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Executive Summary 

Introduction 

BHP Billiton Western Australia Iron Ore (BHP WAIO) engaged Cardno (WA) Pty Ltd (Cardno) to undertake a 
Preliminary Per and Poly-fluoroalkyl Substances (PFAS) Assessment at Mining Area C (herein referred to as 
óthe Siteô or MAC). The Site is located approximately 110 kilometres (km) northwest of Newman in the 
Pilbara region of Western Australia (WA). 

Objectives 

The overarching objective of the investigation is to identify potential source areas and provide a high-level 
understanding of potential (PFAS) Source-Pathway-Receptor (S-P-R) linkages associated with MAC and 
assess the potential risks to human health and the environment. 

Site Characteristics 

> The Site operates under licence L7851/2002/6 issued by the Department of Water and Environmental 
Regulation (DWER) within Mining Tenement ML281SA and under Ministerial Statement MS491; 

> Open pit mining techniques, ore processing methods and associated infrastructure are utilised and 
present on-site, including: 

�� Mining of ore using conventional, progressive, open pit mining methods;  

�� Mine dewatering in order to access ore located below the water table; 

�� Groundwater abstraction using a network of bores and in-pit sumps to meet the water demand for the 
Site; 

�� Water disposal infrastructure;  

�� Waste management facilities (including inert and putrescible landfills; and bioremediation farms);  

�� Accommodation camps and ancillary support operations i.e., Airport; and 

�� Use of workshops, consumable storage areas, offices, and other service facilities (such as the bulk 
ammonium nitrate and explosive storage facility) and infrastructure required (including fuel storage 
areas, refuelling stations and washdown facilities) for the operation of the mine. 

Scope of Work 

The assessment included the tasks summarised below: 

> Document review; 

> Site Inspection, including limited opportunistic sediment and surface soil sampling; 

> Identification of Areas of Potential Concern (AoPC) incorporating BHP WAIO registered contamination 
areas and sites identified during the Cardno site inspection; 

> Completion of the field assessment across the identified AoPC and groundwater assessment, including: 

�� Collection of 98 surface soil samples; 

�� Collection of 21 sediment samples; 

�� Collection of 19 surface water samples; 

�� Collection of four groundwater samples from existing groundwater monitoring bores; 

�� Collection of 24 groundwater samples from groundwater production (dewatering) bores; 

�� Collection of two samples from potable water supply bores; and 

�� Collection of two samples from managed aquifer recharge (MAR) bores. 

Identified Potential Source Areas 

On completion of the field assessment the results indicated that there are five potential source areas, where 
PFAS is present and considered to potentially pose a risk, namely: 

> AoPC 1 - Coondawanna Airport; 
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> AoPC 7 - New Firefighting Training Ground; 

> AoPC 9 - MAC Medical Centre; 

> AoPC 10 - Heavy Vehicle Workshops; and 

> AoPC 12 - Bioremediation Farm.     

PFAS was identified within surface soil, surface water or sediment at each of these AoPC, including 
concentrations that exceed the relevant adopted assessment criteria.   

Of the 51 surface soil and sediment samples across the five AoPCôs, 38 samples recorded leachate 
concentrations above the adopted ecological assessment criteria. The highest concentrations were primarily 
associated with unregulated compounds (such as 6:2 FTS), likely associated with the use of ónewerô C6 
firefighting foams. The elevated concentrations within leachate indicates PFAS compounds have historically 
been discharged to the environment at these locations. The connection to groundwater is currently not 
understood and is considered a residual data gap. 

Given the large site area, complex geology and depth to groundwater, exceedance of criteria does not 
indicate an immediate risk to receptors, although further investigation is required to delineate the extent of 
the impacts and potential for future migration. 

Recommendations  

Following refinement of the CSM the identified AoPC were also considered to represent potentially complete 
S-P-R linkages, largely due to limited delineation of potential impacts at identified source sites.  

During the site visit, six BHP contaminated sites reference areas were unable to be accessed and should be 
investigated as part of future investigations. 

> AC-04 ï Inert Landfill; 

> AC-05 ï Area C Landfill ï Putrescible; 

> AC-06 ï Historical Sewerage Irrigation Area; 

> AC-13 ï BioMax Evaporation Pond ï OHP; 

> AC-17 ï Packsaddle Historical Sewerage Irrigation Area; and 

> AC-19 ï BioMax Evaporation Pond ï E Deposit. 

In addition, it is recommended that the identified AoPC undergo further assessment as summarised below: 

> Investigation of soils at depth to assess subsurface PFAS mass: 

�� AoPC 1 (AC-16) - Coondawanna Airport; 

�� AoPC 7 (No BHP ID) - New Firefighting Training Ground; 

�� AoPC 9 (AC-22) - MAC Medical Centre; and 

�� AoPC 10 (AC-09) - Heavy Vehicle Workshops. 

> Assessment on the nature of the bioremediation cells and source of material transferred to the cells in 
terms of material management: 

�� AoPC 12 (AC-03) - Bioremediation Farm. 

> Installation of groundwater monitoring bores down-gradient to assess potential groundwater impacts 
migrating to nearby receptors:  

�� AoPC 1 (AC-16) - Coondawanna Airport; 

�� AoPC 7 (No BHP ID) - New Fire Fighting Training Ground; 

�� AoPC 9 (AC-22) - MAC Medical Centre; 

�� AoPC 10 (AC-09) - Heavy Vehicle Workshops; and 

�� AoPC 12 (AC-03) ï Bioremediation Farm. 
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List of Abbreviations and Units 

Chemical Names 
PFAS Per- and poly-fluoroalkyl substances 

PFBS Perfluorobutane sulfonic acid  

PFPeS Perfluoropentane sulfonic acid 

PFHxS Perfluorohexane sulfonic acid 

PFHpS Perfluoroheptane sulfonic acid  

PFOS Perfluorooctane sulfonic acid  

PFDS Perfluorodecane sulfonic acid  

PFBA Perfluorobutanoic acid  

PFHxA Perfluorohexanoic acid  

PFHpA Perfluoroheptanoic acid  

PFPeA Perfluoropentanoic acid  

PFDA Perfluorodecanoic acid  

PFUnDA Perfluoroundecanoic acid  

PFDoDA Perfluorododecanoic acid  

PFTrDA Perfluorotridecanoic acid  

PFNA Perfluorononanoic acid   

PFOA Perfluorooctanoic acid  

PFTeDA Perfluorotetradecanoic acid  

FOSA Perfluorooctane sulfonamide  

MeFOSA N-Methyl perfluorooctane sulfonamide  

EtFOSA N-Ethyl perfluorooctane sulfonamide  

MeFOSE N-Methyl perfluorooctane sulfonamidoethanol  

EtFOSE N-Ethyl perfluorooctane sulfonamidoethanol  

MeFOSAA N-Methyl perfluorooctane sulfonamidoacetic acid  

EtFOSAA N-Ethyl perfluorooctane sulfonamidoacetic acid  

4:2 FTS 4:2 Fluorotelomer sulfonic acid  

6:2 FTS  6:2 Fluorotelomer sulfonic acid   

8:2 FTS 8:2 Fluorotelomer sulfonic acid  

10:2 FTS 10:2 Fluorotelomer sulfonic acid  

Technical Terms 
AFFF Aqueous Film Forming Foam 

ANZECC Australian and New Zealand Environment and Conservation Council 

AoPC Areas of Potential Concern 

ARMCANZ Agriculture and Resource Management Council of Australia and New Zealand 

AS Australian Standard 

BGL Below Ground Level 
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BHP  BHP Billiton  

BOM Bureau of Meteorology 

CEC Cation Exchange Capacity 

CoC Chain of Custody 

CoPC Contaminant of Potential Concern 

CS Contaminated Site 

CSM Conceptual Site Model 

DA Designated Area 

DER Department of Environment and Regulation 

DO Dissolved Oxygen 

DPaW Department of Parks and Wildlife 

DQI Data Quality Indicator 

DQO Data Quality Objective 

DRF Declared Rare Flora 

DSI Detailed Site Investigation 

DWER Department of Water and Environmental Regulation 

EC Electrical Conductivity 

EPA Environment Protection Authority 

EMW Electro Magnetic Wand 

FFFTG Former firefighting training ground 

FS Feasibility Study 

GDA Geocentric Datum of Australia 

GME Groundwater Monitoring Event 

GPR Ground Penetrating Radar 

HEPA Heads of EPAs Australia and New Zealand 

HV Heavy vehicle 

IBRA Interim Biogeographical Regionalisation of Australia 

LCS Laboratory control samples 

LOR Limit of Reporting 

LV Light vehicle 

MAC Mining Area C 

MAR Mandatory Audit Report 

MGA Map Grid of Australia 

N/A Not Applicable 

NAPL Non-Aqueous Phase Liquid 

NATA National Association of Testing Authorities 

NJV Newman Joint Venture 

ORP Oxidation Reduction Potential  

OWS Oil water separator 

PPE Personal Protection Equipment 

PSI Preliminary Site Investigation 

QA Quality Assurance 

QC Quality Control 
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RPD Relative Percentage Difference 

SAQP Sampling and Analysis Quality Plan 

S-P-R Source-pathway-receptor 

SWL Standing water level 

TDS Total dissolved solids 

UCS Unified Classification System 

WAIO Western Australia Iron Ore 

WWTP Wastewater treatment plant 

Units 
ÁC Degrees Celsius 

Ha Hectares 

L Litre 

m AHD Meters Australian Height Datum 

m BGL Metres Below Ground Level 

m btoc Metres below Top of Casing 

mg/L Milligram per Litre 

Õg/L Micrograms per Litre 
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1 Introduction 

BHP Billiton Western Australia Iron Ore (BHP WAIO) engaged Cardno (WA) Pty Ltd (Cardno) to undertake a 
Preliminary Per and Poly-fluoroalkyl Substances (PFAS) Assessment at Mining Area C (herein referred to as 
óthe Siteô or MAC). The Site is located approximately 110 kilometres (km) northwest of Newman in the 
Pilbara region of Western Australia (WA), as shown in Figure 1, Appendix A. 

1.1 Background 
BHP WAIO currently operates a number of Iron Ore mines and associated rail and port infrastructure within 
the Pilbara region of WA. Current mining operations include the: 

> Eastern Ridge hub, located approximately 5.0 km east of Newman; 

> MAC, located approximately 110 km northwest of Newman; 

> Newman Joint Venture (NJV) hub, located approximately 2.0 km west of Newman and consists of Mount 
Whaleback; 

> Wheelarra Hill (Jimblebar) Mine, located approximately 35 km east of Newman; and 

> Yandi Mine, located approximately 120 km northwest of Newman. 

Ore from the Pilbara operations is transported to Port Hedland via the BHP Billiton Newman to Port Hedland 
mainline (and associated spur lines). Ore is then shipped out through Port Hedland at the BHP Billiton 
facilities at Nelson Point and Finucane Island. 

MAC operates under licence L7851/2002/6 issued by the Department of Water and Environmental 
Regulation (DWER) within Mining Tenement ML281SA and under Ministerial Statement MS491. 

1.2 Objectives 
The overarching objective of the investigation is to identify potential source areas and provide a high-level 
understanding of potential (PFAS) Source-Pathway-Receptor (S-P-R) linkages associated with MAC and 
assess the potential risks to human health and the environment. 

1.3 Context of Assessment 
Prior to the completion of the field assessment the following tasks were undertaken: 

> Document Review ï Review of identified potential contamination source areas and familiarisation with 
previous investigations, concentrating on the hydrogeology of MAC and surrounding ore deposits and the 
hydrogeological conceptualisation of the local Pilbara Region. Site information, Environmental setting and 
knowledge base and document review information are provided in Appendix C and Appendix D; 

> Site Inspection - A detailed site inspection was conducted with the aid of site plans and information 
obtained from the document review to understand the environmental setting and potential source areas.  
This information was utilised to develop of the Sampling Analysis and Quality Plan (SAQP). The site 
inspection was undertaken by Mark Harris (Cardno) with support from Ian Raymond (BHP WAIO) 
between 3 and 5 May 2021. Details of the findings of the Site Inspection are discussed within the SAQP 
(Cardno, 2021): 

�� Cardno 2021, Sampling and Analysis Quality Plan, Preliminary PFAS Assessment - Mining Area C, 
CW1173100, 11 August 2021. 

> Limited Surface Soil Sampling Program - During the completion of the site inspection, a limited surface 
soil and sediment sampling program was undertaken within the following areas to further inform the 
understanding of potential contaminating activities within the suspected source areas: 

�� Former firefighting training ground (FFFTG); 

�� New heavy vehicle (HV) washdown bay; and 

�� Packsaddle wastewater treatment plant (WWTP).  
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> Independent Technical Review ï BHP WAIO engaged a DWER accredited Contaminated Sites Auditor, 
Mr Ron DôErcole of JBS&G Pty Ltd, as the Technical Advisor (TA) for this project.  The SAQP was 
submitted to the Auditor for review and feedback incorporated into the sampling plan.  The Auditor 
generally concurred with the sampling approach, noting the limitations of the study which is restricted to 
shallow surface soil sampling and utilisation of existing hydrological monitoring bores. 

1.4 Relevant Guidelines 
The investigation, assessment, management and remediation of potentially contaminated sites in WA is 
directed by the Contaminated Site (CS) Act, aided by associated industry standards and guidelines. The 
DWER is responsible for the enforcement of the CS Act. The scope of works was undertaken in general 
accordance with the following documents: 

> Australian Standard AS 4482-2005 Guide to the investigation and sampling of sites with potentially 
contaminated soils, Part 1 ï Non-volatile and semi-volatile compounds; 

> Australian/New Zealand Standard AS/NZS 5667.11:1998 Water qualityðSampling, Part 11: Guidance on 
sampling of groundwaters; 

> Department of Water and Environmental Regulation (DWER), 2021, Assessment and Management of 
Contaminated Sites; 

> Heads of EPAs Australia and New Zealand (HEPA), 2020, PFAS National Environmental Management 
Plan (NEMP); 

> National Environment Protection Council (NEPC), 1999, National Environmental Protection (Assessment 
of Site Contamination) Measure (as amended), registered May 2013; 

> U.S. Environmental Protection Agency (EPA), 2000, óGuidance for the Data Quality Objectives Processô 
(EPA QA/G-4); and  

> USEPA, 2002, óGuidance on Environmental Data Verification and Data Validationô (EPA QA/G-8). 

1.5 Standards and Basis of Assessment, Limitations and Assumptions 
This assessment report has been prepared in general accordance with the current ñindustry standardsò for 
an assessment of this type for the purpose, objectives and scope identified in this report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 
information reviewed at the date of preparation of the report. Cardno has no responsibility or obligation to 
update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. The current use of the Site will remain as it was at the time of preparing this report. 

The opinions, conclusions and any recommendations in this report may necessarily be based on reasonable 
assumptions made by Cardno, and if so, these will be clearly identified in this report. It is noted that to the 
extent the report relies on assumptions, these can give rise to discrepancies to the extent that they may or 
may not represent actual existing circumstances or eventuate to be correct assumptions. 

The opinions, conclusions and any recommendations in this report are based on information obtained from, 
and testing undertaken at or in connection with, specific sample points. It is noted that site conditions at other 
parts of the site may be different from the site conditions found at the specific sample points. 

Site conditions (including the presence of hazardous substances and/or site contamination) may change 
after the date of this Report. Cardno does not accept responsibility arising from, or in connection with, any 
change to the site conditions. Cardno is also not responsible for updating this report if the site conditions 
change. 

> The findings presented within this report are primarily based upon the field and analytical results obtained 
throughout the assessment by Cardno such as soil, sediment, surface water and groundwater analytical 
data from the locations sampled. Reasonable effort has been made to collect and verify information from 
third parties such as anecdotal information provided by Site personnel; 

> The laboratory limits of reporting and assessment levels used in this investigation were appropriate at the 
time of the assessment; and 

> The term PFAS refers to a large number of perfluorinated and polyfluorinated substances. The analytical 
suite adopted for this assessment has included 28 compounds, including Perfluorooctanoic Acid (PFOA) 
Perfluorooctanesulfonic Acid (PFOS) and Perfluorohexanesulfonic Acid (PFHxS) for all surface soil, 
sediment, leachate, surface water and groundwater samples.  
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2 Site Inspection 

A site inspection was undertaken by Mark Harris (Cardno) with support from Ian Raymond (BHP WAIO) 
between 3 and 5 May 2021. The site inspection was undertaken to: 

> Familiarise the project team with operations at the Site; 

> Undertake a visual assessment of BHP WAIO registered contaminated sites; 

> Interview relevant operational personnel;  

> Undertake a visual assessment of additional potential areas of concern following interviews with 
operational personnel; and 

> Collect opportunistic samples to inform the subsequent planned investigation. 

2.1.1 BHP WAIO Identified Contaminated Sites/Areas 

As part of the site inspection each of the 18 BHP WAIO Identified Contaminated Sites/Areas (Table 3-1) 
were intended to be inspected. However, not all site/areas were accessible during the site inspection, as 
detailed in Table 2-1. 

Table 2-1 BHP WAIO Identified Contaminated Sites/Areas 

Potential Contaminated Source 
Areas ID Information 

Inert Landfill AC-04 This area was in a construction area associated with the South 
Flank extension and is considered to no longer exist 

Area C Landfill - Putrescible AC-05 This area was located within an area closed off for exploration 
drilling 

Historical Sewerage Irrigation Area AC-06 Located within an active mining area and located under a stockpile 
of overburden 

BioMax Evaporation Pond - OHP AC-13 Located within an active mining area and unable to arrange an 
escort during site inspection 

Packsaddle Historical Sewerage 
Irrigation Areas  AC-17 

Identified as a potential PFAS risk associated with closure 
remediation 

BioMax Evaporation Pond - E 
Deposit AC-19 Located within an active mining area and unable to arrange an escort during site inspection 

Details of the sites/areas inspected are provided in Appendix E.  

2.1.2 Inspection of Additional Areas of Potential Concern 

During the site inspection four additional areas were identified by on-site environmental scientist, Ian 
Raymond: 

> Mulla Mulla Village Wastewater Treatment Plant and Irrigation Area; 

> New Putrescible Landfill; 

> Western, Central and Eastern Infiltration Ponds; and 

> New Firefighting Training Ground. 

These areas are in addition to the BHP WAIO registered contaminated sites and observations made during 
the inspection of these areas are presented in Appendix F. 

2.2 Firefighting Foams 

2.2.1 Coondewanna Airport 

During the site inspection, discussions were undertaken with two members of BHP WAIO personnel (Mark 
and Larry) associated with the security and emergency at the airport. They indicated that: 

> There is one fire truck located at the airport, that is not permanently manned; 



Preliminary PFAS Assessment 
Mining Area C 

CW1173100 | 12 January 2022 | Commercial in Confidence 4

> Old foam utilised on-site was Fireaid 3%, with the new foam identified as Respondal ATF 3-3% (noted as 
a fluorine free product). The old foam was phased out in January 2021; 

> Approximately 20 drums of Respondal are stored, with each drum containing approximately 20 L; 

> Approximately three to four exercises are undertaken around the airport each year, with one major 
exercise event every second year, unsure of when the fire truck exercises started; and  

> There was no specific area around the airport where the exercises were undertaken, however, recent 
exercises were undertaken on the airport apron and not in the vicinity of the runway. 

2.2.2 Site Wide  

The AFFF utilised across the Site was changed out in January 2021. The original foam utilised on-site was 
Fireaid 3%, that has subsequently been replaced with a PFAS free solution, Solberg 3%. 

During the site inspection each emergency vehicle contained foam with the main foam storage area located 
at the Mulla Mulla Village Emergency Station and consisted of: 

> FireAde 3% - One IBC (1,000 L), one drum (205 L) and two small drums (25 L); and 

> Solberg 3% - Two IBCôs (1,000 L each), one drum (205 L). 

Photos of the foam products utilised and stored on-site are presented in Figure 2-1. 

Figure 2-1 Foam Products 

 

 

Class B firefighting foams are commercial surfactant solutions that are designed and used to combat Class B 
flammable fuel fires. All Class B foams are not the same. They can be divided into two broad categories from 
a PFAS perspective: fluorinated foams that contain PFAS and fluorine-free foams (F3) that do not contain 
PFAS. As displayed in Figure 2-2. 

The current firefighting foam (Solberg 3%) is noted to be fluorine-free and so considered a class-B non-
persistent solution.
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Figure 2-2 Determination of Foam Type 
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3 Areas of Potential Concern 

Following the completion of the document review and site inspection, a total of 13 AoPC were identified, 
incorporating BHP WAIO registered contamination areas and sites identified during the Cardno site 
inspection. This list excludes the six AoPC which were not able to be accessed during the site visit (see 
Section 2.1.1).   

Due to the conflicting naming convention and the fact that some sites arenôt currently assigned a BHP 
reference number, new AoPC numbers have been allocated for this phase of investigation. For clarity, all 
sites will herein be referred to by their AoPC number and BHP Contaminated Sites reference.  Following 
completion of future investigations, it is envisioned that all areas of interest will be assigned a BHP reference 
allowing for the use of the AoPC nomenclature to be removed. 

During the identification of AoPCs, consideration was also given to the movement of soils from identified 
AoPC and fire protection systems on mobile and fixed plant, including ore handling plants, rail load-out 
facilities and a railway spur; fuel storage areas, refuelling stations and washdown facilities. It has been 
reported that identified impacted soils are deposited in the Bioremediation Farm (AC-03) and there are no 
foam suppression systems on fixed plant. 

The AoPC as determined by Cardno that were considered to require further assessment are presented in 
Table 3-1. 

Table 3-1 Areas of Potential Concern 

AoPC No. BHP WAIO ID Location Activities of Concern 

AoPC 1  AC-16 Coondawanna Airport Firefighting equipment and storage 

AoPC 2  Not allocated a 
contaminated site ID 

Mulla Mulla Village WWTP and 
Irrigation Area 

General anthropogenic use ï 
treated wastewater 

AoPC 3  Not allocated a 
contaminated site ID 

New Putrescible Landfill General anthropogenic use ï waste 
disposal 

AoPC 4  Not allocated a 
contaminated site ID 

Western, Central and Eastern 
Infiltration Ponds 
(storage/infiltration/discharge of mine 
dewatering operations) 

General anthropogenic use ï 
treated wastewater 

AoPC 5  AC-12 Packsaddle WWTP General anthropogenic use ï 
treated wastewater 

AoPC 6 AC-05 Historical Putrescible Landfill General anthropogenic use ï waste 
disposal 

AoPC 7  Not allocated a 
contaminated site ID 

New Firefighting Training Ground Firefighting equipment and storage 

AoPC 8  Not allocated a 
contaminated site ID 

Inert Landfill General anthropogenic use ï waste 
disposal 

AoPC 9  AC-22 MAC Medical Centre (emergency 
vehicle washdown area) 

Firefighting equipment and storage 

AoPC 10  AC-09 Heavy Vehicle Workshops Firefighting equipment and storage 

AoPC 11  AC-10 and AC-11 New and Old Washdown Bays and 
Evaporation Ponds 

Firefighting equipment and storage 

AoPC 12  AC-03 Bioremediation Farm General anthropogenic use ï waste 
disposal 

AoPC 13  AC13, AC18, AC19, 
AC23, AC24 and AC25 

BioMax Facility Irrigation Areas ï A 
total of six individual facilities  

General anthropogenic use ï 
treated wastewater 

It is noted that the Firefighting Training Ground (AC-21) is understood to be assessed under a separate 
investigation, as part of a South Flank extension project, and is outside the scope of this investigation. 
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3.1.2 Groundwater 

Given the Site operates over a large area with multiple activities, a broader assessment of groundwater was 
proposed to identify potential impacts from unknown or general activities. As such, following the existing 
dewatering breakdown, the site has been split into Area A, Area C and Area E, associated with identified ore 
deposits. It was considered that collection of samples across the broader area would assist in identifying any 
potential impacts from activities across the Site to support the proposed targeted AoPC investigations. 

3.2 Areas of Potential Concern Risk Rating 
Each AoPC was rated in accordance with its considered PFAS risk, as presented in Table 3-3. The risk 
rating of each AoPC will be updated as the assessment progresses and additional information becomes 
available. The basis of the risk rating is presented in Table 3-2. 

Table 3-2 Risk Rating 

Risk Rating Criteria 

Low 
AoPC has not been historically investigated and activity associated with the AoPC is considered 
to be a minor source of PFAS.  I.e. incidental or sporadic releases / discharge or non-industrial 
source (mine camps) 

Medium AoPC has not been historically investigated and activity associated with the AoPC is considered 
to an intermediate source of PFAS i.e. disposal or period discharge of AFFF impacted material 

High 
AoPC has not been historically investigated and activity associated with the AoPC is considered 
to a major source of PFAS i.e. utilisation of AFFF, routine operational maintenance of AFFF 
equipment or landfilling/burials of wastes. 
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Table 3-3 Areas of Potential Concern Risk Rating 

AoPC BHP WAIO ID Description Risk Rating 
Previously Investigated Potential PFAS Impacted Media  

Comment 
Soil GW SW / 

Sediment Soil GW1 SW / 
Sediment 

AoPC 1 AC-16 Coondawanna Airport High �8 �8 �8 �9 �9 �8 
�ƒ AoPC has not been investigated  
�ƒ AFFF is considered to have been utilised during recent firefighting 
training exercises 

AoPC 2 Not allocated a 
contaminated site ID 

Mulla Mulla Village WWTP and Irrigation 
Area Low �8 �8 �8 �9 �9 �9 �ƒ AoPC has not been investigated  

�ƒ Risk of TWW to the irrigation sprayfield has not been investigated 

AoPC 3 Not allocated a 
contaminated site ID New Putrescible Landfill Medium �8 �8 �8 �9 �9 �8 

�ƒ AoPC has not been investigated  
�ƒ Landfill cells are understood to be unlined 

AoPC 4 Not allocated a 
contaminated site ID 

Western, Central and Eastern Infiltration 
Ponds (storage/infiltration/discharge of 
mine dewatering operations) 

Medium �8 �8 �8 �8 �9 �9 
�ƒ AoPC has not been investigated  
�ƒ Considered as pathway for potentially impacted abstracted 
groundwater to the environment, discharge creeks 

AoPC 5 AC-12 Packsaddle WWTP Low �8 �8 �8 �8 �9 �9 �ƒ AoPC has not been investigated  
�ƒ Risk of impacted TWW vertically migrating to groundwater 

AoPC 6 AC-05 Historical Putrescible Landfill Medium �8 �8 �8 �9 �9 �8 �ƒ AoPC has not been investigated  
�ƒ Landfill cells are understood to be unlined 

AoPC 7 Not allocated a 
contaminated site ID New Firefighting Training Ground High �8 �8 �8 �9 �9 �8 

�ƒ AoPC has not been investigated  
�ƒ AFFF is considered to have been utilised during recent firefighting 
training exercises 

AoPC 8 Not allocated a 
contaminated site ID Inert Landfill Low �8 �8 �8 �9 �9 �8 �ƒ AoPC has not been investigated  

�ƒ Landfill cells are understood to be unlined 

AoPC 9 AC-22 MAC Medical Centre (emergency vehicle 
washdown area) Medium �8 �8 �8 �9 �9 �8 

�ƒ AoPC has not been investigated  
�ƒ Potential release of residual AFFF during cleaning of emergency 
vehicles 

AoPC 10 AC-09 Heavy Vehicle Workshops High �8 �8 �8 �9 �9 �9 
�ƒ AoPC has not been investigated  
�ƒ Potential release of AFFF to unsealed surface during maintenance 
exercise 

AoPC 11 AC-10 and AC-11 New and Old Washdown Bays and 
Evaporation Ponds Medium �8 �8 �8 �8 �9 �9 �ƒ AoPC has not been investigated  

�ƒ AFFF from HVs wash off as part of maintenance exercise   

AoPC 12 AC-03 Bioremediation Farm Medium �8 �8 �8 �9 �9 �9 
�ƒ AoPC has not been investigated  
�ƒ Potentially receives/received AFFF impacted waste surface water 
and sediment from washdown bays 

AoPC 13 AC13, AC18, AC19, AC23, 
AC24 and AC25 

BioMax Facility Irrigation Areas ï A total 
of six individual facilities  Low �8 �8 �8 �9 �9 �9 

�ƒ AoPC has not been investigated  
�ƒ Risk of TWW to the irrigation fields or evaporation ponds has not 
been investigated 
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4 Preliminary Conceptual Site Model 

A Conceptual Site Model (CSM) is a testable representation of environmental processes on a site and its 
vicinity. Its purpose is to identify potential contamination sources, pathways, and receptors with a view to 
identifying potential and significant pollution linkages and related risks to human health and the environment. 
As described in this section, CSMs assist in the assessment of risk and, where required, provide a rational 
basis for the design of remedial solutions for soil, sediment, surface water and groundwater contamination. 
The CSM development process is also used to identify data gaps, uncertainties and to define the risk 
assessment approach. The CSM is a blueprint (a working hypothesis) for the understanding of site 
contamination and are updated as new information is obtained. 

Identified AoPC are shown on Figures 2 to 6, Appendix A. The preliminary CSM is based on the findings of 
the Cardno site inspection (Cardno 2021) and identified potential source areas provided by BHP WAIO. 

4.1 Contaminants of Potential Concern 
This assessment is focused on the potential S-P-R linkages associated with PFAS and whilst other CoPC 
may exist across MAC, these are outside the scope of this investigation. The PFAS compounds considered 
as part of this investigation in relation to surface soil, sediment, leachate, surface water and groundwater are 
displayed below:   

�ƒ Perfluorobutane sulfonic acid (PFBS) 
�ƒ Perfluoropentane sulfonic acid (PFPeS) 
�ƒ Perfluorohexane sulfonic acid (PFHxS) 
�ƒ Perfluoroheptane sulfonic acid (PFHpS) 
�ƒ Perfluorooctane sulfonic acid (PFOS) 
�ƒ Perfluorodecane sulfonic acid (PFDS) 
�ƒ Perfluorobutanoic acid (PFBA) 
�ƒ Perfluorohexanoic acid (PFHxA) 
�ƒ Perfluoroheptanoic acid (PFHpA) 
�ƒ Perfluoropentanoic acid (PFPeA) 
�ƒ Perfluorodecanoic acid (PFDA) 
�ƒ Perfluoroundecanoic acid (PFUnDA) 
�ƒ Perfluorododecanoic acid (PFDoDA) 
�ƒ Perfluorotridecanoic acid (PFTrDA) 
�ƒ Perfluorononanoic acid (PFNA)  
�ƒ Perfluorooctanoic acid (PFOA) 
�ƒ Perfluorotetradecanoic acid (PFTeDA)  

�ƒ Perfluorooctane sulfonamide (FOSA) 
�ƒ N-Methyl perfluorooctane sulfonamide (MeFOSA) 
�ƒ N-Ethyl perfluorooctane sulfonamide (EtFOSA)  
�ƒ N-Methyl perfluorooctane sulfonamidoethanol 
(MeFOSE) 

�ƒ N-Ethyl perfluorooctane sulfonamidoethanol 
(EtFOSE) 

�ƒ N-Methyl perfluorooctane sulfonamidoacetic acid 
(MeFOSAA) 

�ƒ N-Ethyl perfluorooctane sulfonamidoacetic acid 
(EtFOSAA) 

�ƒ 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 
�ƒ 6:2 Fluorotelomer sulfonic acid (6:2 FTS)  
�ƒ 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 
�ƒ 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 
�ƒ Sum of PFHxS PFOS  
�ƒ Sum of PFAS (WA DER List). 

4.2 Potential Sources 
The identified potential source areas of PFAS contamination are listed below, it is noted that certain source 
areas (Infiltration Ponds and Biomax facilities) have been combined to form an AoPC: 

> AoPC 1 (AC-16) - Coondawanna Airport; 

> AoPC 2 (No BHP ID) - Mulla Mulla Village WWTP and Irrigation Area; 

> AoPC 3 (No BHP ID) - New Putrescible Landfill; 

> AoPC 4 (No BHP ID) - Western, Central and Eastern Infiltration Ponds; 

> AoPC 5 (AC-12) - Packsaddle WWTP; 

> AoPC 6 (AC-05) - Historical Putrescible Landfill; 

> AoPC 7 (no BHP ID) - New firefighting training ground; 

> AoPC 8 (no BHP ID) - Inert Landfill; 

> AoPC 9 (AC-22) - MAC Medical Centre; 

> AoPC 10 (AC-09) - Heavy Vehicle Workshops; 



Preliminary PFAS Assessment 
Mining Area C 

CW1173100 | 12 January 2022 | Commercial in Confidence 10

> AoPC 11 (AC-10 and AC-11) - New and Old Washdown Bays and Evaporation Ponds; 

> AoPC 12 (AC-03) - Bioremediation Farm; and 

> AoPC 13 (AC13, AC18, AC19, AC23, AC24 and AC25) - Biomax Facilities and Irrigation Areas ï A total 
of six individual facilities.  

4.3 Potential Receptors 
The potential receptors, which may be adversely affected by the identified sources and associated CoPC 
include: 

4.3.1 Human Health 

> On-site workers and visitors;  

> On-site groundwater users; and 

> Off-site groundwater users. 

4.3.2 Environmental 

> Freshwater aquatic ecosystem (slightly to moderately disturbed); and 

> Native aquatic, avian and terrestrial wildlife. 

> Stygofauna and Troglofauna. 

4.4 Preferential Pathways 
The potential preferential pathways that could link the identified potential sources of contamination with the 
identified potential receptors include: 

> Leaching of contaminants from soil into groundwater; 

> Lateral migration of contaminants in groundwater via advection (and dispersion); 

> Discharge of contaminants in groundwater to surface water bodies;  

> Surface runoff from surficial soil impacted areas into drainage lines and surface water bodies; and 

> Emission of dust from soil profile and/or groundwater to atmosphere (vertical migration).  

4.5 Exposure Routes 
The potential routes that could cause the identified potential receptors to be exposed to contamination (i.e. 
exposure routes) are presented below. 

4.5.1 Human Health 

> Incidental ingestion (soil, sediment, surface water and/or groundwater); and 

> Inhalation of dust. 

Direct contact with impacted soil resulting in dermal absorption of PFAS through the skin is not considered to 
be an active exposure pathway. Studies have shown that under normal pH conditions, the potential for 
dermal exposure of PFAS is limited and that dermal adsorption will not significantly contribute to the level of 
risk posed (CRC CARE 2017). 

4.5.2 Environment 

> Dermal absorption (soil, sediment, surface water and/or groundwater);  

> Incidental ingestion (soil, sediment): 

> Intended ingestion (surface water, groundwater, vegetation, and/or prey); and 

> Uptake by vegetation (from soil, sediment, surface water and/or groundwater). 

4.6 Potential Linkages 
Potential pollutant linkages for human health and environmental receptors are presented in Table 4-1.
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Table 4-1 Potential Pollutant Linkages for Human Health and Environmental Receptors 

AoPC CoPC Preferential Pathway Exposure Routes Receptors  Likelihood of Pollutant 
Linkage (Risk) Discussion  

Human Health 

Areas of Potential Concern 
(AoPC 1 to AoPC 13)  

PFAS Compounds* 

Direct contact with potentially contaminated 
soil (surface/near surface). 
Transport of surface sediment and dust by 
wind and erosion. 

Dermal contact, direct contact with 
impacted soils.  
Inhalation of surface/near-surface 
contaminated soils/dust. 

�ƒ On-site workers (including 
intrusive workers) and/or 
visitors 

�ƒ Off-site users 

Potentially complete Concentrations of PFAS within surface and 
deeper soils are unknown.   

Vertical migration of contaminants from the 
soil profile into groundwater.  

Ingestion of groundwater through direct 
handling. 

�ƒ On-site workers (including 
intrusive workers) and/or 
visitors 

Potentially complete 

Depth to groundwater in the vicinity of the Site is 
approximately 50 - 70 m BGL, however, 
groundwater is abstracted as part of the mine 
dewatering process.  
Groundwater abstraction across the mine area 
has increased as operations have grown.  

Lateral migration of contamination in 
groundwater. 

Ingestion of groundwater through direct 
handling. 

�ƒ Off-site user (groundwater 
abstraction for non-potable use) Potentially complete Concentrations of PFAS within groundwater are 

unknown.   

Environment 

Areas of Potential Concern 
(AoPC 1 to AoPC 13)  

PFAS Compounds* 

Direct contact with potentially contaminated 
soil (surface/near surface). 
Transport of surface sediment and dust by 
wind and erosion. 

Dermal contact, direct contact with 
impacted soils. 
Inhalation of surface/near-surface 
contaminated soils/dust. 

�ƒ Native flora and fauna Potentially complete Concentrations of PFAS within surface and 
deeper soils are unknown.   

Vertical migration of contaminants from the 
soil profile into groundwater.  

Uptake of groundwater by native flora and 
fauna. �ƒ Native flora and fauna Incomplete 

Depth to groundwater in the vicinity of the Site is 
approximately 50 m ï 70 m BGL. 
No significant stygofauna communities are noted 
in groundwater in the inferred hydraulic 
downgradient 

Surface water runoff to surface water bodies. 

Ingestion of surface water through direct 
handling/contact. 
Bioaccumulation and biomagnification in 
the food chain (Consumption of impacted 
organisms) 

�ƒ Freshwater aquatic ecosystem 
�ƒ Native flora and fauna 

Potentially complete 
Concentrations of PFAS within water transferred 
to the Infiltration Ponds and later discharged to 
unnamed creeks is unknown. 

Notes 
* It is noted that additional CoPCs may be associated with the identified potential sources, but are outside the scope of this investigation. 
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5 Data Gap Assessment 

A total of 13 AoPC were identified in Section 3. These areas incorporate existing BHP WAIO registered 
contamination sites and additional areas of concern identified during the site inspection. The AoPC are 
presented in Table 3-1. 

A high-level data gap assessment for each AoPC has been undertaken, the results of the assessment are 
presented in Table 5-1. This information has been developed to prioritise the need for sampling based on S-
P-R linkages that are driving potential risk at the Site. 
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Table 5-1 Data Gap Assessment 

AoPC BHP WAIO ID Identification Information Previous Investigation Data Gaps 

AoPC 1 AC-16 Coondawanna Airport 
�ƒ The historical use of foams for training exercises is unknown. 
�ƒ The areas across the airport where training exercises have been 
undertaken is unknown. 

No previous investigations have 
been completed. 

The current condition and quality of surface soil in the vicinity of the airport 
apron and groundwater in the vicinity of the area is unknown. 

AoPC 2 Not allocated a contaminated site ID 
Mulla Mulla Village WWTP and 
Irrigation Area 

�ƒ WWTP identified as a potential secondary source of PFAS 
(NEMP, 2020). 

No previous investigations have 
been completed. 

The current condition and quality of surface soil across sprayfields is 
unknown, in addition the condition and quality of water that is sprayed 
across the sprayfields is also unknown. 

AoPC 3 Not allocated a contaminated site ID New Putrescible Landfill 
�ƒ Understood the landfill cells are unlined. 
�ƒ Landfills identified as a potential secondary source of PFAS 
(NEMP, 2020). 

No previous investigations have 
been completed. 

The current condition and quality of surface soil across the area and 
groundwater in the vicinity of the area is unknown. 

AoPC 4 Not allocated a contaminated site ID 
Western, Central and Eastern 
Infiltration Ponds 

�ƒ Not part of the current licence conditions to analyse surface water 
prior to infiltration / discharge for PFAS 

No previous investigations have 
been completed. 

The conditions and quality of surface water and sediment, in terms of 
PFAS, is unknown. 

AoPC 5 AC-12 Packsaddle WWTP �ƒ WWTP identified as a potential source of PFAS (NEMP, 2020). Collection of two sediment samples 
during the Cardno site inspection. 

The samples taken of dredged sediment from the treatment ponds 
recorded sum of PFAS concentrations above the laboratory LOR. 
The current condition and quality of surface water and sediment within 
WWTP infiltration ponds is unknown.  

AoPC 6 AC-05 Historical Putrescible Landfill  
�ƒ Understood the landfill cells are unlined. 
�ƒ Landfills identified as a potential secondary source of PFAS 
(NEMP, 2020). 

No previous investigations have 
been completed. 

The current condition and quality of surface soil across the area and 
groundwater in the vicinity of the area is unknown. 

AoPC 7 Not allocated a contaminated site ID New firefighting training ground 
�ƒ Identified as a potential primary source of PFAS (NEMP, 2020). 
�ƒ Fire training area. 
�ƒ The historical use of foams for training exercises is unknown. 

No previous investigations have 
been completed. 

The current condition and quality of surface soil across the area and 
groundwater in the vicinity of the area is unknown. 

AoPC 8 Not allocated a contaminated site ID Inert Landfill 
�ƒ Understood the landfill cells are unlined. 
�ƒ Landfills identified as a potential secondary source of PFAS 
(NEMP, 2020). 

No previous investigations have 
been completed. 

Thickness of landfill capping is unknown. 
The nature and extent of PFAS in the soil and groundwater is not 
understood. 

AoPC 9 AC-22 Medical centre (emergency vehicle 
washdown area) 

�ƒ Anecdotal evidence of AFFF released to unsealed ground. No previous investigations have 
been completed. 

The current condition and quality of surface soil across the area and 
groundwater in the vicinity of the area is unknown. 

AoPC 10 AC-09 Heavy vehicle workshops 
�ƒ AFFF contained in the fire suppression unit of each HV is released 
to ground during routine maintenance. AFFF tanks on each HV is 
changed every 12 months. 

No previous investigations have 
been completed. 

The current condition and quality of surface soil across the area and 
groundwater in the vicinity of the area is unknown. 

AoPC 11 AC-10 and AC-11 New and old washdown bays and 
evaporation ponds 

�ƒ Reports of AFFF discharged during cleaning of vehicles and 
residual foam on vehicles. If AFFF is present on the vehicles it 
would not be abstracted by OWS before entering the evaporation 
ponds. It is understood that the sediment within the sediment traps 
associated with the washdown area is transferred to the 
bioremediation farm. 

Collection of two sediment samples 
during the Cardno site inspection. 

The samples taken of sediment from the sediment traps recorded sum of 
PFAS concentrations above the laboratory LOR. 
The current condition and quality of surface water within the evaporation 
ponds has not been investigated. 
The current condition of groundwater has not been investigated. 

AoPC 12 AC-03 Bioremediation Farm 

�ƒ Understood the cells are unlined. 
�ƒ Sediment from HV washdown bays is transferred to the dry 
bioremediation cell. 

No previous investigations have 
been completed. 

The quality and condition of sediment from the washdown deposited within 
the bioremediation farm has not been investigated.  
It is also noted the soils underlying the cells may also be impacted, 
however, is outside the scope of this investigation.  

AoPC 13 
AC13, AC18, AC19, 
AC23, AC24 and 
AC25 

Biomax facilities and irrigation areas �ƒ WWTP identified as a potential source of PFAS (NEMP, 2020). No previous investigations have 
been completed. 

The current condition and quality of surface soil across irrigation areas is 
unknown, in addition the condition and quality of water that is sprayed/trip 
fed across the irrigation areas is also unknown. 

Notes 

* It is noted that additional CoPCs may be associated with the identified potential sources, but outside the scope of this investigation. 
The former firefighting training ground has been removed from potential source areas. 
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6 Data Quality Objectives 

The scope of the assessment within the SAQP was developed based on a set of Data Quality Objectives 
(DQOs), which are focussed on achieving the primary objective (Section 1.2). The NEPM (2013) outlines the 
DQO process as a seven-step planning approach used to define the type, quantity and quality of data 
required to inform decisions relating to the environmental condition of a site. The seven steps are 
summarised as follows 

> Step 1: State the problem 

> Step 2: Identify the decision  

> Step 3: Identify the information inputs 

> Step 4: Define the boundaries of the study 

> Step 5: Develop the analytical approach 

> Step 6: Specify performance or acceptance criteria 

> Step 7: Develop the plan for obtaining data 

The DQOs that have been derived to address the data gaps are detailed in Table 6-1. 
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Table 6-1 Data Quality Objectives 

DQO Step Soil Groundwater Surface water and sediment 

1. State the 
Problem  

Historical uses of AFFFs and PFAS containing chemicals across the Site is not understood and may have contributed to soil, sediment, surface water and groundwater impacts on-site. The data will be utilised to support the refinement of the 
CSM. 
The overarching problem addressed by the assessment is to provide a high-level understanding of potential (PFAS) S-P-R linkages associated with MAC and assess the potential risks to human health and the environment.  

�ƒ The soil condition and quality at each AoPC has not been characterised.  
�ƒ Infrastructure remains on-site.   

�ƒ The potential for current groundwater quality at the AoPCs to present a 
potential risk to human health and the environment is not understood. 

�ƒ Concentrations of PFOS and Sum of PFHxS and PFOS has been recorded 
above laboratory LOR in HNPIAC0001P and HNPIAC0002P. 

�ƒ Background groundwater condition has not been determined. 

�ƒ The potential S-P-R linkage to nearby surface water bodies and the 
potential for surface water and sediment quality to present a potential risk 
to human health and the environment has not been investigated. 

�ƒ Background surface water and sediment condition has not been 
determined. 

2. Identify the 
Decision 

 What is the status of PFAS in soil, sediment, surface water and groundwater at the Site? 

�ƒ What is the current condition and quality of near surface soils, at applicable 
AoPCs, and does it present an unacceptable risk to current and future site 
users or the environment (vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual 
impact for the Site to be suitable for the current uses? 

�ƒ Can the construction details of the groundwater bore be confirmed via 
construction log? Can the geology of the bore be confirmed via a lithological 
log from installation or from a bore in close proximity to confirm the 
geological unit the bore has been screened in? 

�ƒ What are background PFAS concentrations within the vicinity of the Site and 
do they differ from levels present on-Site? 

�ƒ What is the current condition and quality of groundwater and does it present 
an unacceptable risk for current and future site users (direct contract, 
incidental ingestion, potable use) or the environment (vegetation and 
terrestrial wildlife)? 

�ƒ Does groundwater contribute to the recharge of creeks during the wet (or 
dry) season, or are creeks only recharged by seasonal rainfall? I.e. is 
groundwater a potential pathway of CoPC to surface water environments.  

�ƒ Is PFAS impacted groundwater migrating off-site? 
�ƒ Is PFAS impacted groundwater being discharged via the Juna Downs MAR 
and Packsaddle Infiltration Ponds? 

�ƒ What is the potential of the applicable AoPC to influence quality of surface 
water and sediment (within creeks, drainage lines and areas of standing 
water)? 

�ƒ Is there a demonstrated pathway for CoPC migration, and does it present 
an unacceptable risk for current and future site users (direct contract, 
incidental ingestion) or the environment (aquatic ecosystems, native avian 
and terrestrial wildlife)?  

3. Identify the 
Inputs into the 
Decision 

The proposed approach to resolve each of the principal study questions outlined in Step 2 above was detailed in the SAQP (Cardno 2021) and is summarised in Section 7. The approach to resolving each of these questions generally involved the 
collection of soil, sediment, surface water and groundwater data (both field and analytical) as appropriate and Tier 1 risk assessment. 

Collection of surface soil samples across each AoPC. Soil samples will be 
collected from areas identified as having potential to be impacted by historical 
and current site activities and analysed for PFAS compounds. Soil samples will 
be collected as close as practically possible to potential source areas, subject 
to limitations from infrastructure, overhead and underground services.  
Soil samples will be collected to determine if a viable S-P-R linkage is 
established. However, it is noted that research has indicated that due to the 
high-water solubility of PFAS, migration of PFAS through a soil column is 
highly likely and subsurface PFAS mass may be masked by lower PFAS 
concentrations in leached/weathered soils at the surface and the collection of 
surficial soil samples may not reflect the magnitude of deeper soil impacts and 
potential PFAS mass. 

Where present a groundwater bore integrity assessment will be undertaken to 
assess the suitability of current bores, their limitations and to establish a revised 
monitoring network for the purposes of the contaminated sites assessment. 
Groundwater samples will be collected from existing groundwater monitoring 
bores within the Site boundary and analysed for PFAS compounds to determine 
if a viable S-P-R linkage is established. 
Samples will also be collected from existing serviceable production bores. 
Production bores are utilised during dewatering programs removing water from 
active pit areas. 

Surface water and sediment samples will be collected from water bodies and 
drainage channels within the Site boundary and analysed for PFAS 
compounds to determine if a viable S-P-R linkage is established. 

�ƒ The basis for adoption of assessment levels is discussed in Section 8. Where an assessment level for a given analyte or media was not available, results were reviewed against background concentrations measured within the Investigation 
area or other available published background PFAS concentrations. 

�ƒ The laboratories used for analysis throughout the investigation possess National Association of Testing Authorities (NATA) accreditation for the analyses conducted. 

4. Study 
Boundaries 

�ƒ The proposed lateral extent of the assessment will be limited to the Study Area outlined on Figure 1, Appendix A.  
�ƒ The population of interest consisted of the concentrations of PFAS in the media sampled including soil, sediment, surface water and groundwater. 
�ƒ The rationale behind the sampling design for assessment was provided in the SAQP (Cardno 2021). 

�ƒ The lateral extent of the soil investigation will be limited to the Site 
boundaries excluding directly under site infrastructure i.e. workshop slabs 
etc, indicated in Figures 2 to 6, Appendix A.  

�ƒ The vertical extent of the soil investigation will generally extend to a 
maximum depth of 0.15 m BGL.   

�ƒ The lateral extent of the groundwater bore investigation will be as shown in 
Figure 7, Appendix A.  

�ƒ The vertical extent of the investigation will include the underlying aquifer. 
Groundwater underlying the site is anticipated at a depth of approximately 50 
ï 70 m BGL. 

�ƒ The lateral extent of the surface water and sediment investigation will be as 
shown in Figures 2 to 6, Appendix A.  

�ƒ Sampling will occur from taps (Biomax facilities), within artificial standing 
water ponds (Packsaddle WWTP) and along the identified ephemeral 
creeks. 

�ƒ The vertical extent of the sediment sampling will extend to 0.15 m BGL or 
shallower refusal. 

�ƒ Surface water samples of drainage lines and creeks will be collected 0.1 m 
below the surface water level and above the sediment bed.  
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DQO Step Soil Groundwater Surface water and sediment 

5. Develop a 
Decision Rule 

Reported concentrations of the key PFAS; PFOS, PFHxS and PFOA (for which relevant assessment levels have been derived), have been used to characterise the nature, extent and magnitude of PFAS impact at the sources, pathways and 
receptors. Nominated laboratory limits of reporting are below PFAS assessment levels outlined in Section 8. 

The results from this investigation will generally be compared to relevant assessment criteria (where available) as defined in: 
�ƒ NEPC, 1999, National Environment Protection (Assessment of Site Contamination) Measure (as amended 2013); 
�ƒ DER, 2014, Assessment and Management of Contaminated Sites; and 
�ƒ Heads of EPAs Australia and New Zealand (HEPA), 2020, PFAS National Environmental Management Plan. 
Exceedances of adopted assessment criteria may warrant further investigation (i.e. delineation), leachability testing, risk assessment and/or remediation/validation. In the absence of specific criteria, concentrations of CoPC reported above the 
laboratory LOR will be reviewed and professional judgement applied to assess the detrimental effects (if any) to the beneficial user/receptor, and whether further investigation and/or assessment is warranted.  
A field quality control program will include the collection of trip spikes, trip blanks, rinsate blanks, field duplicates and field triplicates.  
�ƒ Acceptable limits for CoPC detected in rinsate blanks and trip blanks are <LOR. 
�ƒ Acceptable limits for field duplicates and triplicates are Relative Percentage Difference (RPD) results are: 

Magnitude of result Acceptable RPD range 

<10 x LOR No limits 

10 ï 20 x LOR 0% - 50% 

>20 x LOR  0% - 20% 

Laboratory method blanks, matrix spike additions, surrogate samples and laboratory control samples will be determined as acceptable/unacceptable by the laboratory. 

6. Specify Limits 
on Decision 
Error 

Two types of decision errors are possible: 
�ƒ Sampling errors that occur when the sampling program does not adequately detect the variability of a contaminant from point to point across the Site (i.e. the samples collected are not representative of the Site conditions). 
�ƒ Measurement errors that occur during sample collection, handling preparation, analysis and data reduction. 
To minimise the potential for decision errors, the following data quality indicators (DQIs) were adhered to: completeness, comparability, representativeness, precision and accuracy. An evaluation of the quality of the data obtained during the DSI 
with respect to these DQIs is provided in Appendix I. Data is considered valid if an average 95% compliance of the following Data Quality Indicators (DQIs) is achieved: 
�ƒ Q/A Documentation: Provision of appropriate work plans, DQI and DQO defined for the site and all Quality Assurance/Quality Control (QA/QC) aspects documented. 
�ƒ Completeness: Completeness is achieved if samples have been taken from all the required sampling locations and analysed for the CoPC. Preparation of sampling documentation also forms part of the data completeness. 
�ƒ Comparability: A qualitative measure of the confidence that data may be considered to be equivalent for each sampling and analytical event. By use of standard procedures, comparable methods, qualified personnel and review of sample 
integrity. 

�ƒ Representativeness: A qualitative measure of the confidence that data is representative of each medium present on the site. Use of appropriate and documented sampling methods, sampling handling, preservation and transport and holding 
times. 

�ƒ Precision: RPD results for field and laboratory duplicates and triplicates are calculated. 
�ƒ Accuracy: Accuracy is achieved if results for field and laboratory blanks, matrix spike, surrogate and laboratory control samples (LCS) are of acceptable quality. Blanks are generally expected to have results below the laboratory LOR and 
laboratory spike and surrogate recoveries are expected to be between 70 - 130% (depending on analyte). 

In addition, it is acknowledged that sampling errors occur when the sampling program does not adequately detect the variability of a contaminant from point to point across the Site, in that the samples collected are not representative of the Site 
conditions (e.g. an appropriate number of representative samples have not been collected from each stratum to account for estimated variability). However, it is noted that this preliminary assessment is the initial stage in the overarching objective 
of gaining greater knowledge of PFAS impacts across the Site and S-P-R linkages.  
There are two main types of decision errors likely to result from the investigation: 
�ƒ Type I: Concluding that the Site is contaminated when it is not. This may result in unnecessary expenditures for management, further investigation and/or remediation. 
�ƒ Type II: Concluding that the Site is not contaminated when it is. This may result in impact to human health and the environment. 

7. Optimise the 
Design for 
Obtaining the 
Data 

The design of the PFAS assessment has been made in the context of ensuring that a representation of the current site condition can be achieved. 
As additional information is gathered during the course of this investigation, it may be beneficial for the proposed investigation to be altered from the initial design. Changes to the proposed investigation, if considered necessary, will be made in 
consultation with the Client. 
Furthermore, to maintain the integrity and reliability of data the following measures were adopted: 
�ƒ Potential PFAS sources were established to the extent practical with consideration to existing information, investigations conducted by others and information provided by BHP WAIO. 
�ƒ Field and analytical data was collected in accordance with the SAQP (Cardno 2021). 
�ƒ Cardno field personnel were trained and had sufficient experience to complete the fieldwork to an acceptable standard. 
�ƒ Robust field and laboratory quality assurance/quality control protocols were adopted as outlined in Appendix I. 
�ƒ NATA accredited laboratories were used for all analyses including the use of suitable laboratory limits of reporting. 
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7 Sampling and Analysis Quality Plan 

7.1 Sampling Design Documents 
The assessment included a detailed program of on-site soil, sediment, surface water and groundwater 
sampling and analysis carried out in accordance with the sampling design and methodologies presented 
within the following Technical Advisor approved document: 

> Cardno 2021, Sampling and Analysis Quality Plan, Preliminary PFAS Assessment - Mining Area C, 
CW1173100, 11 August 2021. 

7.2 Nomenclature 
Following the development of the SAQP, BHP WAIO implemented a new nomenclature to samples collected 
across their portfolio to streamline some of their historical and upcoming data sets. There was no change to 
nomenclature for groundwater samples, as BHP WAIO bore names were utilised. 

As a result, the sample numbers have been relabelled from those identified within the SAQP as presented in 
Appendix G. 

7.3 Deviations from SAQP 
During the investigation deviations from the SAQP were necessary for varying reasons, details advising of 
the changes to the scope of work detailed within the SAQP are presented in the subsequent subsections. 

7.3.1 Shallow Soil Assessment 

The deviations from the proposed shallow soil assessment within the SAQP are presented in Table 7-1. 

Table 7-1 Deviations to Shallow Soil Assessment 

AoPC BHP WAIO ID Location SAQP Sample 
ID 

New 
Nomenclature 

Comment 

AoPC 6  Not allocated a 
contaminated 
site ID 

Historical 
Putrescible 
Landfill 

SS044 ï 
SS047 

N/A Unable to gain access to the 
area to collect samples. Area 
was fenced with gate locked 
and unable to identify key 
holder.  

AoPC 
13 

AC23 Biomax 
Evaporation 
Pond Central 
Warehouse 

SS087 ï 
SS090 

N/A Unable to gain access to the 
area to collect samples. Area 
was fenced with gate locked 
and unable to identify key 
holder.  

AoPC 
13 

AC25 Biomax 
Evaporation 
Pond Heritage 
Building 

SS091 ï 
SS094 

N/A There was no evidence of the 
evaporation ponds during the 
assessment. 

AoPC 
13 

AC19 Biomax 
evaporation 
ponds E Deposit 

SS095 ï 
SS098 

N/A Unable to gain access to the 
area to collect samples. The 
ponds are located in an 
operational area of the mine 
and unable to identify an 
available escort to collect 
samples. 

AoPC 
13 

AC13 

 

 

 

 

Biomax 
evaporation 
ponds OHP 

SS103 ï 
SS106 

N/A Unable to gain access to the 
area to collect samples. The 
ponds are located in an 
operational area of the mine 
and unable to identify an 
available escort to collect 
samples. 
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AoPC BHP WAIO ID Location SAQP Sample 
ID 

New 
Nomenclature 

Comment 

AoPC 
13 

AC24 Biomax 
Evaporation 
Pond Forward 
Store 

SS107 ï 
SS110 

N/A There was no evidence of the 
evaporation ponds during the 
assessment. 

AoPC 
13 

Not allocated a 
contaminated 
site ID 

Biomax Irrigation 
Area Core Shed  

Area previously 
not identified 
as a registered 
contaminated 
site 

ACCSSS0111 
- 
ACCSSS0114 

Four samples collected from 
across the irrigation area as 
displayed in Figure 22-1, 
Appendix A. 

AoPC 
13 

Not allocated a 
contaminated 
site ID 

Biomax Irrigation 
Area Workshop  

Area previously 
not identified 
as a registered 
contaminated 
site 

ACCSSS0115 
- 
ACCSSS0118 

Four samples collected from 
across the irrigation area as 
displayed in Figure 22-4, 
Appendix A. 

AoPC 
13 

Not allocated a 
contaminated 
site ID 

Biomax Irrigation 
Area Storage 
Yard  

Area previously 
not identified 
as a registered 
contaminated 
site 

ACCSSS0119 
- 
ACCSSS0122 

Four samples collected from 
across the irrigation area as 
displayed in Figure 22-3, 
Appendix A. 

7.3.2 Groundwater Assessment 

7.3.2.1 Groundwater Monitoring Bores 

As above, field investigations were limited by site constraints and so not all proposed groundwater 
monitoring locations were able to be sampled. The deviations from the proposed groundwater monitoring 
bore are presented in Table 7-2. 

Table 7-2 Deviations to Groundwater Monitoring Bore Assessment 

AoPC BHP WAIO ID Area Identified 
Bores in SAQP 

Comment 

AoPC 1 AC-16 Coondawanna Airport �ƒ GF0935R Groundwater monitoring bore was 
dry at the time of the investigation 
and unable to be sampled. 

AoPC 3 Not allocated a 
contaminated 
site ID 

New Putrescible Landfill �ƒ GF0914R  
�ƒ GE2178R 

The bores are located in an 
operational area of the mine and 
unable to identify an available 
escort to collect samples. 

AoPC 4 Not allocated a 
contaminated 
site ID 

Western, Central and Eastern 
Infiltration Ponds 

�ƒ HPSA1632 
�ƒ HPSA1634 
�ƒ HPSA1635  
�ƒ HPSA1636 

Unable to sample groundwater 
monitoring bores HPSA1632, 
HPSA1634 and HPSA1636. All 
bores had a data logger with 
telementry system installed.  
Groundwater monitoring bore 
HPSA1635 was dry at the time of 
the investigation and unable to be 
sampled. 

AoPC 6 Ac05 Historical Putrescible Landfill �ƒ PSA3767R  
�ƒ PSA0573R 

Groundwater monitoring bore 
PSA3767R was dry at the time of 
the investigation and unable to be 
sampled.  
Unable to sample groundwater 
monitoring bore PSA0573R, the 
bore had a data logger with 
telementry system installed. 

AoPC 7 Not allocated a 
contaminated 
site ID 

New fire training ground �ƒ HPSA0006 Groundwater monitoring bore 
HPSA0006 was reported to have 
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AoPC BHP WAIO ID Area Identified 
Bores in SAQP 

Comment 

AoPC 8 Not allocated a 
contaminated 
site ID 

Inert Landfill been destroyed and unable to be 
sampled. 

AoPC 10 AC-09 Heavy vehicle workshops �ƒ HPSC0001 Groundwater monitoring bore 
HPSC0001 was reported to have 
been grouted and unable to be 
sampled. 

AoPC 11 AC-10 and 
AC-11 

New and old washdown bays 
and evaporation ponds 

AoPC 12 AC-03 Bioremediation Farm �ƒ HGA0073 
�ƒ HGA0075 

Production bores HGA0074 and 
HGA0077 were sampled during the 
investigation that are located in the 
vicinity of the groundwater 
monitoring bores. 

AoPC 13 AC-13 Biomax facilities and irrigation 
areas 

�ƒ GC0539RDG  Production bore HGC0200 was 
sampled during the investigation 
that is located in the vicinity of the 
groundwater monitoring bore. 

AC-19 �ƒ HGE0154  Groundwater monitoring bore 
HGE0154 was reported to have 
been destroyed and unable to be 
sampled. 

Groundwater monitoring bores SF2203R, GF0964R, GF0965R and PSA0598R were sampled as per the 
SAQP. The location of the bores is displayed in Table 7-3. 

7.3.2.2 Production Bores 

Of the 53 production bores located across the Site and identified with the SAQP, 24 production (dewatering) 
bores were operating at the time of the assessment (Appendix D), with a sample collected from each óactiveô 
bore.  

The production bores have been grouped following BHPôs production regime into, from west to east: 

> Area E (Ore Deposit E); 

> Area C (Ore Deposit C); and 

> Area A (Ore Deposit A). 

It is acknowledged that the bores were not originally installed for environmental monitoring purposes and so 
do not meet the requirements of a contaminated sites monitoring bore (DWER 2021), however, are 
considered suitable to provide indicative groundwater quality at this stage of investigation. 

Table 7-3 to Table 7-5 display the production bores sampled across each area. Sampling locations are also 
displayed on Figure 8 to Figure 10, Appendix A. 

In addition, samples were collected from: 

> HGSL0014P and HGSL0038P, bores within the MAR at Juna Downs; and 

> HNPIAC0001P and HNPIAC0002P, potable water bores, locations displayed in Table 7-3.
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Table 7-3 Area E Production Bores and Groundwater Monitoring Bores 

Area E Production Bores and Groundwater Monitoring Bores 

Bore ID Details 

 

HNPIAC0001P �ƒ Located in Juna Downs 
�ƒ Source of potable water 

HNPIAC0002P �ƒ Located in Juna Downs 
�ƒ Source of potable water 

HGE0148P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

HGE0192P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

HGE0201P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

HGE0226P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

HGE0243P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

HGE0246P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

HGE0252P �ƒ Located in Area E, in the central portion 
of the Site  

�ƒ The bore is not located in the vicinity of 
an identified AoPC 

SF2203R �ƒ Investigate the quality of groundwater 
migrating beneath the airport, bore 
considered to be located up-gradient   

GF0964R �ƒ Investigate the quality of groundwater 
migrating beneath the putrescible 
landfill, bores considered to be located 
up-gradient  GF0965R 

PSA0598R �ƒ Bores area considered to be located up 
and down-gradient of new fire training 
ground and inert landfill 

Sample Type Sample Location No. of Samples Analysis 

Groundwater Monitoring Bore 4 PFAS Suite (Super Trace), pH, TDS, Acidity and Alkalinity; and major ions 

Production Bore 9 PFAS Suite (Super Trace), pH, TDS, Acidity and Alkalinity; and major ions 
 



 
Preliminary PFAS Assessment 

Mining Area C 

CW1173100 | 12 January 2022 | Commercial in Confidence   21

 

Table 7-4 Area C Production Bores 

Area C 

Bore ID Details 

 

HGC0163P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 350 m to the 
northwest 

HGC0165P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 375 m to the 
northeast 

HGC0189P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Closed AoPC to the bore is BioMax Facility 
AC-18 located approximately 1.0 km to the 
north 

HGC0200P �ƒ Located in the central area of the Site  
�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 150 m to the 
northwest 

HGC0202P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 800 m to the west 

HGC0213P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 800 m to the 
northeast 

HGC0233P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 800 m to the 
northwest 

HGC0244P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 450 m to the 
northwest 

HGC0253P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-13, approximately 700 m to the 
northeast 

HGC0265P �ƒ Located in Area C, in the central portion of 
the Site  

�ƒ Located cross-gradient of BioMax Facility 
AC-18, approximately 1.0 km m to the north 

Sample Type Sample Location No. of Samples Analysis 

Groundwater Monitoring Bore - - 

Production Bore 10 PFAS Suite (Super Trace), pH, TDS, Acidity and Alkalinity; and major ions 
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Table 7-5 Area A Production Bores 

Area A 

Bore ID Details 

 

HGA0040P �ƒ Bore located within the Area A at eastern 
extent of the Site down-gradient of all 
identified AoPC.  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 2.0 km to the west 

HGA0041P �ƒ Bore located within the Area A at eastern 
extent of the Site down-gradient of all 
identified AoPC  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 1.5 km to the west 

HGA0062P �ƒ Bore located within the Area A at eastern 
extent of the Site down-gradient of all 
identified AoPC  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 1.75 km to the west 

HGA0065P �ƒ Bore located within the Area A at eastern 
extent of the Site down-gradient of all 
identified AoPC  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 2.75 km to the 
southwest 

HGA0070P �ƒ Bore located within the Area A at eastern 
extent of the Site down-gradient of all 
identified AoPC.  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 1.0 km to the west 

HGA0074P �ƒ Bore located within the Area A, down-
gradient of all identified AoPC.  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 175 m to the 
southwest 

HGA0077P 
 

�ƒ Bore located within the Area A, down-
gradient of all identified AoPC.  

�ƒ Closed AoPC to the bore is AoPC 13, 
located approximately 500 m to the west 

Sample Type Sample Location No. of Samples Analysis 

Groundwater Monitoring Bore - - 

Production Bore 7 PFAS Suite (Super Trace), pH, TDS, Acidity and Alkalinity; and major ions 
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7.3.3 Surface Water and Sediment Assessment 

The deviations from the proposed surface water and sediment assessment within the SAQP are presented in 
Table 7-6. 

Table 7-6 Deviations to Surface Water and Sediment Assessment 

AoPC BHP WAIO ID Location SAQP Sample ID New 
Nomenclature 

Comment 

AoPC 2  Not allocated a 
contaminated 
site ID 

Mulla Mulla 
Village WWTP 
and Irrigation 
Area 

�ƒ SW001 
�ƒ SD001 

N/A Identified location was an 
emergency overflow pond 
and was empty at the time 
of the investigation. 

Sample locations 
not identified during 
the development of 
SAQP 

ACCSSW0030 - 
ACCSSW0031 

Two surface water samples 
collected within 
Sprayfields, one sample 
collected directly from a 
sprinkler (ACCSSW0030) 
and one sample collected 
from a pool 
(ACCSSW0031) 

AoPC 4 Not allocated a 
contaminated 
site ID 

Western, 
Central and 
Eastern 
Infiltration 
Ponds 

�ƒ SW007 and 
SW008 

�ƒ SW013 to 
SW015 

N/A Unable to collect surface 
water sample, Eastern 
Infiltration pond not in use 
during the investigation, 
resulting in ephemeral 
creek being dry. 

AoPC 10 AC-09 HV Workshop  SD018 to SD020 N/A Unable to lift grates 
adjacent to the workshop 
entrances to collect 
sediment samples 

AoPC 13 AC13, AC18, 
AC19, AC23, 
AC24 and 
AC25 

BioMax 
Facilities  

SW024 to SW029 N/A Unable to collect TWW 
sample from Biomax 
facility.  

7.3.4 Deviation Summary 

Given the nature of this investigation, it is considered that the reported changes to the SAQP have not 
materially impacted the assessment, or the conclusions that can be drawn from the assessment.  

7.4 Summary of Sampling Design 
The sampling design for the assessment aimed to characterise the presence of PFAS: 

> At the contaminant sources (e.g. soil, sediment, surface water and groundwater testing within identified 
source areas); 

> Within potential contaminant transport pathways (e.g. surface water sampling in creeks, plus sampling of 
groundwater across the Site); and  

> At potential contaminant receptors (e.g. Juna Downs MAR bores). 

These sources, pathways and receptors were identified in the CSM developed, and refined as necessary 
throughout the investigation. 

The assessment aimed to resolve data gaps which were identified following the site inspection with respect 
to the characterisation of the sources, pathways and receptors. These data gaps are described as a series of 
study questions within the DQOs in Section 6. 

The sampling design presented in Table 7-7 is a consolidation of the fieldwork undertaken. The basis of the 
consolidated sampling design was the characterisation of PFAS at the various sources, pathways and 
receptors identified incorporating the work undertaken in response to the identified data gaps and 
uncertainties. Table 7-7 also demonstrates how each of the study questions presented in the DQOs were 
resolved.  
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Table 7-7 Assessment Design 

AoPC BHP WAIO ID Identification Scope Analysis DQO Study Question Being Resolved 

Non-targeted Sampling 

- - Background 
�ƒ Collection of two groundwater samples from 
existing potable water production bores 
HNPIAC0001P and HNPIAC0002P. 

Primary Groundwater Samples 
�ƒ Two samples - PFAS Super Trace  
�ƒ Two samples - Major anions and cations 

�ƒ What is the background PFAS concentrations within the vicinity of the Site and do they 
differ from levels present on-Site? 

Source Characterisation 

AoPC 1 AC-16 Coondawanna Airport 

�ƒ Collection of 16 surface soil samples 
(ACCSSS0001 - ACCSSS0016) around 
airport apron. 

�ƒ Gauging and sampling of one groundwater 
monitoring bore installed by others 
(SF2203R) 

Primary Surface Soil Samples 
�ƒ 16 samples - PFAS  
�ƒ 16 samples ï Deionised water leachate 
�ƒ 16 samples - PFAS Super Trace 
�ƒ Two samples - pH, Cation Exchange 
Capacity (CEC), Clay Content 

Primary Groundwater Samples 
�ƒ One sample - PFAS Super Trace (28 
Analytes) 

�ƒ One sample - Major anions and cations 

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

�ƒ What is the background PFAS concentrations within the vicinity of the Site and do they 
differ from levels present on-Site? 

�ƒ What is the current condition and quality of groundwater and does it present an 
unacceptable risk for current and future site users (direct contract, incidental ingestion, 
potable use) or the environment (vegetation and terrestrial wildlife)? 

AoPC 2 Not allocated a 
contaminated site ID 

Mulla Mulla Village 
WWTP and Irrigation 
Area 

�ƒ Collection of 23 surface soil samples 
(ACCSSS0017 - ACCSSS0039) across the 
treated wastewater sprayfields. 

�ƒ Collection of three surface water samples 
(ACCSSW0001, ACCSSW0030 and 
ACCSSW0031) 
 

Primary Surface Soil Samples 
�ƒ 23 samples - PFAS  
�ƒ 23 samples ï Deionised water leachate 
�ƒ 23 samples - PFAS Super Trace 
�ƒ Three samples - pH, Cation Exchange 
Capacity (CEC), Clay Content 

Primary Surface water Samples 
�ƒ Three samples PFAS Super Trace  

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

AoPC 3 Not allocated a 
contaminated site ID 

New Putrescible 
Landfill 

�ƒ Collection of four surface soil samples 
(ACCSSS0040 - ACCSSS0043) in the 
vicinity of the airport apron. 

�ƒ Gauging and sampling of two groundwater 
monitoring bores installed by others 
(GF0964R and GF0965R) 

Primary Soil Samples 
�ƒ Four samples - PFAS  
�ƒ Four samples ï Deionised water leachate 
�ƒ Four samples - PFAS Super Trace  
Primary Groundwater Samples 
�ƒ Two samples - PFAS Super Trace  
�ƒ Two samples - Major anions and cations 

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

�ƒ What is the current condition and quality of groundwater and does it present an 
unacceptable risk for current and future site users (direct contract, incidental ingestion, 
potable use) or the environment (vegetation and terrestrial wildlife)? 

AoPC 5 AC-12 Packsaddle WWTP 

�ƒ Collection of three surface water samples 
(ACCSSW0016 - ACCSSW0018) from 
infiltration ponds and ephemeral creeks. 

�ƒ Collection of three sediment samples 
(ACCSSD0015 - ACCSSD0017) from 
infiltration ponds and ephemeral creeks. 

Primary Surface water Samples 
�ƒ  Three samples PFAS Super Trace  
Primary Sediment Samples 
�ƒ Three samples - PFAS (28 Analytes) 
�ƒ Three samples ï Deionised water 
leachate 

�ƒ Three samples - PFAS Super Trace  

�ƒ What is the potential of the applicable AoPC to influence quality of surface water and 
sediment (within creeks, drainage lines and areas of standing water)? 

�ƒ Is there a demonstrated pathway for CoPC migration, and does it present an unacceptable 
risk for current and future site users (direct contract, incidental ingestion) or the environment 
(aquatic ecosystems, native avian and terrestrial wildlife)? 

AoPC 6 AC-05 Historical Putrescible 
Landfill 

No Samples were collected from the vicinity of the historical landfill. The landfill itself was locked at the time of the assessment, and was unable to be sampled, groundwater monitoring bores up 
and down gradient of the AoPC dry or had a data logger with telemetry system installed. 

AoPC 7 Not allocated a 
contaminated site ID 

New Firefighting 
Training Ground 

�ƒ Collection of nine surface soil samples 
(ACCSSS0048 - ACCSSS0056) across the 
AoPC. 

�ƒ Gauging and sampling of one groundwater 
monitoring bore installed by others 
(PSA0598R) 

Primary Surface Soil Samples 
�ƒ Nine samples - PFAS  
�ƒ Nine samples ï Deionised water leachate 
�ƒ Nine samples - PFAS Super Trace  
Primary Groundwater Samples 
�ƒ One sample - PFAS Super Trace  
�ƒ One sample - Major anions and cations 

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

�ƒ What is the current condition and quality of groundwater and does it present an 
unacceptable risk for current and future site users (direct contract, incidental ingestion, 
potable use) or the environment (vegetation and terrestrial wildlife)? 
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AoPC BHP WAIO ID Identification Scope Analysis DQO Study Question Being Resolved 

AoPC 8 Not allocated a 
contaminated site ID Inert Landfill 

�ƒ Collection of two surface soil samples 
(ACCSSS0057 - ACCSSS0058) across the 
AoPC. 

Primary Surface Soil Samples 
�ƒ Two samples - PFAS  
�ƒ Two samples ï Deionised water leachate 
�ƒ Two samples - PFAS Super Trace  

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

AoPC 9 AC-22 
MAC Medical Centre 
(emergency vehicle 
washdown area) 

�ƒ Collection of eight surface soil samples 
(ACCSSS0059 - ACCSSS0066) across the 
AoPC. 

Primary Surface Soil Samples 
�ƒ Eight samples - PFAS  
�ƒ Eight samples ï Deionised water 
leachate 

�ƒ Eight samples - PFAS Super Trace  

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

AoPC 10 AC-09 Heavy Vehicle 
Workshops 

�ƒ Collection of 16 surface soil samples 
(ACCSSS0067 - ACCSSS0082) across the 
AoPC. 

�ƒ Collection of two surface water samples 
(ACCSSW0019 and ACCSSW0020) from 
evaporation ponds. 

�ƒ Collection of two sediment samples 
(ACCSSD0021 - ACCSSD0022) from 
evaporation ponds. 

Primary Surface Soil Samples 
�ƒ 16 samples - PFAS  
�ƒ 16 samples ï Deionised water leachate 
�ƒ 16 samples - PFAS Super Trace 
�ƒ Two samples - pH, Cation Exchange 
Capacity (CEC), Clay Content 

Primary Surface water Samples 
�ƒ Two samples PFAS Super Trace  
Primary Sediment Samples 
�ƒ Three samples - PFAS  
�ƒ Three samples ï Deionised water 
leachate 

�ƒ Three samples - PFAS Super Trace  

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

�ƒ What is the potential of the applicable AoPC to influence quality of surface water and 
sediment (within creeks, drainage lines and areas of standing water)? 

AoPC 11 AC-10 and AC-11 
New and Old 
Washdown Bays and 
Evaporation Ponds 

�ƒ Collection of four surface soil samples 
(ACCSSS0083 - ACCSSS0086) across the 
AoPC. 

�ƒ Collection of two surface water samples 
(ACCSSW0021 and ACCSSW0022) from 
evaporation ponds. 

�ƒ Collection of two sediment samples 
(ACCSSD0023 - ACCSSD0024) from 
evaporation ponds. 

Primary Surface Soil Samples 
�ƒ 16 samples - PFAS  
�ƒ 16 samples ï Deionised water leachate 
�ƒ 16 samples - PFAS Super Trace 
Primary Surface water Samples 
�ƒ Two samples PFAS Super Trace 
Primary Sediment Samples 
�ƒ Two samples - PFAS  
�ƒ Two samples ï Deionised water leachate 
�ƒ Two samples - PFAS Super Trace  

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

�ƒ What is the potential of the applicable AoPC to influence quality of surface water and 
sediment (within creeks, drainage lines and areas of standing water)? 

AoPC 12 AC-03 Bioremediation Farm 

�ƒ Collection of one surface water sample 
(ACCSSW0023) from the wet cell. 

�ƒ Collection of one sediment sample 
(ACCSSD0025) from the dry cell. 

Primary Surface water Samples 
�ƒ One sample PFAS Super Trace 
Primary Sediment Samples 
�ƒ One sample - PFAS  
�ƒ One sample ï Deionised water leachate 
�ƒ One sample - PFAS Super Trace  

�ƒ What is the potential of the applicable AoPC to influence quality of surface water and 
sediment (within creeks, drainage lines and areas of standing water)? 

AoPC 13 

AC18 
Core Shed, Storage 
Area and Workshop 
BioMax Facilities have 
not been allocated a 
contaminated site ID 

BioMax facilities and 
irrigation areas 

�ƒ Collection of 16 surface soil samples 
(ACCSSS0099 - ACCSSS0122) across the 
AoPC. A total of four samples were collected 
from across four individual BioMax Facilities. 

Primary Surface Soil Samples 
�ƒ 16 samples - PFAS  
�ƒ 16 samples ï Deionised water leachate 
�ƒ 16 samples - PFAS Super Trace  

�ƒ What is the current condition and quality of near surface soils, at applicable AoPCs, and 
does it present an unacceptable risk to current and future site users or the environment 
(vegetation and terrestrial wildlife)? 

�ƒ What is the need for remediation and/or ongoing management of residual impact for the 
Site to be suitable for the current uses? 

Pathway Characterisation 

- - Groundwater 

�ƒ Collection of 24 groundwater samples from 
existing production bores. The productions 
bores were located across the Site and 
considered to represent general groundwater 
conditions. 

Primary Groundwater Samples 
�ƒ 24 samples PFAS Super Trace  

�ƒ What is the current condition and quality of groundwater and does it present an 
unacceptable risk for current and future site users (direct contract, incidental ingestion, 
potable use) or the environment (vegetation and terrestrial wildlife)? 

�ƒ Is PFAS impacted groundwater migrating off-site? 
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AoPC BHP WAIO ID Identification Scope Analysis DQO Study Question Being Resolved 

AoPC 4 Not allocated a 
contaminated site ID 

Western, Central and 
Eastern Infiltration 
Ponds  

�ƒ Collection of four surface water samples 
(ACCSSW0009 - ACCSSW0012) from 
infiltration ponds. 

�ƒ Collection of six sediment samples 
(ACCSSD0008 - ACCSSD0013) from 
infiltration ponds. 

Primary Surface water Samples 
�ƒ  Four samples PFAS Super Trace  
Primary Sediment Samples 
�ƒ Six samples - PFAS  
�ƒ Six samples ï Deionised water leachate 
�ƒ Six samples - PFAS Super Trace  

�ƒ What is the potential of the applicable AoPC to influence quality of surface water and 
sediment (within creeks, drainage lines and areas of standing water)? 

�ƒ Is there a demonstrated pathway for CoPC migration, and does it present an unacceptable 
risk for current and future site users (direct contract, incidental ingestion) or the environment 
(aquatic ecosystems, native avian and terrestrial wildlife)? 

Receptor Characterisation 

- - Groundwater 
�ƒ Collection of two groundwater samples from 
aquifer recharge bores located in Juna 
Downs HGSL0014P and HGSL0038P. 

Primary Groundwater Samples 
�ƒ Two samples - PFAS Super Trace  
�ƒ Two samples - Major anions and cations 

�ƒ What is the current condition and quality of groundwater and does it present an 
unacceptable risk for current and future site users (direct contract, incidental ingestion, 
potable use) or the environment (vegetation and terrestrial wildlife)? 

�ƒ Is PFAS impacted groundwater being discharged via the Juna Downs MAR and Packsaddle 
Infiltration Ponds? 

AoPC 4 Not allocated a 
contaminated site ID 

Western, Central and 
Eastern Infiltration 
Ponds  

�ƒ Collection of four surface water samples 
(ACCSSW0003 - ACCSSW0006) from 
ephemeral creeks. 

�ƒ Collection of seven sediment samples 
(ACCSSD0002 - ACCSSD0007, and 
ACCSSD0007) from ephemeral creeks. 

Primary Surface water Samples 
�ƒ  Four samples PFAS Super Trace  
Primary Sediment Samples 
�ƒ Seven samples - PFAS  
�ƒ Seven samples ï Deionised water 
leachate 

�ƒ Seven samples - PFAS Super Trace  

�ƒ What is the potential of the applicable AoPC to influence quality of surface water and 
sediment (within creeks, drainage lines and areas of standing water)? 

�ƒ Is there a demonstrated pathway for CoPC migration, and does it present an unacceptable 
risk for current and future site users (direct contract, incidental ingestion) or the environment 
(aquatic ecosystems, native avian and terrestrial wildlife)? 
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7.5 Methodology 
All field methodology was detailed in the SAQP (Cardno, 2021). Table 7-8 presents a consolidation of the 
methodologies adopted for sampling throughout the investigation. Field assessment records are presented in 
Appendix H, with Field quality control (QC) and quality assurance (QA) procedures are described in 
Appendix I. 

7.5.1 PFAS Sampling 

As described in the PFAS NEMP (2020), the following handling and processing practices were followed 
when sampling: 

> Where possible, sample from areas of likely low concentrations of PFAS first towards likely higher 
concentrations; 

> Use a new pair of powderless, disposable nitrile gloves for every sample collected;  

> Teflon coated materials and aluminium foil not to come into contact with the sample; and  

> During sample processing and storage, minimise the exposure of the sample to light by placing 
immediately into an esky.  

Ice-bricks, including chemical or gel-based coolant products were not used to maintain samples below 4ÁC. 
Ice in sealable polyethylene bags was utilised. 
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Table 7-8 Assessment Methodology 

Task  Methodology 

Surface Soil Sampling 

Soil samples were collected using a stainless-steel hand trowel, with soil samples collected at each location from near surface (0 ï 0.15 m). 
Samples were collected from the near surface soils, noting excavation of soils below 150 mm is restricted without obtaining an excavation permit. 
During the fieldwork assessment ground truthing was undertaken at the start of the sampling program of each AoPC, with sampling locations 
positioned within visible drainage channels, if present. 
All soil samples were visually inspected, with field observations and subsurface conditions recorded on field lithological logs, including statements 
on nature and presence of fill materials. 

Groundwater Level 
Gauging 

All available groundwater monitoring bores (did not have a data logger with telemetry system installed) were gauged to determine standing water 
levels using an interface probe. Depth measurements were referenced to the top of well casing. Where possible, depth measurements were 
recorded to the nearest 1.0 cm. 

Groundwater Monitoring 
Bore Sampling 

Disposable non-Teflon HydraSleevesÈ fitted with polypropylene string were used to collect all groundwater samples. HydraSleeves were deployed 
with bottom weight to allow the sample to be collected at the lowest point. HydraSleeve sampling devices were left in bores for a minimum of 24 
hours, to allow stabilisation, following the slight disturbance caused by sampler deployment. 
Samples were collected via continuous pull method at a rate allowing the water to pass through the check value into the sample sleeve. Samples 
were discharged immediately (minimise changes in chemistry) via discharge tube. 
Prior to sample collection, field parameters including temperature, pH, electrical conductivity (EC), dissolved oxygen (DO) and oxidation reduction 
potential (ORP), were measured during purging using a pre-calibrated water quality meter and recorded on tablets. The water quality meter 
calibration certificate is provided in Appendix H. 

Production Bore 
Sampling 

The tap associated with each production bore was allowed to purge for two minutes prior to the sampling being collected. Samples were collected 
directly into sample containers. 
Prior to sample collection, field parameters including temperature, pH, EC, DO and ORP, were measured during purging using a pre-calibrated 
water quality meter and recorded on tablets. The water quality meter calibration certificate is provided in Appendix H. 

Surface Water Sampling 

Where the embankment of the water body was stable and the water body could be safely accessed, surface water samples were collected by hand, 
directly into the laboratory supplied sample containers. Where depth permitted, the sample container was positioned least 0.1 m below the surface 
water level and above the sediment bed and oriented with the capped opening facing downwards to avoid the collection of surface films. Once in 
position, the container cap was removed to allow sample collection. Where sampling points could not be safely accessed, surface water samples 
were collected using a long-handled sampler and decanted into the laboratory supplied sample containers. Field parameters including temperature, 
pH, EC, DO and ORP were measured at the time of sampling using a pre-calibrated water quality meter and were recorded on field sampling 
sheets. The water quality meter calibration certificates are provided in Appendix H. 

Sediment Sampling  Where embankment stability and surface water depth permitted, sediment samples were collected using a stainless-steel trowel. At each sampling 
location, the sediment type was visually assessed and observations were recorded on field sampling sheets. 
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7.6 Laboratory Analysis 

7.6.1 Laboratories 

The laboratories used for analysis during the assessment are National Association of Testing Authorities 
(NATA) accredited for the specific analytical procedures. These included: 

> Primary laboratory: ALS Environmental, Wangara, Western Australia; and 

> Secondary laboratory: Eurofins, Welshpool, Western Australia. 

7.6.2 Analytical Methods 

The analytical methods adopted by the primary and secondary laboratory for the assessment are 
summarised in Table 7-9.  

Table 7-9 Laboratory Methods 

Item Details 

Sample Handling 

Upon receipt of a batch of samples, the chain-of-custody (CoC) form was signed and 
dated by the laboratory. A hard copy of the CoC was filed and stored and an electronic 
copy was filed under a unique work order number. A copy of the signed CoC was emailed 
to Cardno along with the sample receipt notification. 
The temperature of the samples was recorded at receipt, along with a description of the 
chilling method (e.g. ice) and condition of insulated container (i.e. security seals intact). 
Bench space was allocated per work order so samples cannot be mixed with other work 
orders. 
The work order was logged and unique, water-proof labels were produced and adhered to 
each sample container.  
Samples were organised by sample type and/or preservative and were stored below 6 ÜC 
until analysed. 
The laboratories follow Good Laboratory Practice including the maintenance of clean 
equipment and instrumentation to minimise the potential for cross-contamination of 
samples. 

PFAS 

ISO 25101:2009 method was used for analysis of PFAS in soil, sediment and water 
samples. 
This method uses a mixed standard of linear and branched PFOS isomers. The ósum of 
PFASô reported includes all compounds of the suite tested for. Linear and branched 
PFOS can be reported separately if requested however, this was not routinely completed 
for this investigation as there is currently insufficient human health or ecological 
toxicology data on the separate isomers and the investigation levels are also not based 
on separate isomers. 

7.7 Waste Management 
During the investigation, strict waste management protocols were followed to ensure that potentially 
impacted soil and water did not result in cross-contamination of non-impacted areas of the Site. However, 
the sampling methodology (HydraSleeves and surface soil samples) allowed the generation of purge water 
and spoil to be kept to a minimum with all spoil generated from soil sampling returned to the sub-surface 
following completion of sampling. 
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8 Assessment Criteria 

8.1 Adopted Assessment Criteria 
Criteria for PFAS are adopted from the PFAS National Environment Management Plan released by the 
Heads of Environmental Protection Agencies in Australia and New Zealand. Version 2.0 (HEPA 2020) in 
January 2020.  

The PFAS National Environmental Management Plan (NEMP) provides nationally agreed guidance on the 
management of PFAS contamination in the environment, including prevention of the spread of 
contamination. It supports collaborative action on PFAS by the Commonwealth, state and territory and local 
governments around Australia. The NEMP is an Appendix to the Intergovernmental Agreement on a National 
Framework Responding to PFAS Contamination. 

The identification of PFAS above relevant guideline values acts as a trigger to undertake further 
investigations (such as site-specific risk assessment, as opposed to the assumption that harm will have 
occurred). The guideline values can also prompt consideration of management action to meet the 
environmental values and mitigate, where practicable, human health and ecological risks. 

8.2 Groundwater and Surface Water   

8.2.1 Human Health 

For humans, the main sources of PFAS are via ingestion of food and drinking water. Health authorities have 
set health-based guidance values indicating the amount of a chemical intake a person can consume on a 
regular basis over a lifetime without any significant risk to health. The health-based guidance values for 
PFOS and PFOA were recommended by Food Standards Australia and New Zealand in the form of a 
tolerable daily intake (TDI) (FSANZ, 2017). The TDI was then used to calculate the human health-based 
assessment criteria. 

The adopted human health assessment criteria for groundwater and surface water is shown in Table 8-1. 

Table 8-1 Human Health Groundwater and Surface Water Assessment Criteria 

Beneficial Use HEPA (2020) Criteria Table PFOS (Õg/L) PFOS + 
PFHxS (Õg/L) PFOA (Õg/L) 

Drinking Water HBGV for Drinking Water 1 Refer to value 
for PFOS + 
PFHxS 

0.07 0.56 

Recreational Water HBGV for Recreational Water  1 2 10 

Notes: 
HEPA = Heads of Environmental Protection Authorities in Australia and New Zealand, HBGV = Health based Guidance Value 
1. The HBGV for drinking water are adopted for livestock due to the lack of available stock water criteria for PFAS 
2. Adopting the drinking water criterion for livestock does not account for residue levels in meat or human consumption of 
meat which should be considered separately 

8.2.1 Environment 

The water quality guideline framework1 recommends that for bio accumulative contaminants, which includes 
many PFAS, the Water Quality Guideline framework specifies that the 99% species protection DGV should 
be used for: 

> Assessing toxicity and bioaccumulation in high conservation value ecosystems; and  

> Assessing bioaccumulation in slightly to moderately disturbed ecosystems. 

The adopted ecological assessment criteria for groundwater and surface water is shown in Table 8-2. 

                                                      

 
1 https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/water-quality-toxicants/local-conditions#bioaccumulation. 
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Table 8-2 Ecological Groundwater and Surface Water Assessment Criteria 

Beneficial Use HEPA (2020) Criteria Table PFOS (Õg/L) PFOS + 
PFHxS (Õg/L) PFOA (Õg/L) 

Aquatic Ecosystems Freshwater Guideline Value 
(99%) 5 0.00023 no value 19 

8.3 Soil and Sediment 

8.3.1 Human Health 

The human health-based assessment criteria for soil were derived using a methodology consistent with 
assumptions set out in the ASC NEPM for the health investigation levels (HILs). The following assessment 
criteria have been adopted based on current and future exposure pathways: 

> Residential with garden/accessible soil - Assumes home-grown produce provides up to 10% of fruit and 
vegetable intake (does not account for consumption of any eggs from home poultry, nor of milk or meat 
from stock on the premises). Also includes childrenôs day care centres, preschools and primary schools; 

> Residential with minimal opportunities for soil access - Assumes no potential use of soil for consumption 
of home-grown produce. Includes dwellings with fully and permanently paved yard space such as high 
rise-buildings and flats; and 

> Public open space - Relevant for public open space such as parks, playgrounds, playing fields (e.g. 
ovals), secondary schools (except for soil used for agricultural studies) and footpaths. Excludes 
undeveloped public open space (such as urban bushland and reserves), which should be subject to a 
site-specific assessment where appropriate. 

The adopted human health assessment criteria for soil and sediment is shown in Table 8-3. 

Table 8-3 Human Health Soil and Sediment Assessment Criteria 

HEPA (2020) Criteria Table PFOS (mg/kg) PFOS + PFHxS 
(mg/kg) 

PFOA 
(mg/kg) 

Residential with garden/accessible 
soil 2 

Refer to value for 
PFOS + PFHxS 

0.01 0.1 

Residential with minimal opportunities 
for soil access 2 2 20 

Public open space 2 1 10 

8.3.2 Environment  

It is noted that the ecological assessment criteria are currently interim. The direct exposure ecological soil 
criteria apply specifically to protection of organisms that live within, or in close contact with soil, such as 
earthworms and plants. This direct exposure value can be used to assess the possibility of direct harm to 
these organisms. In the absence of acceptable and sufficient published guideline values for direct exposure, 
human health soil criteria are recommended as an interim position.  

The adopted ecological assessment criteria for soil and sediment is shown in Table 8-4. 

Table 8-4 Ecological Soil and Sediment Assessment Criteria 

HEPA (2020) Criteria Table PFOS (mg/kg) PFOS + PFHxS 
(mg/kg) 

PFOA 
(mg/kg) 

Ecological direct exposure 3 1 No value 10 

Ecological indirect exposure 3 0.14 No value No value 

The ecological indirect exposure guideline value is based on dietary exposure of a secondary consumer as 
the most sensitive exposure pathway assessed. The value of 0.14 mg/kg has been based on an intensively 
developed site with no secondary consumers and minimal potential for indirect ecological exposure.  
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9 Quality Assurance / Quality Control 

The quality assurance/quality control (QA/QC) procedures adopted for the investigation are based on the 
DER (2014) contaminated sites guidelines, Australian Standards AS 5667 ï 1998 (Standards Australia 1998) 
and the ASC NEPM (NEPC 2013). 

QA involves all of the actions, procedures, checks and decisions, undertaken to ensure the 
representativeness and integrity of samples and accuracy and reliability of analytical results. QC involves 
protocols to monitor and measure the effectiveness of QA procedures. 

In accordance with the ASC NEPM, the reliability of field procedures and analytical results have been 
assessed using DQIs of precision, accuracy, representativeness, completeness and comparability. These 
are summarised below: 

> Representativeness is the confidence that the data are representative of each medium analysed. 

> Comparability is the confidence that the data may be considered to be equivalent for each sampling event 
and analytical event. 

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

> Accuracy/bias is a quantitative measure of the closeness of reported data to the true value. 

> Completeness is a measure of the amount of useable data from a data collection activity. 

The findings of the investigation QA/QC assessment are detailed in Appendix I. In summary, based upon a 
review of the field and laboratory QA/QC procedures adopted for the investigation, the field and laboratory 
data is considered to be of sufficient integrity and can be used with confidence. 
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10 Field Results 

10.1 Surface Soil Geology 
The surface geology across each AoPC was predominantly consistent, noting that samples were collected at 
a maximum depth of 0.15 m BGL. The surface geology across the Site predominantly consisted of red/brown 
slightly silty gravelly clay. Due to the nature of the samples taken, individual bore logs have not been 
developed, a description of the encountered geology during the surface soil sampling program is presented 
in Appendix J.   

10.2 Hydrogeology 

10.2.1 Groundwater Elevations ï Groundwater Monitoring Bores 

During the investigation only four groundwater monitoring bores (GF0964R, GF0965R, PSA0598R and 
SF2203R) were able to be gauged due to the presence of telemetry data loggers: 

Details of standing water levels (SWL) and bore construction details (provided in the BHP WAIO data base) 
is presented in Table 10-1. 

Table 10-1 Groundwater Elevations ï Groundwater Monitoring Bores 

Bore ID  Date Gauged Surface 
Elevation* 

Hole 
Depth (m 
BGL) 

Depth to 
top of 
Screen* 

Depth to 
top of 
Screen* 

SWL (m 
BGL)  

Groundwater 
elevation (m 
AHD) 

GF0964R 21/08/2021 700.275 49.246 40 49 37.457 662.82 

GF0965R 21/08/2021 699.683 74.687 48 72 36.869 662.814 

PSA0598R 21/08/2021 778.319 167.024 119 167 121.345 656.974 

SF2203R  21/08/2021 709.274 87.484 43 85 42.264 667.01 

Notes 
* Information provided within BHP WAIO bore data base 

 

The SWL within the production bores was not possible to be gauged based on the infrastructure associated 
with the bore. 

10.2.2 Physiochemical Parameters 

Field observations and physiochemical parameters recorded during the groundwater monitoring event are 
provided in Appendix H. A summary is presented below: 

�ƒ Temperature displayed some variation across the Site, 21.7 ï 31.1 ÁC; 

�ƒ DO ranged between 72.6 mg/L to 1,334 mg/L in bores; 

�ƒ TDS concentrations ranged from 344.5 mg/L to 500.5 mg/L indicating fresh conditions; 

�ƒ Field pH ranged between 7.08 and 7.98 which is considered ónear neutralô; and 

�ƒ ORP data indicated both negative and positive potentials in all bores across the Site from 5.6 mV to 
2,545.9 mV. 

Average concentrations for groundwater monitoring, production and recharge bores for the event is 
presented in Table 10-2. 

Table 10-2 Average Physiochemical Parameters  

Bore Type / Number Temp (CÁ) DO (mg/L) EC 
(us/Cm) TDS pH  Eh (mV) 

Groundwater / Four bores 25.85 44.3 634.25 412.75 7.35 107.85 

Production / 26 Bores (including 
Potable Bore) 28.8 40..3 674.17 454 7.45 74.98 

Recharge / two Bores 23.25 57.95 689.5 448.5 7.92 82.45 
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10.3 Surface Water 
A total of 19 surface water samples were collected from across the Site from open (infiltration ponds) and 
enclosed systems (evaporation ponds and wet bioremediation cell).  

10.3.1 Physiochemical Parameters 

Field observations and physiochemical parameters recorded during the surface monitoring event are 
provided in Appendix H. A summary is presented below, noting that physical parameters were not recorded 
for samples collect from Mulla Mulla WWTP: 

�ƒ Temperature displayed some variation across the Site, 16 ï 27.1 ÁC; 

�ƒ DO was generally low to moderate, ranging between 0.3 mg/L to 301.1 mg/L in bores; 

�ƒ TDS concentrations ranged from 429 mg/L to 3,563.5 mg/L indicating fresh to brackish conditions; 

�ƒ Field pH ranged between 7.91 and 10.05 which is considered ónear neutralô to alkaline conditions; and 

�ƒ ORP data indicated both negative and positive potentials in all bores across the Site from -222.3 mV to 
71.6 mV. 

10.4 Sediment 
A total of 21 sediment samples were collected across the Site, Table 10-3 provides a description of the 
encountered geology during the sediment sampling program. 

Table 10-3 Sediment Geology 

AoPC BHP WAIO ID Sample ID Description 

AoPC 4 
Infiltration Ponds 
and Creeks 

Not allocated a 
contaminated site ID 

ACCSSD0002 Red / brown, gravelly clay, gravel fine, wet 

ACCSSD0003 Red / brown, gravelly clay, gravel fine, wet 

ACCSSD0004 Red / brown, gravelly clay, gravel fine, wet 

ACCSSD0005 Red / brown, gravelly silt, gravel fine, wet 

ACCSSD0006 Red / brown, gravelly silty clay, gravel fine, dry 

ACCSSD0007 Red / brown, gravelly silty clay, gravel fine, dry 

ACCSSD0008 Red / brown, gravelly silty clay, gravel fine, dry 

ACCSSD0009 Red / brown, gravelly clay, gravel fine, wet 

ACCSSD0010 Red / brown, gravelly clay, gravel fine, wet 

ACCSSD0011 Red / brown, gravelly silty clay, gravel fine, dry 

ACCSSD0012 Red / brown, gravelly silty clay, gravel fine, dry 

ACCSSD0013 Red / brown, gravelly silty clay, gravel fine, dry 

ACCSSD0014 Red / brown, gravelly silty clay, gravel fine, dry 

AoPC 5 
Packsaddle WWTP 

Not allocated a 
contaminated site ID 

ACCSSD0015 Red / brown, clayey sand, wet 

ACCSSD0016 Red / brown, clayey sand, wet 

ACCSSD0017 Black, silty, organic 

AoPC 10 HV 
Workshop 
Evaporation Pond 

AC-09 
ACCSSD0021 Dark brown, silt, sulphur odour, wet 

ACCSSD0022 Dark brown, silt, sulphur odour, wet 

AoPC 11 
Washdown Bay 
Evaporation Ponds 

AC-10 and AC-11 ACCSSD0023 Dark brown, silt, sulphur odour, wet 

ACCSSD0024 Dark brown, silt, sulphur odour, wet 

AoPC 12 
Dry Cell 

AC-03 
ACCSSD0025 Red / brown, gravelly silty, gravel fine, dry 
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11 Analytical Results and Discussion 

Analytical results are presented Table 1 to Table 7 in Appendix B. The laboratory reports, sample receipt 
notifications (SRNs) and CoC documentation are presented in Appendix K.   

11.1 Surface Soil Characteristics 
A total of nine soil characteristic samples were collected from across the Site and analysed for physical 
properties including cation exchange capacity (CEC), clay content, EC, pH, soil particle density (SPD) and 
total organic carbon (TOC). 

> AoPC 1 (AC-16) - Coondawanna Airport; 

> AoPC 2 (No BHP ID) - Mulla Mulla Village WWTP and Irrigation Area; 

> AoPC 10 (AC-09) - Heavy Vehicle Workshop; 

> AoPC 13 (No BHP ID) - Core Shed BioMax Facility; and 

> AoPC 13 (No BHP ID) - Workshop BioMax Facility. 

A summary of the results is presented in Table 11-1. 

Table 11-1 Summary of Soil Characteristics 

Analyte No. of samples Minimum Maximum  Average 

CEC (meq/100g) 9 0.3 17.3 8.12 

Clay content (%) 9 6.0 15 10.78 

EC (ɛS/cm) 9 65 3,170 937 

Moisture content 98 0.1 44.7 7.3 

pH 98 5.0 9.8 7.5 

SPD (g/cm3)  9 3.0 3.7 3.2 

TOC (%) 9 <0.5 1.6 1.03 

> CEC was highest within a sample from the airport (a maximum of 17.3 meq/100g and an average of 8.12 
meq/100g). There was no discernible link between CEC and PFAS concentrations with the sample 
recording the highest CEC recording a sum of PFAS concentration of 0.0125 mg/kg, and the second 
highest CEC (16.2 meq/100g) recording a sum of PFAS concentration of 0.0012 mg/kg;  

> The recorded clay content across the samples collected was relatively consistent, with a minimum 
concentration of 6% recorded in a sample from the HV workshop, and the highest concentrations 
recorded in samples from the Mulla Mulla village sprayfields (15%). The clay content of the samples 
indicates there is limited potential for vertical migration of PFAS from the surface to the deeper soil profile 
and underlying aquifer; 

> EC concentrations ranged from 65 to 3,170 ɛS/cm, with the highest and lowest concentrations recorded 
within the sprayfields of Mulla Mulla Village WWTP; 

> pH across the AoPC ranged from 5.0 to 9.8, slightly acidic to slightly alkaline. pH was analysed in all 
samples collected; and 

> TOC was highest at the HV workshop (a maximum of 1.6% and an average 1.03%) which is consistent 
with the observed landscaping in the area (i.e. little vegetation). 

It is considered that low TOC, CEC and pH values across the Site suggest a limited potential for PFAS 
mobility to be reduced through binding to the soils in these areas.  

11.2 Analytical Results ï Areas of Potential Concern 
The analytical results for each AoPC are displayed in Table 11-2 to Table 11-21. The tables display the 
surface soil, surface water and sediment, including leachate results, for each AoPC. The tables display 
minimum, maximum and median concentrations of PFOA, PFOS; and sum of PFHxS and PFOS presenting 
PFAS compounds for which there are currently assessment criteria, with sum of PFAS also included to 
indicate the concentrations of the remaining PFAS compounds. 
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Table 11-2 AoPC 1 Coondawanna Airport ï Summary of PFAS Analysis 

AoPC 1 (AC-16) - Coondawanna Airport 

Surface Soil  

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one sample: 

Perfluorohexanoic acid 
(PFHxA) 
Perfluoroheptanoic acid 
(PFHpA) 
Perfluorononanoic acid 
(PFNA) 
Perfluorodecanoic acid 
(PFDA) 
Perfluoroundecanoic acid 
(PFUnDA) 

Perfluorododecanoic acid 
(PFDoDA) 
Perfluorotridecanoic acid 
(PFTrDA) 
6:2 Fluorotelomer Sulfonate 
(6:2 FTS) 
8:2 Fluorotelomer sulfonate 
(8:2 FTS) 
10:2 Fluorotelomer sulfonic 
acid (10:2 FTS) 

 

�ƒ The highest sum of PFAS concentrations were recorded in 
the vicinity of Bay 2, where it is reported fire training 
exercises utilising AFFF have been conducted.   

�ƒ Sum of PFAS concentrations in the surface soils 
predominantly belonged to the Fluorotelomer Sulfonic 
Acids group, specifically 6:2 FTS. These compounds are 
precursor products to the Perfluoroalkyl Carboxylic Acids 
group, which have been detected at sites where AFFF has 
been used. 

Leachate 

�ƒ PFOA concentrations were recorded above the laboratory 
LOR in 14 of the 16 analysed, but below the adopted 
human health and ecological assessment criteria. 

�ƒ All samples, with the exception of ACCSSS0016, located 
to the northwest of the apron, recorded a PFOS 
concentration above the 99% freshwater criteria.  

�ƒ Perfluoroalkyl Sulfonic Acids compounds were noted in 
samples above the laboratory LOR that were not detected 
within the soil samples 

�ƒ PFAS compounds that reported the highest concentrations 
across the area belonged to the Perfluoroalkyl Carboxylic 
Acid and Fluorotelomer Sulfonic Acid groups, specifically 
(maximum concentrations recorded): 
�� PFPeA ï 0.156 Õg/L; 
�� PFHxA ï 0.136 Õg/L; and 
�� 6:2 FTS ï 16.4 Õg/L.  

 
 
 
 
 
 
 
 
 

Sample Type No. of 
samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 16 PFOA <0.0002 0.0048 0.0002 0 0 

16 PFOS <0.0002 0.0003 0.0002 - 0 

16 PFOS + PFHxS <0.0002 0.0003 0.0002 0 - 

16 Sum of PFAS <0.0002 0.334 0.0026 - - 

Leachate (Õg/L) 16 PFOA <0.0005 0.224 0.0034 0 0 

16 PFOS <0.0002 0.0115 0.002 - 15 

16 PFOS + PFHxS <0.0002 0.0115 0.0033 0 - 

16 Sum of PFAS 0.0018 17 0.0985 - - 
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Table 11-3 AoPC 2 Mulla Mulla Village WWTP Sprayfield 1 ï Summary of PFAS Analysis 

AoPC 2 (No BHP ID) - Mulla Mulla Village WWTP Sprayfield 1 

Surface Soil  

 

�ƒ All concentrations were recorded below the laboratory 
LOR and adopted human health and ecological 
assessment criteria.  

Leachate 

�ƒ PFOS concentrations above the 99% freshwater criteria 
were recorded within four of the 12 samples analysed.  

�ƒ Concentrations of Perfluoroalkyl Carboxylic Acids were 
also recorded above the laboratory LOR in 8 of the 12 
samples. 

�ƒ 11 of the 12 samples recorded sum of PFAS 
concentrations above the laboratory LOR. 

Surface water 

�ƒ A total of three surface water samples were collected 
associated with Mulla Mulla Village WWTP: 
�� A tap sample from a sampling point associated with 

the WWTP; and 
�� Two samples of pooled water in the vicinity of 

ACCSSS0024 and ACCSSS0028. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 12 PFOA <0.0002 <0.0002 0.0002 0 0 

12 PFOS <0.0002 <0.0002 0.0002 - 0 

12 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

12 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 12 PFOA <0.0005 0.0011 0.0005 0 0 

12 PFOS <0.0002 0.0021 0.0002 - 4 

12 PFOS + PFHxS <0.0002 0.0021 0.0002 0 - 

12 Sum of PFAS <0.0002 0.0069 0.00125 - - 

Surface Water (Õg/L) 
(Treated) 

3 PFOA 0.0008 0.0051 0.0008 0 0 

3 PFOS <0.0002 <0.0002 0.0002 - 0 

3 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

3 Sum of PFAS 0.0317 0.0718 0.0358 - - 
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Table 11-4 AoPC 2 Mulla Mulla Village WWTP Sprayfield 2 ï Summary of PFAS Analysis 

AoPC 2 (No BHP ID) - Mulla Mulla Village WWTP Sprayfield 2 

Surface Soil  

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

Perfluoropentanoic acid 
(PFPeA) 

PFHxA 

 

Leachate 

�ƒ PFOS concentrations above the 99% freshwater criteria 
were recorded within six of the 11 samples analysed.  

�ƒ Concentrations of Perfluoroalkyl Carboxylic Acids were 
also recorded above the laboratory LOR in 7 of the 11 
samples. 

�ƒ Nine of the 11 samples recorded sum of PFAS 
concentrations above the laboratory LOR. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 11 PFOA <0.0002 <0.0002 0.0002 0 0 

11 PFOS <0.0002 <0.0002 0.0002 - 0 

11 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

11 Sum of PFAS <0.0002 0.0012 0.002 - - 

Leachate (Õg/L) 11 PFOA <0.0005 0.0018 0.0005 0 0 

11 PFOS <0.0002 0.0011 0.0002 - 6 

11 PFOS + PFHxS <0.0002 0.0011 0.0002 0 - 

11 Sum of PFAS <0.0002 0.081 0.0017 - - 
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Table 11-5 AoPC 3 New Putrescible Landfill ï Summary of PFAS Analysis 

AoPC 3 (No BHP ID) - New Putrescible Landfill 

Surface Soil  

 

�ƒ All concentrations were recorded below the laboratory 
LOR and adopted human health and ecological 
assessment criteria  

Leachate 

�ƒ PFOS concentrations above the 99% freshwater criteria 
were recorded in all samples analysed.  

�ƒ Across the samples only Perfluorobutane sulfonic acid 
(PFBS), PFOS, Perfluorobutanoic acid (PFBA) and 
PFHxA recorded concentrations above the laboratory 
LOR. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 4 PFOA <0.0002 <0.0002 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 4 PFOA <0.0005 <0.0005 0.0005 0 0 

4 PFOS 0.0003 0.0026 0.001 - 4 

4 PFOS + PFHxS 0.0003 0.0026 0.001 0 - 

4 Sum of PFAS 0.001 0.0053 0.0037 - - 
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Table 11-6 AoPC 4 Western Infiltration Ponds ï Summary of PFAS Analysis 

AoPC 4 (No BHP ID) - Western Infiltration Pond 

Sediment 

 

�ƒ Concentrations of all sediment samples from the Western 
Infiltration Pond and discharge creeks recorded 
concentrations of all PFAS compounds below the 
laboratory LOR. 

Leachate 

�ƒ Concentrations of all sediment leachate results from the 
Western Infiltration Pond and discharge creeks recorded 
concentrations of all PFAS compounds below the 
laboratory LOR 

Surface Water 

�ƒ Concentrations of all surface water results from the 
Western Infiltration Pond and discharge creeks recorded 
concentrations of all PFAS compounds below the 
laboratory LOR 

Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Sediment (mg/kg) 4 PFOA <0.0002 <0.0002 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 4 PFOA <0.0005 <0.0005 0.0005 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Surface Water (Õg/L) 4 PFOA <0.0005 <0.0005 0.0005 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 
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Table 11-7 AoPC 4 Central Infiltration Ponds ï Summary of PFAS Analysis 

AoPC 4 (No BHP ID) - Central Infiltration Pond 

Sediment 

 

�ƒ Concentrations of all sediment samples from the Central 
Infiltration Pond and discharge creeks recorded 
concentrations of all PFAS compounds below the 
laboratory LOR 

Leachate 

�ƒ Concentrations of all sediment leachate results from the 
Central Infiltration Pond and discharge creeks recorded 
concentrations of all PFAS compounds below the 
laboratory LOR 

Surface Water 

�ƒ A single concentration of PFNA (0.0007 Õg/L) was 
recorded above the laboratory LOR within Pond 1 of the 
Central Infiltration Pond system 

Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Sediment (mg/kg) 4 PFOA <0.0002 <0.0002 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 4 PFOA <0.0005 <0.0005 0.0005 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 5 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Surface Water (Õg/L) 4 PFOA <0.0005 <0.0005 0.0005 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 0.0007 0.0002 - - 
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Table 11-8 AoPC 4 Eastern Infiltration Ponds ï Summary of PFAS Analysis 

AoPC 4 (No BHP ID) - Eastern Infiltration Pond 

Sediment 

 

�ƒ Concentrations of all sediment samples from the Eastern 
Infiltration Pond and discharge creeks recorded 
concentrations of all PFAS compounds below the 
laboratory LOR 

Leachate 

�ƒ All samples collected from the Eastern Infiltration Pond 
and discharge creeks recorded a PFOS concentration 
above the 99% freshwater criteria 

�ƒ Concentrations of PFBS and PFBA were also recorded 
above the laboratory LOR 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Sediment (mg/kg) 5 PFOA <0.0002 <0.0002 0.0002 0 0 

5 PFOS <0.0002 <0.0002 0.0002 - 0 

5 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

5 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 5 PFOA <0.0005 <0.0005 0.0005 0 0 

5 PFOS <0.0002 0.0011 0.0002 - 5 

5 PFOS + PFHxS <0.0002 0.0011 0.0002 0 - 

5 Sum of PFAS <0.0002 0.0038 0.0002 - - 
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Table 11-9 AoPC 5 Packsaddle WWTP ï Summary of PFAS Analysis 

AoPC 5 (AC-12) ï Packsaddle WWTP 

Sediment 

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

PFHxA 
PFHpA 
PFNA 
PFDA 
10:2 FTS 

 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in one sample collected (ACCSSD0017).  

�ƒ Composition of sum of PFAS concentrations in the 
sediment predominantly belonged to the Perfluoroalkyl 
Carboxylic Acids group, with 10:2 FTS also recording a 
concentration above the laboratory LOR. 

Leachate 

�ƒ All sum of PFAS concentrations were recorded above the 
laboratory LOR, with a single PFOS concentration 
recorded above the 99% freshwater criteria.  

�ƒ Concentrations of Perfluoroalkyl Carboxylic Acids and 
Fluorotelomer Sulfonic Acid compounds were recorded 
above the laboratory LOR. 

Surface Water 

�ƒ Samples collected from the maturation and infiltration 
ponds. 

�ƒ Concentrations of PFOA were recorded above the 
laboratory LOR in all samples, but below adopted human 
health and ecological assessment criteria. 

�ƒ Concentrations of PFOS were recorded below the 
laboratory LOR. 

�ƒ Sum of PFAS concentrations of 0.0379 Õg/L to 1.04 Õg/L 
were recorded, with the concentrations predominantly 
comprising PFAS compound PFHxA. Sample Type No. of 

Samples 
Analyte Minimum  Maximum  Median  No. of Concentrations 

Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Sediment (mg/kg) 3 PFOA <0.0002 0.0004 0.0002 0 0 

3 PFOS <0.0002 <0.0002 0.0002 - 0 

3 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

3 Sum of PFAS <0.0002 0.0045 0.0002 - - 

Leachate (Õg/L) 3 PFOA <0.0005 0.0077 0.0005 0 0 

3 PFOS <0.0002 0.0004 0.0002 - 1 

3 PFOS + PFHxS <0.0002 0.0004 0.0002 0 - 

3 Sum of PFAS 0.0014 0.0351 0.0056 - - 

Surface Water 3 PFOA 0.0013 0.131 0.0024 0 0 

3 PFOS <0.0002 <0.0002 0.0002 - 0 

3 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

3 Sum of PFAS 0.0379 1.04 0.0693 - - 
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Table 11-10 AoPC 7 New Firefighting Training Ground ï Summary of PFAS Analysis 

AoPC 7 (No BHP ID) - New Firefighting Training Ground 

Surface Soil  

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

PFPeA 
PFHxA 
PFHpA 
PFNA 
PFDA 

PFUnDA  
PFDoDA 
6:2 FTS 
8:2 FTS 
10:2 FTS �ƒ  

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in all samples collected.  

�ƒ Composition of sum of PFAS concentrations in the surface 
soils predominantly belonged to the Fluorotelomer 
Sulfonic Acids group. 

Leachate 

�ƒ PFOA recorded concentrations above the laboratory LOR 
in all samples, but below the adopted human health and 
ecological assessment criteria. 

�ƒ All samples recorded a PFOS concentration above the 
99% freshwater criteria. 

�ƒ Concentrations of Perfluorobutane sulfonic acid (PFBS) 
was noted in samples above the laboratory LOR that were 
not detected within the soil samples.  

�ƒ PFAS compounds that reported the highest 
concentrations across the area belonged to the 
Perfluoroalkyl Carboxylic Acid and Fluorotelomer Sulfonic 
Acid groups, specifically (maximum concentrations 
recorded): 
�� PFNA ï 0.106 Õg/L; 
�� 6:2 FTS ï 1.6 Õg/L; and 
�� 8:2 FTS ï 0.479 Õg/L. 
 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 9 PFOA <0.0002 0.0041 0.0007 0 0 

9 PFOS <0.0002 <0.0002 0.0002 - 0 

9 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

9 Sum of PFAS 0.0115 0.0605 0.0247 - - 

Leachate (Õg/L) 9 PFOA 0.0067 0.145 0.0358 0 0 

9 PFOS 0.0004 0.0014 0.0009 - 9 

9 PFOS + PFHxS 0.0004 0.0021 0.0009 0 - 

9 Sum of PFAS 0.477 1.83 1.11 - - 
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Table 11-11 AoPC 8 Inert Landfill ï Summary of PFAS Analysis 

AoPC 8 (No BHP ID) - Inert Landfill 

Surface Soil  

 

�ƒ Both concentrations were recorded below the laboratory 
LOR and adopted human health and ecological 
assessment criteria.   

Leachate 

�ƒ PFOS concentrations above the 99% freshwater criteria 
were recorded in both samples.  

�ƒ Only PFBS, PFOS, PFPeA, PFHxA and 6:2 FTS recorded 
concentrations above the laboratory LOR. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 2 PFOA <0.0002 <0.0002 0.0002 0 0 

2 PFOS <0.0002 <0.0002 0.0002 - 0 

2 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

2 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 2 PFOA <0.0005 <0.0005 0.0005 0 0 

2 PFOS 0.0007 0.0009 0.0008 - 2 

2 PFOS + PFHxS 0.0007 0.0009 0.0008 0 - 

2 Sum of PFAS 0.004 0.0097 0.00685 - - 
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Table 11-12 AoPC 9 MAC Medical Centre ï Summary of PFAS Analysis 

AoPC 9 (AC-22) - MAC Medical Centre 

Surface Soil  

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

Perfluorobutanoic acid 
(PFBA) 
PFPeA 
PFHxA 
PFHpA 
PFNA 
PFDA 
PFUnDA 

PFDoDA 
PFTrDA 
Perfluorotetradecanoic acid 
(PFTeDA) 
6:2 FTS 
8:2 FTS 
10:2 FTS 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in all samples collected.  

�ƒ The highest concentrations were recorded in the samples 
collected adjacent to the concrete pad utilised for the 
parking of emergency vehicles and washing equipment.  

�ƒ The composition of sum of PFAS concentrations in the 
surface soils predominantly belonged to the Fluorotelomer 
Sulfonic Acids group. 

Leachate 

�ƒ PFOA was recorded above the laboratory LOR in all 
samples with a single concentration (1.51 Õg/L) recorded 
above the drinking water guideline (0.56 Õg/L). 

�ƒ PFOS concentrations were recorded above the 99% 
freshwater criteria in five of the nine samples analysed.  

�ƒ The PFAS compounds that reported the highest 
concentrations across the area belonged to the 
Perfluoroalkyl Carboxylic Acid and Fluorotelomer Sulfonic 
Acid groups, specifically (maximum concentrations 
recorded): 
�� PFDA ï 0.188 Õg/L; 
�� 6:2 FTS ï 22.3 Õg/L; 
�� 8:2 FTS ï 4.44 Õg/L. 

 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 8 PFOA <0.0002 0.0443 0.00025 0 0 

8 PFOS <0.0002 <0.0002 0.0002 - 0 

8 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

8 Sum of PFAS 0.0086 0.56 0.1295 - - 

Leachate (Õg/L) 8 PFOA 0.0043 1.51 0.0169 1 0 

8 PFOS <0.0002 0.0046 0.00075 - 5 

8 PFOS + PFHxS <0.0002 0.0046 0.00075 0 - 

8 Sum of PFAS 0.154 24.6 3.825 - - 
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Table 11-13 AoPC 10 Heavy Vehicle Workshops ï Summary of PFAS Analysis 

AoPC 10 (AC-09) - Heavy Vehicle Workshops 

Surface Soil  

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

Perfluorobutanoic acid 
(PFBA) 
PFPeA 
PFHxA 
PFHpA 
PFNA 
PFDA 

PFDoDA 
Perfluorotetradecanoic acid 
(PFTeDA) 
6:2 FTS 
8:2 FTS 
10:2 FTS 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in all samples collected.  

�ƒ The highest concentration was recorded at the entrance 
of Bay 18, at the eastern extent of the workshop area.  

�ƒ The composition of sum of PFAS concentrations in the 
surface soils predominantly belonged to the 
Fluorotelomer Sulfonic Acids group.  

Leachate 

�ƒ PFOA recorded concentrations above the laboratory 
LOR in all samples, but below the adopted human 
health and ecological assessment criteria. 

�ƒ A total of seven of the 16 samples across the HV 
workshop area recorded a PFOS concentration above 
the 99% freshwater criteria.  

�ƒ PFAS compounds that reported the highest 
concentrations across the area belonged to the 
Perfluoroalkyl Carboxylic Acid and Fluorotelomer 
Sulfonic Acid groups, specifically (maximum 
concentrations recorded): 
�� PFPeA ï 1.23 Õg/L; 
�� PFHxA ï 93.3 Õg/L; 
�� 6:2 FTS ï 48 Õg/L. 

 
 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 16 PFOA <0.0002 0.0032 0.0006 0 0 

16 PFOS <0.0002 <0.0002 0.0002 - 0 

16 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

16 Sum of PFAS 0.0528 1.1 0.2155 - - 

Leachate (Õg/L) 16 PFOA 0.0021 0.236 0.0370 0 0 

16 PFOS <0.0016 0.0097 0.0016 - 16* 

16 PFOS + PFHxS <0.0016 0.0125 0.0016 0 - 

16 Sum of PFAS 0.575 103 7.47 - - 

* LOR above adopted ecological assessment criteria. ALS indicated samples required dilution due to the presence of high-level contaminants. LOR values have been adjusted accordingly. 
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Table 11-14 AoPC 10 Heavy Vehicle Workshops (Evaporation Ponds) ï Summary of PFAS Analysis 

AoPC 10 (AC-09) - Heavy Vehicle Workshops (Evaporation Ponds) 

Sediment 

 

�ƒ Concentrations were recorded below the adopted human 
health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one sample: 

PFBA 
PFPeA 
PFHxA 
PFHpA 

PFNA 
PFDA 
PFUnDA 
PFDoDA 

6:2 FTS 
8:2 FTS 
10:2 FTS 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in both samples collected.  

�ƒ The composition of sum of PFAS concentrations in the 
sediment samples predominantly belonged to the 
Fluorotelomer Sulfonic Acids group. 

Leachate 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in both samples with a single sample 
recording a PFOS concentration above the 99% freshwater 
criteria.  

�ƒ Concentrations of Perfluoroalkyl Carboxylic Acids and 
Fluorotelomer Sulfonic Acid compounds were recorded 
above the laboratory LOR.  

�ƒ A concentration of 6:2 FTS concentration of 22.6 Õg/L was 
recorded. 

Surface Water 

�ƒ Concentrations of PFOA were recorded above the 
laboratory LOR in both samples, but below adopted human 
health and ecological assessment criteria. 

�ƒ Concentrations of PFOS were recorded below the 
laboratory LOR. 

�ƒ Sum of PFAS concentrations of 8.29 Õg/L and 14.1 Õg/L 
were recorded, with the concentrations predominantly 
comprising PFAS compounds PFHxA and 6:2 FTS. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Sediment (mg/kg) 2 PFOA <0.0002 <0.0002 0.0002 0 0 

2 PFOS <0.0002 <0.0002 0.0002 - 0 

2 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

2 Sum of PFAS 0.0859 0.104 0.09495 - - 

Leachate (Õg/L) 2 PFOA 0.0021 0.0021 0.0021 0 0 

2 PFOS <0.0016 0.0009 0.00125 - 2* 

2 PFOS + PFHxS <0.0016 0.0009 0.00125 0 - 

2 Sum of PFAS 3.01 23.2 13.105 - - 

Surface Water (Õg/L) 2 PFOA 0.0036 0.0037 0.00365 0 0 

2 PFOS <0.0002 <0.0002 0.0002 - 0 

2 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

2 Sum of PFAS 8.29 14.1 11.195 - - 

* LOR above adopted ecological assessment criteria. ALS indicated samples required dilution due to the presence of high-level contaminants. LOR values have been adjusted accordingly. 
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Table 11-15 AoPC 11 Washdown Bays and Evaporation Ponds ï Surface Soil Summary of PFAS Analysis 

AoPC 11 (AC-10 and AC-11) - Washdown Bays and Evaporation Ponds ï Surface Soil  

Surface Soil  

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

PFBA 
PFPeA 
PFHxA  
PFHpA 
PFNA 
PFDA 

PFDoDA  
Perfluorotetradecanoic acid 
(PFTeDA) 
6:2 FTS 
8:2 FTS 
10:2 FTS 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in all samples collected.  

�ƒ The highest concentration was recorded to the north of 
evaporation ponds.  

�ƒ PFAS compounds reported predominantly belonged to the 
Perfluoroalkyl Carboxylic Acids group, in particular PFPeA 
and PFHxA.  

Leachate 

�ƒ PFOA recorded concentrations above the laboratory LOR 
in all samples, but below the adopted human health and 
ecological assessment criteria 

�ƒ One sample recorded a PFOS concentration above the 
99% freshwater criteria.  

�ƒ PFAS compounds that reported the highest 
concentrations across the area belonged to the 
Perfluoroalkyl Carboxylic Acid and Fluorotelomer Sulfonic 
Acid groups. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 4 PFOA <0.0002 0.0007 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 0.002 0.0002 - - 

Leachate (Õg/L) 4 PFOA 0.0022 0.0295 0.0081 0 0 

4 PFOS <0.0002 0.0027 0.0002 - 1 

4 PFOS + PFHxS <0.0002 0.0027 0.0002 0 - 

4 Sum of PFAS 0.128 2.68 0.3465 - - 

* LOR above adopted ecological assessment criteria. ALS indicated samples required dilution due to the presence of high-level contaminants. LOR values have been adjusted accordingly. 
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Table 11-16 AoPC 11 Washdown Bays and Evaporation Ponds ï SW and Sediment Summary of PFAS Analysis 

AoPC 11 (AC-10 and AC-11) - Washdown Bays and Evaporation Ponds ï Surface Water and Sediment 

Sediment 

 

�ƒ All concentrations were recorded below the adopted 
human health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR in at least one 
sample: 

PFPeA 
PFHxA 

6:2 FTS 
10:2 FTS 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in both samples collected.  

�ƒ The composition of sum of PFAS concentrations in the 
sediment samples predominantly belonged to the 
Fluorotelomer Sulfonic Acids group. 

Leachate 

�ƒ PFOA and PFOS Concentrations were below adopted 
human health and ecological assessment criteria. 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in both samples. 

�ƒ Concentrations of Perfluoroalkyl Carboxylic Acids and 
Fluorotelomer Sulfonic Acid compounds were recorded 
above the laboratory LOR. 

Surface Water 

�ƒ A concentration of PFOA was recorded above the 
laboratory LOR in both samples, but below adopted 
human health and ecological assessment criteria. 

�ƒ Concentrations of PFOS were recorded below the 
laboratory LOR. 

�ƒ Sum of PFAS concentrations of 2.17 Õg/L and 3.0 Õg/L 
were recorded, with the concentrations predominantly 
comprising PFAS compound 6:2 FTS 

Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Sediment (mg/kg) 2 PFOA <0.0002 <0.0002 0.0002 0 0 

2 PFOS <0.0002 <0.0002 0.0002 - 0 

2 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

2 Sum of PFAS 0.0008 0.0091 0.00495 - - 

Leachate (Õg/L) 2 PFOA <0.0005 0.0015 0.001 0 0 

2 PFOS <0.0002 <0.0002 0.0002 - 0 

2 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

2 Sum of PFAS 0.0518 0.359 0.2054 - - 

Surface Water 2 PFOA <0.0016 0.0018 0.0017 0 0 

2 PFOS <0.0016 <0.0016 0.0016 - 2* 

2 PFOS + PFHxS <0.0016 <0.0016 0.0016 0 - 

2 Sum of PFAS 2.17 3 2.585 - - 

* LOR above adopted ecological assessment criteria. ALS indicated samples required dilution due to the presence of high-level contaminants. LOR values have been adjusted accordingly. 
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Table 11-17 AoPC 12 Bioremediation Farm ï Summary of PFAS Analysis 

AoPC 12 (AC-03) - Bioremediation Farm 

Sediment 

 

�ƒ All concentrations were recorded below the adopted human 
health and ecological assessment criteria.  

�ƒ Concentrations of the following PFAS compounds were 
recorded above the laboratory LOR: 

PFBA 
PFPeA 
PFHxA 
PFHpA 
PFNA 

PFDA 
PFDoDA 
6:2 FTS 
8:2 FTS 
10:2 FTS 

�ƒ The highest individual PFAS concentration was 0.0572 
mg/kg, relating to PFPeA.  

Leachate 

�ƒ Concentrations of Perfluoroalkyl Carboxylic Acids and 
Fluorotelomer Sulfonic Acid compounds above the 
laboratory LOR. 

�ƒ PFOS was recorded above the 99% freshwater criteria. 

Surface Water 

�ƒ PFOA was recorded above the laboratory LOR, but below 
the adopted human health and ecological assessment 
criteria.  

�ƒ A concentration of PFOS (0.0726 Õg/L) was recorded 
above the 99% freshwater criteria. 

�ƒ The sum of PFHxS and PFOS was recorded above the 
adopted human health assessment criteria (Drinking Water 
0.07 Õg/L).  

�ƒ A concentration of 338 Õg/L of 6:2 FTS was recorded.  

Sample Type No. of Samples Analyte Concentration Above Adopted Human Health 
Criteria 

Above Adopted Ecological Criteria 

Sediment (mg/kg) 1 PFOA 0.0047 No No 

1 PFOS 0.0005 - 0 

1 PFOS + PFHxS 0.0005 No - 

1 Sum of PFAS 0.121 - - 

Leachate (Õg/L) 1 PFOA 0.138 No No 

1 PFOS 0.0112 No Yes 

1 PFOS + PFHxS 0.0112 No - 

1 Sum of PFAS 2.47 - - 

Surface Water (Õg/L) 1 PFOA 0.44 No No 

1 PFOS 0.0726 - Yes 

1 PFOS + PFHxS 0.0726 Yes - 

1 Sum of PFAS 353 - - 
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Table 11-18 AoPC 13 BioMax Facility Irrigation Area (Medical Centre) ï Summary of PFAS Analysis 

AoPC 13 (AC-18) - BioMax Facility Irrigation Area (Medical Centre) 

Surface Soil  

 

�ƒ PFOA was recorded above the laboratory LOR in one of 
the four samples, all concentrations were below the 
adopted human health and ecological assessment criteria.  

�ƒ All concentrations of PFOS were recorded below the 
laboratory LOR. 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in one of the four samples, concentrations 
predominantly belonged to the Perfluoroalkyl Carboxylic 
Acid group. 

Leachate 

�ƒ PFOA was recorded above the laboratory LOR in three of 
the four samples, all concentrations were below the 
adopted human health and ecological assessment criteria.  

�ƒ All samples recorded a PFOS concentration above the 
99% freshwater criteria. 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in one of the four samples, concentrations 
predominantly belonged to the Perfluoroalkyl Carboxylic 
Acid group. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 4 PFOA <0.0002 0.0007 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 0.0117 0.0002 - - 

Leachate (Õg/L) 4 PFOA <0.0005 0.0224 0.00085 0 0 

4 PFOS 0.0008 0.0017 0.0011 - 4 

4 PFOS + PFHxS 0.0008 0.0017 0.0011 0 - 

4 Sum of PFAS 0.0086 0.113 0.02285 - - 
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Table 11-19 AoPC 13 BioMax Facility Irrigation Area (Core Shed) ï Summary of PFAS Analysis 

AoPC 13 (No BHP ID) - BioMax Facility Irrigation Area (Core Shed) 

Surface Soil  

 

�ƒ PFOA was recorded below the laboratory LOR in all 
samples.  

�ƒ PFOS was recorded below the laboratory LOR in all 
samples.  

�ƒ Sum of PFAS concentrations were recorded below the 
laboratory LOR in all samples. 

Leachate 

�ƒ PFOA was recorded above the laboratory LOR in one 
of the four samples, all concentrations were below the 
adopted human health and ecological assessment 
criteria.  

�ƒ Three of the four samples recorded a PFOS 
concentration above the 99% freshwater criteria. 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in three of the four samples, 
concentrations predominantly belonged to the 
Perfluoroalkyl Sulfonic Acids group. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 4 PFOA <0.0002 <0.0002 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 <0.0002 0.0002 - - 

Leachate (Õg/L) 4 PFOA <0.0005 0.0009 0.0005 0 0 

4 PFOS <0.0002 0.0017 0.00105 - 3 

4 PFOS + PFHxS <0.0002 0.0017 0.00105 0 - 

4 Sum of PFAS <0.0002 0.003 0.0015 - - 
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Table 11-20 AoPC 13 BioMax Facility Irrigation Area (Workshop) ï Summary of PFAS Analysis 

AoPC 13 (No BHP ID) - BioMax Facility Irrigation Area (Workshop) 

Surface Soil  

 

�ƒ PFOA was recorded below the laboratory LOR in all 
samples.  

�ƒ PFOS was recorded below the laboratory LOR in all 
samples. 

�ƒ Sum of PFAS concentrations were recorded above 
the laboratory LOR in three of the four samples, 
concentrations predominantly belonged to the 
Perfluoroalkyl Carboxylic Acid group. 

Leachate 

�ƒ PFOA was recorded above the laboratory LOR in all 
samples, all concentrations were below the adopted 
human health and ecological assessment criteria.  

�ƒ Three of the four samples recorded a PFOS 
concentration above the 99% freshwater criteria. 

�ƒ Sum of PFAS concentrations were recorded above 
the laboratory LOR in all samples, concentrations 
predominantly belonged to the Perfluoroalkyl 
Carboxylic Acid group. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 4 PFOA <0.0002 <0.0002 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 0.0154 0.0021 - - 

Leachate (Õg/L) 4 PFOA 0.0006 0.0052 0.00155 0 0 

4 PFOS <0.0002 0.0032 0.00095 - 3 

4 PFOS + PFHxS <0.0002 0.0032 0.00095 0 - 

4 Sum of PFAS 0.0286 0.255 0.0751 - - 
 



 
Preliminary PFAS Assessment 

Mining Area C 

CW1173100 | 12 January 2022 | Commercial in Confidence 55

 
Table 11-21 AoPC 13 BioMax Facility Irrigation Area (Storage Yard) ï Summary of PFAS Analysis 

AoPC 13 (No BHP ID) - BioMax Facility Irrigation Area (Storage Yard) 

Surface Soil  

 

�ƒ PFOA was recorded above the laboratory LOR in one 
of the four samples, all concentrations were below the 
adopted human health and ecological assessment 
criteria.  

�ƒ PFOS was recorded below the laboratory LOR in all 
samples. 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in two of the four samples, 
concentrations predominantly belonged to the 
Perfluoroalkyl Carboxylic Acid group. 

Leachate 

�ƒ PFOA was recorded above the laboratory LOR in two 
of the four samples, all concentrations were below the 
adopted human health and ecological assessment 
criteria.  

�ƒ Three of the four samples recorded a PFOS 
concentration above the 99% freshwater criteria. 

�ƒ Sum of PFAS concentrations were recorded above the 
laboratory LOR in all samples, concentrations 
predominantly belonged to the Perfluoroalkyl 
Carboxylic Acid group. 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Surface Soil (mg/kg) 4 PFOA <0.0002 0.0002 0.0002 0 0 

4 PFOS <0.0002 <0.0002 0.0002 - 0 

4 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

4 Sum of PFAS <0.0002 0.0104 0.0004 - - 

Leachate (Õg/L) 4 PFOA <0.0005 0.0084 0.00105 0 0 

4 PFOS <0.0002 0.0018 0.00085 - 3 

4 PFOS + PFHxS <0.0002 0.0018 0.00085 0 - 

4 Sum of PFAS 0.0072 1 0.03085 - - 
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11.3 Leachate 
All surface soil and sediment samples were also submitted for deionised water leachate analysis.  

> The results of the surface soil leachate analysis indicated that the sum of PFAS concentrations were 
recorded above the laboratory LOR (0.0002 Õg/L) in 94 of the 98 samples analysed with concentrations 
ranging from 0.0004 ï 103 Õg/L, despite some areas recording surface soil concentrations below the 
laboratory LOR; 

> The results of the sediment leachate analysis indicated that the sum of PFAS concentrations were 
recorded above the laboratory LOR (0.0002 Õg/L) in 13 of the 21 samples analysed with concentrations 
above the LOR ranging from 0.0009 ï 23.2 Õg/L. At least one sample from all five AoPC recorded a 
leachate concentration above the 99% freshwater criteria for PFOS (0.00023 Õg/L).   

It is considered the detection of PFOS in the deionised water and not in the soil samples reflects the 
response of predominantly negatively charged nature of PFASs (such as PFOS) to more alkaline conditions. 
As pH increases, adsorbent surfaces tend to become more negatively charged (or less positively charged) 
leading to stronger electrostatic repulsion for anionic (negatively charged) PFASs (such as PFOS).  
However, it is also noted that the effects of pH on PFAS sorption are not fully understood, and further 
industry research is ongoing. 

11.4 Groundwater 
Groundwater analytical results are presented in Table 5, Appendix B. The laboratory reports, SRNs and CoC 
documentation are presented in Appendix K.   

11.4.1 PFAS 

The results of the groundwater sampling program indicate that only seven of the 32 samples collected 
recorded sum of PFAS concentrations above the laboratory LOR, with only two samples (PSA0598R and 
HGA0077P) recording a concentration of PFOS above the 99% freshwater criteria (0.00023 Õg/L). 

Groundwater monitoring bore PSA0598R is located approximately 300 m upgradient of the fire training area 
and is not considered to be located downgradient of an identified PFAS source area. Production bore 
HGA0077P is located approximately 500 m downgradient of the bioremediation farm, and 370 m 
downgradient of production bore HGA0074P that recorded a concentration of PFBA (0.002 Õg/L) above the 
laboratory LOR. 

It is considered that identified PFAS concentrations within the groundwater are currently not impacting 
identified receptors, however the current bore locations are not appropriately located downgradient of 
suspected source areas. A summary of the groundwater results and sampling locations are displayed in 
Table 11-22 to Table 11-24.  
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Table 11-22 Production Bores Area E and Groundwater Monitoring Bores ï Summary of PFAS Analysis 

Production Bores Area E and Groundwater Monitoring Bores 

�ƒ All concentrations of PFOA were recorded below 
the laboratory LOR. 

�ƒ One bore (PSA0598R) recorded a PFOS 
concentration above the 99% freshwater criteria. 

�ƒ Sum of PFAS concentrations were recorded above 
the laboratory LOR in two samples, concentrations 
belonged to the Perfluoroalkyl Carboxylic Acid 
group. 

 

 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Groundwater 
Production Bore (Õg/L) 

13 PFOA <0.0005 0.0005 0.0005 0 0 

13 PFOS <0.0002 0.0031 0.0002 - 1 

13 PFOS + PFHxS <0.0002 0.0031 0.0002 0 - 

13 Sum of PFAS <0.0002 0.0091 0.00045 - - 
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Table 11-23 Production Bores Area C ï Summary of PFAS Analysis 

Production Bores Area C 

�ƒ All concentrations of PFOA were recorded below the 
laboratory LOR. 

�ƒ All concentrations of PFOS were recorded below the 
laboratory LOR. 

�ƒ Sum of PFAS concentrations were recorded above 
the laboratory LOR in two samples, concentrations 
belonged to the Perfluoroalkyl Carboxylic Acid 
group. 

 

 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Groundwater 
Production Bore (Õg/L) 

10 PFOA <0.0005 0.0005 0.0005 0 0 

10 PFOS <0.0002 <0.0002 0.0002 - 0 

10 PFOS + PFHxS <0.0002 <0.0002 0.0002 0 - 

10 Sum of PFAS <0.0002 0.0016 0.0002 - - 
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Table 11-24 Production Bores Area A ï Summary of PFAS Analysis 

Production Bores Area A 

�ƒ All concentrations of PFOA were recorded below the 
laboratory LOR 

�ƒ One bore (HGA0077) recorded a PFOS 
concentration above the 99% freshwater criteria. 

�ƒ Sum of PFAS concentrations were recorded above 
the laboratory LOR in three samples, concentrations 
belonged to the Perfluoroalkyl Carboxylic Acid group 

 

 

 Sample Type No. of 
Samples 

Analyte Minimum  Maximum  Median  No. of Concentrations 
Above Adopted Human 
Health Criteria 

No. of Concentrations 
Above Adopted Ecological 
Criteria 

Groundwater 
Production Bore (Õg/L) 

7 PFOA <0.0005 0.0005 0.0005 0 0 

7 PFOS <0.0002 0.0003 0.0002 - 1 

7 PFOS + PFHxS <0.0002 0.0003 0.0002 0 - 

7 Sum of PFAS <0.0002 0.002 0.0002 - - 
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11.4.2 Major Anions and Cations 

Major anions and cations have been charted on a piper diagram in Figure 11-1 for the groundwater samples 
collected at the Site. A Piper Plot is a graphical representation of groundwater major-ion chemistry allowing 
for grouping of water samples according to geochemical facies. A plot of data from multiple bores enables 
comparison of sample chemistries and informs on respective (hydro-chemical) ótypeô of groundwater 
represented at each bore and can assist to identify whether there are different groundwater domains 
represented. 

Figure 11-1 Piper Diagram All Bores 

 
The anion and cation concentrations for all of the bores across the Site indicate a predominantly magnesium 
bicarbonate chemistry. The general grouping of the plotted chemistries for the bores indicates samples are 
representative of groundwater of predominantly the same domain and supports a conclusion that the 
groundwater monitoring bore and production bores are located within the same aquifer with no definitive 
differences between the piper plots.  
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12 Regulated and Unregulated PFAS Compounds 

An assessment of the regulated and unregulated PFAS compounds for AoPC was undertaken to determine 
the composition of the PFAS concentrations. Assessment of the concentrations in the various media 
belonged to the following groups: 

> Perfluoroalkyl Sulfonic Acids; 

> Perfluoroalkyl Carboxylic Acids; and 

> Fluorotelomer Sulfonic Acids. 

The results of the preliminary PFAS assessment indicate that there are five main source areas across the 
Site, namely: 

> AoPC 1 (AC-16) - Coondawanna Airport; 

> AoPC 7 (No BHP ID) - New Firefighting Training Ground; 

> AoPC 9 (AC-22) - MAC Medical Centre; 

> AoPC 10 (AC-09) - Heavy Vehicle Workshops; and 

> AoPC 12 (AC-03) - Bioremediation Farm.   

An assessment of the regulated and unregulated PFAS compounds for the AoPC indicated above was 
undertaken to assess the composition of the PFAS concentrations, it is noted that only PFAS compounds 
that recorded concentrations above the laboratory LOR have been assessed and presented in Appendix L. 

Table 12-1 displays a summary of the composition of the highest PFAS compounds for each of the five 
areas that are considered the main PFAS source areas. 

Table 12-1 PFAS Composition  

AoPC  Sample 
Type Sample Name PFOS PFOS & PFHxS 

PFOA 6:2 FTS 8:2 FTS Sum of 
PFAS 

AoPC 1 - 
Coondawanna 
Airport 

Surface 
soil 
Leachate 

ACCSSS0015 0.0007 0.0013 0.224 16.4 0.088 17 

AoPC 7 - New 
firefighting 
training ground 

Surface 
Soil 
Leachate 

ACCSSS0052 0.0013 0.0013 0.0632 0.676 0.479 1.45 

ACCSSS0053 0.0005 0.0005 0.145 0.72 0.208 1.37 

ACCSSS0055 0.0014 0.0014 0.0271 1.6 0.104 1.83 

AoPC 9 ï 
MAC Medical 
Centre 

Surface 
Soil 
Leachate 

ACCSSS0060 <0.0002 <0.0002 1.51 22.3 0.276 24.6 

AoPC 10 - 
Heavy Vehicle 
Workshop 

Surface 
Soil 
Leachate 

ACCSSS0067 0.0097 0.0125 0.0209 8.05 0.32 1031 

AoPC 10 - 
Heavy Vehicle 
Workshop 
Evaporation 
Ponds 

Surface 
Water ACCSSW0019 <0.0002 <0.0002 0.0036 6.01 0.011 14.1 

ACCSSW0020 <0.0002 <0.0002 0.0037 1.34 0.010 8.28 

AoPC 12 - 
Bioremediation 
Farm 

Surface 
Water ACCSSW0023 0.0726 0.0726 0.440 338 1.31 353 

1 A concentration of 93.3 Õg/l for PFHxA was recorded in the leachate sample from this location 
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13 Revised Areas of Potential Concern 

Prior to the commencement of the field assessment each AoPC was rated in accordance with its considered 
PFAS risk, as presented in Table 3-3. The rating of each AoPC has been revised on completion of the 
assessment to reflect the nature of the residual data gap and priority for further investigation, as presented in 
Table 13-2. The basis of the rating is presented in Table 13-1. 

Table 13-1 Risk Rating 

Residual Data 
Gap Rating Criteria 

Low AoPC has recorded PFAS concentrations in soil, surface water, sediment and/or groundwater 
below the laboratory LOR and is considered to a minor source of PFAS  

Medium AoPC has recorded PFAS concentrations in soil, surface water, sediment and/or groundwater 
above the laboratory LOR and is considered to a minor source of PFAS  

High 
AoPC has recorded PFAS concentrations in soil, surface water, sediment and/or groundwater 
above the laboratory LOR and/or adopted human health assessment criteria and is considered 
to present an ongoing source of PFAS  
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Table 13-2 Areas of Potential Concern Risk Rating 

AoPC BHP WAIO ID Description Residual Rating 
Media Analysed 

Summary/Comment 
Soil GW SW / Sediment 

AoPC 1 AC-16 Coondawanna 
Airport High �9 �8 �8 

The airport is located at the western extent of the Site, with the airport apron utilised, both historically and currently, for fire training exercises utilising 
foams. The foam historically utilised during fire training exercises consisted of FireAde 3%, that has subsequently been replaced with a fluorine-free 
foam (Solberg 3%). 
The airport apron consists of an asphalted area covering approximately 28,000 m2, with the surrounding area consisting of compacted gravel and 
surrounded by native vegetation. All discharged liquids would flow from the apron to the surrounding area and infiltrate into the soil.  
Figure 11, Appendix A shows the identified lateral extent of PFAS in soil at the near-surface. All total PFAS concentrations were recorded below the 
adopted human health and ecological assessment criteria, however, all leachate samples, with the exception of ASCSSS0016 located in the 
northwest of the apron, recorded a PFOS concentration above the adopted ecological assessment criteria. Sum of PFAS leachate concentrations 
across the area ranged from 0.0018 to 17 Õg/L 
As presented in Appendix L the results indicate that the highest concentration of sum of PFAS was recorded in ACCSSS0015 located to the 
northwest of the airport apron, where it is reported training exercises utilising foams has been undertaken. The composition of the PFAS 
concentrations within the total soil results comprise predominantly of unregulated compounds of the Perfluoroalkyl Carboxylic Acid and Fluorotelomer 
Sulfonic Acid groups. However, it is noted that there is no discernible composition of the sum of PFAS concentrations around the apron with the 
percentage of the PFAS groups varying per sample, this is particularly evident within the leachate groups where low concentrations of Perfluoroalkyl 
Sulfonic Acids including PFOS leached from the surface soils from samples located to the south of the apron. 
Based on the concentrations recorded and nature of the potential impacts the risk of this area has not been revised and residual data gaps remain as 
presented in Table 14-2. 

AoPC 2 
Not allocated a 
contaminated site 
ID 

Mulla Mulla 
Village WWTP 
and Irrigation 
Area 

Low �9 �8 �9 

All surface soil concentrations were recorded below the laboratory LOR and adopted human health and ecological assessment criteria. 
Concentrations of leachate were recorded above the laboratory LOR for Perfluoroalkyl Carboxylic and Perfluoroalkyl Sulfonic Acids, with PFOS 
recording concentrations above the 99% freshwater criteria within 10 of the 23 samples analysed. 
Based on the concentrations recorded and nature of the potential impacts this area is considered to pose a low risk.  

AoPC 3 
Not allocated a 
contaminated site 
ID 

New Putrescible 
Landfill Low �9 �9 �8 

All surface soil concentrations were recorded below the laboratory LOR and adopted human health and ecological assessment criteria. 
Concentrations of leachate were recorded above the laboratory LOR for Perfluoroalkyl Carboxylic and Perfluoroalkyl Sulfonic Acids, with PFOS 
recording concentrations above the 99% freshwater criteria within 10 of the 23 samples analysed. 
Groundwater sampled in bores located up-gradient of the AoPC recorded sum of PFAS concentrations below the laboratory LOR.  
Based on the concentrations recorded and nature of the potential impacts this area is considered to pose a low risk. 

AoPC 4 
Not allocated a 
contaminated site 
ID 

Western, 
Central and 
Eastern 
Infiltration Ponds 
(storage/infiltrati
on/discharge of 
mine dewatering 
operations) 

Low �8 �8 �9 

Concentrations of PFAS in surface water were recorded below the laboratory LOR in samples from the Western, Central and Eastern Infiltration 
Ponds and discharge creeks, with the exception of a single concentration of Perfluorononanoic acid (0.0007 Õg/L), slightly above the LOR (0.0005 
Õg/L). 
Concentrations for the Sum of PFAS were recorded below the laboratory LOR in samples from the Western, Central and Eastern Infiltration Ponds 
and discharge creeks. 
Sediment leachate samples in the Eastern Infiltration Ponds, including the discharge point, and two samples collected from the creek recorded PFOS 
above Freshwater 99% for PFOS (0.00023 Õg/L). 
The AoPC is considered to pose a low risk in regards to a potential source of PFAS, however, it is noted that abstracted groundwater from the 
operations is discharged to the infiltration ponds. 

AoPC 5 AC-12 Packsaddle 
WWTP Low �8 �8 �9 

All sediment concentrations were recorded below the adopted human health and ecological assessment criteria, a single sum of PFAS concentration 
was recorded above the laboratory in a sample collected from the emergency fire water pond, that was lined.  
All sum of PFAS leachate concentrations were recorded above the laboratory LOR, with a single PFOS concentration recorded above the 99% 
freshwater criteria.  
Within the surface water concentrations of PFOA were recorded above the laboratory LOR in all samples, but below adopted human health and 
ecological assessment criteria, with concentrations of PFOS recorded below the laboratory LOR. 
Based on the concentrations recorded and nature of the potential impacts this area is considered to pose a low risk. 

AoPC 6 AC-05 
Historical 
Putrescible 
Landfill 

Low �9 �8 �8 This area was unable to be sampled during the field assessment, however, based on the nature of the impacts within the new putrescible landfill this 
AoPC is considered to pose a low risk. 

AoPC 7 
Not allocated a 
contaminated site 
ID 

New Firefighting 
Training Ground High �9 �8 �8 

Figure 16, Appendix A shows the identified lateral extent of PFAS in soil at the near-surface. All total PFAS concentrations were recorded below the 
adopted human health and ecological assessment criteria, however, all leachate samples recorded a PFOS concentration above the adopted 
ecological assessment criteria. Leachate concentrations across the area were comparable with sum of PFAS concentrations ranging from 0.477 to 
1.83 Õg/L.  
As presented in Appendix L the results indicate that the highest concentration of sum of PFAS was recorded in ACCSSS0055 located at the eastern 
extent of the area, noting that the area slopes to the east. The composition of the PFAS concentrations within both the total soil results and leachate 
comprise predominantly of the unregulated Fluorotelomer Sulfonic Acid group, with the composition of the total surface soils and leachate results 
indicating up to approximately 95% of unregulated compounds associated with the Perfluoroalkyl Carboxylic Acid and Fluorotelomer Sulfonic Acid 
groups. It is noted that concentrations of Perfluoroalkyl Sulfonic Acid compounds within the leachate, including PFOS, contribute a minimal 
percentage to the sum of PFAS concentration. 
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AoPC BHP WAIO ID Description Residual Rating 
Media Analysed 

Summary/Comment 
Soil GW SW / Sediment 

AoPC 8 
Not allocated a 
contaminated site 
ID 

Inert Landfill Low �9 �8 �8 
Surface soil samples recorded concentrations below the laboratory LOR and adopted human health and ecological assessment criteria, with the 
leachate recording PFOS concentrations above the 99% freshwater criteria were recorded in both samples.  
Based on the concentrations recorded and nature of the potential impacts this area is considered to pose a low risk. 

AoPC 9 AC-22 

MAC Medical 
Centre 
(emergency 
vehicle 
washdown area) 

High �9 �8 �8 

The sum of PFAS concentrations varied significantly across the area with total concentrations ranging from 0.0086 mg/kg to 0.56 mg/kg, and leachate 
concentrations ranging from 0.154 Õg/L to 24.6 Õg/L. The highest sum of PFAS concentration were located immediately to the west of the concrete 
pad on which the vehicles are parked, however, it is noted that the remaining samples collected adjacent to the concrete pad recorded concentrations 
two orders of magnitude lower.  
Samples were also collected at the base of on an incline that is located to the west and south of the pad, it is considered based on the topography of 
the area that any surface runoff from the pad would flow to the west. The total and leachate sum of PFAS concentrations within the four samples from 
the base of the incline recorded comparable concentrations, ranging from 0.122 mg/kg to 0.218 mg/kg and 3.62 Õg/L and 5.29 Õg/L, respectively. 
The composition of sum of PFAS concentrations in the surface soils predominantly belonged to the unregulated Fluorotelomer Sulfonic Acids group. 
The leachate results recorded PFOA concentrations across the area above the laboratory LOR in all samples with a single concentration (1.51 Õg/L) 
recorded above the drinking water guideline (0.56 Õg/L). PFOS concentrations were recorded above the 99% freshwater criteria in five of the nine 
samples analysed.  
The PFAS compounds that reported the highest concentrations across the area belonged to the Perfluoroalkyl Carboxylic Acid and Fluorotelomer 
Sulfonic Acid groups. The composition of the sum of PFAS results within the vicinity of the MAC Medical Centre are reasonably consistent, with the 
composition of the total surface soils and leachate results indicating approximately 5 ï 35% Perfluoroalkyl Carboxylic Acid and unregulated 65 - 95% 
Fluorotelomer Sulfonic Acid 
Based on the concentrations recorded and nature of the potential impacts this area is considered to remain a high potential risk area which requires 
further investigation to address the residual data gaps as presented in Table 14-2. 

AoPC 10 AC-09 Heavy Vehicle Workshops High �9 �8 �9 

The highest total sum of PFAS concentration (1.07 mg/kg) was recorded at the entrance of Bay 18, at the eastern extent of the workshop area. 
All total soil concentrations were recorded below the adopted human health and ecological assessment criteria, however, all sum of PFAS 
concentrations were recorded above the laboratory LOR in all samples collected, ranging from 0.0294 to 1.07 mg/kg.  
Leachate PFOA concentrations were recorded above the laboratory LOR in all samples, but below the adopted human health and ecological 
assessment criteria. A total of seven of the 16 samples across the HV workshop area recorded a PFOS concentration above the 99% freshwater 
criteria, with the highest leachate sum of PFAS concentration located at the entrance of Bay 7 of the central workshop. Sum of PFAS leachate 
concentrations across the area ranged from 0.575 to 103 Õg/L 
It is noted that the composition of the surface soil sum of PFAS results across the workshop area are reasonably consistent, with the composition of 
the total surface soils recording 80 - 99% unregulated Fluorotelomer Sulfonic Acids. However, it is noted that that the composition of the leachate 
result in sample ASCSSS0067 comprises predominantly of PFHxA, whilst present in the surface soil sample is more prominent in the leachate 
sample. 
Based on the concentrations recorded and nature of the potential impacts this area is considered to remain a high potential risk area which requires 
further investigation to address the residual data gaps as presented in Table 14-2. 

AoPC 11 AC-10 and AC-11 

New and Old 
Washdown Bays 
and Evaporation 
Ponds 

Medium �8 �8 �9 

Surface soils recorded concentrations below the adopted human health and ecological assessment criteria, however, samples recorded sum of PFAS 
concentrations above the laboratory LOR, with all leachate analysis also recording concentrations above the laboratory LOR. 
Sediment and surface water samples collected from the evaporation ponds recorded sum of PFAS concentrations above the laboratory LOR. It is 
noted that the ponds are lined, however, the concentrations within the surface soils surrounding the ponds indicates that historically the ponds may 
have overflown.  
It is considered that this AoPC is receptor of impacted water generated during the washing of HVôs prior to maintenance. It is understood that the 
sediment from the washdown bays is transferred to the bioremediation farm (AoPC 12).   

AoPC 12 AC-03 Bioremediation Farm High �8 �9 �9 

The highest individual PFAS concentration was 0.0572 mg/kg, relating to unregulated compound PFPeA which is commonly associated with stain and 
grease proof coatings on food packing, couches and carpets.  
Within the leachate sample, concentrations of unregulated Perfluoroalkyl Carboxylic Acids and Fluorotelomer Sulfonic Acid compounds were recorded 
above the laboratory LOR, with the PFOS concentration also recorded above the 99% freshwater criteria. 
The composition of the surface water sample indicates the sum of PFAS concentration is predominantly comprised of 6:2 FTS. The water within the 
wet cell is sourced from OWS from across the Site including the Workshop OWS. Leachate concentrations indicated: 
> PFOA was recorded above the laboratory LOR, but below the adopted human health and ecological assessment criteria; 
> A concentration of PFOS (0.0726 Õg/L) was recorded above the 99% freshwater criteria; 
> The sum of PFHxS and PFOS was recorded above the adopted human health assessment criteria (Drinking Water 0.07 Õg/L); and  
> A concentration of 338 Õg/L of 6:2 FTS was recorded. 
As per the sample collected from the dry cell, only a single sample was collected from the cell and it is considered that the composition of the water 
within the cell may vary over time dependent on on-site activities and source of the water.  
Based on the concentrations recorded and nature of the potential impacts this area is considered to remain a high potential risk area which requires 
further investigation to address the residual data gaps as presented in Table 14-2. 
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AoPC BHP WAIO ID Description Residual Rating 
Media Analysed 

Summary/Comment 
Soil GW SW / Sediment 

AoPC 13 

AC18. The 
remaining BioMax 
Facilities have not 
been allocated an 
AC number 

BioMax Facility 
Irrigation Areas 
ï A total of four 
individual 
facilities  

Low �9 �8 �8 
Surface soil concentrations recorded each of the BioMax Facility irrigation area recorded concentrations below the laboratory LOR and adopted 
human health and ecological assessment criteria. 
The leachate samples recorded PFOS concentrations predominantly above the 99% freshwater criteria, however, it is considered based on the 
concentrations recorded and nature of the potential impacts this area is considered to pose a low risk. 
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14 Refined Conceptual Site Model 

To assist in the understanding of the Site and risks posed to receptors, the preliminary CSM that was 
developed has been updated based upon the findings of the investigation. A CSM is a representation of Site-
related information regarding contamination sources, receptors and exposure pathways between those 
sources and receptors (NEPC 1999). 

The CSM provides the framework for identifying how a site can become contaminated and how potential 
receptors may be exposed to contamination either in the present or in the future i.e. it enables an 
assessment of the potential S-P-R linkages, and facilitates identification of a suitable investigation, 
management or remediation strategy for the Site. 

As discussed in Section 7.4, the sampling design for the investigation aimed to characterise the presence of 
PFAS at identified sources, pathways and receptors. A discussion on the identified nature, extent and 
magnitude of impact is presented as follows. The graphical CSM is presented as Figure 27, Appendix A. 

14.1 Sources 
Following the completion of the document review and site inspection, a total of 13 AoPC were identified, 
incorporating BHP WAIO registered contamination areas and sites identified during the Cardno site 
inspection that had the potential for PFAS to be a source of PFAS due to current or historical activities as 
discussed in Section 3.  

These areas have been investigated and the results indicate that there are five potential source areas where 
PFAS is present, namely: 

> AoPC 1 (AC-16) - Coondawanna Airport; 

> AoPC 7 (No BHP ID) - New Firefighting Training Ground; 

> AoPC 9 (AC-22) - MAC Medical Centre; 

> AoPC 10 (AC-09) - Heavy Vehicle Workshops; and 

> AoPC 12 (AC-03) - Bioremediation Farm.   

PFAS was identified within surface soil, surface water or sediment at each of these AoPC (as detailed in 
Table 13-2), including concentrations that exceed the relevant adopted assessment criteria.  

14.2 Transport Pathways 

14.2.1 Surface Water Migration 

There are three identified key hydrological receptors in the vicinity of MAC: 

> Coondewanna Flats located approximately 18 km to the southwest, significant for the occurrence of the 
Coolibah-Lignum Flats Priority Ecological Community (PEC);  

> Weeli Wolli Spring located approximately 14 km to the east, significant for the occurrence of the Weeli 
Wolli Spring PEC; and  

> Benôs Oasis located approximately 15 km southeast and 15 km south of Weeli Wolli Spring (on Rio Tinto 
tenure), significant for the occurrence of the Weeli Wolli Spring PEC.  

It is noted that concentrations of sum of PFAS was recorded above the laboratory LOR in samples collected 
from A Deposit, with a single concentration above the PFAS freshwater assessment criteria. Site personnel 
indicated that the infiltration ponds have been known to overflow in significant rainfall periods, discharging to 
adjacent creeks and waterways that eventually flow into Coondewanna Flats. 

14.2.2 Groundwater Migration 

14.2.2.1 Vertical Migration to Groundwater 

Leaching of PFAS from surface soils appears to be occurring within the identified PFAS source areas, 
leachable sum of PFAS concentrations were recorded above the laboratory LOR in 94 of the 98 samples 
analysed (0.0004 ï 103 Õg/L) indicating that the impacted soil could be acting as an ongoing secondary 
source of groundwater impact.  
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The highest sum of PFAS concentration was recorded at the HV Workshop, with a concentration of PFHxA 
93.3 Õg/L recorded. In addition, a single concentration (1.51 Õg/L) from the MAC Medical Centre for PFOA 
was recorded above the drinking water guideline (0.56 Õg/L). 

It is noted that only surface soil samples were collected across the Site and research has indicated that due 
to the high-water solubility of PFAS, migration of PFAS through a soil column is highly likely and subsurface 
PFAS mass may be masked by lower PFAS concentrations in leached/weathered soils at the surface.  It is 
understood that surficial soils may not reflect the magnitude of deeper soil impacts and potential PFAS 
mass. Due to the lack of available suitable groundwater monitoring bores in the vicinity of these potential 
source areas the deeper impacts to soil or groundwater is currently unknown. 

14.2.2.2 Migration On-site 

Sum of PFAS was recorded above the laboratory LOR in seven of the 28 samples collected from the 
groundwater monitoring and production bores, with two concentrations recorded above the 99% freshwater 
criteria for PFOS (0.00023 Õg/L) in groundwater monitoring bore PSA0598R and production bore HGA0077.  

It is noted that groundwater generally flows across the catchment from west to east and the groundwater 
assessment during the investigation was limited to existing groundwater monitoring bores and active 
production bores. It is acknowledged that the bores were not originally installed for environmental monitoring 
purposes and so do not meet the requirements of a contaminated sites monitoring bore (DER 2014), 
however, were considered suitable to provide indicative groundwater quality across the site as whole during 
this stage of investigation. Notwithstanding, the site is subject to active dewatering and discharge (i.e. Juna 
downs MAR and packsaddle infiltration ponds) and so there is likely the potential for localised groundwater 
flow against regional gradients. 

14.2.2.3 Migration Off-site East 

A total of five additional production bores, that are considered down-gradient of HGA0077, were sampled 
during the assessment. Four of the five bores recorded a sum of PFAS concentration below the laboratory 
LOR, with HGA0040 recording a sum of PFAS concentration of 0.0013 Õg/L, noting that regulated 
compounds PFOA and PFOS were recorded below the laboratory LOR.  

It is noted that groundwater levels within the production bores is not monitored across the Site, however, 
Table 14-1 provides details of the production bores down-gradient of all AoPCôs and bore HGA0077. 

Table 14-1 Down-gradient Production Bore Details  

Bore Name Location  Surface Level Hole Depth (m 
BGL) 

Top of Screen 
(m BGL)  

Base of Screen 
(m BGL) 

HGA0040P A Deposit 633.881 157 117.3 153.8 

HGA0041P A Deposit 636.715 138.3 65.1 131.6 

HGA0062P A Deposit 632.454 190 56 182 

HGA0065P A Deposit 628.844 180 58 166 

HGA0070P A Deposit 635.648 190 79 187 

HGA0074P A Deposit 642.217 202 118 202 

HGA0077P A Deposit 640.1 200 116 200 

It is considered that the bores located down-gradient of HGA0077 are screened within the same aquifer. 

14.2.2.4 Migration Off-site West 

As indicated the mechanism of potentially impacted groundwater migrating from the Site to the west is via 
the MAR in Juna Downs. During the groundwater assessment two bores HGSL0014 and HGSL0038 were 
sampled. Both bores recorded sum of PFAS concentrations below the laboratory LOR.  

The AAR indicated that upgradient regional bores west of MAC operations towards Coondewanna Flats 
suggests that the historical of gradual declining trend has reversed. From March 2019, there is a noticeable 
increase in water levels in the majority monitoring bores in the Coondewanna Flats PEC area and this is 
attributed to the commencement of surplus water injection at the Juna Downs MAR Borefield in addition to 
seasonal rainfall recharge. 
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14.2.3 Airbourne Migration 

Wind dispersion of PFAS impacted soil is still considered as a potential active migration pathway given that 
the source areas where elevated near-surface soil impacts were identified are generally unsealed. However, 
it is noted this pathway is minimal on the basis that dust suppression is undertaken across the Site and 
levels of exposure through dust inhalation are typically orders of magnitude lower than oral ingestion of 
impacted soil or water (CRC CARE 2017). Additionally, no environmental or human health criteria were 
identified in surface soil or sediment samples collected as part of this investigation. 

14.3 Exposure Rates 

14.3.1 Human Health Exposure Routes 

Based upon the identified PFAS sources and transport pathways, it is considered that human receptors 
across the Site may be exposed to PFAS by the following exposure routes: 

> Incidental ingestion of impacted soils and sediments; 

> Incidental ingestion of impacted surface water; 

> Incidental ingestion of impacted groundwater; and 

> Direct consumption of impacted groundwater. 

Direct contact with impacted soil resulting in dermal absorption of PFAS through the skin is not considered to 
be an active exposure pathway. Studies have shown that under normal pH conditions, the potential for 
dermal exposure of PFAS is limited and that dermal adsorption will not significantly contribute to the level of 
risk posed (CRC CARE 2017). 

It is noted that incidental ingestion of groundwater on-site is considered limited to personnel or contractors 
during dust suppression activities. 

14.3.2 Ecological Exposure Routes 

Ecological receptors across the Site may be exposed to PFAS by the following exposure routes: 

> Direct contact and uptake of impacted soil and sediment; 

> Direct contact, uptake or ingestion of impacted surface water; and 

> Direct consumption of flora and fauna that is impacted from exposure to impacted soil, sediment, surface 
water and/or groundwater. 

14.4 Receptors 

14.4.1 Human Health Receptors 

Based upon the identified PFAS sources, transport pathways and exposure pathways, and the results of the 
preliminary assessment, the following human receptors may be exposed to PFAS: 

> Site personnel or contractors who work at the Site on a daily basis and may be exposed to soil, sediment, 
surface water or groundwater containing PFAS; 

> People at off-Site properties/sites, to the west and east, who may directly consume impacted 
groundwater;  

> People at off-Site properties/sites, to the west and east, who may incidentally orally ingest impacted 
groundwater when using groundwater for non-potable purposes (e.g. showering, washing dishes);  

> People to the west of the Site who may be exposed to or accidentally ingest PFAS surface water if using 
ephemeral creeks for recreational activities (e.g. swimming or fishing). 

14.4.2 Ecological Receptors 

The following ecological receptors may be exposed to PFAS across the Site: 

> Terrestrial biota (flora and fauna) within Source Areas that may uptake or be directly or indirectly exposed 
to PFAS in soil and groundwater, including:  

�� Grasses and other flora; 

�� Lower order fauna such as earthworms and insects; 
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�� Higher order animals such as birds, rabbits and native marsupials. 

> Birds foraging within source areas that may uptake or be directly exposed to PFAS in soil and pooled 
surface water; 

> Aquatic biota of ephemeral creeks, including: 

�� Aquatic flora and lower order fauna that may uptake PFAS from impacted sediments; or be directly 
exposed to surface water containing PFAS; 

�� Higher order consumers of impacted surface water, flora and lower order fauna; 

14.5 Refined CSM and Qualitative Risk Assessment 
Table 14-2 presents the identified potentially complete exposure pathways for each media. The table 
includes a qualitative assessment of the level of risk posed to the receptors associated with each potentially 
complete exposure pathway and a conclusion on whether or not the exposure pathway is complete (i.e. if 
exposure is actually expected to occur) based upon the qualitative risk assessment. 
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Table 14-2 Potential Pollutant Linkages for Human Health and Environmental Receptors 

Impacted Media Exposure Routes Receptors  Qualitative Risk Assessment  SPR Linkage 
(Risk) Data Gap 

Soil  

Incidental ingestion of 
impacted soils Human - On-site workers  

AoPC 1, 7, 9 and 10 - All surface soils recorded PFAS concentrations below the adopted human 
health criteria. However, it is noted that the composition of the PFAS concentrations within the total 
soil results comprise predominantly of the Perfluoroalkyl Carboxylic Acid and Fluorotelomer Sulfonic 
Acid groups, of which there is currently no established human health assessment criteria. On this 
basis, this pathway is considered to present a potential, albeit low, risk of exposure to on-site workers. 
This risk is could be mitigated by material management procedures. 

Potentially 
Complete (Low 
Risk) 

Investigation of soils at depth across the AoPC 
to assess subsurface PFAS mass. 

AoPC 2, 3, 8 and 13 ï Surface soil samples were collected across these AoPC, with no detection of 
PFAS compounds.  Incomplete N/A 

AoPC 4, 5, 6, 11, 12 ï AoPC not identified as a source of surface soil impact.  Incomplete N/A 

Direct contact and uptake 
of impacted soil Ecological ï Terrestrial biota 

AoPC 1, 7, 9 and 10 - PFAS has been detected in the near-surface soils of these areas however, 
there are currently no Australian regulatory endorsed ecology-based soil assessment levels, with the 
human health screening value for public open space currently used as an interim value. The impacted 
areas are unsealed and easily accessible to terrestrial ecology.  

Complete 
(Medium Risk) 

Investigation of soils at depth across the AoPC 
to assess subsurface PFAS mass 

AoPC 2, 3, 8 and 13 ï Surface soil samples were collected across these AoPC, with no detection of 
PFAS compounds.   Incomplete N/A 

AoPC 4, 5, 6, 11, 12 ï AoPC not identified as a source of surface soil impact.  Incomplete N/A 

Groundwater  

Incidental ingestion of 
impacted groundwater 

Human - On-site workers  

Potable water for the Site is abstracted from bores located in Juna Downs, concentrations recorded 
during this investigation were recorded below the laboratory LOR, however, it is noted that 
concentrations within samples historically collected by BHP WAIO have recorded concentrations 
above the laboratory LOR, therefore this pathway is considered to present a potential risk of exposure 
to on-site workers. 

Water abstracted across the Site is also utilised for dust suppression, further investigation required as 
groundwater results are not delineated, although the risk is considered low 

Potentially 
Complete (Low 
Risk) 

Installation of groundwater monitoring bores 
down-gradient of the AoPC to assess potential 
groundwater impacts migrating from the area to 
the east.  

Human - Off-Site 
groundwater users (non-
potable) 

Rio Tintoôs Hope Downs operations are down-gradient from MAC. As part of ongoing mining 
operations at Hope Downs groundwater abstraction is undertaken, the source of potable and non-
potable water on the Hope Downôs site is unknown. In addition, 33% of groundwater abstracted during 
the FY21 was discharged to Juna Downs MAR. 

Further investigation required as groundwater results are not delineated, although the risk is 
considered low. 

Potentially 
Complete (Low 
Risk) Installation of groundwater monitoring bores 

down-gradient of the AoPC to assess potential 
groundwater impacts migrating from the area to 
the east.  Direct consumption of 

impacted groundwater 

Human ï Consumers of 
groundwater at down-
gradient properties 

Potentially 
Complete (Low 
Risk) 

Surface Water and 
Sediment 

Incidental ingestion of 
impacted sediments and 
surface water 

Human - On-site workers  

AoPC 1, 3, 7, 8, 9 and 13 - AoPC not identified as a source of surface water and sediment impact.  Incomplete N/A 

AoPC 4 and 5 - Concentrations for the sum of PFAS were recorded below the laboratory LOR in 
samples from the Western, Central and Eastern Infiltration Ponds and discharge creeks. A single 
sediment concentration was reported above the laboratory LOR, from an emergency overflow pond 
associated with the Packsaddle WWTP.   

Incomplete N/A 

AoPC 10, 11 and 12 ï Sum of PFAS concentrations were recorded above the laboratory LOR in all 
samples, but were below adopted human health criteria. The composition of the PFAS concentrations 
within the total soil results comprise predominantly of the Perfluoroalkyl Carboxylic Acid and 
Fluorotelomer Sulfonic Acid groups, of which there is currently no established human health 
assessment criteria.   

Sediment from on-site OWS and drainage channels is excavated and transferred to the 
bioremediation farm (AoPC 12), therefore there is a potential for on-site workers to be exposed to 
impacted sediments during maintenance activities. On this basis, this pathway is considered to 
present a potential risk, albeit a very low risk and risk could be mitigated by material management 
procedures. 

Complete (Very 
Low Risk) N/A 
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Impacted Media Exposure Routes Receptors  Qualitative Risk Assessment  SPR Linkage 
(Risk) Data Gap 

Human - Recreational users 
of waterbodies 

AoPC 4 ï Surface water PFAS concentrations were recorded below the laboratory LOR in samples 
from the Western, Central and Eastern Infiltration Ponds and discharge creeks, with the exception of a 
single concentration of Perfluorononanoic acid (0.0007 Õg/L), slightly above the LOR (0.0005 Õg/L), all 
concentrations were below available human health assessment criteria. Given the location and nature 
of these waterbodies it is not expected that regular recreational use would occur. On this basis, this 
pathway is considered to present a low risk of exposure to human receptors. 

Incomplete N/A 

Ingestion or direct uptake 
of impacted surface 
water and sediment 

Ecological ï Aquatic biota AoPC 4 - Surface water PFAS concentrations were recorded below the laboratory LOR and/or below 
the adopted available ecological, assessment criteria in samples from the Western, Central and 
Eastern Infiltration Ponds.  

Incomplete 
N/A 

Ecological - Terrestrial biota Incomplete 
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15 Conclusions and Recommendations 

15.1 Conclusions 
Following the completion of the document review and site inspection, a total of 13 AoPC were identified, 
incorporating BHP WAIO registered contamination areas and sites identified during the Cardno site 
inspection that had the potential for PFAS to be a source of PFAS due to current or historical activities.  

On completion of the field assessment the results indicated that there are five potential source areas, where 
PFAS is present across the Site, namely: 

> AoPC 1 (AC-16) - Coondawanna Airport; 

> AoPC 7 (No BHP ID) - New Firefighting Training Ground; 

> AoPC 9 (AC-22) - MAC Medical Centre; 

> AoPC 10 (AC-09) - Heavy Vehicle Workshops; and 

> AoPC 12 (AC-03) - Bioremediation Farm.     

PFAS was identified within surface soil, surface water or sediment at each of these AoPC, including 
concentrations that exceed the relevant adopted assessment criteria. 

Of the 51 surface soil and sediment samples across the five AoPCôs, 38 samples recorded leachate 
concentrations above the adopted ecological assessment criteria. The highest concentrations were primarily 
associated with unregulated compounds, likely associated with the use of ónewerô C6 firefighting foams.  The 
elevated concentrations within leachate indicates PFAS compounds have historically been discharged to the 
environment at these locations. The connection to groundwater is currently not understood and is considered 
residual data gap. 

Given the large site area, complex geology and depth to water, exceedance of the criteria does not indicate 
an immediate risk to receptors, although further investigation is required to delineate the extent of the 
impacts and potential for future migration. 

15.1.1.1 AoPC 1 - Coondawanna Airport 

All total PFAS concentrations were recorded below the adopted human health and ecological assessment 
criteria, however, all leachate samples, except for one sample located in the northwest of the apron, 
recorded a PFOS concentration above the adopted ecological assessment criteria. 

The results indicated that the highest concentration of sum of PFAS was recorded to the northwest of the 
airport apron, where it is reported training exercises utilising foams has been undertaken. The composition of 
the PFAS concentrations within the total soil results comprise predominantly of the Perfluoroalkyl Carboxylic 
Acid and Fluorotelomer Sulfonic Acid groups. 

The highest PFAS concentrations were recorded in nonregulated compounds. 

15.1.1.2 AoPC 7 - New Firefighting Training Ground 

All total PFAS concentrations were recorded below the adopted human health and ecological assessment 
criteria, however, all leachate samples recorded a PFOS concentration above the adopted ecological 
assessment criteria.  

The highest PFAS concentrations were recorded in nonregulated compounds. 

15.1.1.3 AoPC 9 - MAC Medical Centre 

The sum of PFAS concentrations in the surface soils varied significantly across the area, with the location of 
the highest sum of PFAS concentration immediately to the west of the concrete pad on which the emergency 
vehicles are parked, however, it is noted that the remaining samples collected adjacent to the concrete pad 
recorded concentrations two orders of magnitude lower. 

There is evidence that PFAS impacted surface runoff has flowed from the concrete pad to the surrounding 
environment with sum of PFAS concentrations recorded above the laboratory LOR at the base of an incline 
to the west of the AoPC. 

The highest PFAS concentrations were recorded in nonregulated compounds. 
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15.1.1.4 Heavy Vehicle Workshops 

All total soil concentrations were recorded below the adopted human health and ecological assessment 
criteria, however, all sum of PFAS concentrations were recorded above the laboratory LOR in all samples 
collected. 

Leachate PFOA concentrations were recorded above the laboratory LOR in all samples, but below the 
adopted human health and ecological assessment criteria. A total of seven of the 16 samples across the HV 
workshop area recorded a PFOS concentration above the 99% freshwater criteria. 

Within the HV Workshop Evaporation Ponds concentrations of sediment, sediment leachate and surface 
water recorded sum of PFAS concentrations above the laboratory LOR.  

The highest PFAS concentrations were recorded in nonregulated compounds. 

15.1.1.5 Bioremediation Farm 

During the assessment, a single sediment and surface water sample was collected from the dry and wet cell 
respectively. All total sediment compounds recorded concentrations below the adopted human health and 
ecological assessment criteria.  

Within the leachate sample, concentrations of unregulated Perfluoroalkyl Carboxylic Acids and Fluorotelomer 
Sulfonic Acid compounds were recorded above the laboratory LOR, with the PFOS concentration also 
recorded above the 99% freshwater criteria. Of note was the results from a surface water sample collected at 
the facility which recorded a Sum of PFAS concentration of 353 Õg/L. 

The highest PFAS concentrations were recorded in nonregulated compounds. 

15.2 Recommendations  
Following refinement of the CSM the identified AoPC were also considered to represent potentially complete 
S-P-R linkages, largely due to limited delineation of potential impacts at identified source sites.  

During the site visit, six BHP contaminated sites reference areas were unable to be accessed and should be 
investigated as part of future investigations. 

> AC-04 ï Inert Landfill; 

> AC-05 ï Area C Landfill ï Putrescible; 

> AC-06 ï Historical Sewerage Irrigation Area; 

> AC-13 ï BioMax Evaporation Pond ï OHP; 

> AC-17 ï Packsaddle Historical Sewerage Irrigation Area; and 

> AC-19 ï BioMax Evaporation Pond ï E Deposit. 

In addition, it is recommended that the identified AoPC undergo further assessment as summarised below: 

> Investigation of soils at depth to assess subsurface PFAS mass: 

�� AoPC 1 (AC-16) - Coondawanna Airport; 

�� AoPC 7 (No BHP ID) - New Firefighting Training Ground; 

�� AoPC 9 (AC-22) - MAC Medical Centre; and 

�� AoPC 10 (AC-09) - Heavy Vehicle Workshops. 

> Assessment on the nature of the bioremediation cells and source of material transferred to the cells in 
terms of material management: 

�� AoPC 12 (AC-03) - Bioremediation Farm. 

> Installation of groundwater monitoring bores down-gradient2 to assess potential groundwater impacts 
migrating to nearby receptors:  

                                                      

 
2 Groundwater likely has localised and regional flows, potentially in different areas following geology and topography ï i.e. in the west 
will likely flow towards Coondwana Flats or the north - which needs to be considered. 
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�� AoPC 1 (AC-16) - Coondawanna Airport; 

�� AoPC 7 (No BHP ID) - New Fire Fighting Training Ground; 

�� AoPC 9 (AC-22) - MAC Medical Centre; 

�� AoPC 10 (AC-09) - Heavy Vehicle Workshops; and 

�� AoPC 12 (AC-03) ï Bioremediation Farm. 
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