 2023 15 Aug 2023
              Matrix Type Soil Soil RPD Soil Soil RPD

Metals
Arsenic mg/kg 4 5 6 18 5 <4 22
Cadmium mg/kg 0.4 <0.4 <0.4 0 <0.4 <0.4 0
Chromium (III+VI) mg/kg 1 18 22 20 17 8 72
Copper mg/kg 1 14 25 56 3 2 40
Lead mg/kg 1 17 14 19 14 11 24
Mercury mg/kg 0.1 <0.1 0.1 0 0.9 0.7 25
Nickel mg/kg 1 3 3 0 2 1 67
Zinc mg/kg 1 37 16 79 17 13 27

*RPDs have only been considered where a concentration is greater than 1 times the EQL.
**Elevated RPDs are highlighted as per QAQC Profile settings (Acceptable RPDs for each EQL multiplier range are: 81 (1 - 10 x EQL); 50 (10 - 30 x EQL); 30 ( > 30 x EQL) )
***Interlab Duplicates are matched on a per compound basis as methods vary between laboratories.  Any methods in the row header relate to those used in the primary laboratory

Unit EQL
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18 Attachment H: Laboratory Analytical Results, 

COC and Sample Receipt  
















































































































































