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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for RAAF Base Edinburgh, South 
Australia. 

This PMAP sets out a plan for Defence to manage the elevated risks of PFAS contamination on 
and emanating from RAAF Base Edinburgh as identified in: 

• the Detailed Site Investigation Report (December 2018) 

• the Detailed Site Investigation Addendum Report (July 2019) 

• the Human Health Risk Assessment and Preliminary Ecological Risk Assessment Report 
(July 2019)  

It also documents the options development and assessment process, and rationale for the 
proposed response actions to manage those risks.  

This PMAP will be reviewed annually (or earlier where required) to take into account changes in 
circumstances, including: 

• progress in risk management and the effectiveness of specific response action 
• data from the Ongoing Monitoring Plan 
• changes of land use  
• Changes in legislation, strategy, policy and guidelines/standards 
• Outcomes of new research or development of management/remediation 
• Any other new information that has the potential to impact the outcomes of the PMAP. 
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EXECUTIVE SUMMARY 

Introduction 

This PFAS Management Area Plan (PMAP) provides a broad roadmap for response management by 
Defence of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) contamination 
associated with Royal Australian Air Force (RAAF) Base Edinburgh (the Base) and surrounding 
areas, consistent with the PFAS National Environmental Management Plan (NEMP). 

Defence’s management of the risks under the PMAP aims to avoid or minimise exposure to PFAS 
contamination from Defence property to human health and ecological receptors. Defence aims to 
achieve this by implementing practicable solutions to prevent or minimise the migration of PFAS 
beyond the Defence property boundary. These solutions will be conducted in parallel with measures 
that limit the community from exposure.  

Background 

PFAS are a group of synthetic (i.e. ‘man-made’) compounds which include perfluorooctane sulfonate 
(PFOS), perfluorohexane sulfonate (PFHxS), and perfluorooctanoic acid (PFOA). PFAS have been 
widely used around the world since the 1950s to make products that resist heat, stains, grease and 
water. These include hydraulic fluid, stain resistant applications for furniture and carpets, packaged 
food containers, waterproof clothing, personal care products and cleaning products. 

Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy 
aqueous film forming foam (AFFF) used extensively worldwide by both civilian and military authorities 
from about the 1970s. Older formulations of AFFF contained a number of PFAS now known to be 
persistent in the environment and in humans. PFAS contamination on and in the vicinity of the 
Defence estate arises primarily because of the historic use of AFFF for training purposes or incident 
control. 

Many PFAS compounds are highly soluble and mobile and can rapidly leach through soils or disperse 
in waterways, travelling long distances from the source site. PFAS contamination in water is the 
primary mechanism via which these compounds migrate beyond the Defence property boundary. 
Some PFAS compounds are also very chemically and biologically stable, meaning they are resistant 
to breakdown and evaporation. In addition, some PFAS compounds (including PFOS and PFOA) are 
environmentally persistent and bio-accumulative which means that some plants and animals may be 
susceptible to PFAS, uptaking it through soil and water. 

A comprehensive environmental investigation was completed across RAAF Base Edinburgh and 
surrounding areas between December 2016 and February 2019 to assess the nature and extent of 
Base-derived PFAS contamination. The investigations identified 12 source areas at the Base that 
represented a significant source of PFAS contamination, where environmental sample results 
exceeded relevant human health and/or ecological guidance values. In each of the source areas, the 
primary PFAS of concern comprised PFOS and/or PFHxS. In addition, PFAS was detected in the 
shallow Quaternary groundwater system on and off-Base at concentrations above the human health 
guidance values for drinking water and recreational water. Whilst PFAS was detected in surface water 
on-Base at concentrations above the recreational water guidance values, all off-Base results were 
below these guidance values.  

As a result of the detection of PFAS contamination on and off-Base, Defence commissioned a Human 
Health Risk Assessment (HHRA) and Preliminary Ecological Risk Assessment (PERA) towards the 
end of the environmental investigation process. The HHRA and PERA was completed to understand 
the exposure scenarios that may present an elevated risk to human health and/or ecological receptors 
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that may be exposed to Base-derived PFAS contamination. This process also included targeted field 
investigations to collect data to inform the risk assessment. The results of the HHRA and PERA have 
been used to inform the response management actions detailed in this PMAP. 

Management Area 

The Management Area includes the Base, selected portions of the Helps Road Drain on and off-Base, 
the Kaurna Park Wetland, and areas where groundwater contamination has been identified in the 
shallow Quaternary Aquifers. The off-Base Management Area incorporates portions of the suburbs of 
Penfield, Direk, Burton, Salisbury North, Paralowie, Waterloo Corner, St Kilda and Bolivar. A figure 
showing the extent of the Base and the off-Base Management Area is provided below. 

 

Identified Risks 

In addition to identifying the primary PFAS source areas at the Base, the results of the comprehensive 
environmental investigations and associated HHRA and PERA were used to identify the potentially 
elevated PFAS exposure risks that warranted some form of action to mitigate such risks. Four 
elevated risks were identified in this process, comprising the following: 

1. Elevated human exposure through unlicensed use of Quaternary Aquifer groundwater, 
including potential future risk to licensed users as a result of plume migration; 

2. Elevated human exposure through consumption of carp from Kaurna Park Wetland, or other 
locations within Helps Road Drain downstream of the Base; 

3. PFAS source areas comprising soil, concrete and/or sediment contamination providing on-
going impact to surface water and groundwater; and 



PMAP – RAAF Base Edinburgh 
 

 

5 
 

4. Exposure to ecological receptors (i.e. protected migratory birds) associated with consumption 
of aquatic biota in Kaurna Park Wetland. 

The management response measures detailed in this PMAP have therefore been focussed on 
addressing these risks. 

Options Identification and Analysis 

The range of potential remedial options considered in this PMAP have been based on plausible and 
proven technologies described in the PFAS NEMP (HEPA, 2018), as well as relevant technologies 
described in the United States Interstate Technology and Regulatory Council (ITRC) factsheet 
Remediation Technologies and Methods for PFAS (ITRC, 2018). The remedial options considered in 
this PMAP can broadly be categorised as the following: 

• Ongoing Monitoring: implementation of an ongoing monitoring program (OMP) to monitor 
PFAS migration from Base and assess any change in exposure risks; 

• Administrative Controls: implementation of administrative controls that limit direct exposure to 
PFAS contaminated media; 

• Source Management: implementation of source control and/or remediation measures to limit 
the ongoing migration of PFAS from these areas, and to remove the PFAS exposure 
pathway; and 

• Pathway Interception: implementation of management measures that break the linkage 
between a source of PFAS contamination and the pathway of exposure to a receptor at risk. 

Initial screening was undertaken for plausible management options related to each type of risk. The 
results of this screening assessment were then used to identify options to be carried through for 
further detailed assessment, including comparative analysis of the options to determine those with the 
greatest chances of meeting the objectives. 

PMAP Response Actions 

The recommended PMAP response actions for RAAF Base Edinburgh and the surrounding 
Management Area have been consolidated into five overarching key response action categories, as 
follows: 

1. On-Base Management 
2. Soil Remedial Works in Source Areas 
3. Groundwater Remedial Works 
4. Minor Engineering Projects 
5. Ongoing Monitoring 

A summary of the individual action items that are recommended within each of the overarching 
response action categories is provided below. 

1. On-Base Management 

a. Continue to implement controls on ground disturbance activities and management of intrusive 
works via the following: 

• Relevant Defence Policies and Procedures; 

• The Environmental Clearance Certificate process, including the requirement to prepare 
project specific health, safety and environmental management plans that consider relevant 
records within the SA Contaminated Sites Register; 
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• Administration of the Defence PFAS Framework for Construction and Maintenance Projects; 
and  

• Consideration of environmental risks and issues during the Estate and Infrastructure design 
process. 

b. Complete a review of Estate Maintenance and Operational Services (EMOS) Contractor 
occupational health and safety policies and procedures to ensure that the administrative and 
operational controls identified in the HHRA and PERA Report (JBS&G, 2019) are formally 
documented; and 

c. Continue to manage AFFF waste water in accordance with existing EMOS Contractor procedures 
to prevent the potential for overflow from the AFFF evaporation pond (or associated infrastructure) 
that will impact on adjacent stormwater drainage features that ultimately direct stormwater off 
Base. 

2. Soil Remedial Works in Source Areas 

a. Preparation of a Remediation Action plan (RAP) for the purpose of clearly defining the remedial 
objectives and remediation criteria for soils in source areas; 

b. Undertake additional detailed soil characterisation works to better define the extent of soil hot 
spots within the relevant source areas, including prioritisation of source areas based on those 
likely to be contributing the greatest degree of PFAS impacts to stormwater discharging from the 
Base; 

c. Commission a capping design study to determine the most appropriate capping method and 
capping extent for each of the soil source areas; 

d. Complete an engineering assessment of stormwater management at each source area for the 
purpose of identifying opportunities to prevent/minimise contaminated surface water flow. 
Additionally, investigate the potential ongoing PFAS contribution that the concrete sources 
identified at the Base may be having on the surrounding environment (e.g. stormwater) and 
determine whether management is required to reduce PFAS flux from the Base (e.g. removal of 
concrete sources); and 

e. Complete a detailed review of appropriate ex-situ and in-situ remedial technologies to support the 
proposed works.  

3. Groundwater Remedial Works 

a. Preparation of a RAP for the purpose of assessing and identifying groundwater remedial actions at 
the source areas and/or Base boundaries; and 

b. Investigation of data gaps in the source areas to inform the remedial assessment.  

4. Minor Engineering Projects 

a. Commission an engineering study to determine an appropriate method for upgrading and/or 
replacing the “Chesterfield” sumps to mitigate the ongoing contribution this infrastructure may have 
on PFAS impacts in surface water and/or groundwater, and determine whether lining of the AFFF 
evaporation pond should occur to mitigate potential impacts to surface water (stormwater) should 
the capacity of the pond be exceeded (i.e. overflow occurs). 

5. Ongoing Monitoring of Surface Water and Groundwater 

a. Continue PFAS monitoring in accordance with the OMP to measure changes to PFAS flux and 
distribution in surface waters and groundwater. 
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Ongoing Monitoring Plan 
The objective of the OMP is to provide information on changes in PFAS contamination originating 
from RAAF Base Edinburgh to inform risk management decisions by Defence and State agencies to 
protect human health and the environment. Changes may result from the specific or cumulative 
impact of remediation or containment actions, existing transportation trends, changes to 
hydrogeology, or weather events. 

The OMP will include the following monitoring: 

• Targeted sampling of on and off-Base groundwater monitoring wells installed in the 
Quaternary Aquifer system; 

• Targeted sampling of Salisbury Council water supply bores and monitoring bores 
installed in the upper (T1) Tertiary Aquifer unit; 

• Private licensed water supply bores where owners have indicated they may consent to 
ongoing sampling; and 

• Targeted surface water sampling throughout the Helps Road Drain (on and off-Base) and 
Kaurna Park Wetland. 

The primary implementation period of the OMP will be 3 years during implementation of potential 
management options. After this time the extended implementation period of the OMP will be reviewed 
to assess the extent of the monitoring network and frequency required, based on the specific 
characteristics of the Management Area, the behaviour of the plume measured against specific data 
trends, and the revision of risk that may occur based on the assessment of results obtained from the 
monitoring program. 

The following will be shared with relevant South Australian state and local government authorities and 
made publicly available: 

• the OMP attachment of this PMAP; 
• monitoring data collected during the implementation of the OMP; 
• decisions made in response to the data collected during implementation of the OMP; and 
• changes to the OMP in response to incoming data over the implementation period. 

In addition, Defence will keep the community informed regarding changes in contamination 
concentrations and what the changes mean in terms of risk to the community via the Defence website 
and ongoing community engagement activities (e.g. community briefings, community liaison). 

PMAP Review and Update 

This PMAP (including the OMP) has been developed based on existing knowledge, current 
government policy settings, and available scientific methodologies and technology. PFAS 
management is a field that is rapidly evolving. Defence will review and update (where necessary) the 
PMAP and associated OMP at intervals of 12 months to ensure that these documents remain current 
and relevant.  

An earlier review/update may be triggered where circumstances demand it, such as changes in 
legislation, policy and guidelines related to PFAS. Any proposed changes to this PMAP will be 
communicated and discussed with the community and key stakeholders including Federal and State 
government agencies and the local Council. 
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GLOSSARY  

AFFF Aqueous Film Forming Foam 

ASR Aquifer storage and recovery – injection of surface water in to an 
aquifer for later recovery and use. 

Base A defined physical locality or geographical area from which Defence-
related activities, operations, training or force preparations are 
managed, conducted, commanded or controlled.  

DSI Detailed site investigation as identified in section 1.5 

EDP Edinburgh Defence Precinct 

EPA Environment Protection Authority 

ERA Ecological Risk Assessment 

Extended implementation 
period 

Period when PMAP response actions are required beyond the primary 
implementation period. These actions include ongoing: 

• monitoring, leachate management, and maintenance of 
stockpiles 

• monitoring of Management Area for PFAS 
• assessment of developments and technologies for application 

to stockpiled PFAS impacted soils and materials 

GPA Groundwater Prohibition Area – An institutional control applied by SA 
EPA to prevent extraction of groundwater within a defined area 

HEPA Heads of EPA, a forum of State, Territory and Commonwealth 
environmental regulators, and publisher of the PFAS NEMP 

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

Management Area The geographical area subject to Defence response actions as 
described in section 1.5 

MLC Most Likely Case - when considering contaminant mass estimates 
calculated from DSI data uses the average concentration of 
PFAS/PFOS within a defined area 

Net environmental 
benefit (NEB) 

The net impact of a contamination response action on the 
environmental health of the ecosystem/s within the Management Area 
(or an adjoining ecosystem) that is the target of the response action. 
An assessment of NEB involves an assessment of risk reduction of 
PFAS contamination, together with: 
a) impacts on: 

• ecosystem health 
• sensitive species 
• fate and transport of PFAS. 

b) planned mitigation actions for any negative impacts. 

Off-site Off-Base (or other Defence property) 
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Ongoing Monitoring Plan 
(OMP) 

The ongoing monitoring plan forming a part of this PMAP as set out in 
Chapter 5 and Attachment 1. 

On-site On-Base (or other Defence property) 

PERA Preliminary Ecological Risk Assessment 

PFAS NEMP PFAS National Environmental Management Plan 2018 developed 
cooperatively between Australian jurisdictions or as revised from time 
to time. 

Primary implementation 
period 

The period for completion of PMAP response actions characterised as 
primary implementation response actions. 

Primary source area An original source of PFAS contamination, generally on-site, for 
example, a fire-fighting training ground 

Project site A defined site for construction and maintenance works within a Base 

Public Works Committee 
(PWC) 

Required to approve higher value public works (exceeding $15 million) 
and assess public works with a value of between $2 million and 
$15 million). 

RWC Reasonable Worst Case - when considering contaminant mass 
estimates calculated from DSI data uses the maximum identified 
concentration of PFAS/PFOS within a defined area 

Remediation Action Plan 
(RAP) 

Defines the purpose and objectives of the remediation, evaluates and 
determines the remediation options, and sets out performance 
measures. 

Response actions Actions identified as recommended or potential options to address 
potential risks 

Response Management 
Strategy (RMS) 

The Defence PFAS Response Management Strategy 

Risk assessment(s) The HHERA, HHRA and/or ERA described in section 1.5 

Secondary source area An area containing elevated PFAS concentrations originally sourced 
from pathways from a Primary source area, and itself functioning as a 
source area  

Site Selection Board Approve the siting of semi-permanent and permanent structures, 
including the location of response actions and any supporting 
infrastructure. 

Source area An area within the Management Area that is, or has the potential to be, 
a source of contamination 

  
Unless otherwise defined in this document, terms defined in the NEMP or the ASC NEPM have those 
meanings. In the event of conflict, definitions used in the NEMP are to be preferred. 
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1 INTRODUCTION 

1.1 Purpose 

This PFAS Management Area Plan (PMAP) provides a broad roadmap for response management by 
Defence of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) contamination 
associated with Royal Australian Air Force (RAAF) Base Edinburgh and surrounding areas, consistent 
with the PFAS National Environmental Management Plan (NEMP). 

Defence’s management of the risks under the PMAP aims to avoid or minimise exposure to PFAS 
contamination from Defence property to human health and ecological receptors. In doing so, Defence 
prioritises the following combination of measures: 

1. Implementing practicable solutions to prevent or minimise the migration of PFAS beyond the 
Defence property boundary through: 

• reducing the mass of the PFAS contamination source, and/or 

• blocking or diverting the migration pathway of the contamination from the source to a 
receptor 

2. Limiting the community from exposure while management actions addressing source areas 
and/or migration pathways are underway. 

1.2 Application 

This document will be used by Defence (including contractors) managing or carrying out the response 
actions set out in this PMAP. 

This document may also be relevant for reference or aligning actions: 

• By Defence environmental staff responsible for approving Environmental Clearance 
Certificates and any other similar approvals required for implementation of this PMAP. 

• By Defence (including contractors) carrying out construction and maintenance works on 
the Defence estate 

• During the development and delivery phases of response actions, including by Site 
Selection Boards. 

The South Australian Environment Protection Authority (SA EPA) has been consulted in the 
development of this document. 

1.3 Background 

1.3.1 PFAS and its use 

PFAS are a group of synthetic (i.e. ‘man-made’) compounds which include perfluorooctane sulfonate 
(PFOS), perfluorohexane sulfonate (PFHxS), and perfluorooctanoic acid (PFOA). PFAS have been 
widely used around the world since the 1950s to make products that resist heat, stains, grease and 
water. These include hydraulic fluid, stain resistant applications for furniture and carpets, packaged 
food containers, waterproof clothing, personal care products and cleaning products. 

Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy 
aqueous film forming foam (AFFF) used extensively worldwide by both civilian and military authorities 
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from about the 1970s. Older formulations of AFFF contained a number of PFAS now known to be 
persistent in the environment and in humans. 

Most people living in developed nations will have some level of PFAS in their body due to their 
widespread use. In June 2016, the Environmental Health Standing Committee (enHealth)1, published 
guidance statements advising that there is currently no consistent evidence that exposure to PFOS 
and PFOA causes adverse human health effects.2 However, since these chemicals remain in humans 
and the environment for many years, it is recommended that as a precaution, human exposure to 
PFAS be minimised. 

PFAS contamination on and in the vicinity of the Defence estate arises primarily because of the 
historic use of AFFF for training purposes or incident control. 

1.3.2 The nature of PFAS 

PFAS has many qualities that combine to present particular challenges in locating, containing and 
remediating PFAS contamination: 

• Water is the prime method of PFAS contamination transferring from a source to a 
receptor - a person, animal, plant, eco-system, property or a waterbody. 

• PFAS is highly soluble and mobile and can rapidly leach through soils or disperse in 
waterways, travelling long distances. This may sometimes reduce the level of 
contamination of the original source material. 

• PFAS can permeate some solid surfaces. This includes concrete and other building 
materials, particularly used in storage tanks, fire training grounds and other large surface 
areas. 

• PFAS is very chemically and biologically stable and has a low vapour pressure, so it is 
resistant to breakdown and evaporation. However, some longer chain PFAS do break 
down in the environment, and are precursors to forming PFOS, PFHxS or PFOA. 

• Some PFAS (including PFOS and PFOA) are environmentally persistent and 
bioaccumulate. This means that some plants may be susceptible to PFAS, uptaking it 
through soil and water. It then bio-accumulates and becomes a part of the food chain. 
The same process applies to some animals and fish. 

1.4 Policy context  

The policy context for the PMAP consists of national guidance in the form of the PFAS National 
Environmental Management Plan, Defence estate and environmental strategies, and Defence PFAS-
specific strategies and guidance. 

1.4.1 PFAS National Environmental Management Plan 

The NEMP aims to provide governments with a consistent, practical, risk-based framework for the 
environmental regulation of PFAS-contaminated materials and sites. The NEMP has been developed 
                                                      

 

1 EnHealth is a subcommittee of the Australian Health Protection Principal Committee, and is responsible for providing agreed 
environmental health policy advice. Its membership includes representatives from the Health portfolios of Australian and New 
Zealand governments. 
2 http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-publicat-environ.htm 



  
PMAP – RAAF Base Edinburgh 

 
 

15 
 

collaboratively by the Heads of EPAs Australia and New Zealand and the Commonwealth Department 
of Environment and Energy (DoEE) and has been endorsed by the Commonwealth Government. 

The PFAS Response Management Strategy and the requirements of the PMAP template and 
guidance conform to the NEMP. The PMAP template and guidance will be adjusted to conform to 
relevant changes in the NEMP as and when the changes are made. 

1.4.2 Defence estate and environmental management 

The Defence Estate Strategy 2016-2036 and the Defence Environmental Strategy 2016-2036 each 
provide strategic direction for the management of risks associated with PFAS contamination.  

Under the Defence Estate Strategy 2016-2036, sustainability is one of five strategic aims for the 
management of the Defence estate.3 Under this strategy, the environment and its ongoing sustainable 
management is viewed as a critical enabler to Defence capability. For legacy contamination, including 
emerging contaminants such as PFAS, Defence is committed to minimising the impacts of the use of 
the estate on surrounding communities, proactively investigating and responding to contamination, 
and working with affected communities and State/Territory authorities. 

The Defence Environmental Strategy 2016-2036 provides further strategic focus. Relevant strategic 
aims are: 

Strategic Aim 1: Defence will deliver a sustainable estate. 
Strategic Aim 2: Defence will understand and manage its environmental impacts. 
Strategic Aim 3: Defence will minimise future pollution risks and manage existing contamination 

risks. 

1.4.3 PFAS Response Management Strategy 

The PFAS Response Management Strategy is a high-level strategy document that sets out the 
approach and principles to be applied to PFAS response management. Under the Response 
Management Strategy sit three integrated components:  

PFAS Management 
Area Plan (PMAP) 
template and 
guidance 

The template on which this PMAP is based, with embedded guidance for 
the comprehensive PFAS response plan for a Defence Base and its 
vicinity, based on the outcomes of the Detailed Site Investigations and the 
risk assessments. 

PFAS Interim 
Response 
Management (IRM 
Guidelines) 

Guidance to manage a specific risk rather than the set of risks associated 
with a property. These risks will generally emerge during the investigation 
phase. Where it is important that the risk be managed before the 
conclusion of the Investigation phase or the PMAP is in place, to avoid or 
mitigate a significant risk to human health or the environment, the IRM 
guidelines provide a process for developing, assessing and 
recommending options, scalable from community-level actions through to 
PWC referral actions. 

                                                      

 

3 Defence Estate Strategy 2016-2036, Strategic Aim 4: http://www.defence.gov.au/EstateManagement/Governance/EstateStrategy.asp 
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PFAS Construction 
and Maintenance 
Framework 

Guidance on the management of PFAS risks when carrying out 
constructions and maintenance projects on the Defence estate for a site 
that is, or is likely to be, contaminated by PFAS. 

Figure 1 below sets out a strategy and implementation map for Defence PFAS Response 
Management. 

Figure 1: Defence PFAS response management and implementation map 

 

 

Figure 2 at the end of this chapter presents the site-management process and the roles of the PMAP 
and related project documentation. 

1.4.3 PFAS Applied Research Strategy 

The PFAS Response Management Strategy also guides the PFAS Applied Research Strategy. Its 
objective is that Defence is sufficiently supported by research and new technologies to efficiently and 
effectively manage the risks associated with PFAS contamination on or emanating from the Defence 
estate. This includes supporting demonstration and validating PFAS remediation technologies. The 
PFAS Technology Demonstration Guideline provides guidance for the processes involved in Defence 
investment in technology demonstration. The outcomes of program may (as relevant) inform the 
review of this PMAP.  

1.5 Scope 

This PMAP relies on: 

• The detailed site investigation of December 2018 conducted by JBS&G Australia Pty Ltd 
(JBS&G),  

• The detailed site investigation addendum report of July 2019 prepared by JBS&G, and 
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• the Human Health Risk Assessment (HHRA) and Preliminary Ecological Risk 
Assessment (PERA) of May 2019 prepared by JBS&G Australia Pty Ltd. 

to inform risk identification and weighting of potential Management Options for the Management Area. 

The key parameters for the PMAP are set out below. 

Management Area The Management Area includes RAAF Base Edinburgh, selected 
portions of the Helps Road Drain on and off-Base, the Kaurna Park 
Wetland, and areas where groundwater contamination has been 
identified in the Quaternary Aquifers. The off-Base Management 
Area incorporates portions of the suburbs of Penfield, Direk, Burton, 
Salisbury North, Paralowie, Waterloo Corner, St Kilda and Bolivar. 
The general Base layout and Management Area covered under this 
PMAP are presented in Figure 3 and Figure 4 (attached).  

Issue/risk identification The key risks listed below have been identified during the 
development of the DSI (including addendum) and the HHRA and 
PERA. The common theme with these potential risks is that they 
have been, or are being, driven by the significant PFAS mass in soil 
at the Base providing an on-going source of contamination.  

Identified Risk No # 1 Elevated human exposure through 
unlicensed use of Quaternary Aquifer 
groundwater, including potential future 
risk to licensed users as a result of plume 
migration. 

Identified Risk No # 2 Elevated human exposure through 
consumption of carp from Kaurna Park 
Wetland, or other locations within Helps 
Road Drain downstream of the Base. 

Identified Risk No # 3 Soil source areas providing on-going 
impact to surface water and 
groundwater. 

Identified Risk No # 4 Exposure to ecological receptors (i.e. 
protected migratory birds) associated 
with consumption of aquatic biota in 
Kaurna Park Wetland. 

  

Issue/risk range A PMAP addresses the range of elevated risks identified in a DSI 
and the risk assessment, but excludes WHS PFAS exposure risks 
within the Management Area. They are appropriately managed by 
the relevant contractor in accordance with applicable work, health 
and safety legislation. 

Remediation technology 
status 

The response options in this PMAP consider only proven 
technologies at the appropriate scale, unless otherwise identified. 
Beyond specific active remediation technologies, the impact of 
construction earthworks, remedial or incidental capping and 
changes in water flow regimes is also considered to have the 
potential to affect the control of PFAS migration. 
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1.6 Key response factors 

When developing and recommending appropriate 
response actions, the key response factors 
considered (in accordance with the Defence PFAS 
Response Management Strategy and the NEMP) 
include: 

• whether an option is proportional to risks 

• the sustainability and longevity of an option 
(environmental, economic and social) in 
achieving an appropriate balance between 
benefits and effects 

• views of the jurisdictional regulator and 
other stakeholders 

• availability of best-practice management 
systems, treatments and technologies 

• site specific issues (including 
transformation, cross-contamination, and 
remobilisation) 

• effectiveness and validation status of 
technology 

• success measures for the treatment or 
remediation outcomes 

• the need for ongoing operations, 
management, maintenance or monitoring 

• the net environmental benefit 

Defence prioritises source management as preferable to pathway management and pathway 
management as preferable to receptor management but these components may be progressed 
concurrently in accordance with Defence’s priorities as set out in section 1.1. 

1.7 Implementation process 

Defence will undertake project management of the overall PMAP, including monitoring of 
implementation and progressive annual evaluation of the implementation.  

This will inform any changes to, and re-alignment of, the PMAP. 

Some interim response actions will be in progress or in the mid-point of approval processes at the 
commencement of this PMAP, having been transitioned from IRM actions (see section 2.7). 

Other actions under the PMAP will be subject to Defence approval and procurement processes, 
including where relevant, the processes of the Parliamentary Standing Committee on Public Works 
Committee (PWC) processes. 

Implementation timeframes will be subject to the factors set out in section 7.2. 

Source / Pathway / Receptor: categories 
of risk management for contamination 

A risk occurs when a source of 
contamination (such as soil contaminated 
with PFAS) is linked to a sensitive receptor 
(such as a person) via an exposure pathway 
(such as stormwater flow to a local water 
supply). 

Response to a risk may involve one or more 
of the following three principal components: 

a) source management by removal, 
destruction, treatment, disposal 
and/or other methods. 

b) pathway management by capping, 
containing, stabilisation, diversion, 
and/or other methods where the 
source remains in place but pathways 
are managed. 

c) receptor management by relocation, 
institutional controls, behaviour 
management, point-of-use treatment 
and/or other methods focussed on 
the receptor. 
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1.7.1 Approvals 

a) Higher value public works 

Larger public works (exceeding $15 million in expenditure) require a referral to the PWC. Under very 
limited circumstances, exemptions from the PWC process are available:4 

• urgency 
• for defence purposes where that scrutiny could be contrary to the public interest, or 
• for projects of a repetitive nature. 

Medium works (exceeding $2 million but less than $15 million in expenditure) require a notification to 
the PWC. PWC assessment of a notification may result in: 

• approval to proceed 
• approval to proceed, subject to specific conditions or requirements 
• Committee deliberation postponed, pending further information, or 
• Committee resolution to seek a referral. 

For higher value public works, a timeframe of up to 12-24 months may apply commencement of the 
development phase of the project to approval to commence the delivery phase. The processes may 
include all necessary Government and Parliamentary approvals, including PWC. This may require 
interim measures to be implemented to manage the risks until the response action has received 
approval to commence. 

b) Site Selection Board 

Where relevant, the Defence Site Selection Board is required to determine the location of response 
actions and any supporting infrastructure (for example, containment areas or water treatment plants). 

The question as to whether a regional or full review is required will be determined in accordance with 
Defence Estate Quality Management System (DEQMS) guidance5 

1.7.2 Procurement phase 

Once the PMAP is approved by Defence (and subject to the approvals in 1.7.1), Defence will 
undertake procurement actions (in order of priority) for relevant specific response actions in 
accordance with the Commonwealth Procurement Rules and standard Defence procurement 
processes. These specific response actions will be implemented and evaluated in accordance with 
the terms (including timeframes) of the relevant procurement agreement. 

1.7.3 Implementation timelines 

The outcomes of the procurement processes will inform the detailed project implementation timelines.  

The PMAP is divided into two implementation periods: 

1. The primary implementation period applies to actions that can generally be addressed in 
the short to medium term (up to three years. Ref section 7.2). The implementation of the 

                                                      

 

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
5 http://www.defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 
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Ongoing Monitoring Plan will commence in the primary implementation period and extend 
through to the extended implementation period. 

2. The extended implementation period commences once the primary implementation period 
has completed. It applies to response actions required beyond the primary implementation 
period on an ongoing or long-term basis. These actions include ongoing: 

• monitoring, leachate management, and maintenance of stockpiles 
• monitoring of the Management Area for PFAS 
• ongoing operation of remediation technologies (eg a water treatment plant), as required 
• assessment of developments and technologies for application to stockpiled PFAS 

impacted soils and materials. 

Response actions under this PMAP are designated as forming part of: 

a) the primary implementation period 
b) the extended implementation period, or 
c) both the primary and extended implementation periods (eg, monitoring of the Management 

Area for PFAS). 

1.7.4 A living document 

The science of understanding PFAS impacts and ways of managing PFAS contamination are 
constantly evolving. There is still a lot that is not established about PFAS behaviour and. the impacts 
of PFAS contamination on human health and the environment. Similarly, remediation technologies, 
and of the required scale, are at various stages of research and development. 

This PMAP has been prepared based on information available at the time of writing and relies on the 
findings of the DSI and the Risk Assessments. Defence recognises that there may still be gaps in 
information that will be progressively addressed while impacted sites are being managed. 

This document will be reviewed annually (or earlier if required). As implementation of the PMAP 
progresses, detailed plans supplementary to this PMAP will be prepared (as required) to address the 
individual management actions that have been identified in this PMAP. 

1.8 Constraints and assumptions 

This document has been developed on the basis of the following assumptions: 

• Access to areas to undertake remediation works will be possible with minimal restriction, 
except where current or proposed works that may impact this ability are known  

• Further delineation of soil impacts will be undertaken prior to any proposed excavation to 
better define hot spot areas and refine volume estimates 

• Further assessment of seasonal changes in surface water flows and concentrations will be 
undertaken 

• There are currently no South Australian landfills licensed for receipt of PFAS contaminated 
waste materials; 

• Availability of proven technologies for the successful remediation of PFAS in the environment 
including: 
o Management and remedial technologies summarised in the NEMP (2018) 
o Additional technologies based on successful trials within and outside of Australia (based 

on publicly available information) 
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o Technologies that are not considered economically viable or feasible for use at RAAF 
Base Edinburgh have been excluded (as recommended in NEMP 2018) 
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Figure 2: Defence PFAS management process map 
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2 PROFILE OF THE MANAGEMENT AREA  

2.1 Management Area description 

RAAF Base Edinburgh (the Base) is located in Edinburgh, South Australia, approximately 25 km north 
of the Adelaide central business district (CBD). The Base occupies an area of approximately 
1,000 hectares (ha) and contains the following major features: 

• An airfield; 

• Airfield navigational aids; 

• Explosive Ordnance (EO) areas; 

• Fuel farm; 

• Maintenance buildings; 

• Hangars and aprons;  

• Recreational, minor retail and training facilities;  

• Working accommodation (e.g. temporary), Living-In Accommodation (LIA), and messing 
facilities;  

• North East Defence Community Centre; and 

• Open space used as an airfield buffer.  

From an operational perspective, the Base forms part of the broader Edinburgh Defence Precinct 
(EDP), including the Defence Science and Technology Group (DSTG) site located immediately 
east/southeast. Outside of other Defence operations, the general land use surrounding the Base 
comprises a mix of industrial, commercial, residential, and agricultural (primary production) land use.   

The Management Area covers all of the Base and discrete areas outside of the Base including the 
Helps Road Drain and Kaurna Park Wetland, as well as groundwater beneath parts of the suburbs of 
Penfield, Direk, Burton, Salisbury North, Paralowie, Waterloo Corner, St Kilda and Bolivar where 
PFAS contamination has been identified in the Quaternary Aquifer system. The general layout of the 
Base and the Management Area is presented in Figure 3 and Figure 4 (attached). 

2.2 Management Area setting 

2.2.1 Geology and Hydrogeology 

The Base and the broader Management Area are located in the Northern Adelaide Plains area which 
comprises Quaternary and Tertiary aged sediments generated by the erosion of the Mount Lofty 
Ranges, located approximately 15 km to the east. The sedimentary sequence in the Investigation 
Area comprises approximately 500 m of Tertiary aged material overlain by approximately 100 m of 
Quaternary aged sediments. 

The main lithology within the Quaternary aged formations (the Pooraka Formation and the Hindmarsh 
Clay) typically comprises silty and sandy clays with isolated lenses of sand and gravel. These coarser 
units form a number of thin sub-aquifers separated by silt and clay aquitards. The shallowest of the 
Quaternary Aquifer units is the Q1 Aquifer, which may be semi-continuous and range from unconfined 
to semi-confined in nature. During the DSI program, the Q1 Aquifer was generally intersected at 
depths between 5 and 12m below ground level throughout the Management Area.  
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Below the Q1 Aquifer are the Q2, Q3 and Q4 Aquifers which are typically intersected at depths 
ranging from 16 to 30m, 31 to 45m and 46 to 60m respectively. The Q2, Q3 and Q4 aquifers are also 
semi-continuous aquifers separated by clay and silt confining beds (i.e. aquitards). The Q4 Aquifer is 
also known regionally as the Carisbrooke Sand Aquifer.  

Groundwater level gauging data collected throughout the DSI program was reduced relative to the 
Australian Height Datum (AHD) to allow relative groundwater elevations to be compared across the 
Investigation Area. The inferred groundwater elevation contours for the Q1 Aquifer across the 2017 
and 2018 sampling programs indicated groundwater flow was typically to the west and southwest with 
apparent groundwater mounding and radial flows observed in the vicinity of the stormwater drainage 
features (i.e. areas where localised surface water recharge mechanisms are influencing groundwater 
levels). This was in general agreement with the conceptual understanding of flows within the Q1 
Aquifer, based on a desktop review of regional hydrogeology. In the southern and south-eastern 
portions of the Base, there appeared to be components of groundwater flow in a more southerly 
direction. The inferred groundwater contours for the Q2 Aquifer also indicated groundwater flow was 
typically to the west and southwest, and was similar to the overlying Q1 Aquifer with the exception of 
an absence of apparent impacts from surface water recharge (which was not unexpected for the 
deeper Q2 Aquifer).   

Based on observations made during the supplementary DSI program, the inferred groundwater flow 
direction for the Q3 and Q4 Aquifers at the regional scale (i.e. Management Area level) was in a 
general west to south-westerly direction, similar to that observed for the overlying Q1 and Q2 
Aquifers. It is noted that there was some indication of a more north-westerly component of flow in the 
Q3 Aquifer off-Base, however this observation was based on a relatively limited number of data points 
across the large investigation area. 

The degree of vertical interconnection of the Quaternary aquifers is dependent upon the permeability 
and continuity of the intervening clayey aquitard materials. Where the aquitard material is absent or 
has lower resistance to vertical flow, interconnection of the successive aquifers can occur. The 
complexity of the Quaternary sequence and interconnection of individual lenses and layers of sands, 
clays, and silts means that groundwater is likely to move via preferential pathways through more 
permeable materials and has the potential to migrate vertically where interconnection between 
aquifers occurs.  

The results of an assessment of the vertical hydraulic gradient between the various Quaternary 
Aquifer units indicated a relatively high degree of variability in vertical hydraulic gradients both 
spatially and in the relative magnitude of the observed gradients. Approximately 50% of nested Q1 
and Q2 Aquifer monitoring well locations exhibited upward hydraulic gradients, whilst the remaining 
50% exhibited downward gradients. The steepest downward vertical gradients were typically 
observed in nested Q1 and Q2 well locations located in close proximity to stormwater drainage 
infrastructure, where there is apparent groundwater mounding in the Q1 Aquifer as a result of surface 
water recharge. 

An assessment of the vertical hydraulic gradient between the Q1, Q2, Q3, and Q4 Aquifers completed 
during the supplementary DSI program once again indicated a relatively high degree of variability in 
vertical hydraulic gradients both spatially and in the relative magnitude of the observed gradients. 
Typically, the steepest gradients were observed between the Q2 and Q3 Aquifers and between the 
Q3 and Q4 Aquifers. The measured groundwater elevations, or potentiometric surface, of the various 
aquifer units at the nested locations suggest there may be a greater degree of hydraulic separation 
between certain aquifer units in some locations. In particular, the greatest difference in potentiometric 
surfaces was typically observed between the shallower Q1 and Q2 Aquifers and the deeper Q3 and 
Q4 Aquifers. The relative difference in PFAS concentrations for the different aquifer units also 
supported this conclusion. 
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The Tertiary sediments which underlie the Quaternary sediments comprise four confined aquifers 
designated T1 – T4, each of which may comprise various sub aquifers. The majority of abstracted 
groundwater in the Adelaide metropolitan area, including the Northern Adelaide Plains, is obtained 
from the T1 Tertiary Aquifer. Within the Investigation Area, the T1 Aquifer is the primary aquifer used 
by market gardeners and commercial irrigators (i.e. high-volume irrigators) and is expected to occur at 
depths ranging from approximately 80 to 110m. The T2 Aquifer, which is separated from the T1 
Aquifer by a clay aquitard (Munno Para Clay) which has an approximate maximum thickness of 12m, 
is used in the Investigation Area by the City of Salisbury for Aquifer Storage and Recovery (ASR) 
operations. 

The distribution of the T3 Aquifer in the area is not well known because of its depth (i.e. >200m) and 
poor quality, but it is thought to occur in most of the Northern Adelaide Plains area as a thin sandy 
layer with an average thickness of 5m. Aquifer T4 consists mainly of South Maslin Sand and 
occasionally North Maslin Sand which directly overlies the fractured rock aquifer which consists of 
Adelaidean basement rocks (DfW, 2010). 

A graphical depiction of the aquifer units in the Investigation Area is shown below. 

 

2.2.2 Protected Environmental Values of Groundwater 

An assessment of the protected environmental values of groundwater for the Q1 to Q4 Aquifers within 
the Management Area was undertaken during the DSI (including the supplementary DSI program) in 
accordance with the process outlined in the SA EPA Guidelines for the assessment and remediation 
of site contamination (SA EPA, 2018). The assessment was completed based on calculated total 
dissolved solids (TDS) values for groundwater based on field measured electrical conductivity (EC) 
values. The most conservative (i.e. lowest) calculated TDS value for each aquifer was compared 
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against the TDS ranges provided in the table in clause 3 of Schedule 1 of the South Australian 
Environment Protection (Water Quality) Policy 2015. The results of the assessment are summarised 
below. 

Environmental 
Values of 
Underground Water 
(Groundwater) 

Q1 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Q2 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Q3 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Q4 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Drinking Water for 
Human Consumption 

Yes Yes Yes Yes 

Primary Industries—
Irrigation and General 
Water Uses 

Yes Yes Yes Yes 

Primary industries—
Livestock Drinking 
Water 

Yes Yes Yes Yes 

Primary industries—
Aquaculture and 
Human Consumption 
of Aquatic Foods 

Yes Yes Yes Yes 

 

2.2.3 Topography and Hydrology 

The topography of the Base and broader Management Area is relatively flat. Stormwater generated 
on Base is typically directed to the Helps Road Drain where it exits the Base across the southern 
boundary. There is a second stormwater discharge point across the southern boundary to the 
northwest of the Helps Road Drain (identified as the Western Swale), however this typically receives 
much lower volumes of stormwater given the unsealed nature of the small sub-catchment in this 
portion of the Base. Some of the stormwater in the Helps Road Drain on-Base is directed into the 
Southern Detention Basin where it has historically been harvested for use in the Salisbury Council’s 
Edinburgh Park South ASR operations. Excess stormwater from the Southern Detention Basin not 
harvested by ASR operations is ultimately directed back to the Helps Road Drain. 

Stormwater within the Helps Road Drain off-Base is directed to the Kaurna Park Wetland located 
approximately 2 km south to southwest of the Base, entering the wetland at the north-eastern extent. 
Stormwater traverses through a meandering series of channels within the wetland prior to reaching a 
harvest point for the Salisbury Council’s Kaurna Park ASR operations. Stormwater not harvested as 
part of the ASR operations ultimately overflows from the wetland to the Helps Road Drain at the 
downstream discharge point, where it then continues downstream for some 7 km before ultimately 
discharging to the Barker Inlet.  

2.2.4 Climatic Conditions 

The closest Bureau of Meteorology meteorological monitoring station is Edinburgh RAAF (Station 
Reference: 023083) located on Base in the central airside operations area, approximately 200 m west 
of the new Air Traffic Control Tower. Available climate data from this monitoring station (BOM, 2018) 
indicates the following: 

• The highest temperatures are experienced during the months of January and February, both 
with a mean daily maximum temperature of 30oC. The lowest temperatures typically occur in 
July with a mean maximum temperature of 15.3oC; 

• The highest rainfall rates across the Investigation Area typically occur during the month of 
July with a mean monthly rainfall of 53.8 mm, whilst the lowest mean rainfall occurs in the 
month of February (18mm); and 
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• The average prevailing wind direction across the Investigation Area since 1972 has been from 
the northeast in the morning (9am readings) and southwest in the afternoon (3pm readings). 

2.2.5 Heritage 

A draft Heritage Management Plan (GML Heritage, 2016) has been prepared for the EDP to address 
Indigenous and historic Commonwealth Heritage Values. Heritage values in the EDP include a range 
of buildings, structures, roads and plantings demonstrating the history and importance of the 
Salisbury Explosive Factory and the Base’s broader role in the Anglo-Australian Joint Project. 
Indigenous values include components of the Kaurna people’s cultural, spiritual and social landscape 
which includes recorded stone artefact and mound sites and two known burial locations.  

2.2.6 Flora and Fauna 

The nearest off-Site ecological receptor that receives surface water (stormwater) originating from the 
Base (via the Helps Road Drain) is the Kaurna Park Wetland. The Kaurna Park Wetland is a 
constructed wetland system that lies within the Helps Road Stormwater Catchment. It was 
constructed in the mid-1990s to contain stormwater and provide a floodwater detention function within 
the catchment. The findings of a preliminary ecological survey completed as part of the HHRA and 
PERA indicated a lack of ecologically significant species within the wetland apart from migratory bird 
species which are likely to spend relatively limited time within KPW in comparison to other nearby 
surface water features, including other man-made stormwater features and Barker Inlet. Furthermore, 
the Kaurna Park Wetland was considered to represent a highly disturbed environment in accordance 
with the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) 
framework. 

As documented in the DSI Report (JBS&G, 2018), no significant ecological receptors of concern (e.g. 
areas of ecological significance) were identified on Base. The potential for migratory bird species to 
be exposed to on-Base PFAS contamination was considered to be low on the basis that active control 
measures are implemented at the Base in order to deter birds due to operational risks associated with 
the airfield (i.e. bird-strike). Such measures include covering permanent/semi-permanent water 
features (e.g. the use of bird netting in the Southern Detention Basin area) and pest control programs 
to reduce potential food sources (e.g. rabbit control programs).  

No Groundwater Dependent Ecosystems (GDEs) were identified to exist within the Management 
Area.  

2.2.7 Surrounding Land Use and Zoning 

A general summary of the current land uses surrounding the Base, with consideration of the land use 
zones identified in the relevant Council Development Plans, is provided below: 

• North: A child care facility is located within 200 m of the Base boundary (on Argent Road). 
Industrial, agricultural, and recreational land uses are located to the north of the Base, with 
low-density residential land to the northeast; 

• East: Industrial, residential and commercial properties are located to the east of the Base, 
including the Defence Science and Technology Group (DSTG) site located immediately 
southeast; 

• South: Agricultural (Primary Production), industrial, commercial and residential properties 
are located to the south of the Base, with some areas designated open space (e.g. Kaurna 
Park Wetland); and 

• West: Agricultural (Primary Production) and industrial (Urban Employment) land uses are 
located to the west of the Base, with some low-density residential land use.  



 PMAP – RAAF Base Edinburgh 
 

 

28 
 

Broadly, the Primary Production areas off-Base include broad acre cultivation of edible produce (e.g. 
wheat, vegetables) interspersed with more intensive market garden and hydroponic farming of fruits 
and vegetables, and smaller scale hobby farms used primarily for domestic scale production of edible 
produce. In addition, there are several properties that are used for domestic and commercial horse 
training activities to the north and west of the Base.  

2.3 Management Area complexity scale 

The scale of the complexity of the Management Area is rated as large in accordance with the table 
below. 

 Characteristics Consequences 

Very 
Large 

• High number of identified risks 
• Multiple areas of contamination, both on-

Base and off-Base 
• hydrogeological profile facilitates rapid 

migration of contamination 
• large impacted community 

− PMAP complex 
− Development / implementation 

timeframe: highly extended 

Large • Medium number of identified risks 
• Multiple areas of contamination, both on-

Base and off-Base 
• Medium-sized impacted community 

− PMAP moderately complex 
− Development / implementation 

timeframe: extended 

Medium • Small-medium number of identified risks 
• Localised areas of contamination both on-

Base and off-Base 

− PMAP simplified 
− Development / implementation 

timeframe: medium 

Small • Small number of identified risks 
• Contamination currently confined to 

isolated locations on-Base 
• Potential risk of contamination to a small 

number of sensitive receptors 

− Basic PMAP 
− Development / implementation 

timeframe: medium 

2.4 Extent of contamination 

2.4.1 Primary Source Areas 

The results of the DSI program identified 12 primary source areas across the Base that were 
considered to represent a significant source of PFAS contamination. Each of these source areas 
identified PFAS contamination in one or more of the environmental media investigated exceeding the 
adopted Tier 1 screening criteria.  

A brief summary of each primary PFAS source area is provided below. 

Source Area ID Description PFAS Impacted Media 

P1 The AFFF waste water retention tank (Building 
521) and AFFF waste water evaporation pond, 
including soils in the vicinity of this infrastructure 

Sediment in waste water 
evaporation pond, soil (leachate), 
concrete (leachate), and 
groundwater 

P2 The Base’s bulk fuel storage facility, which 
includes an automated AFFF deluge system 

Groundwater, soil (leachate) 
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P3A and P3B The AFFF waste water retention infrastructure, 
identified as the Chesterfield Sumps, located at 
the eastern and western end of the Aircraft 
Hangars 

Groundwater 

P4 The former fire training area and sub-surface 
waste dump in the central northern portion of the 
airside operations area 

Soil (leachate) and groundwater 

P8 The sub-surface waste dump located along the 
central portion of the western Base boundary  

Groundwater 

P9 The current fire training area, including 
smokeroom training building (Building 618), 
located in the southern portion of the airside 
operations area near the Ordnance Unloading 
Area 

Soil (leachate), concrete 
(leachate) and groundwater 

P10 Former sewage treatment plant and fire training 
area located in the most southern point of the 
airside operations area, adjacent to the Helps 
Road Drain discharge point across the south-
western Base boundary, and Southern Detention 
Basin 

Soil (leachate), and groundwater 

P11 Current fire station and former AFFF concentrate 
storage area located near the new Air Traffic 
Control Tower 

Soil (leachate), groundwater, and 
concrete (leachate) 

P15 Former fire training area in the Ordnance 
Unloading Area, located in the southern portion of 
the airside operations area 

Soil (leachate) and groundwater 

P16 Former fire training area around the Engine Run-
up (ERUP) Facility, located to the northwest of the 
main apron 

Soil (leachate) and groundwater 

P23 The approximate location of a historical train and 
semi-trailer crash, at the corner of the western 
and south-western Base boundaries 

Groundwater 

P27  Suspected former fire training area adjacent to a 
parking area for aircraft refuelling tanker trucks, 
located to the west of the bulk fuel storage facility 

Groundwater, soil (leachate) 
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2.4.2 PFAS Contamination in Soil and Concrete 

The soil investigations at the Base identified five source areas containing PFAS contamination 
present at levels above the adopted human health screening criteria applicable to 
commercial/industrial land use (i.e. >20 mg/kg for the sum of PFHxS and PFOS). The identified areas 
and associated maximum reported concentrations for the sum of PFHxS and PFOS are summarised 
below: 

• Source Area P4 (Former Fire Training Area and Sub-surface Waste Dump) had 
concentrations ranging up to 161.8 mg/kg; 

• Source Area P10 (Former STP and Fire Training Area) had concentrations ranging up to 
45.6 mg/kg; 

• Source Area P11 (Current Fire Station, including former AFFF Storage Area) had 
concentrations ranging up to 160.2 mg/kg in soil as well as significant concentrations in 
concrete; 

• Source Area P15 (Former Fire Training Area in Ordnance Unloading Area) had 
concentrations ranging up to 34.71 mg/kg; and 

• P16 (Former Fire Training Area around the ERUP Facility) had concentrations ranging up to 
37.5 mg/kg. 

 

Whilst soil investigations within source areas P1, P2, and P9 did not identify PFAS contamination in 
excess of the adopted human health screening criterion, the soil leachate results indicated soils in 
these areas may represent a significant ongoing source of contamination to nearby stormwater 
swales and the underlying groundwater system. In addition, sediment samples recovered from the 
base of the AFFF waste water evaporation pond in source area P1 reported concentrations of the 
sum of PFHxS and PFOS up to 1,264 mg/kg. A targeted concrete sampling program also identified 
the former AFFF concentrate storage tank pad in source area P11, the concrete parking area at the 
front of the current fire station (within source area P11), and the concrete building within the current 
fire training area (source area P9) as potential ongoing sources of PFAS contamination to 
surrounding areas.  

An estimation of the mass of PFOS and total PFAS (based on the sum of the 28-analyte suite) in soils 
was completed as part of the DSI with the assessment detailed in the DSI Addendum Report (JBS&G, 
2019b). The estimates were calculated based on Most Likely Case (MLC) and Reasonable Worst 
Case (RWC) scenarios. Data collected throughout the DSI was first subject to geostatistical 
interpolation to generate soil concentration contours for each source area based on the concentration 
ranges for which Defence sought mass estimate calculations (i.e. >1mg/kg and >5mg/kg in soils). The 
arithmetic mean concentrations based on data collected within each concentration contour area was 
used to estimate mass for the MLC scenario and the calculated 95th percentile was used to estimate 
mass for the RWC scenario. It is expected that further delineation works would be undertaken in all of 
these areas prior to the implementation of any remediation options to better define (i.e. refine) the ‘hot 
spot’ areas. A summary of the results of the mass estimate assessment for each scenario is provided 
in the tables below.  
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Evaluation of Mass in Soil Hot Spot Areas (MLC Scenario) 
 

Source Area 

Concentration 

Total 
Impacted 

Area (m2)(1) 

% of total 
area 

impacted 

PFOS 
Mass (kg) 

% of total 
mass 

PFAS 
Mass (kg) 

% of total 
mass 

> 5 mg/kg 25,800 4% 2,040 84% 2,490 84% 

> 1 – 5 mg/kg 46,900 7% 170 7% 200 7% 

> 0.005 – 1 mg/kg 564,500 89% 210 9% 260 9% 

(1) The total impacted area includes the sum of all source investigation areas and has been taken as the higher of the two areas between 
PFOS and total PFAS for each scenario. 

Evaluation of Mass in Soil Hot Spot Areas (RWC Scenario) 
 

Source Area 

Concentration 

Total 
Impacted 
Area (m2) 

% of total 
area 

impacted 

PFOS 
Mass (kg) 

% of total 
mass 

PFAS 
Mass (kg) 

% of total 
mass 

> 5 mg/kg 25,800 4% 5,710 83% 6,360 82% 

> 1 – 5 mg/kg 46,900 7% 410 6% 450 6% 

> 0.005 – 1 mg/kg 564,500 89% 760 11% 920 12% 

 

As demonstrated in the tables above, the majority of the mass of PFOS/PFAS within soils is located in 
areas of elevated concentration. That is, approximately 80-85% of the mass of contaminant is 
estimated to be present within soils with concentrations greater than 5mg/kg and approximately 90% 
of the mass is within soils with concentrations greater than 1 mg/kg. 

2.4.3 PFAS Contamination in Groundwater 

Widespread PFAS contamination has been identified in groundwater beneath and down hydraulic 
gradient of the Base that exceeds health-based guidance values for drinking water (i.e. 0.07 µg/L for 
the sum of PFHxS and PFOS). PFAS contamination has been confirmed to extend vertically through 
the full extent of the Quaternary Aquifer system beneath the Base (i.e. Q1 to Q4), although 
concentrations are generally lower in the Q3 and Q4 Aquifers. Off-Base, PFAS contamination above 
the health-based guidance values for drinking water was observed in the upper three Quaternary 
units (i.e. Q1 to Q3). PFAS was also detected in the Q4 Aquifer off-Base during targeted 
investigations, however all results were below the health based guidance values for drinking water.  

The highest reported concentration in the Q1 Aquifer on-Base was 23,100 µg/L for the sum of PFHxS 
and PFOS, measured in groundwater sampled from monitoring well GW2116 in Source Area P11, 
located adjacent to the former AFFF concentrate storage area (adjacent to the new air traffic control 
tower). The highest reported concentration for the sum of PFHxS and PFOS in groundwater sampled 
from the Q2 Aquifer on-Base was 1,540 µg/L, recovered from a monitoring well in Source Area P9 
(Current Fire Training Area). The highest reported concentrations in the Q3 and Q4 Aquifers on-Base 
were 45 µg/L and 6.7 µg/L respectively for the sum of PFHxS and PFOS in Source Area P9 (Current 
Fire Training Area).  

The highest reported concentration for the sum of PFHxS and PFOS in the Q1 Aquifer off-Base was 
24.6 µg/L, with concentrations of the sum of PFHxS and PFOS in the Q2 Aquifer and Q3 Aquifer 
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reported up to 44 µg/L and 4.3 µg/L respectively. The highest reported concentration for the sum of 
PFHxS and PFOS in the Q4 Aquifer off-Base was 0.05 µg/L.  

The Q1 and Q2 aquifers are the most heavily PFAS impacted aquifers in the Management Area. The 
inferred extent of the Q1 and Q2 plumes is shown on Figure 13 and Figure 14 of the DSI Addendum 
Report (JBS&G, 2019b). 

No PFAS contamination was identified in the deeper T1 Tertiary Aquifer, the primary aquifer used by 
market gardeners and commercial irrigators throughout the Management Area. This was based on 
results from private T1 Aquifer water supply bores where consent for sampling was given during the 
DSI, and T1 Aquifer Council bores targeted for sampling within or in relatively close proximity to the 
Management Area.  

It is noted that PFAS contaminated groundwater may exist in the T2 Tertiary Aquifer as a result of the 
injection of PFAS contaminated surface water (stormwater) during the operation of the City of 
Salisbury ASR scheme. The extent of any such contamination is considered to be restricted to the 
Edinburgh Park South bores that have injected water sourced from the SDB, and the Kaurna Park 
ASR bores that have injected water sourced from the Kaurna Park Wetland. Following the discovery 
of PFOS impacts in water sourced from these bores in July 2016 (above the current Health Based 
Guidance Values for Drinking Water), the bores were isolated from the ASR distribution network and 
water supply from these bores does not currently occur. It is understood that all other bores in the City 
of Salisbury ASR network did not detect PFAS above the laboratory limit of reporting (LOR) and/or the 
current Health Based Guidance Values for Drinking Water (DoH, 2017). It was beyond the scope of 
the DSI to assess impacts associated with the operation of the City of Salisbury ASR scheme and 
associated historical distribution of PFAS contaminated surface water.  

The estimated dissolved phase mass of PFAS (sum of 28-analytes) within the Q1 and Q2 Aquifers for 
the MLC scenario was 890 kg and 1,170 kg respectively. It was further estimated that between 30% 
and 90% of PFAS mass in groundwater may be present as sorbed phase mass (i.e. sorbed to aquifer 
materials). The estimated discharge of PFAS across the Base boundary for the MLC scenario was 
50 g/year and 20 g/year for the Q1 and Q2 Aquifers respectively. The mass of PFAS being 
discharged across the Base boundary in groundwater is modest compared with the mass within soil 
and groundwater (including sorbed mass) on the Base. It can therefore be concluded that off-site 
migration of PFAS in groundwater will continue to occur over an extended timeframe following 
management of soil sources. 

2.4.4 PFAS Contamination in Surface Water and Sediment  

The results of surface water testing throughout the DSI indicated PFAS contamination exceeding the 
adopted human health screening criteria relevant to recreational water (i.e. 0.7 µg/L) was limited to 
on-Base areas. Surface water samples collected in all off-Base areas investigated did not identify 
PFAS contamination above the recreational screening criteria. However, PFAS contamination 
exceeding the adopted ecological screening criteria for freshwater (i.e. 0.13 µg/L for PFOS) was 
identified in samples collected from throughout the Kaurna Park Wetland, and a sample location 
upstream of the wetland in the Helps Road Drain.  

The DSI also identified concentrations of PFAS in surface water exceeding the ecological screening 
criteria for freshwater in samples collected at the downstream extent of the Helps Road Drain, near 
the discharge point into the Barker Inlet. It is possible that these impacts may have been contributed 
to by an unidentified off-Base source or existing PFAS contamination in the Barker Inlet. An 
investigation undertaken by the South Australian Environment Protection Authority in 2017 assessing 
PFAS in the marine environment (SA EPA, 2017) indicated that the Barker Inlet represents a surface 
water body impacted by multiple sources of PFAS contamination. Although the results of the DSI 
indicated that the Base appeared to represent a contributing source of PFAS contamination to the 
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Barker Inlet, it was considered impractical to determine the relative contribution from the Base versus 
other sources. 

The results of the sediment sampling program completed throughout the stormwater drainage 
network across the Base and the broader investigation area, including the Kaurna Park Wetland, did 
not identify PFAS concentrations exceeding the adopted Tier 1 human health screening criteria (i.e. 
20 mg/kg for the sum of PFHxS and PFOS). The highest reported sediment concentration was 
3.28 mg/kg for the sum of PFHxS and PFOS, reported in a sample collected from a swale drain near 
the front of the on-Base fire station (within Source Area P11). 

Preliminary estimates of annual PFAS mass discharge in surface water was calculated for three 
scenarios based on data obtained from the Adelaide and Mt Lofty Ranges Natural Resources 
Management Board (AMLR) measuring site at Summers Road, Bolivar. Reliable data exists for the 
measuring site from 2009 onwards. The three scenarios investigated for the available data include the 
lowest and highest flows which occurred in 2018 and 2016 respectively as well as the mean flow for 
the 2009 – 2018 period. A summary of the mass flux estimates as detailed in the DSI Report is 
provided in the following table.  

AMLR Annual Flow 
Scenario 

Site No. A5051013 
Year 

AMLR Annual 
Flow 

(ML) 

PFAS 
Concentration 

(µg/L) 

Mass 
Discharge 

(g/year) 

Minimum 2012 643 0.24 150 

Maximum 2016 5,328 0.24 1,280 

Mean 2009 - 2018 1,930 0.24 460 

 

The mass of PFAS being discharged across the Base boundary in surface water is modest compared 
with the mass stored in soils. It can therefore be concluded that transfer of mass from soils to surface 
water will occur over an extended time frame and thus the soil sources will provide a long-term, on-
going source of surface water contamination in the absence of suitable management measures being 
adopted to address source areas at the Base. Further assessment is required to better understand 
the current discharge profile of PFAS within stormwater across the boundary as well as to provide a 
baseline to assess the effectiveness of any remediation and management measures adopted at the 
Base. 

2.4.5 PFAS in Biota 

The results of a targeted biota sampling program at Kaurna Park Wetland identified elevated PFAS 
concentrations in carp that exceeded the Food Standards Australia New Zealand (FSANZ) trigger 
points for further investigation for finfish (FSANZ, 2017). All results for yabby samples collected as 
part of the assessment were below the FSANZ trigger points for further investigation for crustaceans. 
As a result, further assessment of the potential risks posed to members of the community who may be 
catching and consuming carp from the wetland was undertaken as part of the HHRA. The results of 
this assessment identified that risks to these people may be elevated, subject to consumption rates. It 
is highlighted that the City of Salisbury prohibits fishing in the Kaurna Park Wetland with signage to 
indicate this erected at the primary entrance to the Kaurna Park Wetland, see photograph below. 
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2.4.6 Contaminant Transport Mechanisms and Migration Pathways 

Leachate analysis conducted on soil and concrete samples recovered throughout the DSI showed 
that the key analytes of interest, namely PFOS and PFHxS, were readily leached from the samples 
under neutral leaching conditions. These results indicate that, without management, the soil and 
concrete source areas at the Base will present an ongoing source of contamination to nearby 
stormwater drainage features (including the Helps Road Drain) and the underlying shallow 
groundwater system.  

Due to the persistence of PFAS in the environment, when PFAS contamination enters surface water 
and groundwater it can migrate long distances in the direction of flow. Evidence of off-Base migration 
of PFAS in both surface water and groundwater was confirmed by the DSI sampling program, 
although it is noted that the groundwater migration rates within the Q1 and Q2 Aquifers throughout the 
Investigation Area are expected to be relatively slow, particularly when compared to surface water 
discharge rates. Given the presence of numerous significant soil and concrete source areas across 
the Base, some of which are in relatively close proximity to stormwater drainage features and/or the 
down hydraulic gradient Base boundary, and existence of significant contamination in groundwater 
beneath the Base, it is reasonable to expect that PFAS contamination will continue to migrate from 
the Base in the absence of suitable remediation measures.  

In addition to the lateral migration of PFAS contamination in groundwater, the DSI sampling program 
identified vertical migration of PFAS contamination through the shallow Quaternary aquifers beneath 
and down hydraulic gradient of the Base. At the time of the DSI (including the DSI Addendum), PFAS 
contamination had been confirmed to extend to the Q4 Aquifer in some areas although at significantly 
lower concentrations than that observed in the overlying Q1 and Q2 Aquifers. Field observations, 
groundwater analytical results, and assessments of water chemistry indicated a varying degree of 
hydraulic connectivity between the Quaternary Aquifer units, with a general downward hydraulic 
gradient between the Q1 and Q2 Aquifers and the underlying Q3 and Q4 Aquifers.  

The major stormwater drainage features throughout the Base and the broader Management Area (in 
areas that receive stormwater from the Base), are unlined stormwater drains and detention basins. 
These features are considered likely to have a high degree of leakage (i.e. seepage) given their 
unlined nature, providing a migration pathway for contaminated surface water to enter the underlying 
shallow groundwater system. Whilst the leakage rates are not known, it is suspected that they would 
be relatively high given the lateral extent of the features. Evidence of significant groundwater 
contamination in the vicinity of the Southern Detention Basin, Helps Road Drain (on and off-Base) and 
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Kaurna Park Wetland, with an apparent radial spread of PFAS contamination away from these 
features (as documented in the DSI), supports this conclusion. 

2.5 Groundwater use 

Based on information supplied by Defence, and supported by the Department of Environment and 
Water (DEW) WaterConnect groundwater database records (pertaining to water supply licences), 
there is no extraction or use of groundwater that occurs on Base.   

A search of the WaterConnect groundwater database completed as part of the DSI identified 394 
registered bores located within the Investigation Area, of which 50 were identified as being licensed to 
extract groundwater for private water supply purposes. A further six wells were licensed to the City of 
Salisbury for ASR operations and/or irrigation (within the original or revised Investigation Area). A 
summary of the aquifers in which the water supply bores are installed, and the licensed groundwater 
use recorded on the water supply licences is provided below.  

Aquifer No. of Licensed 
Bores 

Licensed Use of Groundwater 

Q2 6 4 x Stock and Domestic  
1 x Stock, Domestic and Irrigation 
1 x Stock 

Q3 1 1 x Irrigation 
Q4 1 1 x Irrigation 
T1 39 34 x Irrigation 

2 x Stock and Domestic  
1 x Domestic 
1 x Irrigation, Stock and Domestic  
1 x Industrial and Irrigation 

T2 3 3 x Irrigation 
 

Groundwater extraction from the Quaternary Aquifers within the Management Area is typically 
associated with lower volume domestic irrigation and stock water supply. There was no evidence 
gathered as part of the DSI, or during the period of supplementary DSI program, to suggest that 
groundwater was being used as a potable water supply by anyone in the Management Area, noting 
the vast majority of residents and businesses are connected to mains (i.e. SA Water) supply. The 
information gathered from licensed water supply bore owners who completed a water use survey 
indicated that the domestic use was typically associated with outdoor domestic use (e.g. irrigation of 
lawns and home-grown produce), with one respondent noting the use of bore water (groundwater) for 
flushing toilets and another noting the use of bore water for showering.   

Groundwater extraction from the Tertiary Aquifers within the Management Area is typically associated 
with higher volume commercial irrigation activities. There was no evidence gathered during the DSI to 
indicate PFAS contamination had migrated to the deeper T1 Aquifer from the overlying Quaternary 
Aquifers. In addition, there was no evidence gathered to suggest Tertiary Aquifer groundwater was 
being used as a potable water supply by any users in the Management Area. 

2.6 Relevant legislation and government policy 

The PFAS NEMP aims to provide governments in Australia with a consistent, practical, risk-based 
framework for the environmental regulation of PFAS-contaminated materials and sites. It is framed as 
an adaptive plan, able to respond to emerging research and knowledge. 

The PFAS NEMP provides the guiding framework for the management of PFAS. For further 
information, see: http://www.epa.vic.gov.au/PFAS_NMP. 

http://www.epa.vic.gov.au/PFAS_NMP
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The NEMP Version 2.0 (Consultation Draft) was issued for public comment in March 2019. Proposed 
changes to the NEMP have been considered in this PMAP, where relevant or appropriate. 

Legislation and policy instruments relevant to the development of options for PFAS management in 
the Management Area is set out and discussed in Appendix A. 

Other key drivers and constraints impacting upon response management include: 

• There are no facilities in South Australia licenced to accept PFAS impacted soils/materials at 
present, therefore consideration of off-Base disposal options have been limited to interstate 
thermal treatment; and 

• Based on the Stockholm Convention for the management of Persistent Organic Pollutants, 
soil with a PFOS concentration greater than 50 mg/kg should not be landfilled.  

2.7 Interim response management actions / existing institutional controls 

This section sets out the response actions and institutional controls commenced or in place for the 
management during the investigation phase, and assesses their contribution to management of the 
identified elevated risks. 

2.7.1 Interim response actions 

Interim response management (IRM) actions are actions in accordance with the Interim Response 
Management (IRM) Guideline, or preceding that guideline, to provide for necessary avoidance or 
mitigation of risks prior to the completion of the DSI and/or risk assessments. While some actions 
have concluded, others are current and have been assessed for continued implementation and 
transition to this PMAP. 

Appendix B sets out the IRM actions relevant to the Management Area and assesses their impact.  

The following IRM actions have been assessed for continued implementation and a recommendation 
has been made to continue or terminate those actions: 

IRM ACTION RECOMMENDATION 
Continue / Terminate REASON 

1. Groundwater extraction 
and treatment in source 
area P9 

Continue and fully utilise 
capacity of the treatment 
plant by extracting water 
from adjacent source areas 
with the highest degree of 
groundwater impacts  

Higher mass removal rates are 
likely to be possible by combining  
works with groundwater extraction 
from higher strength source zones 

2. Soil washing trial in 
source area P9 

Continue until trial is 
completed 

The impact of source removal is 
likely to be beneficial for long term 
management of the PFAS issue. 
However, this benefit may be 
obtained more cost effectively by 
other soil source management 
methods (e.g. capping, excavation 
and containment) 

Recommendations for a continuation of interim response actions will form part of the PMAP. 

2.7.2 Institutional controls 

As noted in Section 2.4.5 the results of a targeted biota sampling program at Kaurna Park Wetland 
identified elevated PFAS concentrations in carp that exceeded the FSANZ (2017) trigger points for 



 PMAP – RAAF Base Edinburgh 
 

 

37 
 

further investigation for finfish. It is highlighted that the City of Salisbury prohibits fishing in the wetland 
with signage to indicate this erected at the primary entrance.  

2.8 Stakeholders 

The following stakeholders have been identified and should be considered when developing 
engagement response actions: 

• Impacted community (community members resident in the Management Area) 
• General public 
• City of Salisbury (Council) 
• City of Playford (Council) 
• SA EPA 
• Department for Environment and Water (DEW) 
• Renewal SA 
• Licensed water supply bore owners within the Management Area  
• Defence personnel and contractors (e.g. the EMOS Contractor) working at the Base  
• Federal Member of Parliament for Wakefield 
• State Parliament Member for Taylor  
• Federal Senate Member for Taylor  
• Local / regional media (including The Northern Weekly, The Advertiser, ABC radio and local 

television news networks) 

Stakeholder and community engagement has occurred leading up to and during the PFAS 
Investigations which commenced at the Base in November 2016. Government stakeholders have 
been consulted on the progress and findings of the PFAS investigations on a regular basis through 
the conduct of Project Control Group meetings. 

Five community engagement sessions were held as part of the detailed environmental investigation to 
discuss the following items:  

• October 2016 – PFAS Environmental Investigation introduction and overview 
• March 2017 – Update on preliminary sampling program results 
• November 2017 – Update on DSI progress and results 
• May 2018 – Update on DSI progress and results, refinement of Investigation Area, 

introduction of HHRA and PERA process 
• December 2018 – Presentation on the DSI findings and interim findings of the HHRA and 

PERA  
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS NEMP. The SA EPA has been consulted in the development of 
the PMAP. 

Stakeholder engagement associated with specific response actions recommended through the 
development of the PMAP will be addressed as relevant in the detailed implementation documents for 
those actions. 

The PMAP methodology steps through the following stages set out in this section. 

3.2 Identify risks and consequences (Chapter 4) 

The list of risks to be managed in this PMAP are identified as ‘elevated’ in either the DSI and/or the 
risk assessments. A source / pathways / receptor analysis based on the CSM in the DSI was used to 
identify the relevant source (primary and secondary), pathways and receptors for the risk. For each 
risk, the range of potential consequences if the risk is realised have been identified. 

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

An ongoing monitoring plan (OMP) forms a mandatory part of the PMAP and therefore it does not 
form a part of the options analysis. 

3.4 Develop risk management options (Section 6.1) 

Management option/s were identified to address each of the risks identified in Chapter 4. The list of 
options has been informed by a range of information and research, both general and specific to the 
Management Area. Management Area-specific information includes:  

• Risk assessments, CSM and DSI; 
• Relevant Commonwealth and State/Territory legislation 
• Feedback from stakeholder consultation 
• IRM actions undertaken or continuing in the Management Area 
• IRM or PMAP actions undertaken or considered by Defence on other properties 

The management options include  

• the ‘do-nothing’ option. It provides the ‘base case’ against which other options are assessed, 
and may at times be the best available option when assessed against the criteria of ‘net 
environmental benefit’. It does not get assessed through this process but the potential 
impacts are described in the Chapter 4 analysis. 

• IRM actions recommended under section 2.7 for continued implementation are included as 
options for further assessment. 

• Additional investigations required to address uncertainties and data gaps as identified through 
completion of the DSI. 

• Community-level options for further assessment. 

Identifying information for each option includes the objective and a description of how the objective 
contributes to managing the identified risk. 



 PMAP – RAAF Base Edinburgh 
 

 

39 
 

3.5 Detailed options analysis (Section 6.2) 

For each risk, the following analysis was undertaken: 

A. Cost / effectiveness / impact analysis 
1 Cost range estimate 
2 Effectiveness rating 
3 Implementation period / timeframe 
4 Potential impacts 
5 Estimated net environmental benefit rating (not relevant for 

institutional controls) 

B. Risk-based analysis 
6 Proportion of action to risk 
7 Best-practice status 
8 Verification status 
9 Technology assessment 
10 Risks and mitigation 
11 Key dependencies 

C. Defence implications 
12 Defence capability 
13 Project fit 
14 Scalability 

D. Stakeholder impacts, views and consents 
15 Jurisdictional regulator/s 
16 Owner / occupier consents and views 
17 Community 

E. Comparative analysis 
Comparative analysis comparing the available options to manage an identified risk. 

Details of the analysis for each of these factors are set out in Appendix D. 

3.6 Integrated options analysis (Section 6.3) 

Time and cost efficiencies and improved effectiveness may be found by looking for synergies 
between: 

• other proposed PMAP response actions  
• approved or proposed PMAP response actions in other Management Areas, and 
• planned works involving infrastructure, maintenance or remediation of co-contaminants on the 

Defence property. 

Where these synergies have been found, they are presented as an integrated package addressing 
the relevant sets of risks.  

3.7 Recommendations analysis (Section 7.1) 

The recommended set of PMAP response actions for each identified risk are based on the 
comparative analysis and the integrated analysis set out in Chapter 6. 
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

The identification of sources of PFAS contamination at RAAF Base Edinburgh and the associated 
pathways to receptors of concern are described in the DSI Report (JBS&G, 2018) and the DSI 
Addendum Report (JBS&G, 2019b). An assessment of risks to the relevant receptors associated with 
exposure to PFAS contamination originating from the Base is detailed in the HHRA and PERA Report 
(JBS&G, 2019a). 

The DSI identified 27 potential source areas at the Base that were subject to detailed investigations. 
The results of the DSI program confirmed 12 of these source areas as representing a significant 
source of PFAS contamination at the Base based on soil and/or groundwater investigation results. 
The table below shows the estimated mass of PFOS in soil at each of these locations along with the 
maximum groundwater concentration encountered (based on the sum of PFHxS and PFOS). In 
addition, an estimate of the volume of soil present where the PFOS concentration in soil is greater 
than 1 mg/kg is provided. The identified soil source areas are considered to represent significant 
secondary sources (i.e. ongoing sources) of contamination to groundwater and/or nearby stormwater 
drainage features. This information has been tabulated to provide a basis for ranking the identified 
source areas based on their potential to provide a continuing source of contamination to water. 



PMAP – RAAF Base Edinburgh 
 

 

41 
 

 

Source 
Area 

Description PFAS Impacted 
Media 

Est. Mass of 
PFOS in Soil – 
MLC >1mg/kg 
(kg)  

Maximum 
Concentration in 
Groundwater  
(µg/L) 

Maximum leachable 
concentration in soil 
and/or concrete  
(µg/L) 

Est. Volume of 
Soil where PFOS 
>1mg/kg  
(m3) 

P1 The AFFF waste water retention tank 
(Building 521) and AFFF waste water 
evaporation pond, including soils in the 
vicinity of this infrastructure 

Sediment in waste 
water evaporation 
pond, soil (leachate), 
concrete and 
groundwater 

1,080 

 

78 150 (soil) 

31 (concrete) 

13,100 

P2 The Base’s bulk fuel storage facility, which 
includes an automated AFFF deluge system 

Groundwater, soil 
(leachate) 

4 111 170 (soil) 2,400 

P3A and 
P3B 

The AFFF waste water retention 
infrastructure, identified as the Chesterfield 
Sumps, located at the eastern and western 
end of the Aircraft Hangars 

Groundwater Not determined, 
however DSI 
noted soils 
beneath this 
infrastructure are 
likely to be 
contaminated 

1,160 33 (concrete) Not determined 

P4 The former fire training area and sub-surface 
waste dump in the central northern portion of 
the airside operations area 

Soil, soil (leachate) 
and groundwater 

315 660 2,100 (soil) 35,700 

P8 The sub-surface waste dump located along 
the central portion of the western Site 
boundary 

Groundwater N/A 74 2.7 (soil) N/A 

P9 The current fire training area, including 
smokeroom training building (Building 618), 
located in the southern portion of the airside 
operations area near the Ordnance 
Unloading Area 

Soil, soil (leachate), 
concrete and 
groundwater 

120 870 1,400 (soil) 

160 (concrete) 

19,300 
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Source 
Area 

Description PFAS Impacted 
Media 

Est. Mass of 
PFOS in Soil – 
MLC >1mg/kg 
(kg)  

Maximum 
Concentration in 
Groundwater  
(µg/L) 

Maximum leachable 
concentration in soil 
and/or concrete  
(µg/L) 

Est. Volume of 
Soil where PFOS 
>1mg/kg  
(m3) 

P10 Former STP and fire training area located in 
the most southern point of the airside 
operations area, adjacent to the Helps Road 
Drain discharge point across the 
southwestern Site boundary, and Southern 
Detention Basin 

Soil, soil (leachate) 
and groundwater 

160 46 1,500 (soil) 7,600 

P11 Current fire station and former AFFF 
concentrate storage area located near the 
new Air Traffic Control Tower 

Soil, soil (leachate) 
and groundwater, 
concrete 

190 23,100 5,100 (soil) 

4,600 (concrete) 

14,300 

P15 Former fire training area in the Ordnance 
Unloading Area, located in the southern 
portion of the airside operations area 

Soil, soil (leachate), 
groundwater 

30 320 1,000 (soil) 

6.1 (concrete) 

7,500 

P16 Former fire training area around the ERUP 
Facility, located to the northwest of the main 
apron 

Soil, soil (leachate) 
and groundwater 

300 264 690 (soil) 

4.9 (concrete) 

30,600 

P23 The approximate location of a historical train 
and semi-trailer crash, at the corner of the 
western and southwestern Site boundaries 

Groundwater N/A 214 2.6 (soil) N/A 

P27  Suspected former fire training area adjacent 
to a parking area for aircraft refuelling tanker 
trucks, located to the west of the bulk fuel 
storage facility 

Groundwater, soil  15 2,900 No samples analysed 5,100 
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The results of the DSI program and Tier 1 screening level risk assessment were used to assess the 
potential human and ecological receptors that may be exposed to Base-derived PFAS contamination, 
and how this exposure may occur. For a potentially unacceptable risk of exposure to site 
contamination to exist there must be a complete linkage between a source (e.g. contaminated soil, 
groundwater), a pathway of exposure of a receptor to the source (e.g. direct contact, ingestion), and 
a receptor that may be exposed to the source (e.g. a person, a species of significance). This is 
otherwise known as a Source-Pathway-Receptor (S-P-R) linkage. Where one or more of the source, 
pathway or receptor elements does not exist at a site, then an S-P-R linkage is considered incomplete 
and an unacceptable risk is not considered to exist. The results of the S-P-R linkage assessment are 
detailed in the DSI Report (JBS&G, 2018) and the DSI Addendum Report (JBS&G, 2019b). The 
results of the refined S-P-R analysis, including a visual depiction of the CSM (Figure C1 and Figure 
C2), are provided in Appendix C. 

Based on the S-P-R analysis, the human and ecological receptors that are considered to exist and 
may be exposed to Base-derived PFAS contamination can be summarised as follows: 

• Defence personnel and contractors (e.g. the EMOS Contractor) working at the Base; 
• Intrusive maintenance workers and construction workers working at the Base;  
• Visitors to the Base; 
• People who may be catching and consuming edible biota (i.e. fish) from the Kaurna Park 

Wetland;  
• Off-Base users and consumers of Quaternary Aquifer groundwater, noting that the current 

data suggests potential risks are limited to unlicensed or unregistered Quaternary Aquifer 
bore users (if such users exist); and 

• Terrestrial and aquatic fauna that may inhabit or be using the Kaurna Park Wetland (e.g. 
migratory birds). 

The following exposure pathways are considered to exist for the identified receptors: 

Human Health On-Base 

• Direct contact or incidental exposure to soil (including sediment within the AFFF waste water 
evaporation pond) and surface water contamination. 

Human Health Off-Base 

• Consumption of edible aquatic biota (i.e. fish) caught from the Kaurna Park Wetland;  
• Direct contact or incidental exposure during irrigation or use of PFAS contaminated 

Quaternary Aquifer groundwater for domestic activities, recreational activities, or commercial 
activities by unlicensed or unregistered bore users. 

Ecological 

• Direct contact with impacted surface water in the Kaurna Park Wetland; 
• Ingestion of impacted surface water in the Kaurna Park Wetland (and within Helps Road 

Drain); and 
• Ingestion of flora and fauna affected by Base-derived PFAS contamination (bioaccumulation). 
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4.2 Risk listing and consequences 

To better understand the scale of PFAS contamination at the Base and the potential for ongoing 
migration of PFAS contamination from the Base, an estimate of mass and mass flux for soil, surface 
water and groundwater (including dissolved phase and sorbed mass) was completed and 
summarised in the DSI Addendum Report (JBS&G, 2019b). Contaminant mass estimate calculations 
for the Base (based on the most likely case scenario) indicated that approximately 3,000 kg of PFAS 
mass is present in soils across the Base while an estimated 2,000 kg of PFAS mass is present as 
dissolved phase mass in groundwater throughout the broader Management Area. It is further noted 
that between 30% and 90% of the estimated mass in groundwater may be present in the sorbed 
phase (i.e. sorbed to aquifer materials). The mass estimates for groundwater were based on 
estimates for the Q1 and Q2 Aquifers, noting mass in the Q3 and Q4 aquifers was not estimated 
given the relatively limited dataset and significantly lower concentrations typically observed in these 
units.  

The dissolved phase and sorbed mass estimates for groundwater presented in the DSI Addendum 
Report were calculated for the aquifer units only (i.e. the permeable horizons). It should be noted that 
mass present in the aquitards/aquicludes has not been estimated as groundwater flow in these 
features is considered to be negligible. However, some PFAS mass will be present in these low 
permeability features due to molecular diffusion. While estimating this mass is not practicable, its 
presence is important for the long-term fate and transport of PFAS in the aquifer(s) as it will represent 
a virtually inaccessible (from a remedial perspective) long-term source of PFAS. This process is of 
most importance in the portions of the aquifers that have been subject to very high concentrations of 
PFAS (i.e. at, and immediately downgradient of, source zones) but is still relevant across the wider 
Management Area. 

It is also worth noting that the total estimated area of PFAS impacted soils across the Base is in the 
order of 637,000 m2 (or 64 hectares), however approximately 85% of the soil mass resides in ‘hot 
spots’ with a total estimated area of approximately 25,000 m2 (or 2.5 hectares) making these areas 
more conducive to source control/management measures.  

Further the rate of discharge of PFAS mass across the Base boundary in groundwater (sum of Q1 
and Q2 Aquifers) was estimated to be between 90 and 130 grams per year when summing the results 
for the Q1 and Q2 Aquifers. The estimated rate of PFAS discharge from the Base via surface water, 
based on mean flows through Helps Road Drain6 (AMLR NRM board flow data), was 460 grams per 
year. This indicates that the current estimated rate of PFAS discharge from the Base is approximately 
four times greater in surface water (i.e. stormwater) than groundwater, although it is acknowledged 
that further work should be undertaken to better understand the current discharge profile of PFAS 
within stormwater across the boundary as well as to provide a baseline to assess the effectiveness of 
any remediation and management measures adopted at the Base.  

In both scenarios, the estimated rate of PFAS mass discharge from the Base was very low when 
compared to the estimated remaining soil source mass. As such, the PFAS mass in source areas at 
the Base is considered to represent an ongoing long-term source of PFAS to surface water and 
groundwater, potentially for millennia, in the absence of the adoption of suitable management 
measures. 

                                                      

 

6 Based on flow data obtained from the Adelaide and Mount Lofty Ranges (AMLR) Natural Resource Management (NRM) Board’s Summer Road, Bolivar monitoring 
station (Site Number: A5051013) 
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The scale of contamination (high total PFAS mass in various media in the source areas) and the 
relatively low rate of mass discharge across the Base boundaries in surface water and groundwater 
are fundamental to understanding current and potential risks in the Management Area and must be 
considered when formulating appropriate management responses. 

Four elevated Risks were identified by the DSI and HHRA/PERA processes. The following table 
describes the nature of each of these risks, the current known impacts for each risk, the potential 
future impacts for each risk based on existing control measures and the potential additional controls 
that should be considered to manage both current and future risks. 
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RAAF Base Edinburgh Elevated and Potentially Elevated Risk Summary Table 
 
Risk Identification # 

 
1 

 
2 

 
3 

 
4 

Title Elevated human exposure through 
unlicensed use of Quaternary Aquifer 
groundwater, including potential future 
risk to licensed users as a result of 
plume migration 

Elevated human exposure through 
consumption of carp from Kaurna Park 
Wetland, or other locations within Helps 
Road Drain downstream of the Base 

PFAS source areas comprising soil, 
concrete and/or sediment contamination 
providing on-going impact to surface 
water and groundwater (i.e. contributing 
to harm to water that is not trivial, as 
defined in the EP Act) 

Exposure to ecological receptors (i.e. protected 
migratory birds) associated with consumption of 
aquatic biota in Kaurna Park Wetland 

Description & Nature of Risk 

Description The HHRA identifies that there is 
potential future risk to down 
gradient users of groundwater 
within the Quaternary Aquifer. 
There are a number of licensed 
users that may be affected at some 
point in the future, as well as the 
potential for unknown, unlicensed 
users of the Quaternary Aquifer to 
exist.  

The HHRA identified the potential for 
carp caught from the Kaurna Park 
Wetland to present an elevated 
exposure risk to humans. 

Due to identified leachability of PFAS 
in impacted soils, concrete and 
sediment, these media will continue to 
act as a source of PFAS impact to 
surface water and groundwater.  

The PERA identified that protected migratory 
birds could potentially be at risk of exposure 
to PFAS through the consumption of aquatic 
biota from Kaurna Park Wetland. 

Pathways Exposure to humans via use of 
groundwater for indoor domestic use 
(non-potable), use of groundwater for 
irrigation of plants and subsequent 
consumption, and/or use of groundwater 
as water for supply for chickens with 
subsequent consumption of eggs. 

Uptake through the consumption of 
carp caught from the Kaurna Park 
Wetland and other locations within the 
Helps Road Drain downstream of the 
Base. 

Leaching of PFAS from contaminated 
media. 

Ingestion of PFAS containing aquatic biota by 
protected migratory birds. 

Receptor/s Users of Quaternary Aquifer 
groundwater sourced 
downgradient of the Base. 

Humans consuming carp caught 
from the Kaurna Park Wetland 
and downstream locations in 
Helps Road Drain. 

Surface water and groundwater (i.e. 
environmental receptors) 

Protected migratory birds 

Source of Impact PFAS contaminated groundwater in 
the Quaternary Aquifers. 

PFAS in carp within Kaurna Park 
Wetland and Helps Road Drain 

PFAS impacted media (solids) PFAS impacted biota in the Kaurna Park 
Wetland. 

Contributing 
Sources 

PFAS in soil, concrete, sediment, 
surface water and groundwater on 
the Base as well as surface water 
in the Helps Road Drain 
(downstream) and Kaurna Park 
Wetland that has the potential to 
infiltrate into groundwater. 

PFAS in soil, concrete, sediment 
and surface water (i.e. 
stormwater) originating on the 
Base. 

PFAS in potentially unidentified 
source areas at the Base. 

PFAS in soil, concrete, sediment and 
surface water (i.e. stormwater) originating 
on the Base. 
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Consequence 

Current Impacts There is no current identified risk to 
known (i.e. licensed) Quaternary 
Aquifer groundwater users. 

Carp within the Kaurna Park Wetland 
have been identified as having elevated 
concentrations of PFAS compounds, 
with anecdotal evidence suggesting 
people may be catching carp from the 
wetland for consumption. 

Elevated concentrations of PFAS are 
present in surface water and groundwater 
present at, and migrating from, the Base. 

Concentrations of PFAS in biota caught 
within the Kaurna Park Wetland are 
elevated to a degree that could potentially 
affect the receptors. 

Potential Impacts Migration of groundwater may 
impact licensed groundwater users 
in the future. 

In the absence of adopting appropriate 
source management measures at the 
Base, elevated concentrations of PFAS 
within stormwater discharging from the 
Base are expected to continue to result 
in elevated concentrations within Carp 
at the Kaurna Park Wetland and other 
areas of the Helps Road Drain 
downstream of the Base for a long 
period into the future. 

Ongoing environmental harm to surface 
water and groundwater if source areas 
are not managed. 

Elevated PFAS exposure to protected migratory 
birds using the Kaurna Park Wetland. 

Temporal Risks Ongoing contribution of PFAS impacts to 
groundwater from source areas, 
including surface water continuing to act 
as a source of PFAS contamination to 
groundwater.  

Migration of the existing PFAS 
contamination in groundwater, although 
it is noted that the migration rate is 
expected to be very slow.  

PFAS will continue to accumulate in 
carp and will continue to present a 
potentially elevated risk to humans if 
consumed in the absence of adopting 
suitable source management 
measures. 

In the absence of appropriate 
management measures the source areas 
and impacted media will continue to act 
as a source of environmental harm to 
groundwater and surface water 
indefinitely. 

PFAS has the potential to bioaccumulate within 
this ecosystem. 

Extent 

Location West, south-west and south of the of the 
Base in the direction of groundwater flow 
and in the vicinity of the Helps Road 
Drain and Kaurna Park Wetland where 
there appears to be a radial spread of 
impacts in groundwater driven by 
surface water recharge mechanisms. 

Kaurna Park Wetland and the Helps 
Road Drain downstream of the Base 

Significant source areas identified across 
the Base. 

Kaurna Park Wetland 

Existing Management Measures 
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Defence Defence has discontinued the use of 
legacy AFFF products containing PFOS 
as an active ingredient and implemented 
restrictions on the use of current AFFF 
products that contain shorter carbon 
chain PFAS (e.g. all training works are 
undertaken with fluorine-free foams, use 
of Ansulite for testing mobile firefighting 
equipment is restricted to one location 
on Base). 
Groundwater treatment and Soil 
Washing trials are currently being 
undertaken on Base. 

Signage is in place at one location at 
the Kaurna Park Wetland informing 
people that fishing is prohibited. There 
is currently no signage in the area of 
the wetland where there is a semi-
permanent water body where carp and 
yabbies have been caught (i.e. the inlet 
pond). 

Defence has discontinued the use of 
legacy AFFF products containing 
PFOS as an active ingredient and 
implemented restrictions on the use of 
current AFFF products that contain 
shorter carbon chain PFAS (e.g. all 
training works are undertaken with 
fluorine-free foams, use of Ansulite for 
testing mobile firefighting equipment is 
restricted to one location on Base). 

Defence has discontinued the use of 
legacy AFFF products containing PFOS 
as an active ingredient and implemented 
restrictions on the use of current AFFF 
products that contain shorter carbon 
chain PFAS (e.g. all training works are 
undertaken with fluorine-free foams, use 
of Ansulite for testing mobile firefighting 
equipment is restricted to one location on 
Base). 

Soil washing trials are currently being 
undertaken. 

There are current works being 
undertaken at the Base as part of the 
AIR7000 Project to progressively replace 
the existing (old) hangars with new 
hangars that have self-containment 
systems for managing AFFF waste water. 
These works will reduce the potential for 
accidental discharge of AFFF waste 
water during hangar testing and/or 
emergency use of the automated fire 
suppression systems, including mitigation 
of the potential overflow of the existing 
AFFF waste water evaporation pond 
impacting on nearby stormwater drainage 
features. 

Defence has discontinued the use of legacy 
AFFF products containing PFOS as an active 
ingredient and implemented restrictions on the 
use of current AFFF products that contain 
shorter carbon chain PFAS (e.g. all training 
works are undertaken with fluorine-free foams, 
use of Ansulite for testing mobile firefighting 
equipment is restricted to one location on 
Base). 

Soil washing trials are currently being 
undertaken 

Stakeholders 
(other than 
Defence) 

Quaternary groundwater users located 
within the plume extent, SA EPA, 
Councils 

City of Salisbury (council), members of 
the community  

SA EPA, Councils and members of the 
community 

Community, City of Salisbury (Council) 

Potential Additional 
Controls 

Source management 

Surface water management 

Source management 

Surface water management 

Source management 

Surface water management 

Source management 

Surface water management 
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5 ONGOING MONITORING PLAN 

5.1 Overview 

The Management Area ongoing monitoring plan (OMP) monitors changes to the contamination plume 
and surface water contamination characteristics to inform calibration of risk management where 
required.  

Changes may result from the specific or cumulative impact of remediation or containment actions, 
existing transportation trends, changes to hydrogeology, or weather events. 

The OMP for the Management Area is set out in Attachment 1. An OMP forms a standard component 
of all PMAPs.  

5.1.1 Objective and purpose 

The objective of the OMP is to provide information on changes in PFAS contamination originating 
from RAAF Base Edinburgh to inform risk management decisions by Defence and State agencies to 
protect human health and the environment. 

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate guideline values provides: 

• an evidence base for targeted and effective risk management of PFAS contamination to 
protect human health and environmental receptors. 

• an early warning that additional management of PFAS contamination may be warranted in 
areas not currently affected by PFAS. 

5.1.2 Impacted decisions 

Changes detected through the implementation of the OMP may inform a number of risk-management 
decisions including: 

• additional investigations  
• re-assessment of one or more remediation or containment actions 
• additional remediation or containment actions 
• changing risk management actions at receptor level (e.g.  provision or cessation of alternate 

drinking water supplies) 
• changes to State advice on types of exposure-minimisation behaviours (e.g. consumption of 

seafood) 
• changes to State advice on boundaries of a designated management area and the 

management zones within 
• changes or refinements to the monitoring network, frequency and parameters 

5.1.3 Related documentation 

One or more specific remediation action plans (RAPs) may be developed for the Management Area. 
The RAPs will contain specific on-going monitoring actions to assess and validate the impact of that 
remediation plan. 

5.2 OMP communications 

The following will be shared with relevant State authorities and made publicly available: 

• OMP 
• monitoring data collected during the implementation of the OMP 
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• decisions made in response to the data collected during implementation of the OMP 
• changes to the OMP in response to incoming data over the implementation period 

5.3 OMP summary 

The OMP will include the following monitoring: 

• Targeted sampling of on and off-Base groundwater monitoring wells installed in the 
Quaternary Aquifer system; 

• Targeted sampling of Salisbury Council water supply bores and ASR monitoring bores 
installed in the upper (T1) Tertiary Aquifer unit; 

• Private licensed water supply bores where owners have indicated they may consent to 
ongoing sampling; and 

• Targeted surface water sampling throughout the Helps Road Drain (on and off-Base) and 
Kaurna Park Wetland. 

The primary implementation period of the OMP will be 3 years during implementation of potential 
management options. After this time the extended implementation period of the OMP will be reviewed 
to assess the extent of the monitoring network and frequency required, based on the specific 
characteristics of the Management Area, the behaviour of the plume measured against specific data 
trends, and the revision of risk that may occur based on the assessment of results obtained from the 
monitoring program. 

5.4 OMP review 

The OMP will be reviewed annually in conjunction with the annual review of the PMAP, or the 
frequency of the review program may be tailored to site specific characteristics and the existing trend 
data available. The review frequency may be revised during the implementation period as more data 
becomes available. 
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6 OPTIONS IDENTIFICATION AND ANALYSIS 

6.1 Options identification and analysis 

Management Area-specific information that has been considered in developing options includes:  

• Risk assessments, CSM and DSI; 
• Relevant Commonwealth and State legislation 
• Feedback from stakeholder consultation (impacted community, Councils and jurisdictional 

regulator) 
• IRM actions undertaken or continuing in the Management Area 
• IRM or PMAP actions undertaken or considered by Defence on other properties 

The management options include  

• The ‘do-nothing’ option. It provides the ‘base case’ against which other options are assessed in 
Appendix E and may at times be the best available option when assessed against the criteria of 
‘net environmental benefit’. 

• IRM actions recommended under section 2.7 for continued implementation are included as options 
for further assessment. 

• Additional investigations required to address uncertainties and data gaps as identified through 
completion of the DSI. 

• Community-level options for further assessment. 

It is understood that administrative and operational controls have been developed by Defence and/or 
are being implemented by the EMOS contractor which manage human exposure to contaminated soil, 
surface water and sediment on-Base (as documented in the HHRA and PERA Report – JBS&G, 
2019a). It is recommended that these controls be formally documented in policies and procedures 
and that these policies and procedures include a formal review that identifies any significant changes 
to site usage patterns and work practices that may alter the human health risk. The application of 
Workplace Health and Safety policies and procedures have been assumed and have not been 
included in the PFAS management options analysis. 

The range of potential remedial options considered have been based on plausible and proven 
technologies described in the PFAS NEMP (HEPA, 2018), as well as relevant technologies described 
in the United States Interstate Technology and Regulatory Council (ITRC) factsheet Remediation 
Technologies and Methods for PFAS (ITRC, 2018).  A summary of techniques identified and analysed 
herein is provided below:  

Approach 
Category 

Management Action 
Description 

Definition 

Base Case  Do nothing  No PFAS management undertaken other than that required to 
comply with Workplace Health and Safety legislation. Continue 
to monitor PFAS migration from Base and bioaccumulation in 
aquatic biota (i.e. implementation of OMP). 

 
Administrative 
Control 

PPE and training (including 
Management Controls) 

Formalise existing EMOS contractor procedures relating to use 
of PPE and access controls limiting direct exposure to PFAS 
contaminated soils, surface water and sediments 

Source 
Management 

Adsorption (stabilisation / 
immobilisation) 

Addition of a suitable binding agent to soil to reduce the 
mobility (i.e. leachability) of PFAS. 

Thermal desorption and 
destruction 

Separation of PFAS from solid materials using high 
temperatures to increase the volatility of the PFAS followed by 
high temperature destruction of the PFAS compounds. 
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Approach 
Category 

Management Action 
Description 

Definition 

Excavation and off-Base  
disposal 

Excavation and disposal to a containment cell in an off-Base  
Defence owned facility. 

Excavation and 
containment in on-site 
containment cell 

Excavation and long-term storage in an on-site engineered 
facility to prevent leaching, contact and migration. 

Ex-situ treatment of 
groundwater and surface 
water (Pump and Treat) 

Ex-situ treatment of extracted groundwater and surface water 

Pathway 
Interception 

Capping Placing a durable and relatively impermeable cover over 
contaminated soils to prevent physical access, infiltration and 
leaching to surface runoff and groundwater. 

Passive treatment (water) Use of passive treatment technologies (e.g. adsorbent 
materials) in surface water drains or as permeable reactive 
barriers in groundwater (i.e. in-ground). 

Ex-situ treatment of 
groundwater (Pump and 
Treat) 

Ex-situ treatment of contaminated groundwater by pump and 
treat and discharge downgradient following treatment.  

Ex-situ treatment Divert contaminated surface water, store and treat prior to 
discharge downstream. 

Surface Water Diversion Civil works to prevent surface water from upstream of the Base 
passing through the Base limiting the amount of water that 
becomes impacted by PFAS (this option implies that the 
remaining surface water generated on site would require ex-
situ treatment prior to discharge). 

 

Initial screening was undertaken for plausible management options related to each type of risk and is 
detailed in Appendix E (Part 1). The results of this screening assessment were used to identify 
options to be carried through for further detailed assessment.  

Part 2 of Appendix E provides a list of key risks as identified in the DSI and HHERA (summary also 
included in Section 4.2) and provides analysis of the potential effectiveness of management options 
against those risks. The detailed identification and analysis of an option or set of options for each risk 
was undertaken with reference to the criteria set out in Appendix D. 

6.2 Comparative analysis 

Following the preliminary option screening process further detailed and comparative options analysis 
was undertaken on the options deemed to warrant ‘further consideration’. The detailed and 
comparative analysis has been completed in an options matrix format in consideration of the 17 
criteria set out in Appendix D. The matrix is included in Appendix E3. 

The advantages and disadvantages of each approach have been considered and summarised in the 
options matrix (comparative table). The management options were assessed through a scoring 
system. Where a rating system against a specific criterion has been provided in Appendix D (e.g. 
Category 1 – 4 for the cost range estimates), this rating has been used in the matrix. Where criteria 
only require a yes/no response (e.g. is owner/occupier consent required?), a score of 5 for yes and 1 
for no has been applied. The score for each option is the summation of scores against each criterion 
nominated in Appendix D. No weighting has been applied to the scoring (i.e. the score is a summation 
of the scores against each individual criterion). Weighting of scores can be applied in consultation 
with Defence in the future if required. The total score has been used to rank the management options 
with the highest scores given the highest ranking in terms of preference.  
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It should be noted however, a low ranking does not necessarily preclude the use of a management 
option, particularly if it can be supplementary or complementary to other management options. It is 
likely that a combination of management options will be required to effect risk reduction objectives 
over differing timeframes. 

6.3 Integrated options analysis outcomes 

Whilst the comparative analysis has assessed management options that would comparatively be 
practicable to manage the risks when implemented in isolation (screened against the 17 criteria – as 
presented in Appendix D), the analysis also highlighted that an integrated approach of potentially 
complementary or dependent management options would be required to implement the most 
practicable overall approach for the management of risks. As such, an analysis of the potential 
synergies, dependencies and complementary actions across the management options has been 
completed and is presented in the following table.  

Key Findings  Integrated Approach 

Whilst source management approaches will reduce 
the mass of PFAS migrating from source areas, it 
would unlikely have an impact on concentrations 
within Helps Road Drain in the short term (i.e. 
<1 year). With respect to groundwater migrating from 
the Base the time lag for positive impacts on 
concentration are likely to be significantly longer. 

Where source management approaches have been 
identified as practicable and potentially appropriate to 
manage risks, pathway interception and 
administrative controls warrant consideration to 
mitigate risks in the short or medium-term.  

Mass estimates and mass flux estimates indicate that 
removal of a single source would not have a material 
impact on flux on PFAS to receiving waters, or from 
the Base. This is due to the presence of multiple 
significant sources, including mass present as an 
ongoing secondary source, and multiple impacted 
media across the Base and throughout the broader 
Management Area.   

Future capital works have the potential to create 
incremental benefits in reducing PFAS migration from 
source areas, if considered during the siting and 
design stages (e.g. positioning of new infrastructure to 
effectively cap source areas). 

On-Base administrative and operational controls, 
such as PPE and site access restrictions, can 
manage the risk to Defence personnel and 
contractors working at the Base however will not 
reduce mass at the source areas and therefore won’t 
reduce PFAS migration from the Base, and will not 
reduce risks to off-Base receptors. 

 

Administrative and operational controls complement 
other management measures and therefore the 
implementation of such controls can assist in the 
immediate reduction of risks whilst other management 
options are investigated, developed and implemented. 

 

Whilst administrative controls implemented to 
highlight to the community that fishing is prohibited at 
Kaurna Park Wetland can assist with removing the 
immediate risk to human health, it will not have an 
impact of the levels of PFAS present in surface water 
and biota throughout the wetland that present a 
potential elevated risk to ecological receptors (i.e. 
migratory birds). 

Administrative controls should be used to complement 
on-Base source management measures and options 
that may be considered in relation to Base-generated 
stormwater capture and treatment, rather than being 
the sole management option. Targeted source 
removal/control works will likely have a beneficial 
impact on surface water discharging from the Base in 
the long term, whilst stormwater containment and/or 
treatment may be a suitable short-medium term 
management option. 
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Based on the outcomes of the comparative analysis and review of integrated options analysis 
outcomes, management approaches that are considered appropriate for each source area have been 
considered and are summarised in the table below. 

 Source Area Next Steps 
General / all areas Short term implementation timeframe (up to 1 year): 

• Implement controls on ground disturbance activities and management of 
works via access controls in all source areas, including administration of 
the Defence PFAS Framework for Construction and Maintenance Projects 
(Defence, 2018)  

• Continue PFAS monitoring in accordance with the OMP to maintain an up 
to date database 

• Commission a detailed hydrological study to better assess stormwater 
discharge from the Base, in particular the profile of PFAS impacts within 
stormwater during different rainfall events and the time between rainfall 
events (e.g. through use of automated samplers). This should include an 
assessment of the relative source area contributions to PFAS 
concentrations in surface water discharging from the Base. 

• Undertake additional detailed soil characterisation works to better define 
the extent of soil hot spots within the relevant source areas, including 
prioritisation of source areas based on those likely to be contributing the 
greatest degree of PFAS impacts to stormwater discharging from the 
Base. 

• Commission a capping design study to determine the most appropriate 
capping method and capping extent for each of the soil source areas with 
specific consideration given to the additional soil investigations proposed 
to better define hot spot areas to facilitate targeted management. 

• Undertake an assessment of the potential benefit of implementing 
additional groundwater remedial works at the Base, such as targeted 
source area extraction and treatment and/or boundary control at key areas 
along the Southern and Western boundaries, to provide for management 
of the ongoing migration of PFAS impacts in groundwater. 

Medium implementation timeframe (1 – 3 years): 
• Implement preferred management measure (e.g. capping) for each of the 

identified PFAS soil source areas on a prioritised basis. 
Long term implementation timeframe (beyond 3 years): 

• Subject to the effectiveness of source control works on reducing the 
concentrations of PFAS in surface water (stormwater) discharging from the 
Base, further source control and/or stormwater management measures 
(e.g. stormwater diversion) may need to be considered in the future. 

P1 
AFFF waste water 
retention tank and 
waste water 
evaporation pond 
including impacted soils 
in this area 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas. 
• Continue to manage AFFF waste water in accordance with existing EMOS 

Contractor procedures to prevent the potential for overflow from the AFFF 
pond (or associated infrastructure) that will impact on adjacent stormwater 
drainage features that ultimately direct stormwater off Base (i.e. removal 
and containment of AFFF waste water from the evaporation pond where 
rainfall and/or hangar testing may result in potential overfilling of the pond). 
This considers the significant concentrations of PFAS detected in the 
sediments/clay pond liner during the DSI. These procedures should be 
formally documented to ensure such measures continue should there be a 
change in the EMOS  Contractor at the Base and/or changeover of 
relevant personnel involved in the current management measures. 

Medium term implementation 
• Assess the most appropriate long-term management option for 

soils/sediments within the AFFF waste water evaporation pond with high 
concentrations of PFAS up to 1,200 mg/kg (e.g. in-situ management 
versus ex-situ management or disposal).  
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 Source Area Next Steps 
• Consider the installation of an appropriate liner in the evaporation pond 

(e.g. HDPE) in the event the pond is subject to upgrade works to increase 
its capacity.  

Long term implementation timeframe: 
• Reconsider the potential for ex-situ management of soils and/or the upper 

portion (nominally top 0.5m, subject to assessment) of the AFFF 
evaporation pond clay liner when more sustainable solutions become 
available for managing PFAS.  

• It is noted that there are current works being undertaken at the Base as 
part of the AIR7000 Project to progressively replace the old hangars with 
new hangars that have self-containment systems for managing AFFF 
waste water. These works may in the future make the AFFF pond and 
associated infrastructure redundant. The potential for permanently 
decommissioning this infrastructure and managing residual PFAS 
contamination ex-situ should be revisited at such a time.  

P3A and P3B Short implementation timeframe: 
• Commission an engineering study to determine an appropriate method for 

upgrading (e.g. HDPE liners) and/or replacing the “Chesterfield” sumps to 
mitigate the ongoing contribution this infrastructure may have on PFAS 
impacts in surface water and/or groundwater (noting the sumps are not 
expected to be acting sufficiently to control releases of AFFF waste water 
to the surrounding environment as a result of the construction method, i.e. 
bagged grout walls designed to retain soil but not necessarily retain 
water). 

Medium implementation timeframe: 
• Subject to the findings of the engineering study, and with consideration of 

the hangar replacement works that are likely to make this infrastructure 
redundant at some point in the future, consider the removal of the 
“Chesterfield” sumps. 

• If removal of this infrastructure is to occur, investigate soils beneath, and in 
the immediate surrounds of, the sumps to determine if management is 
required (i.e. is PFAS contamination present that warrants management). 

• If removal is not considered a feasible option in the medium term, 
commission works to appropriately line the infrastructure in accordance 
with the findings of the engineering study. 

Long term 

• Remove the “Chesterfield” sumps and implement appropriate manage 
measures for dealing with PFAS impacted soils in surrounding areas. 

P4 
Former fire training 
area and waste dump 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas. 
Medium term implementation timeframe: 

• Design and install capping appropriate for residual soil hot spot areas 
identified during detailed hot spot characterisation works. 

• Alternatively, in areas where detailed characterisation works determine 
only a relatively small volume of soil requires management, consider 
excavation and placement of hot spot soils in another source area that will 
be subject to capping works.  

Long term 
• Reconsider the long-term approach to management of PFAS impacted 

soils at a future date when there are more sustainable solutions available 
for managing PFAS (e.g. revisit ex-situ management options). 

P9 
The current fire training 
area, including 
smokeroom training 
building (Building 618) 

Short implementation timeframe: 
• Complete soil washing trial and determine if further soil management is 

required in this area (subject to the volume removed and treated as part of 
the trial) 
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 Source Area Next Steps 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping, additional soil washing 
works) of soil source areas. 

• Investigate the potential ongoing PFAS contribution that the current 
smokeroom training building (i.e. Building 618) may be having on the 
surrounding environment during use for training activities and/or during 
rain events (i.e. assess whether significant PFAS is likely to be leaching 
from the concrete structure). 

Medium term implementation timeframe: 
• Design and install capping appropriate for residual soil hot spot areas 

identified during detailed hot spot characterisation works (i.e. areas not 
subject to the soil washing trial or any subsequent soil washing program). 

Long term implementation timeframe: 
• Reconsider the long-term approach to management of PFAS impacted 

soils at a future date when more sustainable solutions become available 
for managing PFAS (e.g. revisit ex-situ management options). 

P10 
Former STP and fire 
training area located in 
the most southern point 
of the airside 
operations area 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas.  
Medium implementation timeframe: 

• Design and install capping appropriate for residual soil hot spot areas 
identified during detailed hot spot characterisation works. 

• Alternatively, in areas where detailed characterisation works determine 
only a relatively small volume of soil requires management consider 
excavation and placement of hot spot soils in another source area that will 
be subject to capping works.  

Long term implementation timeframe: 
• Reconsider the long-term approach to management of PFAS impacted 

soils at a future date when more sustainable solutions become available 
for managing PFAS (e.g. revisit ex-situ management options). 

P11 
Current fire station and 
former AFFF 
concentrate storage 
area located near the 
new Air Traffic Control 
Tower 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas.  
• Investigate the potential ongoing PFAS contribution that the concrete 

source areas may be having on stormwater runoff (i.e. the parking area at 
the front of the current fire station and the former AFFF concentrate 
storage tank pad and adjacent loading pad). 

• Investigate the feasibility and benefit of undertaking targeted treatment of 
highly impacted groundwater in this area (i.e. targeted mass removal) 
utilising the existing water treatment plant installed at the Base. 

Medium term implementation timeframe: 
• Design and install capping appropriate for residual soil hot spot areas 

identified during detailed hot spot characterisation works. 
• Implement groundwater treatment utilising the existing water treatment 

plant at the Base, if determined to be feasible. 
Long term implementation timeframe: 

• Reconsider the long-term approach to management of PFAS impacted 
soils at a future date when more sustainable solutions become available 
for managing PFAS (e.g. revisit ex-situ management options). 

P15 
Former fire training 
area in the Ordnance 
Unloading Area 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas.  
Medium term implementation timeframe: 

• Design and install capping appropriate for residual soil hot spot areas 
identified during detailed hot spot characterisation works. 
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 Source Area Next Steps 
• Alternatively, in areas where detailed characterisation works determine 

only a relatively small volume of soil requires management, consider 
excavation and placement of hot spot soils in another source area that will 
be subject to capping works.  

Long term implementation timeframe: 
• Reconsider the long-term approach to management of PFAS impacted 

soils at a future date when more sustainable solutions become available 
for managing PFAS (e.g. revisit ex-situ management options). 

P16 
Former fire training 
area around the ERUP 
Facility 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas.  
Medium term implementation timeframe: 

• Design and install capping appropriate for residual soil hot spot areas 
identified during detailed hot spot characterisation works. 

Long term implementation timeframe: 
• Reconsider the long-term approach to management of PFAS impacted 

soils at a future date when more sustainable solutions become available 
for managing PFAS (e.g. revisit ex-situ management options). 

P27 
Suspected former fire 
training area adjacent 
to a parking area for 
aircraft refuelling tanker 
trucks 

Short implementation timeframe: 
• Undertake further soil investigations to better define hot spot areas to 

facilitate targeted management (e.g. capping) of soil source areas.  
• Investigate the feasibility and benefit of undertaking targeted treatment of 

highly impacted groundwater in this area (i.e. targeted mass removal) 
utilising the existing water treatment plant installed at the Base. 

Medium term implementation timeframe: 
• Design and install capping appropriate for residual soil hot spot areas 

identified during detailed hot spot characterisation works. 
• Implement groundwater treatment utilising the existing water treatment 

plant at the Base, if determined to be feasible. 
Long term implementation timeframe: 

• Reconsider the long-term approach to management of PFAS impacted 
soils at a future date when more sustainable solutions become available 
for managing PFAS (e.g. revisit ex-situ management options). 
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7 RECOMMENDED PMAP RESPONSE ACTIONS 

7.1 Recommended PMAP response actions 

As documented in the HHRA and PERA Report (JBS&G, 2019a), it is understood that administrative 
and operational controls are currently adopted by Defence personnel and the EMOS contractor which 
mitigate human exposure to soils, surface water and sediments impacted by PFAS at the Base. Such 
controls include not entering the stormwater drainage network for maintenance activities when water 
is present, fencing of the AFFF waste water evaporation pond to limit access, and following general 
industrial hygiene practices such as washing hands prior to eating and smoking. It is recommended, if 
not already in place, that the controls referenced in the HHRA and PERA Report be formally 
documented in policies and procedures, and that these policies and procedures include a formal 
review process to assess any significant changes to site usage and work practices that may alter 
potential exposure patterns.     

Two trials are currently being conducted at the Base that may be considered interim response 
measures. They are soil washing (source management) and groundwater extraction and treatment 
(pathway interception). The trials are of modest scale and will contribute little to immediate risk 
reduction, however will provide information to guide future response actions. 

Institutional controls currently in place consist of: 

• Signage at the Kaurna Park Wetland to prevent fishing; and 
• Salisbury Council has suspended recovery and distribution of ASR water from its Edinburgh 

Parks South and Kaurna Park ASR operations.  

Potentially unacceptable risks to users of Quaternary Aquifer groundwater (i.e. unlicensed users) may 
exist where this water is being used for drinking water, the growing of fruit and vegetables for 
domestic consumption and/or water supply for chickens where chicken eggs are consumed. No direct 
evidence of the unlicensed use of Quaternary Aquifer groundwater has been found nevertheless it is 
feasible that such users could exist. Further, whilst the HHRA has concluded that current risks to 
licensed Quaternary groundwater users are low and acceptable, without management, plume 
migration may change this outcome at some point in the future. 

Results for carp specimens collected from the Kaurna Park Wetland were above FSANZ (2017) 
trigger points for investigation relating to the consumption of finfish and may be indicative of more 
general impacts to biota downstream of the base. 

These potentially unacceptable risks are related to current and potential future off-Base impacts which 
are related to the migration of surface water and/or groundwater across the Base boundary, and the 
continued migration of existing off-Base impacts. It is therefore recommended that a number of short 
to medium term actions be undertaken to mitigate these potential risks while source management 
measures are undertaken in parallel. The following table lists the recommended PMAP response 
actions. 

List of recommended PMAP response actions 

Action # Action Timeframe 
1  On Base Management  
1a Continue to implement controls on ground disturbance activities and 

management of intrusive works via the following: 
• Relevant Defence Policies and Procedures; 

Immediate 
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• The Environmental Clearance Certificate process, including the 
requirement to prepare project specific health, safety and 
environmental management plans that consider relevant records 
within the SA Contaminated Sites Register; 

• Administration of the Defence PFAS Framework for Construction 
and Maintenance Projects; and  

• Consideration of environmental risks and issues during the Estate 
and Infrastructure design process. 

1b Complete a review of EMOS Contractor occupational health and safety 
policies and procedures to ensure that the administrative and operational 
controls identified in the HHRA and PERA Report (JBS&G, 2019) are 
formally documented. Where this is not the case, such policies and 
procedures should be updated to ensure that estate maintenance personnel 
are aware of the controls that should be adopted to limit exposure in PFAS 
source areas. 

 

1c Continue to manage AFFF waste water in accordance with existing EMOS 
Contractor procedures to prevent the potential for overflow from the AFFF 
evaporation pond (or associated infrastructure) that will impact on adjacent 
stormwater drainage features that ultimately direct stormwater off Base. 
These procedures should be formally documented to ensure such measures 
continue should there be a change in the EMOS Contractor at the Base 
and/or changeover of relevant personnel involved in the current 
management measures. 

Immediate and 
ongoing 

2  Soil Remedial Works in Source Areas  
2a Preparation of a Remediation Action plan (RAP) for the purpose of clearly 

defining the remedial objectives and remediation criteria for soils in source 
areas.  The approach is likely to consist of: 

a) Excavation followed by treatment and/or safe storage; and/or  
b) Capping in place with appropriate water diversion works. 

There are a number of auxiliary works associated with the development of 
the RAP which may include: 

Short-term 

2b - Source Area Hot Spot Delineation 
 
Undertake additional detailed soil characterisation works to better define the 
extent of soil hot spots within the relevant source areas, including 
prioritisation of source areas based on those likely to be contributing the 
greatest degree of PFAS impacts to stormwater discharging from the Base. 

 

2c - Capping Design Study 
 
Commission a capping design study to determine the most appropriate 
capping method and capping extent for each of the soil source areas with 
specific consideration given to the additional soil investigations proposed to 
better define hot spot areas requiring management (i.e. Action #2b). 

 

2d - Surface Hydraulic Review 
 
Engineering assessment of stormwater management at each source area 
for the purpose of identifying opportunities to prevent  / minimise 
contaminated surface water flow.  
Additionally, investigate the potential ongoing PFAS contribution that the 
concrete sources identified at the Base may be having on the surrounding 
environment (e.g. stormwater) and determine whether management is 
required to reduce PFAS flux from the Base (e.g. removal of concrete 
sources). 

 

2e - Remedial Technology Assessment 
 
A detailed review of appropriate ex-situ and in-situ remedial technologies to 
support the proposed works outlined above.  The results of the soil washing 
trial will feed into this assessment. 

 

2e - Establishment of baseline mass flux in surface waters 
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Measurement of the volumes of water and concentrations of PFAS being 
discharged at critical locations along Helps Road Drain to:  

a) Inform priority of source area works; and  
b) To establish a baseline to measure the long-term performance of 

remedial works.   
Note: Some of these works may be incorporated into the OMP. 

3  Groundwater Remedial Works  
3a Preparation of a RAP for the purpose of assessing and identifying 

groundwater remedial actions at the source areas and/or Base boundaries. 
These may include: 

a) Isolated extraction and treatment at source areas; and/or 
b) Long term monitoring following soil remedial works. 

There are a number of auxiliary works associated with the development of 
the RAP which may include: 

Short-term 

3b - Fill data gaps 
 
Investigation of data gaps in the source areas to inform the remedial 
assessment. This may include stress testing the aquifer to better understand 
the aquifer hydraulic properties, consideration of data gathered during the 
IRM groundwater treatment program to better understand contaminant fate 
and transport mechanisms, and additional works to better define the vertical 
and/or horizontal extent of impacts in individual source areas. 

 

4 Minor Engineering Projects  
4a Commission an engineering study to determine an appropriate method for 

upgrading and/or replacing the “Chesterfield” sumps to mitigate the ongoing 
contribution this infrastructure may have on PFAS impacts in surface water 
and/or groundwater, and determine whether lining of the AFFF evaporation 
pond should occur to mitigate potential impacts to surface water 
(stormwater) should the capacity of the pond be exceeded (i.e. overflow 
occurs). 

Short-term 

5 Ongoing Monitoring  
5a Continue PFAS monitoring in accordance with the OMP to measure changes 

to PFAS flux and distribution in surface waters and groundwater. 
Ongoing 

 

7.2 PMAP implementation 

7.2.1 Response timeframes  

Recommended response timeframes are included in Section 7.1. Estimated timeframes are 
indicative only at this stage and will be subject to other considerations as noted in Section 7.2.2 (e.g. 
potential impact on Defence capability, funding mechanisms, Public Works Approvals, etc.).  

7.2.2 PMAP implementation 

The timeframes for implementation of this PMAP will be informed by a risk-based approach that 
provides value for money in the use of public resources. Key factors include: 

Priority for PFAS migration 
and human health 

Priority accorded under the Defence PFAS Response 
Management Strategy to implementing practicable solutions to 
prevent or minimise the migration of PFAS beyond the Defence 
property boundary; and measures to protect the community from 
exposure while management actions addressing source areas 
and/or migration pathways are underway. 

Priority for higher risks Priority given to relatively higher risks within one or more 
Management Areas. 



PMAP – RAAF Base Edinburgh 
 

 

61 
 

Response actions 
underway 

Response actions already underway, having commenced during 
the site investigations phase to manage a risk identified as 
requiring early intervention. 

Co-dependent actions Whether the implementation of one response action is 
dependent on the implementation of another response action. 

Use of public resources Defence’s obligations under the Commonwealth Procurement 
Rules (issued under the Public Governance, Performance and 
Accountability Act 2013) to achieve value for money in 
procurement; and to use public money in an efficient, effective, 
economical and ethical manner. Cost-effectiveness may be 
facilitated through: 
• grouping the implementation of similar response actions 

within one or more Management Areas 
• aligning Defence infrastructure and maintenance plans with a 

recommended response action. 

Public Works Committee Timeframes for approvals and notification processes under the 
Public Works Committee Act 1969 for medium and larger public 
works. 

Priority of response actions may change over the life of the PMAP based on a range of variables 
including: 

• the outcomes of earlier PMAP response actions 
• the development of relevant legislation, policy, guidelines and whole-of-government 

positioning 
• changes in land use surrounding the Base 
• feedback received from stakeholders 
• the availability of new relevant science and technology 
• changes in timeframes for approvals (e.g. PWC) and procurement processes. 

7.3 Review and update 

This PMAP (including the OMP) has been developed based on existing knowledge, current 
government policy settings, and available scientific methodologies and technology. PFAS 
management is a field that is rapidly evolving.  

Defence will review and update (where necessary) the PMAP at intervals of 12 months to ensure that 
the document is current and its recommendations are valid. 

Performance measures for individual response actions under this PMAP will be contained in the 
relevant approval or procurement documentation. 

An earlier review/update may be triggered where circumstances demand it. Examples of 
circumstances that may trigger a review/update include: 

• a performance evaluation of specific PMAP response actions that recommends changes or 
advises that its objectives are not being met. 

• updated information obtained from PMAP response actions involving further investigations or 
data from the Ongoing Monitoring Plan. 

• feedback and information received as a result of the on-going community and/or stakeholder 
consultation. 
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• any significant changes of land use which may occur in the area within the Management Area 
or adjoining land. 

• changes in legislation, policy and guidelines/standards that could have a direct bearing on the 
project. 

• changes to Defence’s strategic approach to managing PFAS contamination. 

• on-going research and development of management/remediation technologies to address 
PFAS impacted soil and groundwater. 

• changes to water supply options available to land owners and residents in the area 
surrounding the Base. 

• progress in risk management and remediation activities that may require realignment or 
further calibration. 

• new scientific findings that update the knowledge or assumptions underlying the PMAP or 
specific PMAP response actions. 

• any other new information that has the potential to positively or negatively impact the 
objectives of the PMAP. 

Any proposed changes to this PMAP will be communicated and discussed with the community and 
key stakeholders including Federal and State government agencies and the local Council.  
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Figure 3: Base Layout and Source Areas 

Figure 4: Management Area 
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APPENDIX A: Regulatory and policy analysis 

Appendix A supplements section 2.6 (Relevant legislation and government policy). 

This Appendix identifies relevant legislation, policy, guidance and standards applicable to the 
development and prioritisation of management options for the Management Area. It further identifies 
key drivers and constraints affecting that development and/or prioritisation. 

A1 Commonwealth legislation, policy and standards 

A1.1 Outline 

The following Commonwealth legislation and policy is relevant to the risk management of the 
Management Area: 

Commonwealth legislation 

• Environment Protection and Biodiversity Conservation Act 1999 

• Work Health and Safety Act 2011 

• Water Act 2007 

• National Environment Protection (Assessment of Site Contamination) Measure 1999, as 
amended in 2013. (NEPM 2013) 

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

• Defence Environmental Policy 
• Defence Estate Strategy 2016-2036 
• Defence Environmental Strategy 2016-2036 
• Defence PFAS Framework for Construction and Maintenance Projects 2018 
• Defence PFAS Response Management Strategy 2018 
• Defence Interim Response Management Guidelines 2018 
• Defence PMAP Template and Guidance 2018 
• Defence PFAS Applied Research Strategy 2018 

Commonwealth whole-of-government policy, standards and guidance 

• Intergovernmental Agreement on a National Framework for Responding to PFAS 
Contamination 20 February 2018 

• PFAS National Environmental Management Plan January 2018 (NEMP) – noting Version 2.0 
(Consultation Draft) was released in March 2019 for public comment 

• The Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
• Final Health Based Guidance Values (HBGV) for PFAS for use in site investigations in 

Australia, FSANZ February 2017 
 

A1.2 Key drivers and constraints impacting on development/prioritisation of options 

Currently there is limited Commonwealth legislation on the designation of waste disposal criteria. 
Whilst the PFAS NEMP indicates potential criteria to be adopted at the State level for a State-based 
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receiving site, there is no approved landfill disposal site in South Australia that is licensed to receive 
PFAS impacted materials. 

The PFAS NEMP document outlines the preferred framework for PFAS management including 
containment, remediation, treatment and disposal. The document acknowledges that each site is 
unique and any management response must consider site-specific conditions in determining the best 
approach to the management of PFAS. Overall the document presents the hierarchy of options for 
site clean-up, which is consistent with the policy intent of the South Australian waste management 
requirement (refer below), being any clean-up of land will reflect the order of preference set out in the 
waste hierarchy (i.e. treatment and reuse on–site is preferred to treatment and reuse off-site, while 
long-term containment off-site is least preferred) 

A2 State Legislation and Policy 

A2.1 Outline 

The following South Australian legislation, legislative instruments, and guidance documents have 
been considered as part of the development of the PMAP for RAAF Base Edinburgh: 

• South Australia Environment Protection Act 1993 (the EP Act) – The EP Act establishes the 
legal context for the definition of contamination in South Australia;  

• South Australia Environment Protection Regulations 2009 – The EP Regulations are made 
under section 140 of the EP Act and provide for administrative controls to be placed that 
could potentially be used to manage contamination issues; 

• South Australia Environment Protection (Water Quality) Policy 2015, amended January 2018 
(WQEPP 2015) – This document provides the structure for regulation and management of 
water quality in South Australian inland surface waters, marine waters and groundwaters and 
therefore applies to any off-site migration of contamination within water; 

• SA EPA Guidelines for the assessment and remediation of site contamination (SA EPA, 
2018) – This guideline is primarily advisory and provides technical information relating to 
assessment and remediation of site contamination; 

• South Australia Environment Protection (Waste to Resources) Policy 2010 – This has been 
considered in the context of potentially disposing of contaminated soils and/or water at off-site 
locations; 

• South Australia Development Act 1993 – This has been considered in the context of the 
potential for stormwater infrastructure to be constructed that would divert flows around the 
base; 

• South Australia Work Health and Safety Act 2012 – This provides the legislative framework 
for managing worker health and safety in South Australia. The South Australian legislation 
aligns with those in NSW, Queensland, Tasmania, ACT, Northern Territory and the 
Commonwealth;  

• South Australia Work Health and Safety Regulations 2012 – This provides for administrative 
controls such as workplace health and safety management plans that should be implemented 
on site to manage potential exposures to contamination; and 

• SA EPA Code of Practice for Aquifer Storage and Recovery (ASR) (2004) 

A.2.2 Key institutional drivers and constraints impacting on development/prioritisation of 
options 

The SA EPA Code of Practice for Aquifer Storage and Recovery provides guidance for the operation 
of ASR schemes, but more importantly in this context it sets an expectation that this type of system 
should be able to operate. The presence of a water harvesting Aquifer Storage and Recovery 
downstream of the base is a key constraint that has been given consideration during the assessment 
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of remediation options. The Edinburgh Parks South and the Kaurna Park ASR schemes are currently 
non-operational due to the presence of PFAS within the source water stream. 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

The following planning instruments have been considered in the context of the potential for 
stormwater infrastructure to be constructed that would divert flows around the Base. 

• South Australian Development Act 1993. 

• City of Salisbury, City Plan 2030 

A3.2 Key drivers and constraints impacting on development/prioritisation of options 

In accordance with the principles of the NEMP, and to avoid delays in implementation of the PMAP 
due to potential jurisdictional issues, the PFAS management options considered have focused on 
undertaking on-Base management to control risks wherever possible.  

The potential for stormwater diversion around the Base is an exception. This option has been 
considered as it is a relevant option to prevent upstream surface water flows being contaminated with 
PFAS as it passes through the Base.
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APPENDIX B: Interim response management analysis 

Appendix B supplements section 2.7 (Interim response management actions). 

This Appendix sets out Interim Response Management (IRM) actions relevant to the Management 
Area, determines whether the actions address an identified risk (in whole or part), and applies the 
assessment of the relevant project director on whether the action has been effective in meeting its 
objective. As a result of that assessment, IRM actions may be recommended for continued 
implementation and progressed for inclusion in the PMAP options analysis. 

Groundwater Extraction and Treatment 

Description Groundwater Extraction and Treatment within selected 
source zones 

Objective Provide information to allow assessment of the 
effectiveness of groundwater treatment within source zones. 

Describe the risk that is being 
managed 

Potential to address source control, which will ultimately 
provide management of risks to down-gradient groundwater 
users (and potential users) 

The extent to which this option 
met the objective 

Yet to be determined. 

Supplementary / 
complementary options 

If implemented at the boundary this would complement 
source management options. 

Effectiveness / sustainability 
assessment  

Considered unlikely to be effective as a standalone solution 
to reduce risks to groundwater users given the widespread 
nature of site-derived PFAS contamination. Furthermore, 
given the system would potentially be relied upon in 
perpetuity it is not likely to be considered acceptable from a 
sustainability standpoint. 

Continued implementation 
recommendation 

Not recommended for the management of risk to receptors 
(i.e. users of Quaternary groundwater), however 
recommended with a revised objective to target mass 
source removal in source areas with the highest degree of 
groundwater impacts. 

 

Soil Washing Trial 

Description Soil Washing Trial 

Objective Provide information to allow assessment of the 
effectiveness of soil washing for source zone management. 

Describe the risk that is being 
managed 

Potential to address the source control, which will ultimately 
provide management of ongoing risks to surface water and 
the underlying groundwater system. 

The extent to which this option 
met the objective 

Yet to be determined. 

Supplementary / 
complementary options 

 

Effectiveness / sustainability 
assessment  

Considered unlikely to be effective as low-level 
concentrations in leachate are expected to be persistent, 
requiring further treatment. Due to the treatment of multiple 
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waste streams (water, sludge, concentrate) being required it 
is not likely to be considered acceptable from a 
sustainability standpoint. 

Continued implementation 
recommendation 

Recommendation to be made at completion of the trial 
following an assessment of the results and effectiveness of 
the technology in removing PFAS from soils. 

  



PMAP – RAAF Base Edinburgh 
 

 

 
 

APPENDIX C Source – pathway – receptor analysis 

Appendix C supplements section 2.7 (Source - pathway - receptor analysis). 

Summary of Potential Receptors and Exposure Pathways at Time of DSI – Human Health 

Potentially 
Contaminated 
Media 
(Source) 

Potential Human 
Receptors 

Potential Exposure 
Pathways  

Potential Exposure Route Considered S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks 
Identified? 

Ingestion Dermal Inhalation  Others/Remarks 

Soil On-Site Defence personnel 
and contractors 
working on Base 

• Direct contact or 
incidental exposure  

• Dust emissions  

   Inhalation relates 
to incidental 
inhalation of dust 

Complete The DSI results identified PFAS 
contamination in soils exceeding the 
applicable Tier 1 human health screening 
criteria for commercial/industrial land use 
in source areas P4, P10, P11, P15, and 
P16. 

As noted in the DSI, the Tier 1 screening 
criteria are not directly applicable to 
firefighting personnel and therefore the 
potential risk to these workers has been 
assessed as part of the HHRA.  

Yes, 
complete and 
potentially 
complete S-
P-R linkages 
considered in 
the HHRA 

Defence personnel 
residing on Base 

   Incomplete There were no source areas identified and 
assessed within the domestic area of the 
Base and therefore no identified 
exceedances of the residential screening 
criteria. Potential exposure of Defence 
personnel residing on Base to the areas of 
contaminated soil will be considered as 
part of the receptor Defence personnel 
working on Base. 
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Potentially 
Contaminated 
Media 
(Source) 

Potential Human 
Receptors 

Potential Exposure 
Pathways  

Potential Exposure Route Considered S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks 
Identified? 

Ingestion Dermal Inhalation  Others/Remarks 

Intrusive maintenance 
workers and 
construction workers 

   Complete The DSI results identified PFAS 
contamination in soils exceeding the Tier 1 
human health screening criteria for 
commercial/industrial land use in source 
areas P4, P10, P11, P15, and P16.  

However, as noted in the DSI the Tier 1 
screening criteria are not directly 
applicable to these receptors and 
therefore site-specific exposure scenarios 
(based on available information and 
interviews with site personnel) have been 
assessed as part of the HHRA. 

Recreational users of 
on-Site sporting 
grounds 

   Incomplete There were no exceedances of the 
recreational screening criteria in the 
recreational land use areas of the Base. 

Visitors to Site, 
including families 
attending the 
Community Centre 

   Incomplete The results of the targeted soil sampling 
program did not identify PFAS 
contamination in this area. 

Soil Off-Site Members of the 
public 

• Off-Site migration of 
dust from impacted 
surface soils  

• Direct contact or 
incidental exposure 
to soils irrigated 
with PFAS impacted 
water  

• Consumption of 
crops, market 
garden and home-
grown produce 

   Inhalation relates 
to incidental 
inhalation of dust 

Incomplete No PFAS contamination above the 
adopted Tier 1 screening criteria for 
residential land use was identified in soil 
samples collected off-Site.  
The potential for unacceptable risks to 
members of the public to exist associated 
with off-Site migration of dust has been 
considered as part of the HHRA. 
 

None 
identified to 
date 
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Potentially 
Contaminated 
Media 
(Source) 

Potential Human 
Receptors 

Potential Exposure 
Pathways  

Potential Exposure Route Considered S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks 
Identified? 

Ingestion Dermal Inhalation  Others/Remarks 

Surface Water  
On-Site 

Defence Personnel 
and contractors 
working on Base 

• Direct contact or 
incidental exposure  

  -  Complete The DSI results identified PFAS 
contamination in surface water exceeding 
the applicable Tier 1 human health 
screening criteria for recreational use 
within some of the airside stormwater 
swales, the stormwater drain that passes 
between source areas P1 and P3, and the 
Helps Road Drain (on Site). Given there 
are no applicable Tier 1 surface water 
screening criteria for a 
commercial/industrial land use scenario, 
the potential risk to these receptors based 
on site-specific exposure scenarios has 
been assessed as part of the HHRA. 

Yes, 
complete   S-
P-R linkages 
considered in 
the HHRA 

Intrusive maintenance 
workers and 
construction workers  

  -  Complete The DSI results identified PFAS 
contamination in surface water exceeding 
the applicable Tier 1 human health 
screening criteria for recreational use 
within some of the airside stormwater 
swales, the stormwater drain that passes 
between source areas P1 and P3, and the 
Helps Road Drain (on Site). As above, 
given there are no applicable Tier 1 
surface water screening criteria for 
intrusive maintenance and construction 
workers, the potential risk to these 
receptors based on site-specific exposure 
scenarios has been assessed as part of 
the HHRA. 
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Potentially 
Contaminated 
Media 
(Source) 

Potential Human 
Receptors 

Potential Exposure 
Pathways  

Potential Exposure Route Considered S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks 
Identified? 

Ingestion Dermal Inhalation  Others/Remarks 

Surface Water 
Off-Site 

Recreational users of 
KPW 

• Direct contact or 
incidental exposure  

  -  Incomplete There were no off-Site surface water 
results reported above the adopted Tier 1 
human health screening criteria for 
recreational use.  

Yes, 
potentially 
complete S-
P-R linkage 
considered in 
the HHRA 

• Consumption of 
aquatic biota 

 - -  Potentially 
complete 

The results of the biota sampling program 
identified elevated PFAS concentrations in 
carp caught from the KPW. The results 
indicate risks to people who may be 
catching and consuming carp from the 
KPW may be elevated, subject to 
consumption rates. It is highlighted that 
the City of Salisbury prohibits fishing in the 
KPW with signage to indicate this erected 
at the primary entrance to the KPW. 
 

Maintenance workers 
and contractors (e.g. 
Council) 

• Direct contact or 
incidental exposure 

  -  Incomplete There were no off-Site surface water 
results reported above the adopted Tier 1 
human health screening criteria for 
recreational use, which were considered to 
be appropriately conservative for the initial 
screening assessment of potential risks to 
these workers. 

Sediment 
On-Site 

Defence Personnel 
and contractors 
working on Base 

• Direct contact or 
incidental exposure 

  -  Incomplete The DSI results did not identify any 
exceedances of the adopted Tier 1 
screening criteria for commercial/industrial 
land use. 

No 
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Potentially 
Contaminated 
Media 
(Source) 

Potential Human 
Receptors 

Potential Exposure 
Pathways  

Potential Exposure Route Considered S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks 
Identified? 

Ingestion Dermal Inhalation  Others/Remarks 

Intrusive maintenance 
workers and 
construction workers  

  -  Potentially 
complete 

The DSI results did not identify any 
exceedances of the adopted Tier 1 
screening criteria for commercial/industrial 
land use.  

However, as noted in the DSI the Tier 1 
screening criteria are not directly 
applicable to these receptors and 
therefore site-specific exposure scenarios 
(based on available information and 
interviews with site personnel) have been 
assessed as part of the HHRA. 

Sediment 
Off-Site 

Recreational users of 
KPW 

• Direct contact or 
incidental exposure 

  -  Incomplete Only minor concentrations of PFAS were 
detected in sediments off-Site with all 
results below the adopted Tier 1 soil 
screening criteria for recreational land use. 

No 

Maintenance workers 
and contractors (e.g. 
Council) 

• Direct contact or 
incidental exposure 

  -  Incomplete Only minor concentrations of PFAS were 
detected in sediments off-Site with all 
results below the adopted Tier 1 soil 
screening criteria for commercial/industrial 
land use and recreational land use. 
Therefore, PFAS concentrations in 
sediments off-Site are not considered to 
present an elevated risk to off-Site 
maintenance workers who may be 
infrequently be exposed to such 
sediments. 

Groundwater 
On-Site 

None • None - - -  Incomplete It is understood that there is no extraction 
of groundwater occurring on Site and 
therefore no human exposure pathway. 
The observed depths to groundwater 
beneath the Base (i.e. >2m bgs) mean 
that exposure during intrusive works is not 
a likely pathway for maintenance workers.  

No 
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Potentially 
Contaminated 
Media 
(Source) 

Potential Human 
Receptors 

Potential Exposure 
Pathways  

Potential Exposure Route Considered S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks 
Identified? 

Ingestion Dermal Inhalation  Others/Remarks 

Groundwater 
Off-Site 

Off-Site users and 
consumers of 
groundwater 

• Extraction of 
groundwater 

• Irrigation or use of 
groundwater for 
domestic activities, 
recreational 
activities, or 
commercial 
activities  

• Consumption of 
crops, market 
garden and home-
grown produce  

• Consumption of 
livestock (e.g. 
cattle, sheep, 
chickens), milk, and 
eggs 

   Potential for 
inhalation of spray 
mist during 
irrigation may be 
an exposure route 

Potentially 
complete 

The DSI identified widespread PFAS 
contamination within the shallow Q1 and 
Q2 Aquifers within the Investigation Area. 
The supplementary DSI works have also 
identified PFAS contamination in the Q3 
Aquifer off-Site in some of the locations 
investigated. No PFAS contamination 
above the HBGVs for drinking water was 
identified in the Q4 Aquifer off-Site. 
Whilst the results of additional Quaternary 
Aquifer water supply bore investigations 
did not identify any PFAS concentrations 
above the HBGVs for drinking water, the 
potential for use of unlicensed (or 
unregistered) bores within the current 
extents of the PFAS plume exists. This 
issue has been considered further as part 
of the HHRA. 

Yes, 
potentially 
complete S-
P-R linkages 
considered in 
the HHRA 

Members of the 
public 

• Consumption of 
crops, market 
garden and home-
grown produce 

• Consumption of 
livestock (e.g. 
cattle, sheep, 
chickens), milk, and 
eggs 

 - - PFAS 
contaminated 
groundwater used 
for irrigation of 
plants or as water 
supply for 
livestock 

Incomplete There has been no evidence gathered to 
date to suggest PFAS contaminated 
groundwater is being used for the irrigation 
of produce, or as water supply for 
livestock, that may be sold to members of 
the public. As with all elements of the 
CSM, this assessment should be revisited 
should new information become available 
to the contrary.   

No 
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Summary of Potential Receptors and Exposure Pathways at Time of DSI – Ecological 

Potentially 
Contaminated 
Media (Source) 

Potential Ecological 
Receptors 

Potential Exposure Pathways  S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks Identified? 

Soil Onsite • Terrestrial fauna  
(e.g. birds) 

• Direct contact 

• Ingestion of flora and fauna 
affected by PFAS 

Incomplete The DSI results identified PFAS contamination in soils exceeding the applicable 
Tier 1 ecological screening criteria in several source areas, however there were no 
significant ecological receptors of concern (e.g. areas of ecological significance) 
identified at the Base. 

No 

• Terrestrial flora • Uptake of PFAS from soil Incomplete 

Soil Offsite • Terrestrial fauna  
(e.g. birds) 

• Direct contact 

• Ingestion of flora and fauna 
affected by PFAS 

Incomplete At the time of the DSI no PFAS contamination above the adopted Tier 1 ecological 
screening criteria has been identified in soil samples collected offsite.  
 

None at the time 
of the DSI 

• Terrestrial flora • Uptake of PFAS from soil Incomplete 

Surface Water 
Onsite 

• Terrestrial and 
aquatic fauna  

• Direct contact 

• Ingestion 

• Consumption of flora and 
fauna affected by PFAS 

Incomplete The DSI results identified PFAS contamination in surface water exceeding the 
adopted Tier 1 ecological screening criteria within some of the airside stormwater 
swales, the stormwater drain that passes between source areas P1 and P3, the 
Helps Road Drain (on Site), and the Southern Detention Basin. However, there 
were no significant ecological receptors of concern (e.g. areas of ecological 
significance) identified at the Base. 

No 

• Aquatic flora • Uptake of PFAS from 
surface water 

Incomplete 

Surface water 
Offsite 

• Terrestrial and 
aquatic fauna  

• Direct contact 

• Ingestion 

• Consumption of flora and 
fauna affected by PFAS 

Complete The DSI results identified PFAS contamination in surface water exceeding the 
adopted Tier 1 ecological screening criteria within the KPW and the Helps Road 
Drain. 
Available information regarding the ecology of the KPW suggests an absence of 
high ecological value species (i.e. ecological receptors of concern), with the 
exception of migratory birds which are understood to occasionally be using the 
wetland. 
  

Yes, considered 
further in the 
PERA 

• Aquatic flora • Uptake of PFAS from 
surface water 

Incomplete 

Sediment Onsite • Terrestrial and 
aquatic fauna 

• Direct contact 

• Incidental ingestion 

• Consumption of flora and 
fauna affected by PFAS 

Incomplete The DSI identified elevated PFAS concentrations in sediments in source areas 
P10, P11, and P16, however there were no significant ecological receptors of 
concern (e.g. areas of ecological significance) identified at the Base. 

No 

• Aquatic flora • Uptake of PFAS from 
sediment 

Incomplete 
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Potentially 
Contaminated 
Media (Source) 

Potential Ecological 
Receptors 

Potential Exposure Pathways  S-P-R 
Linkage 

Comments Potentially 
Unacceptable 
Risks Identified? 

Sediment Offsite • Terrestrial and 
aquatic fauna 

• Direct contact 

• Incidental ingestion 

• Consumption of flora and 
fauna affected by PFAS 

Potentially 
incomplete 

Only minor concentrations of PFAS were detected in sediments off Site. 
Notwithstanding, given the absence of an appropriate Tier 1 ecological screening 
criteria, the potential for unacceptable risks to exist for any ecological receptors of 
concern have been assessed as part of this report with consideration given to 
areas where surface water samples reported PFAS concentrations exceeding the 
adopted Tier 1 ecological screening criteria (i.e. KPW).  

No, however 
issue has been 
considered 
further in the 
PERA 

• Aquatic flora • Uptake of PFAS from 
sediment 

Potentially 
incomplete 

Groundwater 
Onsite 

• Terrestrial flora • Uptake of PFAS from 
groundwater 

Incomplete The DSI results identified significant PFAS contamination in the shallow Q1 Aquifer 
beneath the Base. However, the depth to groundwater in the Q1 Aquifer is typically 
greater than 2m bgs; the depth to which ecological investigation levels are 
principally applied as per the ASC NEPM (refer Schedule B1, Section 2.5.6). It is 
therefore considered that the uptake of PFAS contaminated groundwater by 
terrestrial flora present on the Base is not a significant pathway of concern. In 
addition, there were no significant ecological receptors of concern (e.g. areas of 
ecological significance) identified at the Base. 

No 

Groundwater 
Offsite 

• Terrestrial flora • Uptake of PFAS from 
groundwater 

Incomplete The DSI results identified significant PFAS contamination in the shallow Q1 Aquifer 
off Site. However, the depth to groundwater in the Q1 Aquifer is typically greater 
than 2m bgs. As noted above, it is considered that the uptake of PFAS 
contaminated groundwater by terrestrial flora is not a significant pathway of 
concern. 

No 
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APPENDIX D Options analysis criteria 

Appendix D supplements section 3.5 (Detailed options analysis methodology). 

This Appendix sets out the criteria for the detailed options analysis. 

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

Estimate a cost range for implementation of the option, accompanied by an 
explanation of the basis of that estimate.  

The cost ranges below have overlapping values: this is to avoid a scenario 
where a borderline cost may distort the analysis. Where a cost estimate falls 
into an overlapping range, but effectiveness of the option in 1.2 is assessed 
as ‘high’, use the lower cost range to adjust the margin of error in favour of 
the ‘effectiveness’ criterion. 

Category 1 PWC approval required 
above $15 million.7 

>  $13,000,000 

Category 2 Medium works notification 
to PWC required above 
$2 million 

>  $1,500,000 < $15,000,000 

Category 3 Project actions > $450,000 < $2,000,000 

Category 4 Community level actions8 < $500,000 

Cost ranges should include direct, indirect, recurrent costs and the costs of 
mitigating any secondary risks identified in 2.5 below.  

Where there will be a need for ongoing operations, management, 
maintenance and monitoring beyond the Primary Implementation Period, a 
separate risk should be identified and a separate options analysis applied. 

2 Effectiveness 
rating 

Assign an effectiveness rating in accordance with the following criteria: 

High The option is projected to meet all its objectives or 
meet a ‘best available’ standard 

High with 
supplementary 
option 

The option, together with a supplementary option, 
is projected to meet all its objectives or meet a 
‘best available’ standard 

Medium The option is projected to make significant 
progress towards meeting its objectives. 

Medium with 
supplementary 
option 

The option, together with a supplementary option, 
is projected to make significant progress towards 
meeting its objectives 

Low The option cannot reliably be projected to make 
significant progress towards meeting its 
objectives or may only do so in a timeframe that is 

                                                      

 

7 http://www.defence.gov.au/estatemanagement/governance/Committees/pwc/Default.asp 
8 Accommodates a range of community level response actions such as arranging alternative grazing for impacted agricultural businesses or providing fencing. The value 
of community-level actions may also exceed $500,000. 
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not aligned with effective management of the 
identified risk. 

 

3 Implementation 
period / 
timeframe 

Designate an indicative timeframe for implementation: 

Primary implementation period 

− Short term: 1-12 months from the date of the PMAP 
− Medium term: 1-3 years 

Extended implementation period 

− Long term: beyond 3 years. 

Where an action extends across both the primary and extended 
implementation period, both should be designated. Different procurement 
actions may apply. 

4 Potential 
impacts 

List any potential environmental and socio-economic impacts (positive and 
negative). 

Negative impacts should be further analysed and addressed in item 10 
below. 

5 Estimated net 
environmental 
benefit 

Whether the impacted environment as a whole would experience a net 
benefit. Rate as negative / neutral / marginal / moderate / significant. 

For an institutional or administrative control, this item may be deleted or 
rated as N/A. 

This factor does not require a detailed analysis. Rather, it requires an 
informed estimate. For example, the draining of an important wetland to 
remove the PFAS would be likely to result in negative net environmental 
benefit for biota and be unacceptable to environmental regulators and the 
community. 

Risk-based analysis 

6 Proportion of 
action to risk 

Assess the scale (timing/implementation logistics/impact on Defence 
capability) and cost of the action in comparison to the likelihood and scale of 
the risk. 

7 Best-practice 
status 

Consider whether there is a recognised ‘best-practice’ standard available for 
the category of the proposed solution and whether the solution meets a 
relevant standard. 

8 Verification 
status 

Where an action involves a remediation technology, provide information on 
the verification status. 

9 Technology 
assessment 

Where an option involves a remediation technology: 
− infrastructure and energy requirements 
− ability to construct and operating technology 
− reliability of technology 
− ability to monitor effectiveness 
− ability to obtain any necessary approvals 
− availability of services and materials 
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10 Risks and 
mitigation 

List primary, secondary9 and residual10 risks of implementation and 
associated mitigation options, such as: 

− potential environmental impacts, including PFAS transference, cross-
contamination, and remobilisation; and presence of contaminants 
other than PFAS 

− the availability of treatment/storage management options to manage 
waste streams 

− impact on existing infrastructure (including bores) 
− potential social and economic impacts (eg land use or employment.) 

Specify whether mitigation options form a part the same option or whether 
they are developed separately (provide option identification number). 

11 Key 
Dependencies 

List any key dependencies, including the implementation of any other options, 
and any external factors. 

Defence implications 

12 Defence 
capability 

The extent to which an aspect of Defence capability will be impacted by the 
process or outcome of implementation of the option and the availability and 
cost of alternatives (consultations with Defence) 

13 Project fit Whether the project outcomes complement the outcomes of response 
management actions for the same or other sites (consultations with Defence) 

14 Scalability Whether the outcomes of the project can be scaled up or down to address 
similar needs in the same or other Bases. 

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

List jurisdictional authorisations required to implement the option. Note the 
views of any relevant jurisdictional regulator  

16 Owner / 
occupier 
consents and 
views 

List any owner / occupier consents required to implement the option. 
Note the views of any relevant landowner or occupier. 

17 Community Defence’s understanding of the views of the impacted community. 

 

                                                      

 
9 Secondary risks are risks that emerge from implementation of a risk management response 
10 Residual risks comprise  that component of the identified risk that is not addressed by the option. 
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APPENDIX E Options listing and analysis 

This Appendix provides the analysis of the management options identified as available to 
address the range of risks identified in the DSI and risk assessments. Risk management 
includes the application of remediation technology and methodologies, pathway management, 
as well as institutional and administrative controls and advisories. 

Part E1 sets out the range of remediation technology and methodologies with an initial 
screening for applicability to the remediation of PFAS contamination within the Management 
Area. 

Part E2 sets out the remediation options for consideration within the Management Area. 

Part E3 constitutes the detailed options and comparative analysis for the identified risks in a 
matrix format. 
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E1 PFAS remediation options screening  

The following table provides an overview of the applicability of potential PFAS management options 
with respect to the various media that may require management at the Base. It also considers the 
degree of development of the relevant technologies. Parts E1.1 and E1.2 provide preliminary 
screening of relevant options relating to management of solid matrices (i.e. soil, sediment and 
concrete) and water, respectively. The options that warrant further consideration are examined in the 
detailed and comparative options analysis in Part E3. 

 
Media 

Status Technologies Soil/Sediment 
Spent 

Remediation 
Media 

Stormwater Groundwater 

Commercially 
Available 

Adsorption - Ex-situ Granular 
Activated Carbon (GAC) 
 

✘ ✘ ✔ ✔ 

Adsorption – Ex-situ Ion 
Exchange Resin 

✘ ✘ ✔ ✔ 

Nanofiltration and/or Reverse 
Osmosis 

✘ ✘ ✔ ✔ 

Hydraulic Containment ✘ ✘ ✔ ✔ 

Adsorption - In-situ Stabilisation  ✔ ✘ ✘ ✘ 

Excavation and Off-site Disposal ✔ ✘ ✘ ✘ 

In-situ Management (Capping) ✔ ✘ ✘ ✘ 

On-site Containment in an 
Engineered Facility 

✔ ✔ ✘ ✘ 

Thermal Desorption and 
Destruction (On or off-site) 

✔ ✔ ✘ ✘ 

Field Proven 

Adsorption - Amine modified 
organoclay 

✔ ✘ ✔ ✔ 

Adsorption - In-situ Powdered 
Activated Carbon (PAC) 

✘ ✘ ✘ ✔ 

In-situ Oxidation and Reduction ✔ ✘ ✔ ✔ 

Surface Active Foam 
Fractionation 

✘ ✘ ✔ ✔ 

Downhole Foam Fractionation ✘ ✘ ✘ ✔ 

Permeable Reactive Barrier ✘ ✘ ✔ ✔ 

Research Soil Washing ✔ ✘ ✘ ✘ 
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E1.1 Solids (Soil/Sediment)1 

 

Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - solids        

Bioremediation  

The activity of naturally occurring microbes is stimulated 
by circulating water-based amendment solutions in-situ 
through contaminated soils to enhance biological 
degradation of organic contaminants. Amendments may 
be used to enhance contaminant desorption from the 
soils. 

Most applicable to saturated media. 

Not applicable to PFAS. - - - -  No 

Chemical Oxidation or Reduction 

Oxidation/reduction chemically converts the hazardous 
contaminants to non- hazardous or less toxic 
compounds that are more stable, and/or inert. 
Oxidising/reducing agents most commonly used are 
Fentons reagent, permanganate, hydrogen peroxide 
and other propriety destruction formulations. Chemical 
commonly delivered by vertical well pressure injection. 
Delivery issues with contact of reagent with affected 
media. 

Most applicable to saturated media. 

Emerging technology 
(laboratory scale only). 
However, no proven 
PFAS destruction 
technology currently 
available. 

Chemical injection is 
commonly 
conducted in-situ in 
Australia (last 10 
years). 

Significant chemical 
volumes and 
multiple applications 
would be required. 

High 
(largely due to high 
chemical costs and 
large area of 
application) 

12 to 24 months 
for application 

Although the 
destruction of PFAS 
compounds is a 
preferred option in the 
PFAS NEMP hierarchy, 
high energy input 
through the use of 
highly reactive 
chemicals is 
inconsistent with 
universal ecologically 
sustainable 
development (ESD) 
principles. Dangerous 
goods transport and 
storage requirements 
will apply. 

Likely to be 
significantly disruptive 
to operations due to 
large injection well 
network required along 
with chemical storage 
and handling 
requirements. 

Potential impacts on 
sub-surface services 
would need 
consideration. 

No 

Soil Flushing 

Water or amendments (base, surfactant or chelating 
agent) are added to increase hydraulic gradients and 
‘flush’ contaminants via advective pore flushing, 
desorption and diffusion gradients from impacted 
materials. Hydraulic control is required to capture the 
fluids, with ex situ treatment. 

PFAS compounds are soluble and have low soil 
partitioning coefficients and are potentially amenable to 
this approach. However, low level concentrations are 

Full scale in situ 
application has not 
been identified in 
Australia. 

Hydraulic control 
would be required 
but would be difficult 
to achieve – there is 
a risk of increasing 
hazards via 
groundwater 
migration exposure 
pathways where 
shallow groundwater 
is present. 

High, long time 
frame required to 
achieve in-situ 
flushing of clays to 
suitably low soil 
concentrations. 
Water treatment 
plant needs to be on 
-site for years. 
Disposal of used 
media via thermal 

Long term Soil remains in place 
which is consistent with 
NEMP waste hierarchy 
(i.e. on-site separation) 
as is off-site destruction 
of used water treatment 
media by thermal 
treatment. 

There may be areas of 
the Base (e.g. around 
new Air Traffic Control 
Tower) where soil 
flushing would 
interfere with existing 
services. 

Subject to 
completion of 
current ex-situ soil 
washing trial 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

expected to be persistent due to desorption and matrix 
diffusion. These low level concentrations may not be 
protective of potential off-site water users and/or may still 
result in harm to water that is not trivial (with reference to 
SA EP Act). 

destruction most 
likely. 

Soil Vapour Extraction 

Soil vapour is extracted and treated, thereby reducing 
volatile contaminant mass in unsaturated media. Can be 
combined with air sparging. 

Not applicable to PFAS 
– non- or low volatility. 

     No 

Adsorption - In-situ Stabilisation/Immobilisation 

Contaminants are physically bound or enclosed within a 
stabilised mass (solidification), or chemical reactions are 
induced between the stabilising agent and contaminants 
to reduce their mobility (stabilisation). 

Potential additives (stabilisation/binding) include activated 
carbon slurry, RemBind or MatCARE. Cement 
solidification not applicable due to PFAS leachability 
under alkaline conditions. 

Full scale in situ 
application has not 
been identified in 
Australia. 

Solidification is not 
applicable to PFAS. 

 

 

Chemical injection 
and soil mixing is 
commonly 
conducted in-situ in 
Australia (last 
10 years). 
Full scale in situ 
application has not 
been identified in 
Australia. Can 
require up to 25% 
v/v amendment 
addition to achieve 
stabilisation. 

Implementation 
would generally not 
be practicable given 
the wide lateral 
distribution and 
difficulty in achieving 
even distribution 
within materials. 

Moderate to high 
(largely due to high 
amendment costs 
and large area of 
application) 

Application is 
rapid and 
therefore 
stabilisation 
could be 
achieved 
quickly. Time 
frame will be 
dependent on 
area to be 
treated. 

Soil remains in place 
which is consistent with 
the preferred NEMP 
waste hierarchy i.e. on-
site treatment. 

Affects asset access Yes, but only in 
very specific areas 
e.g. may be 
suitable to 
targeted difficult to 
access areas with 
high 
concentrations. 
May warrant a trial 
at the Base. 

Ex-Situ Treatment - solids        

Excavation and Off-site Disposal  

Commonly available soil treatment approach for 
categorised materials. 

Materials are excavated and transported to an 
appropriate facility for disposal. 

Excavation in many, but 
not necessarily all source 
areas at the Base, is 
possible. However, there 
are no landfills in SA 
currently licensed to 

Will depend on any 
future landfill fees. 
Landfill operators 
will be aware that 
they need to be 
competitive with on-

High 

Largely due to pre-
treatment costs as 
well as transport 
and disposal costs 

If local landfill(s) 
become 
licensed then 
relatively rapid 
implementation 
may be 

Off-site disposal is 
considered the least 
desirable approach to 
managing contaminated 
soils on the PFAS 
NEMP waste hierarchy. 

Potentially significant 
disruption to 
operations. 

Not in the short 
term, no local 
landfills currently 
licensed to accept 
PFAS impacted 
materials in SA 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

On site pre-treatment may be required to dewater and/or 
dry the materials prior to offsite transport and disposal. 

In accordance with the Stockholm Convention soils 
above 50 mg/kg may not be accepted at a licensed 
landfill. The total PFAS concentrations in some soil 
source areas at Edinburgh exceeds 50 mg/kg. 

accept PFAS impacted 
materials. 

 

site retention of 
PFAS impacted 
materials. 

possible. Also 
dependent on 
scale and focus 
e.g. if only hot 
spot areas 
timeframe 
shortens. 

Intra-state transport to 
an off-site facility would 
be very energy intensive 
and at risk of accidents. 

 

Bioremediation 

Materials are excavated and treated via biodegradation 
at an on-site or off-site facility. Dewatering of 
excavated materials may be required prior to 
treatment. 

The activity of naturally occurring microbes is 
stimulated by circulating water-based solutions 
through contaminated soils to enhance biological 
degradation of organic contaminants. Nutrients, 
oxygen and other amendments may be used to 
enhance biodegradation / contaminant desorption 
from the soils via either open land-farming or in 
engineered ‘bio-piles’. 

Not applicable for 
PFAS 

     No 

Adsorption - Solidification/ Stabilisation/ 
Immobilisation 

Materials are excavated and treated at an on-site 
or off-site facility. Dewatering/drying of excavated 
materials may be required prior to treatment.  

Additives are added to excavated soils in a mixing 
plant. Contaminants are physically bound or 
enclosed within a stabilised mass (solidification), or 
chemical reactions are induced between the 
stabilising agent and contaminants to reduce their 
mobility (stabilisation).  

A combination of soil mixing with selective 
additives (stabilisation/binding) has been applied 
to PFAS impacted soils/sediments on a relatively 
small scale successfully in Australia. Potential 
additives (stabilisation/binding) include activated 
carbon, modified clay or combined clay and 
activated carbon (e.g.PlumeStop, RemBind or 

Applicable 

Leachability of site soils 
has been shown to be 
high. Will be required to 
meet leachability 
requirements as for off-
site disposal.   

Soil mixing required 
to ensure adequate 
contact with 
impacted media. 
Can require up to 
25% v/v 
amendment 
addition to achieve 
stabilisation. 

Moderate 12+ months. 
 

Validation of 
stabilisation 
may take 6 
months. 

Treatment and reuse 
of contaminated soil 
is considered high 
on the PFAS NEMP 
and EPA’s 
waste hierarchy. 

 
Significant chemical 
use may be 
required. 

Potentially 
significant 
disruption to 
operations. 

Yes – not likely as 
a stand-alone 
solution but 
potential to be 
coupled with off-
site disposal, on-
site retention or as 
part of in-situ 
management 
options 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

MatCARE).  

Cement stabilisation not applicable due to ongoing 
PFAS leachability.  

Treated materials would be reused at site. 
However, the potential for very low levels of 
leachability mean siting and cover of the material 
must still be considered. 

Chemical Oxidation or Reduction  

Materials are excavated and treated at an on-site 
or off-site facility.  

Chemicals are added to excavated soils via mixing 
in a batching plant or stockpiles.  

Oxidation/reduction chemically converts the 
hazardous contaminants to nonhazardous or less 
toxic compounds that are more stable, and/or inert. 
Oxidising/reducing agents most commonly used 
are Fentons reagent, permanganate, hydrogen 
peroxide and other propriety destruction 
formulations. 

Emerging technology 
(laboratory scale 
only). However, no 
proven PFAS 
destruction 
technology currently 
available. 

Soil mixing 
requirements to 
consider to ensure 
adequate contact 
with affected media.  

Geotechnical 
suitability of treated 
material (i.e. a 
slurry) for site 
retention needs 
consideration. 

Moderate to high 
(largely due to high 
chemical costs) 

12+ months 
with material 
handling on-site 

Treatment and reuse of 
contaminated soil is 
considered high on 
EPA’s waste hierarchy.  

High energy input 
through the use of 
highly reactive 
chemicals is 
inconsistent with ESD 
principles. Dangerous 
goods transport and 
storage requirements 
will apply. 

Some disruption to 
operations. 

No 

Soil Washing / Chemical Extraction  

Materials are excavated and treated at an on-site 
or off-site facility.  

Contaminants sorbed onto soil particles are 
separated from the soil in an aqueous based 
system. The wash water may be augmented with a 
basic leaching agent, surfactant, pH adjustment or 
chelating agent to help remove both organics and 
metals.  

PFAS compounds are soluble and have low soil 
partitioning coefficients, and are potentially 
amenable to this approach. However, low level 
concentrations in leachate are expected to be 
persistent, requiring significant treatment. 

Full scale application 
has not been identified 
in Australia, with pilot 
studies underway. 

 
Likely to have limited 
capability for clay rich 
soils. 

Treatment of 
multiple waste 
streams (water, 
sludge concentrate) 
required. 

 
Geotechnical 
suitability of treated 
material (i.e. graded 
materials) for site 
retention needs 
consideration. 

Moderate to high 
(potentially due to 
waste stream 
management and 
processing time) 

12+ months 
with material 
handling on-site 

Treatment and reuse 
of contaminated soil 
is considered high 
on the PFAS NEMP 
and EPA’s 
waste hierarchy. 

Potentially significantly 
disruptive to 
operations. 

Subject to 
outcome of trial 
being conducted 
at site. 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Low-temperature Thermal Desorption (on or 
off-site)  

Materials are excavated and treated at an on-site 
or off-site facility. Dewatering of excavated 
materials may be required prior to treatment.  

Wastes are heated to 93oC to 315oC to volatilise 
water and organic contaminants. A carrier gas or 
vacuum system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing. 

Not proven for PFAS 
(+1,100oC required for 
destruction and/or long 
residence time, with 
vapour stream 
treatment required) 

- - - - - No 

High- Temperature Thermal Desorption (on or 
off-site)  

Materials are excavated and treated at an on-site 
or off-site facility. Dewatering of excavated 
materials may be required prior to treatment.  

Wastes are heated to 315oC to 535oC to volatilise 
water and organic contaminants. A carrier gas or 
vacuum system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing. 

Not proven for PFAS 
(+1,100oC required for 
destruction and/or long 
residence time, with 
vapour stream 
treatment required) 

- - - - - No 

Pyrolysis and oxidative thermal destruction (on 
or off-site) 

Materials are excavated and treated at an on-site 
or off-site facility. Dewatering of excavated 
materials may be required prior to treatment.  

High temperatures 870oC to 1,200oC used to 
volatilise water and PFAS, then combust (in the 
presence of oxygen) organic constituents in 
hazardous wastes.  

Treatment of off gas and PFAS destruction by-
products is required. These may include 
hydrofluorine and sulphuric acids. Incomplete 
combustion products may include carbon 
monoxide, carbonyl difluoride, sulphur 

Applicable Only feasible 
for PFAS at 
high 
temperatures. 

Off gas 
treatment 
required. 

Most feasible 
for low volumes 
if transported to 
an existing off-
site facility. 

Very high (due to 
treatment costs) 4 to 5 years. High energy use and 

consideration for 
potential destruction 
by-products and 
incomplete 
combustion products 
is required. 

Significant disruption 
to operations 

Yes 

Other - solids        
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-situ management 

Impacted materials managed via reduction in 
contaminant mobility by reducing infiltration to the 
extent practicable, and isolating impacted material.  

This would be achieved via a low permeability 
cover and sub-drainage as a contingency to 
control seepage (if any). 

Applicable 

In-situ management is 
acceptable where 
conducted in an 
environmental audit 
and risks are 
demonstrated to be low 
and acceptable. 

Applicable 

Ongoing monitoring of 
efficacy of barrier 
system and leachate 
detection required. 

Low Depends on 
project staging 
and auditor. 

In-situ management 
of soil is preferred in 
the PFAS NEMP’s 
waste hierarchy and 
avoids transport of 
materials off-site so is 
therefore considered 
more sustainable than 
placement in an off-
site facility. 

Manages issue 
while technologies 
are developing. 
Ability to review 
treatment 
practicability in 
future with known 
location of wastes. 

In-situ management 
generally less 
disruptive to 
operations than ex-
situ options. 

Yes, particularly 
suited to areas 
where excavation 
is difficult due to 
existing 
infrastructure. 

On-site containment in an engineered facility  

This approach has been used in Victoria. On-site 
containment is acceptable. Involves excavation 
and placement in an engineered repository or 
containment cell that would be lined and capped. 

Applicable 
 
In-situ management is 
acceptable where 
conducted in an 
environmental audit 
and risks are 
demonstrated to be low 
and acceptable. 

Requires a suitable 
location for the facility. 

The Base is likely to be 
hydrogeologically 
suitable for on-site 
containment. 

 

Applicable 

Ongoing monitoring of 
efficacy of barrier 
system and leachate 
detection required. 

Low Depends on 
project staging 
and auditor. 

On-site containment 
is lower on the 
waste hierarchy than 
destructive 
treatment methods 
as the process 
involves 
construction of an 
engineered facility. 
This avoids 
transport of 
materials offsite so 
is considered more 
sustainable than 
placement in an off-
site facility. 

Depending upon 
source area, low to 
significant disruption 
to operations. 

Yes 
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E1.2 Waters (Surface water and groundwater) 

 

Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - water        

Bioremediation  

As described above for in situ biodegradation of 
soil/sediments. 

Not applicable to PFAS. - - - -  No 

Chemical Injection 

Chemicals are injected into the aquifer at pre-determined 
dosage rate. 

May include oxidation/reduction to chemically convert 
the hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, and/or inert. 
Other options may include novel additives such as 
slurried activated carbon which is a binding technology. 

Emerging technology 
(laboratory scale only). 
However, no proven 
PFAS destruction 
technology currently 
available. 

Chemical injection 
(oxidant) is 
commonly 
conducted in-situ in 
Australia (last 10 
years). 

 
Significant chemical 
volumes would be 
required. 

High 
(largely due to 
chemical costs 
and application) 

12 to 24 months In-situ treatment is 
considered high on 
EPA’s waste 
hierarchy. 

High energy input 
through the use of 
highly reactive 
chemicals is 
inconsistent with ESD 
principles. Dangerous 
goods transport and 
storage requirements 
will apply. 

Some disruption to 
operations 

Yes, application of 
slurried activated 
carbon such as 
PlumeStop may 
be applicable to 
specific source 
areas where 
access to soils 
and groundwater 
is limited. 

Air Sparging 

Air is injected into the subsurface to add oxygen and 
volatilise contaminants. Soil vapour is extracted and 
treated, thereby reducing volatile contaminant mass. 

Not applicable to 
PFAS – non- or low 
volatility. 

- - - -- - No 

Thermal Treatment 

As described above for in situ thermal treatment of 
soil/sediments. 

Not applicable to 
aqueous solutions 
due to very large 
energy 
requirement. 

- - - - - No 

Monitored Natural Attenuation  

A variety of physical, chemical, or biological processes 
that, under favourable conditions, act without human 
intervention to reduce the mass, toxicity, mobility, volume, 
or concentration of contaminants in soil or groundwater.  

Not applicable to PFAS – 
there is limited natural 
attenuation in the 
environment.  

- - - - - No 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

This typically is only applicable if the primary source has 
been controlled, and risks are demonstrated to be, or can 
be controlled to be, low and acceptable. 

Permeable Reactive Barriers 

A permeable reactive barrier (PRB) is installed across 
the flow path of the groundwater contaminant plume or 
the surface water flow path, allowing PFAS impacted 
water to passively pass through the barrier.  The 
reactive media either sorbs, degrades or transforms 
contaminants. Common reactive media include zero 
valent iron, natural zeolites and organic substrates. 

Recent research has assessed use of PRBs to promote 
effective enzyme- catalysed humification reactions to 
treat PFAS. 

PRBs can either be configured as a continuous wall to 
intersect the plume, or as a funnel-and-gate system with 
low permeability walls that direct groundwater flow 
through reactive media in a ‘gate’. 

Potentially applicable 
as a component of an 
overall strategy. 
 
However, no full scale 
application for PFAS 
identified in Australia or 
globally. 

 
Expected to be 
applicable in short 
term for some 
hydrogeological 
settings.  
 
Depth to 
groundwater makes 
installation of a PRB 
technically difficult. 

Reactive media can 
require replacement 
(depending on 
sorptive capacity and 
concentrations being 
treated) and 
disposal/treatment. 

Moderate to High 
(Depends on size, 
reactive media to 
be used, 
replacement of 
media) 

Long term 
operation 

In-situ treatment is  
a preferred option 
on the PFAS 
NEMP  
waste hierarchy. 

Depending on source 
area, low to significant 
disruption to 
operations. 

Not for 
groundwater due 
to depth to water 
table but an in-
stream trial for 
surface water may 
be worthwhile if a 
suitable media can 
be identified. 

Support research 
in to alternative 
media 

Ex-Situ Treatment - water        

Groundwater extraction 

Commonly available treatment approach. Dissolved 
phase impacts are extracted via a series of wells or 
trenches (‘French drains’), with ex situ treatment of 
effluent at a water treatment plant. Treated water could 
be managed via reinjection or discharge. 

Extraction system can be designed to maximise mass 
removal of dissolved phase contaminants, though this 
approach is typically more suited for hydraulic control 
purposes (see below). 

Not applicable as a 
stand-alone option – is 
not likely to be 
practicable to address 
secondary sources (e.g. 
PFAS sorbed to soils). 

Desorption and back 
diffusion of 
contaminants from the 
formation can limit the 
ability to reach low-level 
management goals and 
cause extended 
treatment timeframes. 

Requires water 
treatment (See 
below). 

 
Applicable as a 
component of an 
overall management 
strategy. 

Moderate capital 
cost, but high 
lifecycle cost due to 
long duration 

1+ years, long 
term operation 

Considered low on 
hierarchy when 
used in isolation but 
can be a 
component of 
overall site strategy 

Low to some 
disruption to 
operations. 

Yes, may be 
suitable for 
boundary control 
pending soil 
source zone 
management 
measures. 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Excavation and/or dewatering 

For shallow groundwater, bulk excavation and 
dewatering, or just dewatering, of these materials will 
remove the groundwater migration pathway. Pore water 
would be captured and treated ex situ at a water 
treatment plant. Treated water could be managed via 
reinjection or discharge. 

Excavated soil (where bulk excavation and dewatering) 
would be subject to disposal to an off-site landfill or on-
site containment cell or in situ management (see above 
for soils/sediment). If materials are left in situ, cover 
would be required to minimise recharge of the fill 
materials. 

Not applicable as 
majority of PFAS mass 
in soils is in the 0 – 2 m 
horizon with the Q1 
aquifer typically 6 – 10 m 
below ground level. 

Requires water 
treatment (see 
below). 

 

- - - - No, depth to 
groundwater 
across the Base 
precludes 
excavation as a 
viable option. 

Dewatering in 
specific areas may 
be useful e.g. 
limiting mass flux 
across site 
boundary (see 
groundwater 
extraction above). 

Extracted groundwater treatment 

For the above groundwater extraction options, ex situ 
treatment at a water treatment plant is required. A 
treatment train would be required, generally requiring: 

• Pre-treatment to remove sediments and co-
contaminants. This may include sand filtration, 
flocculation, sorption. 

• PFAS removal via sorption, ultrafiltration 
(nanofiltration), foam fractionation, or reverse 
osmosis. 

The most common PFAS treatment is sorption using 
granular activated carbon (GAC) and/or ultrafiltration 
(e.g. reverse osmosis). Other media sorptive media 
include modified clays (e.g.  MatCARE). Ion exchange 
resins have also been utilised in a treatment train 
approach. Emerging technologies being studied include 
sonochemical treatment, photochemical oxidation and 
thermally- induced reduction. 

Treated water could be managed via reinjection or 
discharge. 

Waste media must be treated (e.g. incineration) to 
destroy PFAS, or disposed of at landfill. 

Applicable 

Treatment technologies 
are commercially 
available and have 
been used for PFAS 
water treatment in 
Australia (in particular 
GAC, and to a lesser 
extent ultrafiltration and 
ion exchange). 

Applicable 

A pilot trial and 
treatment train 
approach may be 
required depending 
on water quality and 
co-contaminants. 

 
A method to manage 
waste media is 
required (see above 
for soil/sediment 
options for disposal, 
on site containment 
or in situ 
management) 

Moderate 
capital cost, but 
high lifecycle 
cost due to long 
duration 

1+ years, long 
term operation 

Considered low on 
hierarchy when used in 
isolation but can be a 
component of overall 
site strategy 

Little disruption to 
operations 

Yes, but only as 
part of an overall 
management 
alternative. 

Mass removal is 
limited but could 
be used to limit 
mass flux across 
the Base boundary 
while source 
management 
measures are 
being 
implemented. 

Other - water        
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Hydraulic containment 

Sub-surface hydraulic barriers consist of a series of 
vertically installed walls, or excavated trenches near the 
perimeter of shallow water impacts, to: 

• Affect hydraulic gradients or direct flow within the 
shallow system so that flow occurs laterally to 
drains/sumps/wells for extraction; and/or 

• Reduce and retard lateral shallow groundwater 
flow. 

If no measures are implemented to reduce infiltration, 
will require ongoing water extraction and treatment, 
and does not reduce management requirements. 

If combined with a low permeability cover to reduce 
infiltration to the shallow aquifer, there would be limited 
ongoing treatment of water required. 

Applicable Applicable 

Requires water 
treatment (See 
above). 

Would only be 
feasible if combined 
with a strategy to 
reduce infiltration to 
the perched aquifer 
(e.g. a low 
permeability cover). 

Low to moderate Ongoing Considered energy 
intensive and low on 
PFAS NEMP  
management  
hierarchy, but system 
can be optimised to 
reduce O&M costs. 

Little disruption to 
operations, but 
combined with a 
low permeabiity 
cover system 
would result in 
significant 
disruption to 
operations. 

Yes, but only as 
part of an overall 
management 
alternative. 

Surface Water Diversion 

Stormwater entering the Base via Helps Road drain from 
upstream areas could be diverted around the base to 
limit contamination by the addition (mixing) of Base-
generated stormwater containing elevated levels of PFAS 
(i.e. originating from source areas). 

  

Applicable 

Prevents contamination 
of surface water as it 
passes through the 
base. 

Applicable 

Requires water 
treatment (See 
above). 

 

High to very high 
capital costs 

3 – 5 years Likely to be 
considered favorably 
by the general public 
as it prevents 
contamination of 
significant volumes 
of surface water. 

Good environmental 
outcome as 
downstream impacts 
are removed. 

Little disruption to 
operations. 

Not at this stage. 
Further 
assessment of the 
flux of PFAS in 
stormwater leaving 
the Base is 
recommended 
prior to 
progressing an 
assessment of 
surface water 
diversion. If 
diversion is 
considered it 
should be part of 
an overall 
management 
alternative (i.e. 
needs to be 
considered in 
conjunction with 
on-Base source 
and stormwater 
management). 
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E2 Options listing 

The key risks listed below have been identified during the development of the DSI (including 
addendum) and the HHRA and PERA, and the continued engagement with key project stakeholders. 
The common theme with these potential risks is that they are all driven by the significant ongoing 
source mass at the Base.  

Risk No # 1 Potentially elevated risks to unlicensed users of Quaternary 
Aquifer groundwater within the current off-Base extents of the 
plume, and potential future risk to licensed Quaternary Aquifer 
groundwater users due to plume migration  

Risk No # 2 Risk through consumption of carp (and potentially other 
aquatic species) from Kaurna Park Wetland or other surface 
water locations within Helps Road Drain (and associated 
areas) downstream of the Base 

Risk No # 3 Soil source areas will provide an ongoing source of impact to 
surface water and the underlying groundwater system  

Risk No # 4 Potential for elevated PFAS exposure to protected migratory 
bird species that may be utilising the Kaurna Park Wetland for 
feeding (e.g. consumption of yabbies and carp containing 
PFAS) 

 

In relation to Risk #5, it is noted that the PERA concluded that the level of risk does not appear to 
warrant specific further investigation or remediation/management beyond proposed on-Base 
response management measures when considering the highly disturbed classification of the wetland 
ecosystem (based on Commonwealth guidance), the primary purpose of the wetland (i.e. stormwater 
management) and the relatively low frequency at which migratory birds are expected to utilise the 
wetland in comparison to the nearby Barker Inlet. 

E2.1 Soil Management Options 

It is anticipated that all soil management options have the capacity to favourably impact on the 
identified risks in the medium to long term.  

No #  S1 

Title (functional) On-Site Soil Source Containment 

Description Excavation of soil sources from high PFAS mass areas 
(typically > 1 mg/kg PFAS) identified in DSI and placement in 
an on-site engineered repository 

Objective Reduce PFAS mass leaching to surface water and 
groundwater by isolating up to 90% of the PFAS impacted soils 
in one secure location at the Base 

How this objective contributes to 
managing the identified risk  

This option isolates a large portion of the soil source, removes 
the leaching pathway to surface water and groundwater for 
these soils and therefore will ultimately result in reduced PFAS 
concentrations in surface water and groundwater leaving the 
Base. This option addresses risk no. 4 directly and 
consequently all other risks indirectly. 

The extent to which this option is 
expected to meet the objective 

This option is considered likely to reduce PFAS leaching to 
surface waters and groundwater that ultimately leave the Base 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 

This option isolates a large portion of the soil source, removes 
the leaching pathway to surface water and groundwater and 
therefore will ultimately result in lower concentrations of PFAS 
in water reaching potential receptors 
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− extended implementation 
period requirements 

Supplementary / complementary 
options 

It may not be possible to excavate soils from hard to access 
soil source areas and therefore some in-situ options may also 
be applied such as capping and/or chemical stabilisation 
Groundwater and surface water management options will be 
required in the medium term while this option is being 
implemented 

 

No #  S2 

Title (functional) In-situ Soil Management 

Description Capping of soil sources in-situ via impermeable materials 
appropriate to location 

Objective Impacted materials managed via reduction in contaminant 
mobility by reducing infiltration to the extent practicable and 
isolating impacted material.  
This would be achieved via a low permeability cover and sub-
drainage as a contingency to control seepage (if any). 

How this objective contributes to 
managing the identified risk  

This option isolates the soil source by limiting infiltration from 
the surface, thereby limiting the leaching pathway to surface 
water and groundwater for these soils and therefore will 
ultimately result in reduced PFAS concentrations in surface 
water and groundwater leaving the Base. This option 
addresses risk no. 4 directly and consequently all other risks 
indirectly. 

The extent to which this option is 
expected to meet the objective 

This option is considered likely to reduce PFAS leaching to 
surface waters and groundwater that ultimately leave the Base 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option isolates the soil source, limits the leaching pathway 
to surface water and groundwater and therefore will ultimately 
result in lower concentrations of PFAS in water reaching 
potential receptors 

Supplementary / complementary 
options 

In-situ chemical stabilisation may provide additional protection 
by further limiting leaching of PFAS from soils to water  
Groundwater and surface water management options will be 
required in the medium term while this option is being 
implemented 

 

No #  S3 

Title (functional) In-situ Soil Management 

Description Chemical Stabilisation of Soil Source In-Situ via addition of 
activated carbon slurry 

Objective Reduce contaminant mobility via stabilisation of PFAS 
impacted materials 

How this objective contributes to 
managing the identified risk  

The leaching pathway to surface water and groundwater from 
impacted soils is limited and therefore will ultimately result in 
reduced PFAS concentrations in surface water and 
groundwater leaving the Base. This option addresses risk no. 4 
directly and consequently all other risks indirectly. 
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The extent to which this option is 
expected to meet the objective 

This option is considered likely to reduce PFAS leaching to 
surface waters and groundwater that ultimately leave the Base 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option reduces the mobility of contaminants from the soil 
source, limits the leaching pathway to surface water and 
groundwater and therefore will ultimately result in lower 
concentrations of PFAS in water reaching potential receptors 

Supplementary / complementary 
options 

Capping of soils may be used in conjunction with chemical 
stabilisation i.e. reduced infiltration of water and reduced 
mobility of contaminant 
Groundwater and surface water management options will be 
required in the medium term while this option is being 
implemented 

 

No #  S4 

Title (functional) Soil Washing 

Description Excavation of soil sources followed by soil washing. Clean soil 
reused (replaced in original location or other location)  

Objective Remove leachable PFAS components from soils 

How this objective contributes to 
managing the identified risk  

Removing the leachable PFAS component from soils reduces 
leaching pathway to surface water and groundwater from 
impacted soils is limited and therefore will ultimately result in 
reduced PFAS concentrations in surface water and 
groundwater leaving the Base. This option addresses risk no. 4 
directly and consequently all other risks indirectly. 

The extent to which this option is 
expected to meet the objective 

This option is considered likely to reduce PFAS leaching to 
surface waters and groundwater that ultimately leave the Base 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option removes the leachable PFAS components from the 
soil source, limits the leaching pathway to surface water and 
groundwater and therefore will ultimately result in lower 
concentrations of PFAS in water reaching potential receptors 

Supplementary / complementary 
options 

Other options such as capping/immobilisation may still be 
required as not all leachable PFAS is anticipated to be 
removed by this method 
Groundwater and surface water management options will be 
required in the medium term while this option is being 
implemented 

 

No #  S5 

Title (functional) Thermal Destruction (on or offsite) 

Description Excavation of soil sources followed thermal destruction. Clean 
soil reused (if treatment undertaken onsite)  

Objective Destruction of PFAS components from soils 

How this objective contributes to 
managing the identified risk  

Irreversibly transforms PFAS in soils in source areas. This 
option addresses risk no. 4 directly and consequently all other 
risks indirectly. 
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The extent to which this option is 
expected to meet the objective 

This option is considered likely to reduce PFAS leaching to 
surface waters and groundwater that ultimately leave the Base 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option destroys the PFAS components from the soil 
source, limits the leaching pathway to surface water and 
groundwater and therefore will ultimately result in lower 
concentrations of PFAS in water reaching potential receptors 

Supplementary / complementary 
options 

Groundwater and surface water management options will be 
required in the medium term while this option is being 
implemented 
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E2.2 Groundwater Management Options 

No #  GW1 

Title (functional) Groundwater Boundary Control System 

Description Groundwater Extraction along site boundary, groundwater to 
be treated and reinjected to aquifer   

Objective Limit ongoing migration of PFAS impacts in groundwater 
beneath the Base in areas considered to be hydraulically 
upgradient of known Quaternary groundwater users  

How this objective contributes to 
managing the identified risk  

Limits further migration of PFAS impacted groundwater across 
the Base boundary, however is unlikely to have a material 
impact on reducing risks to known groundwater users where 
significant contamination has already migrated from the Base.  

The extent to which this option is 
expected to meet the objective 

A direct intervention action likely to meet the objective in the 
short term 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

Intercepts the groundwater migration pathway at the Base 
boundary 

Supplementary / complementary 
options 

Source soil management options will impact on leaching of 
PFAS to groundwater in the medium to long term 

 

No #  GW2 

Title (functional) Chemical Injection - Groundwater 

Description Application of slurried activated carbon 

Objective Reduce mobility of PFAS in aquifer 

How this objective contributes to 
managing the identified risk  

Reduces leaching pathway to surface water and groundwater 
will ultimately result in reduced PFAS concentrations in 
groundwater leaving the Base. This option addresses Risk no. 
1 directly. 

The extent to which this option is 
expected to meet the objective 

This option is considered likely to reduce PFAS leaching to 
groundwater that ultimately leave the Base 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option limits the leaching pathway to groundwater and 
therefore will ultimately result in lower concentrations of PFAS 
in water reaching potential receptors 

Supplementary / complementary 
options 

This option may be complementary to soil source management 
where access to soils may be constrained by operational 
requirements 

 

No #  GW4 

Title (functional) Institutional Control 
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Description Application of a Groundwater Prohibition Area (GPA) or other 
intuitional controls by the regulator 

Objective Prevent use of PFAS impacted groundwater 

How this objective contributes to 
managing the identified risk  

Prevents extraction of groundwater that may be impacted by 
PFAS in the future. This option addresses Risk no. 1 directly. 

The extent to which this option is 
expected to meet the objective 

Very likely to meet objective for licensed bore water users 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option protects the potential receptors, off-site 
groundwater users, by intercepting the pathway (extraction of 
groundwater) 

Supplementary / complementary 
options 

Institutional control could be considered supplementary to all 
on-site soil, surface water and groundwater management 
options   
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E2.3 Surface Water Management Options 

No #  SW1 

Title (functional) Surface Water Treatment (Pump and Treat) 

Description Treat surface water collected in the southern detention basin 
prior to discharge to the Helps Road drain 

Objective Limit the quantity of PFAS impacted surface water that reaches 
down-stream receptors 

How this objective contributes to 
managing the identified risk  

Limits PFAS impacts to anglers downstream and also limits 
impacts to City of Salisbury ASR scheme. This option 
addresses Risk no. 3 directly and consequently Risks no. 2 
and 5 indirectly. 

The extent to which this option is 
expected to meet the objective 

Likely to meet objective, however is subject to the volume of 
water that can be contained within the southern detention 
basin and the scale (i.e. treatment capacity) of the associated 
water treatment plant.  

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option protects the potential receptors by intercepting the 
pathway (release of PFAS impacted surface water from site), 
although is not likely to capture all PFAS impacted water 
discharging from the Base 

Supplementary / complementary 
options 

Scale of treatment system can be smaller if used in conjunction 
with diversion of stormwater from upstream catchment around 
the base  

 

No #  SW2 

Title (functional) In-Stream Surface Water Treatment 

Description Treat surface in the Helps Road drain through a reactive 
barrier prior to the water crossing the Base boundary 

Objective Prevent use of PFAS impacted groundwater 

How this objective contributes to 
managing the identified risk  

Limits PFAS impacts to anglers downstream and also limits 
impacts to City of Salisbury ASR scheme. This option 
addresses Risk no. 3 directly and consequently Risks no. 2 
and 5 indirectly. 

The extent to which this option is 
expected to meet the objective 

Likely to meet objective if suitable treatment media is 
developed (research projects) 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option protects the potential receptors by intercepting the 
pathway (release of PFAS impacted surface water from site) 

Supplementary / complementary 
options 

Diversion of stormwater from upstream catchment around the 
base would reduce flows and result in better in-stream 
treatment performance 
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No # SW3 

Title (functional) Surface Water Diversion 

Description Diversion of stormwater from upstream catchment around the 
base 

Objective Prevent stormwater being contaminated with PFAS while 
passing through site 

How this objective contributes to 
managing the identified risk  

Limits PFAS impacts to anglers downstream and also limits 
impacts to City of Salisbury ASR scheme. This option 
addresses Risk no. 3 directly and consequently Risks no. 2 
and 5 indirectly. 

The extent to which this option is 
expected to meet the objective 

Very likely to meet objective 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option only protects the potential receptors by intercepting 
the pathway (release of PFAS impacted surface water from 
site) if used in combination with containment and treatment of 
surface water generated on-site 

Supplementary / complementary 
options 

Treatment of PFAS impacted water collected on site must 
occur to meet risk objective 

E3 Detailed options analysis 

Following the preliminary option screening process further detailed and comparative options analysis 
was undertaken on the options deemed to warrant ‘further consideration’. The detailed and 
comparative analysis has been completed in an options matrix format in consideration of the 17 
criteria identified by Defence in Appendix D.  

The advantages and disadvantages of each approach has been considered and summarised in the 
options matrix (comparative table). The management options were assessed through a scoring 
system. Where Defence has suggested a rating system against a specific criterion, e.g. Category 1 – 
4 for the cost range estimates, this rating has been used. Some criteria only require a yes/no 
response e.g. is owner/occupier consent required? In this case a score has been applied on this 
basis. The score for each option is the summation of scores against each criterion nominated by 
Defence. No weighting has been applied to the scoring i.e. the score is a summation of the scores 
against each individual criterion. The total score has been used to rank the management options. 
Weighting of scores can be applied as required. 

A lower ranking does not preclude the use of a management option, particularly if it can be 
supplementary or complementary to other management options. It is likely that a combination of 
management options will be required to effect risk reduction objectives over differing timeframes. 



PMAP – RAAF Base Edinburgh 
 

 

 

E4 Comparative Analysis 

Comparative analysis has been undertaken in conjunction with E3, the detailed options analysis. 

 

  



PFAS MANAGMENT DETAILED AND COMPARATIVE OPTIONS ANALYSIS
RAAF Base Edinburgh ‐ Solids Management

High Low High Low Slow Fast Neg. Pos. Neg. Sig. No Yes No Yes No Yes Pos. Neg.

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1 $10 ‐ $20 million 1 High with supplementary 
option 4 Medium Term (1 – 3 yrs.) 2 Overall Positive 1 Moderate 4 High 1 Yes 5 Yes 5 Moderate 2

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 2  $2 ‐ $10 million  2 Medium 3 Short Term (< 1 yr) 3 Overall Positive 1 Moderate 4 Low 3 No 1 Yes 5 Moderate 2

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1  $10 ‐ $30 million  1 Medium 3 Short Term (< 1 yr) 3 Overall Positive 1 Moderate 4 Low 3 No 1 No 1 Difficult 1

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1 >$30 million 1 Low 1 Long Term (>3 yrs.) 1 Overall Positive 1 Marginal 3 High 1 No 1 No 1 Difficult 1

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1 >$100 million 1 High with supplementary 
option 4 Long Term (>3 yrs.) 1 Overall Positive 1 Moderate 4 High 1 Yes 5 Yes 5 Moderate 2

Second most expensive option
No immediate benefit from this 

timeframe

2:
IN‐SITU SOIL 
MANAGEMENT (CAPPING)

Capping of soil sources 
in‐situ via impermeable 
materials appropriate 

to location

Qualitative 
Assessment:

Can be applied quickly to high risk 
areas

Not as effective as an engineered 
repository, capping to be maintained 

long term

Moderate cost 

None identified Reduces leachability of PFAS from soils

Qualitative 
Assessment:

Can be applied quickly to high risk 
areas

Prevents infiltration of water through 
large portion of PFAS mass in soils

Not likely to be viable for large areas Long term immobilisation not proven Long term immobilisation not proven

Can provide immediate reduction in 
run‐off to surface water

Controls inflitration of water limiting 
leaching of PFAS mass in soils to 

surface and groundwater

Capping must be maintained to be 
effective

Long term maintenance of cap 
required

Capping must be monitored and 
maintained for long term benefit to be 

realised.
May not be effective long term

No cost advantage identified

Moderate cost for hard to access areas
Can provide immediate reduction in 

leaching to groundwater
Controls leaching of PFAS mass in soils 

to groundwater
Can limit PFAS mobility in targeted 

areas

Relatively minor impacts during 
implementation, program can be 
staged in accordance with risk

Short term impacts during 
implementation (< 6 months)

Relatively minor impacts during 
implementation, program can be 
staged in accordance with risk

Short term impacts during 
implementation (< 6 months)

Excavation staged to feed soil washing 
plant

Technology has been verified across a 
variety of different contaminants and 

site scenarios.

This is a realtively known technology 
(sorption onto activated carbon) 
implemented using an in‐situ 

methodology.

Limited case studies at this stage.

Reduces leachability of PFAS from soils

4:
EX‐SITU SOIL WASHING

Excavation of soil 
sources followed by 

soil washing. Clean soil 
reused (retruned to 
original location or 
placed in another 

location) 

Qualitative 
Assessment:

None identified, current trial may 
identify advantages

Not all leachable PFAS is anticipated to 
be removed by this method, treatment 
of multiple waste steams is required

Not all leachable PFAS is anticipated to 
be removed by this method, treatment 
of multiple waste steams is required

Not all leachable PFAS is anticipated to 
be removed by this method, treatment 
of multiple waste steams is required

Not as effective as an engineered 
repository, long term immobilisation 

not proven
3:

IN‐SITU SOIL MANAGEMENT 
(CHEMICAL STABILISATION)

Addition of slurried 
activated carbon to 
soils in selected high 
mass areas where 
excvation is not 

possible

Costly at large scale and may not be 
effective in long term

Directly isolates large portion of PFAS 
mass in soils (up to 90%)

Site constraints and cost will limit size, 
up to 90% of all PFAS mass in soils can 
be isolated in a repository for long 

term storage

Unlikely to be viable if scaled to include 
low (<1mg/kg) PFAS concentration soils

No immediate benefit from this 
timeframe

Major on site construction works, 
potential off‐site impacts limited to 
construction phase. No long term 

negative impacts

Less feasible for larger volumes of soils 
as repository size increases

Low impact once repository 
constructed

Will impact on operations during 
construction of repository ( 1 ‐ 2 years)

Technology has been verified across a 
variety of different contaminants and 

site scenarios.

1:
ON‐SITE SOIL SOURCE 
CONTAINMENT (ENGINEERED 
REPOSITORY)

Excavation (NDD in 
high risk areas as 

required) of high PFAS 
mass areas identified in 
DSI and placement in 
an on‐site engineered 

repository

Qualitative 
Assessment:

Very effective for high concentration 
soils placed in repository

One off cost for minimum 20 year 
containment life, limited ongoing 

monitoring costs

COST RANGE ESTIMATE
(1)

IMPLEMENTATION PERIOD / 
TIMEFRAME  (3)

POTENTIAL IMPACTS
(4)

Reasonable timeframe for long term 
benefit

Isolation of up to 90% of PFAS mass in 
soils reducing impact on surface and 

groundwater

ESTIMATED NET 
ENVIRONMENTAL BENEFIT  (5)

1 to 4 1 to 3 (‐1) to 1  1 to 5 

NO. MANAGEMENT OPTION
MANAGEMENT 

OPTION DESCRIPTION
REMEDIATION OPTION 

ASSESSMENT

EFFECTIVENESS RATING (2)

1 to 5

PROPORTION OF ACTION TO RISK  
(6)

1 to 3

VERIFICATION STATUS  (8)

1 or 5 

Will impact on operations during 
implementation ( > 3 years)

BEST PRACTICE STATUS
(7)

1 or 5 

Proven technology with standards for 
best practice.

Proven technology with standards for 
best practice.

Not applicable in areas with a shallow 
water table.

This is a relatively unknown 
technology (sorption onto activated 
carbon) implemented using an in‐situ 

methodology.

Limited case studies at this stage.

Trials being undertaken. Difficulty 
applying this technology in clay soils.

Trials being undertaken. Difficulty 
applying this technology in clay soils.

TECHNOLOGY ASSESSMENT
(9)

1 to 3

Requires good site selection. Once 
constructed monitoring  and energy 

requirement is low.

Reliability is good up to a 20 year 
timeframe

Implementation can be completed in 
stages targeting high risk/high mass 

areas first

Cap needs to be maintained in the 
long term

Effective at mobility reduction at least 
in short term

Difficult and costly to implement 
across large areas

None identified

Very difficult to implement

5:
Thermal Destruction (on‐site)

Materials are 
excavated and treated 
at an on‐site or off‐site 

facility. High 
temperatures 870°C to 

1,200°C used to 
volatilise water and 

PFAS, then combust (in 
the presence of 
oxygen) organic 
constituents in 

hazardous wastes. 

Qualitative 
Assessment:

Only option that destroys contaminant
Reasonable timeframe for long term 

benefit
Only option that destroys contaminant Only option that destroys contaminant

Proven technology with standards for 
best practice.

No cost advantage identified
Excavation staged to feed thermal 

treatment plant

Will impact on operations during 
implementation ( 1 ‐ 3 years)

Most expensive option by an order of 
magnitude

Treatment of off gas and PFAS 
destruction by‐products is required

No immediate benefit from this 
timeframe

Destruction by‐products need to be 
controlled

High energy input reduces net 
environmental benefit

Moderately difficult to implement due 
to procurement of equipment from 
overseas and operation of thermal 

plant on an active base

Technology has been verified for PFAS 
and other persistent organic 

pollutants.
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PFAS MANAGMENT DETAILED AND COMPARATIVE OPTIONS ANALYSIS
RAAF Base Edinburgh ‐ Solids Management

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

2:
IN‐SITU SOIL 
MANAGEMENT (CAPPING)

Capping of soil sources 
in‐situ via impermeable 
materials appropriate 

to location

Qualitative 
Assessment:

Qualitative 
Assessment:

4:
EX‐SITU SOIL WASHING

Excavation of soil 
sources followed by 

soil washing. Clean soil 
reused (retruned to 
original location or 
placed in another 

location) 

Qualitative 
Assessment:

3:
IN‐SITU SOIL MANAGEMENT 
(CHEMICAL STABILISATION)

Addition of slurried 
activated carbon to 
soils in selected high 
mass areas where 
excvation is not 

possible

1:
ON‐SITE SOIL SOURCE 
CONTAINMENT (ENGINEERED 
REPOSITORY)

Excavation (NDD in 
high risk areas as 

required) of high PFAS 
mass areas identified in 
DSI and placement in 
an on‐site engineered 

repository

Qualitative 
Assessment:

NO. MANAGEMENT OPTION
MANAGEMENT 

OPTION DESCRIPTION
REMEDIATION OPTION 

ASSESSMENT

5:
Thermal Destruction (on‐site)

Materials are 
excavated and treated 
at an on‐site or off‐site 

facility. High 
temperatures 870°C to 

1,200°C used to 
volatilise water and 

PFAS, then combust (in 
the presence of 
oxygen) organic 
constituents in 

hazardous wastes. 

Qualitative 
Assessment:

No Yes Pos. Neg. No Yes Low High Pos. Neg. No Yes Pos. Neg.

Yes 5 Yes 0 Moderately disruptive 2 Yes 5 Medium 2 Onsite encapsulation 2 No 5 Yes 5

Yes 5 Yes 0 Minimal disruption 3 Yes 5 High 3 Onsite encapsulation 2 No 5 Yes 5

Yes 5 Yes 0 Minimal disruption 3 No 1 Low 1 Onsite encapsulation 2 No 5 Yes 5

Yes 5 Yes 0 Very disruptive 1 No 1 Low 1 Destruction 3 No 5 Yes 5

Yes 5 Yes 0 Moderately disruptive 2 Yes 5 Low 1 Destruction 3 No 5 Yes 5

32 5

52 1

40 4

51 2

Provided the containment cell is 
located in a suitable area of the site, 

the future risks are low.

Not scalable to inlcude all PFAS 
impacted materials

Disruption to occur within a known 
timeframe

There will be some disruption to the 
base during excavation and 

construction of containment cell

SUMMATION
COMPARATIVE 

RANKING

RISKS AND MITIGATION  (10)

1 or 5 

DEFENCE CAPABILITY  (12)

1 to 4

Can be rapidly implemented in 
targeted areas

On‐going management will be 
required, and will likely impact on 

future site development.

Can be rapidly implemented in 
targeted areas

Long‐term efficiacy of this option has 
not been verified.

Significant risk reduction

Likely to leave leachable 
concentrations of PFAS in soils.

KEY DEPENDENCIES
(11)

No rating

Good removal of high concentrations 
of soil impacts.

Where excavation of high 
concentration soils is not possible 

other methods need to be 
implemented.

This would be effective as a 
supplement to contaminant mass 

removal options.

Not effective where shallow 
groundwater is present.

This would be effective as a 
supplement to contaminant mass 

removal options.

Not effective as a primary remediation 
option.

Requires excavation of soils which may 
not be possible in all areas. Requires 
treament of mutilple waste streams

Less disruption than construction of a 
contaiment cell in the short term

Disruption to potentially occur in the 
long term

This work would generate minmal 
disruption

Further treatments could cause 
disruption to potentially occur in the 

long term

None identified

This would generate significant 
disruption due to the requirement for 

excavation, plant operation, de‐
watering and re‐placement of soils.

Inefficient process that is unlikely to 
reduce the volume of soil that has 

potentially leachable concentrations of 
PFAS

SCALABILITY  (14)

1 to 3

Good scalability to an upper limit

Diminishing benefit past a certain size 
of  repository due to incorporation of 

lower concentration soils

Fully scalable

No disadvantage identified

Fully scalable if cost ignored

Limited scalability due to cost

Fully scalable if cost ignored

Limited scalability due to cost and 
reduced benefit for lower 

concentrtaion soils

PROJECT FIT
(13)

1 or 5 

Provides relatively low cost option for 
limiting the available mass of PFAS 

available for leaching

Not scalable to inlcude all PFAS 
impacted materials

Provide a relatively low cost option for 
limiting the available mass of PFAS 

available to leaching

May not be effective in the long term

Reduces mobility of PFAS in the short 
term

Does not reduce the mass of PFAS

Significant mass removal

Transport requirements would need to 
be considered if treatment of 

recovered PFAS is offsite

OWNER OCCUPIER CONSENTS  
(16)

1 or 5 

All works would be undertaken on 
Defence land.

All works would be undertaken on 
Defence land.

All works would be undertaken on 
Defence land.

All works would be undertaken on 
Defence land.

JURISDICTIONAL REGULATOR(S)
(15)

1 to 3

Onsite containment preferred by 
regulator

Soils >50mg/kg are not able to be 
contained on site due to restrictions 
under the Stockholm Convention.

Onsite capping preferred by regulator

Soils >50mg/kg are not able to be 
contained on site due to restrictions 
under the Stockholm Convention.

Onsite stabilisation preferred by 
regulator

Soils >50mg/kg are not able to be 
contained on site due to restrictions 
under the Stockholm Convention.

Onsite treatment preferred by 
regulator

COMMUNITY
(17)

1 or 5 

Would be viewed favouarbly by 
community as it controls contaminant 

onsite

Would be viewed favouarbly by 
community as it controls contaminant 

onsite

Would be viewed favouarbly by 
community as it controls contaminant 

onsite

Would be viewed favouarbly by 
community as it controls contaminant 

onsite

Fits with the objective of PFAS mass 
destruction

Fully scalable if cost ignored Destruction method highly preferred None required
Would be viewed favouarbly by 

community as it controls contaminant 
onsite

50 3
Some risks created during operation as 

off‐gas requires treatment

There will be some disruption to the 
base during excavation and treatment 

of soils
Very high cost limits scalability

Limited scalability due to cost and 
reduced benefit for lower 

concentrtaion soils

Transport requirements would need to 
be considered if treatment is offsite

This option removes future risks
Disruption to occur within a known 

timeframe
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PFAS MANAGMENT DETAILED AND COMPARATIVE OPTIONS ANALYSIS
RAAF Base Edinburgh ‐ Groundwater Management

High Low High Low Slow Fast Neg. Pos. Neg. Sig. No Yes No Yes No Yes Pos. Neg.

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 2 $2 ‐ $5 million 2 High 5 Medium Term (1 – 3 yrs.) 2 Overall Positive 1 Significant 5 Medium 2 Yes 5 Yes 5 Easy 3

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1  $10 ‐ $30 million  1 Medium 3 Medium Term (1 – 3 yrs.) 2 Overall Positive 1 Moderate 4 Medium 2 No 1 No 1 Moderate 2

1 to 3 No / Yes No / Yes 1 to 3

NO. MANAGEMENT OPTION
MANAGEMENT 

OPTION DESCRIPTION
REMEDIATION OPTION 

ASSESSMENT

COST RANGE ESTIMATE
(1)

EFFECTIVENESS RATING (2)

1 to 4 1 to 5 1 to 3 (‐1) to 1  1 to 5 

TECHNOLOGY ASSESSMENT
(9)

IMPLEMENTATION PERIOD / 
TIMEFRAME  (3)

POTENTIAL IMPACTS
(4)

ESTIMATED NET 
ENVIRONMENTAL BENEFIT  (5)

PROPORTION OF ACTION TO RISK  
(6)

BEST PRACTICE STATUS
(7)

VERIFICATION STATUS  (8)

No immediate risk to off‐site 
groundwater users

None identified
Operation required in the medium 
term while soil source mangment is 

undertaken

If treated groundwater is discharged to 
surface water rather than reinjected 

then there may be impacts

This is a reliable, proven method.
Could be completd in less than a year 

assuming use of existing water 
treatment plant

Off‐site plume migration is halted Off‐site plume migration is halted Proven technology Effectiveness can be monitored
Could use existing groundwater 
treatment plant more effectively

Very effective for limiting migration of 
groundwater off‐site and limits the 

potential future risk

May not be necessary until risk is 
proven

Requires significant energy input to 
remove a small mass of 

contamination.

2: CHEMICAL INJECTION

Addition of slurried 
activated carbon to 
GROUNDWATER in 
selected high mass 

areas where excvation 
is not possible

Qualitative 
Assessment:

Moderate cost for localised treatment
Can be applied quickly to high risk 

areas

1:
GROUNDWATER BOUNDARY 
CONTROL SYSTEM

Groundwater 
Extraction along site 

boundary, 
groundwater to be 

treated and reinjected 
to aquifer  

Qualitative 
Assessment:

High cost for all of site treatment
Not as effective as a boundary control 

system in the short term
Longer implementation period for 

whole of site
Long term immobilisation not proven Long term immobilisation not proven

High risk areas could be completed in 
less than a year

Rapid immobilisation of PFAS in 
localised injection areas

Rapid immobilisation of PFAS in 
localised injection areas

Effectiveness can be monitored

May not be necessary until risk is 
proven

Relatively new technology. Some case 
studies available.

Relatively new technology. Some case 
studies available.

A relatively new technology, which is 
yet to be confirmed over long 

timeframes.
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PFAS MANAGMENT DETAILED AND COMPARATIVE OPTIONS ANALYSIS
RAAF Base Edinburgh ‐ Groundwater Management

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

NO. MANAGEMENT OPTION
MANAGEMENT 

OPTION DESCRIPTION
REMEDIATION OPTION 

ASSESSMENT

2: CHEMICAL INJECTION

Addition of slurried 
activated carbon to 
GROUNDWATER in 
selected high mass 

areas where excvation 
is not possible

Qualitative 
Assessment:

1:
GROUNDWATER BOUNDARY 
CONTROL SYSTEM

Groundwater 
Extraction along site 

boundary, 
groundwater to be 

treated and reinjected 
to aquifer  

Qualitative 
Assessment:

Low High Pos. Neg. Low High No Yes Low High Pos. Neg. No Yes Pos. Neg.

Yes 5 0 Minimal disruption 3 Yes 5 Medium 2 Regulator support not 
required 4 No 5 Overall positive 5

Yes 5 0 Minimal disruption 3 No 1 High 3 Regulator support not 
required 4 No 5 Overall positive 5

No regulator involvement required as 
all works on site, EPA would support 

interception

OWNER OCCUPIER CONSENTS  
(16)

All work on Defence land

1 or 5 1 or 5  No rating

SUMMATION

JURISDICTIONAL REGULATOR(S)
(15) COMPARATIVE 

RANKING

RISKS AND MITIGATION  (10)
KEY DEPENDENCIES

(11)
DEFENCE CAPABILITY  (12)

PROJECT FIT
(13)

SCALABILITY  (14)

1 to 4 1 or 5  1 to 3 1 to 5  1 or 5 

COMMUNITY
(17)

Would be viewed favouarbly by 
community as it limits discharge across 

site boundary

59 1

This option provides risk mitigation 
while source control options are being 

implemented.

Can be employed in the short to 
medium term while source 
management is undertaken

Limited impact to site operations
Provides risk mitigation while source 

control options are being 
implemented.

Scalable

This option needs to be employed in 
the long term unless source control is 

undertaken

Maximum benefit obtained if all 
groundwater is intercepted at the site 

boundary

High cost if used for all of site

No regulator involvement required as 
all works on site

All work on Defence land
Less immediate impact to community 
than boundary control nevertheless 

positive impact

2

This option provides risk mitigation 
while source control options are being 

implemented.
Provides additional source control. Limited impact to site operations

May be useful in locations that are 
diffcult to access

Fully scalable

Not a viable option for large areas
Does not directly control migration of 
contaminant across site boundary 43
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PFAS MANAGMENT DETAILED AND COMPARATIVE OPTIONS ANALYSIS
RAAF Base Edinburgh ‐ Surface Water Management

High Low High Low Slow Fast Neg. Pos. Neg. Sig. No Yes No Yes No Yes Pos. Neg.

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1 $10 ‐ $20 million 1 High 5 Medium Term (1 – 3 yrs.) 2 Overall Positive 1 Significant 5 High 1 Yes 5 Yes 5 Moderate 2

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 2  $2 ‐ $5 million  2 Medium 3 Medium Term (1 – 3 yrs.) 2 Overall Positive 1 Significant 5 High 1 No 1 No 1 Moderate 2

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings:  Category 1  $10 ‐ $40 million  1 High with supplementary 
option 4 Long Term (>3 yrs.) 1 Overall Positive 1 Significant 5 High 1 Yes 5 Yes 5 Difficult 1

NO. MANAGEMENT OPTION
MANAGEMENT 

OPTION DESCRIPTION
REMEDIATION OPTION 

ASSESSMENT

COST RANGE ESTIMATE
(1)

EFFECTIVENESS RATING (2)

1 to 3 No / Yes No / Yes 1 to 3 1 to 4 1 to 5 1 to 3 (‐1) to 1  1 to 5 

TECHNOLOGY ASSESSMENT
(9)

IMPLEMENTATION PERIOD / 
TIMEFRAME  (3)

POTENTIAL IMPACTS
(4)

ESTIMATED NET 
ENVIRONMENTAL BENEFIT  (5)

PROPORTION OF ACTION TO RISK 
(6)

BEST PRACTICE STATUS
(7)

VERIFICATION STATUS  (8)

Relatively high cost None identified
Large treatment plant required for 
high volumes, implementation could 

be staged
None identified None identified

Reliable proven treatment method
Staged implementation could 

minimise size of plant and target low 
flow/high concentration

Off‐site discharge of surface water is 
minimised/halted

Off‐site discharge of surface water is 
minimised/halted

Proven technology
Monitoring to demonstrate 
concentration reduction.

Ability to state that no PFAS is leaving 
the site via surface water

Very effective for limiting discharge of 
surface water off‐site and limits down 

stream risks

High cost for moderate identified risks
High energy inputs required to treat a 

large volume of water

2:
SURFACE WATER 
TREATMENT  (IN‐SITU)

Treat surface water in 
the Helps Road drain 
through a reactive 
barrier prior to the 

water crossing the site 
boundary

Qualitative 
Assessment:

Ability to state that no PFAS is leaving 
the site via surface water

Very effective for limiting discharge of 
surface water off‐site and limits down 

stream risks

1:
SURFACE WATER TREATMENT  
(PUMP and TREAT)

Treat surface water 
collected in the 

southern detention 
basin prior to discharge 
to the Helps Road drain

Qualitative 
Assessment:

Technology not proven Technology not proven
Longer implementation period for 

whole of site
Release of other contaminants from 

media
Effectiveness to be proven

Much lower inputs required than 
pump and treat solution

High risk areas could be potentially 
completed in less than a year

Off‐site discharge of surface water is 
minimised/halted

Off‐site discharge of surface water is 
minimised/halted

Monitoring to demonstrate 
concentration reduction.

High cost for moderate identified risks New technology Not proven

Very high cost
Only if PFAS impacted water from site 

is treated
Medium to long term implementation 

timeframe
Only applicable if on‐site water is 

treated

Lower energy input due to smaller 
volume of water being treated

Little maintenance cost once installed
Stormwater on‐site not diluted by 
upstream flows, reduced volume of 

water to treat
None identified

Engineering solution that is easy to 
demonstrate.

Monitoring to confirm flows and 
concentrations

Prevents surface water contact with 
PFAS impacted materials on site

Very effective at preventing 
contamination of upsteam water

High cost for moderate identified risks
Short‐term the energy input to divert 
stormwater would be significant.

3: SURFACE WATER DIVERSION

Diversion of 
stormwater from 

upstream catchment 
around the base

Qualitative 
Assessment:
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PFAS MANAGMENT DETAILED AND COMPARATIVE OPTIONS ANALYSIS
RAAF Base Edinburgh ‐ Surface Water Management

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

Advantages:

Disadvantages:

Quantitative 
Assessment:

Scorings: 

NO. MANAGEMENT OPTION
MANAGEMENT 

OPTION DESCRIPTION
REMEDIATION OPTION 

ASSESSMENT

2:
SURFACE WATER 
TREATMENT  (IN‐SITU)

Treat surface water in 
the Helps Road drain 
through a reactive 
barrier prior to the 

water crossing the site 
boundary

Qualitative 
Assessment:

1:
SURFACE WATER TREATMENT  
(PUMP and TREAT)

Treat surface water 
collected in the 

southern detention 
basin prior to discharge 
to the Helps Road drain

Qualitative 
Assessment:

3: SURFACE WATER DIVERSION

Diversion of 
stormwater from 

upstream catchment 
around the base

Qualitative 
Assessment:

Low High Pos. Neg. Low High No Yes Low High Pos. Neg. No Yes Pos. Neg.

Yes 5 Yes 0 Minimal disruption 3 Yes 5 Medium 2 Regulator support not 
required 4 No 5 Overall positive 5

Yes 5 Yes 0 Minimal disruption 3 Yes 5 Medium 2 Regulator support not 
required 4 No 5 Overall positive 5

Yes 5 Yes 0 Very disruptive 1 Yes 5 Low 1 Regulator support possible 2 Yes 1 Overall positive 5

JURISDICTIONAL REGULATOR(S)
(15)

OWNER OCCUPIER CONSENTS  
(16)

COMMUNITY
(17)

1 or 5 1 or 5  No rating

SUMMATION
COMPARATIVE 

RANKING

RISKS AND MITIGATION  (10)
KEY DEPENDENCIES

(11)
DEFENCE CAPABILITY  (12)

PROJECT FIT
(13)

SCALABILITY  (14)

1 to 4  1 or 5  1 to 3 1 to 5  1 or 5 

No regulator involvement required as 
all works on site, EPA would support 

interception

Would be viewed favouarbly by 
community as it limits discharge 

across site boundary

56 1

Likely to intercept high proportion of 
background flow 

Can be employed in the short to 
medium term while source 
management is undertaken

Minimal disruption on site
Provides risk mitigation while source 

control options are being 
implemented.

Scalable

No
Risk of under capacity during extreme 

rainfall events.
Will be more effective if there is some 

form of source control

Maximum benefit obtained if all 
surface water is intercepted at the site 

boundary

Maximum benefit obtained if all 
surface water is intercepted at the site 

boundary

No regulator involvement required as 
all works on site, EPA would support 

interception

Would be viewed favouarbly by 
community as it limits discharge 

across site boundary

47 2

Likely to intercept high proportion of 
background flow 

Can be employed in the short to 
medium term while source 
management is undertaken

Minimal disruption on site
Provides risk mitigation while source 

control options are being 
implemented.

Scalable

No
This technology is likely to be 
ineffective during higher flows

Will be more effective if there is some 
form of source control

3

Could direct diverted water to City of  
Salisbury ASR schemes

Could direct diverted water to City of  
Salisbury ASR schemes

Minimal disruption on site
Stops surface water being 

contaminated as it passes through 
base

None identified

Highly disruptive to properties 
surround the base.

Not scalable
Significant planning issues, including 
the likely need to acquire properties

Yes
Parties impacted by construction may 

not be in favour of this option

Only effective if implemented along 
with another treatment option for 

stormwater leaving the site.

Dependent on implementing a 
treatment option

Would be viewed favouarbly by 
community as it prevents surface 

water being contaminated

44
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GLOSSARY  
 

AHD Australian Height Datum 

AS Australian Standard 

ANZECC Australian and New Zealand Environment and Conservation Council 

Base A defined physical locality or geographical area from which Defence-
related activities, operations, training or force preparations are 
managed, conducted, commanded or controlled.  

COC Chain of Custody 

CSM Conceptual Site Model 

DO Dissolved Oxygen 

DSI Detailed Site Investigation 

DQI Data Quality Indicators 

DQO Data Quality Objectives 

EC Electrical Conductivity  

EPA Environment Protection Authority (or relevant state/territory jurisdiction) 

ERA Ecological Risk Assessment 

HEPA Heads of EPAs Australia and New Zealand  

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

LOR Limit of Reporting 

Management Area The geographical area subject to Defence response actions  

NATA National Association of Testing Authorities  

Off-site Off-Base 

OMP Ongoing Monitoring Plan 

On-site On-Base 

PERA Preliminary Ecological Risk Assessment 

PFAS Per- and polyfluoroalkyl Substances 

PFAS NEMP PFAS National Environmental Management Framework 2018 
developed cooperatively between Australian jurisdictions  

PFOA Perfluorooctanoic acid 

PFOS Perfluorooctane sulfonic acid 

PMAP PFAS Management Area Plan 

Project site A defined site for construction and maintenance works within a Base 

QA Quality Assurance 



 

QC Quality Control 

Remediation Action Plan 
(RAP) 

Defines the purpose and objectives of the remediation, evaluates and 
determines the remediation options, and sets out performance 
measures. 

Response actions Actions identified as recommended or potential options to address 
potential risks 

SAQP Sampling and Analysis Quality Plan  

Source area An area within the Management Area that is, or has the potential to be, 
a source of contamination 

SWL Standing Water Level 

TOC Total Organic Carbon 

TDS Total Dissolved Solids 

µg/L Micrograms per Litre 
  



 

1 INTRODUCTION 
1.1 Background  

This Ongoing Monitoring Program (OMP) document sets out a program of monitoring to assess 
changes in the nature and extent of Per- and poly-fluoroalkyl substances (PFAS) contamination 
associated with Royal Australian Air Force (RAAF) Base Edinburgh (the Base) and surrounding areas 
where PFAS contamination has migrated from the Base (i.e. the Management Area).  

In South Australia, PFAS contamination is considered to exist at a site when concentrations of PFAS 
are detected in the environment at concentrations exceeding background values and recognised 
human health and/or environmental screening criteria1. This OMP is targeted to areas where Base-
derived PFAS contamination was identified during the Detailed Site Investigation (DSI) and areas 
considered to be hydraulically down gradient.  

In the South Australian regulatory context this OMP may be considered in part as a Groundwater 
Monitoring and Management Plan (GMMP), although it is acknowledged that some of the 
management elements that would typically be included within a GMMP (e.g. the inclusion of 
contingency measures triggered by certain events) have not been documented within this plan. Such 
measures will be considered during development of specific Remediation Action Plans (RAPs) for the 
Base and/or the broader Management Area. 

PFAS are a group of synthetic (i.e. ‘man-made’) compounds which include perfluorooctane sulfonate 
(PFOS), perfluorohexane sulfonate (PFHxS), and perfluorooctanoic acid (PFOA). PFAS have been 
widely used around the world since the 1950s to make products that resist heat, stains, grease and 
water. These include hydraulic fluid, stain resistant applications for furniture and carpets, packaged 
food containers, waterproof clothing, personal care products and cleaning products. 

Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy 
aqueous film forming foam (AFFF) used extensively worldwide by both civilian and military authorities 
from about the 1970s. Older formulations of AFFF contained a number of PFAS now known to be 
persistent in the environment and in humans. 

Most people living in developed nations will have some level of PFAS in their body due to their 
widespread use. In June 2016, the Environmental Health Standing Committee (enHealth)2, published 
guidance statements advising that there is currently no consistent evidence that exposure to PFOS 
and PFOA causes adverse human health effects.3 However, since these chemicals remain in humans 
and the environment for many years, it is recommended that as a precaution, human exposure to 
PFAS be minimised. 

PFAS contamination on and in the vicinity of the Defence estate arises primarily because of the 
historic use of AFFF for training purposes or incident control.  

                                                      

 

1 As documented in the Guidelines for the assessment and remediation of site contamination, South Australian Environment 
Protection Authority, July 2018 (updated October 2018). 
2 EnHealth is a subcommittee of the Australian Health Protection Principal Committee and is responsible for providing agreed 
environmental health policy advice. Its membership includes representatives from the Health portfolios of Australian and New 
Zealand governments. 
3 http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-publicat-environ.htm 



 

1.1.1 The nature of PFAS 

PFAS has many qualities that combine to present particular challenges in locating, containing and 
remediating PFAS contamination: 

• Water is the prime method of PFAS contamination transferring from a source to a 
receptor - a person, animal, plant, eco-system, property or a waterbody. 

• PFAS is highly soluble and mobile and can rapidly leach through soils or disperse in 
waterways, travelling long distances. This may sometimes reduce the level of 
contamination of the original source material. 

• PFAS can permeate some solid surfaces. This includes concrete and other building 
materials, particularly used in storage tanks, fire training grounds and other large surface 
areas. 

• PFAS is very chemically and biologically stable and has a low vapour pressure, so it is 
resistant to breakdown and evaporation. However, some longer chain PFAS do break 
down in the environment, and are precursors to forming PFOS, PFHxS or PFOA. 

• Some PFAS (including PFOS and PFOA) are environmentally persistent and 
bioaccumulate. This means that some plants may be susceptible to PFAS, uptaking it 
through soil and water. It then bio-accumulates and becomes a part of the food chain. 
The same process applies to some animals and fish. 

1.2 Objective  

The objective of the OMP is to set out a program of monitoring to continue to assess the changes in 
the nature and extent of PFAS within surface water and groundwater in the environment, where 
Defence’s historical use of legacy AFFF has led to an identified potentially elevated risk to a receptor, 
or potential future risk to a receptor posed by PFAS in the media proposed for sampling in this OMP 
(groundwater and surface water). 

The data collected on changes in the distribution, concentration, transport (pathways and flow rates) 
and transformation of the contaminants and assessment against appropriate guideline values 
provides: 

• an evidence base for targeted and effective risk management of PFAS contamination to 
protect human health and environmental receptors. 

• an early warning that additional management of PFAS contamination may be warranted 
in areas not currently affected by PFAS. 

1.3 Scope  

The scope of the monitoring as set out in the OMP is to:  

• evaluate the nature and extent (spatial and temporal) of PFAS impact in groundwater and 
surface water pathways associated with Base sources of PFAS derived from AFFF;  

• monitor the migration of PFAS in groundwater and surface water from the Base; 

• provide confirmation of the current understanding of risk; 

• provide supporting data for assessment of management actions, where relevant. 
 



 

Site Setting Includes property description of Base, Management Area 
description, site setting to provide context to the monitoring 
program. 

Data Quality Objectives 
and Sampling Program 

Sampling locations, analytical methodology and sampling 
frequency. 

1.4 Document Review 

The science of understanding PFAS impacts and ways of managing PFAS contamination are 
constantly evolving. There is still a lot that is not established about the behaviour or impacts of PFAS 
contamination on human health and the environment.  

This OMP has been prepared based on information a`vailable at the time of writing and relies on the 
findings of the DSI, risk assessment and strategic management of risks assessed in the PMAP. 
Defence recognises that there may still be gaps in information that will be progressively addressed 
while impacted sites are being managed. 

This document will be reviewed and updated in accordance with the strategy detailed in Section 5.  

1.5 Constraints and assumptions 

This document has been developed on the basis of the following assumptions:  

• Ongoing access agreements will be extended for the term of the OMP with the City of 
Salisbury and the City of Playford Council for access to the groundwater monitoring well 
network within Council areas, including access to Kaurna Park Wetland for groundwater and 
surface water sampling. 

• Ongoing management of the groundwater well network will be undertaken by the Councils to 
ensure civil projects and road maintenance/upgrade works do not damage critical 
groundwater wells. 

• Consent is able to be obtained for the State, Council and private bores targeted for ongoing 
sampling. 

• Defence will maintain an appropriate level of communication between Defence, stakeholders 
and local community regarding the status of the ongoing monitoring program and any 
changes regarding potential risk to residents and produce growers within the Management 
Area. 



 

2 SITE SETTING  

2.1 Base Description 

RAAF Base Edinburgh (the Site) is located in Edinburgh, South Australia, approximately 25 km north 
of the Adelaide central business district (CBD). The Base occupies an area of approximately 
1,000 hectares (ha) and contains the following major features: 

• An airfield; 

• Airfield navigational aids; 

• Explosive Ordnance (EO) areas; 

• Fuel farm; 

• Maintenance buildings; 

• Hangars and aprons;  

• Recreational, minor retail and training facilities;  

• Working accommodation (e.g. temporary), Living-In Accommodation (LIA), and messing 
facilities;  

• North East Defence Community Centre; and 

• Open space used as an airfield buffer.  

2.2 Site setting 

2.2.1 Geology and Hydrogeology 

The Base and the broader Management Area are located in the Northern Adelaide Plains area which 
comprises Quaternary and Tertiary aged sediments generated by the erosion of the Mount Lofty 
Ranges, located approximately 15 km to the east. The sedimentary sequence in the Investigation 
Area comprises approximately 500 m of Tertiary aged material overlain by approximately 100 m of 
Quaternary aged sediments. 

The main lithology within the Quaternary aged formations (the Pooraka Formation and the Hindmarsh 
Clay) typically comprises silty and sandy clays with isolated lenses of sand and gravel. These coarser 
units form a number of thin sub-aquifers separated by silt and clay aquitards. The shallowest of the 
Quaternary Aquifer units is the Q1 Aquifer, which may be semi-continuous and range from unconfined 
to semi-confined in nature. During the DSI program, the Q1 Aquifer was generally intersected at 
depths between 5 and 12m below ground level throughout the Management Area.  

Below the Q1 Aquifer are the Q2, Q3 and Q4 Aquifers which are typically intersected at depths 
ranging from 16 to 30m, 31 to 45m and 46 to 60m respectively. The Q2, Q3 and Q4 aquifers are also 
semi-continuous aquifers separated by clay and silt confining beds (i.e. aquitards). The Q4 Aquifer is 
also known regionally as the Carisbrooke Sand Aquifer.  

Groundwater level gauging data collected throughout the DSI program was reduced relative to the 
Australian Height Datum (AHD) to allow relative groundwater elevations to be compared across the 
Investigation Area. The inferred groundwater elevation contours for the Q1 Aquifer across the 2017 
and 2018 sampling programs indicated groundwater flow was typically to the west and southwest with 
apparent groundwater mounding and radial flows observed in the vicinity of the stormwater drainage 
features (i.e. areas where localised surface water recharge mechanisms are influencing groundwater 
levels). This was in general agreement with the conceptual understanding of flows within the Q1 



 

Aquifer, based on a desktop review of regional hydrogeology. In the southern and south-eastern 
portions of the Base, there appeared to be components of groundwater flow in a more southerly 
direction. The inferred groundwater contours for the Q2 Aquifer also indicated groundwater flow was 
typically to the west and southwest, and was similar to the overlying Q1 Aquifer with the exception of 
an absence of apparent impacts from surface water recharge (which was not unexpected for the 
deeper Q2 Aquifer).   

Based on observations made during the supplementary DSI program, the inferred groundwater flow 
direction for the Q3 and Q4 Aquifers at the regional scale (i.e. Management Area level) was in a 
general west to south-westerly direction, similar to that observed for the overlying Q1 and Q2 
Aquifers. It is noted that there was some indication of a more north-westerly component of flow in the 
Q3 Aquifer off-Base, however this observation was based on a relatively limited number of data points 
across the large investigation area. 

The degree of vertical interconnection of the Quaternary aquifers is dependent upon the permeability 
and continuity of the intervening clayey aquitard materials. Where the aquitard material is absent or 
has lower resistance to vertical flow, interconnection of the successive aquifers can occur. The 
complexity of the Quaternary sequence and interconnection of individual lenses and layers of sands, 
clays, and silts means that groundwater is likely to move via preferential pathways through more 
permeable materials and has the potential to migrate vertically where interconnection between 
aquifers occurs.  

The results of an assessment of the vertical hydraulic gradient between the various Quaternary 
Aquifer units indicated a relatively high degree of variability in vertical hydraulic gradients both 
spatially and in the relative magnitude of the observed gradients. Approximately 50% of nested Q1 
and Q2 Aquifer monitoring well locations exhibited upward hydraulic gradients, whilst the remaining 
50% exhibited downward gradients. The steepest downward vertical gradients were typically 
observed in nested Q1 and Q2 well locations located in close proximity to stormwater drainage 
infrastructure, where there is apparent groundwater mounding in the Q1 Aquifer as a result of surface 
water recharge. 

An assessment of the vertical hydraulic gradient between the Q1, Q2, Q3, and Q4 Aquifers completed 
during the supplementary DSI program once again indicated a relatively high degree of variability in 
vertical hydraulic gradients both spatially and in the relative magnitude of the observed gradients. 
Typically, the steepest gradients were observed between the Q2 and Q3 Aquifers and between the 
Q3 and Q4 Aquifers. The measured groundwater elevations, or potentiometric surface, of the various 
aquifer units at the nested locations suggest there may be a greater degree of hydraulic separation 
between certain aquifer units in some locations. In particular, the greatest difference in potentiometric 
surfaces was typically observed between the shallower Q1 and Q2 Aquifers and the deeper Q3 and 
Q4 Aquifers. The relative difference in PFAS concentrations for the different aquifer units also 
supported this conclusion. 

The Tertiary sediments which underlie the Quaternary sediments comprise four confined aquifers 
designated T1 – T4, each of which may comprise various sub aquifers. The majority of abstracted 
groundwater in the Adelaide metropolitan area, including the Northern Adelaide Plains, is obtained 
from the T1 Tertiary Aquifer. Within the Investigation Area, the T1 Aquifer is the primary aquifer used 
by market gardeners and commercial irrigators (i.e. high-volume irrigators) and is expected to occur at 
depths ranging from approximately 80 to 110m. The T2 Aquifer, which is separated from the T1 
Aquifer by a clay aquitard (Munno Para Clay) which has an approximate maximum thickness of 12m, 
is used in the Investigation Area by the City of Salisbury for Aquifer Storage and Recovery (ASR) 
operations. 

The distribution of the T3 Aquifer in the area is not well known because of its depth (i.e. >200m) and 
poor quality, but it is thought to occur in most of the Northern Adelaide Plains area as a thin sandy 



 

layer with an average thickness of 5m. Aquifer T4 consists mainly of South Maslin Sand and 
occasionally North Maslin Sand which directly overlies the fractured rock aquifer which consists of 
Adelaidean basement rocks (DfW, 2010). 

2.2.2 Protected Environmental Values of Groundwater 

An assessment of the protected environmental values of groundwater for the Q1 to Q4 Aquifers within 
the Management Area was undertaken during the DSI (including the supplementary DSI program) in 
accordance with the process outlined in the SA EPA Guidelines for the assessment and remediation 
of site contamination (SA EPA, 2018). The assessment was completed based on calculated total 
dissolved solids (TDS) values for groundwater based on field measured electrical conductivity (EC) 
values. The most conservative (i.e. lowest) calculated TDS value for each aquifer was compared 
against the TDS ranges provided in the table in clause 3 of Schedule 1 of the South Australian 
Environment Protection (Water Quality) Policy 2015. The results of the assessment are summarised 
below. 

Environmental 
Values of 
Underground Water 
(Groundwater) 

Q1 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Q2 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Q3 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Q4 Aquifer TDS 
Indicates 
Suitability for 
Selected 
Environmental 
Value? 

Drinking Water for 
Human Consumption 

Yes Yes Yes Yes 

Primary Industries—
Irrigation and General 
Water Uses 

Yes Yes Yes Yes 

Primary industries—
Livestock Drinking 
Water 

Yes Yes Yes Yes 

Primary industries—
Aquaculture and 
Human Consumption 
of Aquatic Foods 

Yes Yes Yes Yes 

 

2.2.3 Topography and Hydrology 

The topography of the Base and broader Management Area is relatively flat. Stormwater generated 
on Base is typically directed to the Helps Road Drain where it exits the Base across the southern 
boundary. There is a second stormwater discharge point across the southern boundary to the 
northwest of the Helps Road Drain (identified as the Western Swale), however this typically receives 
much lower volumes of stormwater given the unsealed nature of the small sub-catchment in this 
portion of the Base. Some of the stormwater in the Helps Road Drain on-Base is directed into the 
Southern Detention Basin where it has historically been harvested for use in the Salisbury Council’s 
Edinburgh Park South ASR operations. Excess stormwater from the Southern Detention Basin that is 
not harvested by ASR operations is ultimately directed back to the Helps Road Drain. 

Stormwater within the Helps Road Drain off-Base is directed to the Kaurna Park Wetland located 
approximately 2 km south to southwest of the Base, entering the wetland at the north-eastern extent. 
Stormwater traverses through a meandering series of channels within the wetland prior to reaching a 
harvest point for the Salisbury Council’s Kaurna Park ASR operations. Stormwater that is not 
harvested as part of the ASR operations ultimately overflows from the wetland to the Helps Road 
Drain at the downstream discharge point, where it then continues downstream for some 7 km before 
ultimately discharging to the Barker Inlet.  



 

2.2.4 Climatic Conditions 

The closest Bureau of Meteorology meteorological monitoring station is Edinburgh RAAF (Station 
Reference: 023083) located on Base in the central airside operations area, approximately 200 m west 
of the new Air Traffic Control Tower. Available climate data from this monitoring station (BOM, 2018) 
indicates the following: 

• The highest temperatures are experienced during the months of January and February, both 
with a mean daily maximum temperature of 30oC. The lowest temperatures typically occur in 
July with a mean maximum temperature of 15.3oC; 

• The highest rainfall rates across the Investigation Area typically occur during the month of 
July with a mean monthly rainfall of 53.8 mm, whilst the lowest mean rainfall occurs in the 
month of February (18mm); and 

• The average prevailing wind direction across the Investigation Area since 1972 has been from 
the northeast in the morning (9am readings) and southwest in the afternoon (3pm readings). 

2.2.5 Surrounding Land Use and Zoning 

A general summary of the current land uses surrounding the Base, with consideration of the land use 
zones identified in the relevant Council Development Plans, is provided below: 

• North: A child care facility is located within 200 m of the Base boundary (on Argent Road). 
Industrial, agricultural, and recreational land uses are located to the north of the Base, with 
low-density residential land to the northeast; 

• East: Industrial, residential and commercial properties are located to the east of the Base, 
including the Defence Science and Technology Group (DSTG) site located immediately 
southeast; 

• South: Agricultural (Primary Production), industrial, commercial and residential properties are 
located to the south of the Base, with some areas designated open space (e.g. Kaurna Park 
Wetland); and 

• West: Agricultural (Primary Production) and industrial (Urban Employment) land uses are 
located to the west of the Base, with some low-density residential land use.  

Broadly, the Primary Production areas off-Base include broad acre cultivation of edible produce (e.g. 
wheat, vegetables) interspersed with more intensive market garden and hydroponic farming of fruits 
and vegetables, and smaller scale hobby farms used primarily for domestic scale production of edible 
produce. In addition, there are several properties that are used for domestic and commercial horse 
training activities to the north and west of the Base.  

2.3 Extent of contamination 

2.3.1 Primary Source Areas 

The results of the DSI program identified 12 primary source areas across the Base that were 
considered to represent a significant source of PFAS contamination. Each of these source areas 
identified PFAS contamination in one or more of the environmental media investigated exceeding the 
adopted Tier 1 screening criteria.  

A brief summary of each primary PFAS source area is provided below. 

 

 



 

Source Area ID Description PFAS Impacted Media 

P1 The AFFF waste water retention tank (Building 521) 
and AFFF waste water evaporation pond, including 
soils in the vicinity of this infrastructure 

Sediment in waste water 
evaporation pond, soil (leachate), 
concrete (leachate), and 
groundwater 

P2 The Base’s bulk fuel storage facility, which includes 
an automated AFFF deluge system 

Groundwater, soil (leachate) 

P3A and P3B The AFFF waste water retention infrastructure, 
identified as the Chesterfield Sumps, located at the 
eastern and western end of the Aircraft Hangars 

Groundwater 

P4 The former fire training area and sub-surface waste 
dump in the central northern portion of the airside 
operations area 

Soil (leachate) and groundwater 

P8 The sub-surface waste dump located along the 
central portion of the western Base boundary  

Groundwater 

P9 The current fire training area, including smokeroom 
training building (Building 618), located in the 
southern portion of the airside operations area near 
the Ordnance Unloading Area 

Soil (leachate), concrete 
(leachate) and groundwater 

P10 Former sewage treatment plant and fire training area 
located in the most southern point of the airside 
operations area, adjacent to the Helps Road Drain 
discharge point across the south-western Base 
boundary, and Southern Detention Basin 

Soil (leachate), and groundwater 

P11 Current fire station and former AFFF concentrate 
storage area located near the new Air Traffic Control 
Tower 

Soil (leachate), groundwater, and 
concrete (leachate) 

P15 Former fire training area in the Ordnance Unloading 
Area, located in the southern portion of the airside 
operations area 

Soil (leachate) and groundwater 

P16 Former fire training area around the Engine Run-up 
(ERUP) Facility, located to the northwest of the main 
apron 

Soil (leachate) and groundwater 

P23 The approximate location of a historical train and 
semi-trailer crash, at the corner of the western and 
south-western Base boundaries 

Groundwater 

P27  Suspected former fire training area adjacent to a 
parking area for aircraft refuelling tanker trucks, 
located to the west of the bulk fuel storage facility 

Groundwater, soil (leachate) 

 



 

2.3.2 PFAS Contamination in Soil and Concrete 

The soil investigations at the Base identified five source areas containing PFAS contamination 
present at levels above the adopted human health screening criteria applicable to 
commercial/industrial land use (i.e. >20 mg/kg for the sum of PFHxS and PFOS). The identified areas 
and associated maximum reported concentrations for the sum of PFHxS and PFOS are summarised 
below: 

• Source Area P4 (Former Fire Training Area and Sub-surface Waste Dump) had 
concentrations ranging up to 161.8 mg/kg; 

• Source Area P10 (Former STP and Fire Training Area) had concentrations ranging up to 
45.6 mg/kg; 

• Source Area P11 (Current Fire Station, including former AFFF Storage Area) had 
concentrations ranging up to 160.2 mg/kg in soil as well as significant concentrations in 
concrete; 

• Source Area P15 (Former Fire Training Area in Ordnance Unloading Area) had 
concentrations ranging up to 34.71 mg/kg; and 

• P16 (Former Fire Training Area around the ERUP Facility) had concentrations ranging up to 
37.5 mg/kg. 

 

Whilst soil investigations within source areas P1, P2, and P9 did not identify PFAS contamination in 
excess of the adopted human health screening criterion, the soil leachate results indicated soils in 
these areas may represent a significant ongoing source of contamination to nearby stormwater 
swales and the underlying groundwater system. In addition, sediment samples recovered from the 
base of the AFFF waste water evaporation pond in source area P1 reported concentrations of the 
sum of PFHxS and PFOS up to 1,264 mg/kg. A targeted concrete sampling program also identified 
the former AFFF concentrate storage tank pad in source area P11, the concrete parking area at the 
front of the current fire station (within source area P11), and the concrete building within the current 
fire training area (source area P9) as potential ongoing sources of PFAS contamination to 
surrounding areas.  

2.3.3 PFAS Contamination in Groundwater 

Widespread PFAS contamination has been identified in groundwater beneath and down hydraulic 
gradient of the Base that exceeds health based guidance values for drinking water (i.e. 0.07 µg/L for 
the sum of PFHxS and PFOS). PFAS contamination has been confirmed to extend vertically through 
the full extent of the Quaternary Aquifer system beneath the Base (i.e. Q1 to Q4). Off-Base, PFAS 
contamination above the health based guidance values for drinking water was observed in the upper 
three Quaternary units (i.e. Q1 to Q3). PFAS was also detected in the Q4 Aquifer off-Base during 
targeted investigations, however all results were below the health based guidance values for drinking 
water.  

The highest reported concentration in the Q1 Aquifer on-Base was 23,100 µg/L for the sum of PFHxS 
and PFOS, measured in groundwater sampled from monitoring well GW2116 in Source Area P11, 
located adjacent to the former AFFF concentrate storage area (adjacent to the new air traffic control 
tower). The highest reported concentration for the sum of PFHxS and PFOS in groundwater sampled 
from the Q2 Aquifer on-Base was 1,540 µg/L, recovered from a monitoring well in Source Area P9 
(Current Fire Training Area). The highest reported concentrations in the Q3 and Q4 Aquifers on-Base 
were 45 µg/L and 6.7 µg/L respectively for the sum of PFHxS and PFOS in Source Area P9 (Current 
Fire Training Area).  

The highest reported concentration for the sum of PFHxS and PFOS in the Q1 Aquifer off-Base was 
24.6 µg/L, with concentrations of the sum of PFHxS and PFOS in the Q2 Aquifer and Q3 Aquifer 



 

reported up to 44 µg/L and 4.3 µg/L respectively. The highest reported concentration for the sum of 
PFHxS and PFOS in the Q4 Aquifer off-Base was 0.05 µg/L.  

No PFAS contamination was identified in the deeper T1 Tertiary Aquifer, the primary aquifer used by 
market gardeners and commercial irrigators throughout the Management Area. This was based on 
results from private T1 Aquifer water supply bores where consent for sampling was given during the 
DSI, and T1 Aquifer Council bores targeted for sampling within or in relatively close proximity to the 
Management Area.  

It is noted that PFAS contaminated groundwater may exist in the T2 Tertiary Aquifer as a result of the 
injection of PFAS contaminated surface water during the operation of the Salisbury ASR scheme. The 
extent of any such contamination is considered to be restricted to the Edinburgh Park South bores 
that have injected water sourced from the SDB, and the Kaurna Park ASR bores that have injected 
water sourced from the Kaurna Park Wetland. Following the discovery of PFOS impacts in water 
sourced from these bores in July 2016 (above the current Health Based Guidance Values for Drinking 
Water), the bores were isolated from the ASR distribution network and water supply from these bores 
does not currently occur. It is understood that all other bores in the City of Salisbury ASR network did 
not detect PFAS above the laboratory limit of reporting (LOR) and/or the current Health Based 
Guidance Values for Drinking Water (DoH, 2017). It was beyond the scope of the DSI to assess 
impacts associated with the operation of the City of Salisbury ASR scheme and associated historical 
distribution of PFAS contaminated surface water.   

2.3.4 PFAS Contamination in Surface Water and Sediment  

The results of surface water testing throughout the DSI indicated PFAS contamination exceeding the 
adopted human health screening criteria relevant to recreational water (i.e. 0.7 µg/L) was limited to 
on-Base areas. Surface water samples collected in all off-Base areas investigated did not identify 
PFAS contamination above the recreational screening criteria. However, PFAS contamination 
exceeding the adopted ecological screening criteria for freshwater (i.e. 0.13 µg/L for PFOS) was 
identified in samples collected from throughout the Kaurna Park Wetland, and a sample location 
upstream of the wetland in the Helps Road Drain.  

The DSI also identified concentrations of PFAS in surface water exceeding the ecological screening 
criteria for freshwater in samples collected at the downstream extent of the Helps Road Drain, near 
the discharge point into the Barker Inlet. It is possible that these impacts may have been contributed 
to by an unidentified off-Base source or existing PFAS contamination in the Barker Inlet. An 
investigation undertaken by the South Australian Environment Protection Authority in 2017 assessing 
PFAS in the marine environment (SA EPA, 2017) indicated that the Barker Inlet represents a surface 
water body impacted by multiple sources of PFAS contamination. Although the results of the DSI 
indicated that the Base appeared to represent a contributing source of PFAS contamination to the 
Barker Inlet, it was considered impractical to determine the relative contribution from the Base versus 
other sources. 

The results of the sediment sampling program completed throughout the stormwater drainage 
network across the Base and the broader investigation area, including the Kaurna Park Wetland, did 
not identify PFAS concentrations exceeding the adopted Tier 1 human health screening criteria (i.e. 
20 mg/kg for the sum of PFHxS and PFOS). The highest reported sediment concentration was 
3.28 mg/kg for the sum of PFHxS and PFOS, reported in a sample collected from a swale drain near 
the front of the on-Base fire station (within Source Area P11).  

2.3.5 PFAS in Biota 

The results of a targeted biota sampling program at Kaurna Park Wetland identified elevated PFAS 
concentrations in carp that exceeded the Food Standards Australia New Zealand (FSANZ) trigger 
points for further investigation for finfish (FSANZ, 2017). All results for yabby samples collected as 



 

part of the assessment were below the FSANZ trigger points for further investigation for crustaceans. 
As a result, further assessment of the potential risks posed to members of the community who may be 
catching and consuming carp from the wetland was undertaken as part of the Human Health Risk 
Assessment (HHRA) and Preliminary Ecological Risk Assessment (PERA) (JBS&G, 2019a). The 
results of this assessment identified that risks to these people may be elevated, subject to 
consumption rates. It is highlighted that the City of Salisbury prohibits fishing in the Kaurna Park 
Wetland with signage to indicate this erected at the primary entrance to the Kaurna Park Wetland, see 
photograph below. 

 

2.3.6 Contaminant Transport Mechanisms and Migration Pathways 

Leachate analysis conducted on soil and concrete samples recovered throughout the DSI showed 
that the key analytes of interest, namely PFOS and PFHxS, were readily leached from the samples 
under neutral leaching conditions (i.e. simulating rainfall). These results indicate that, without 
management, the soil and concrete source areas at the Base will present an ongoing source of 
contamination to nearby stormwater drainage features (including the Helps Road Drain) and the 
underlying shallow groundwater system.  

Due to the persistence of PFAS in the environment, when PFAS contamination enters surface water 
and groundwater it can migrate long distances in the direction of flow. Evidence of off-Base migration 
of PFAS in both surface water and groundwater was confirmed by the DSI sampling program. Given 
the presence of numerous significant soil and concrete source areas across the Base, some of which 
are in relatively close proximity to stormwater drainage features and/or the down hydraulic gradient 
Base boundary, and existence of significant contamination in groundwater beneath the Base, it is 
reasonable to expect that PFAS contamination will continue to migrate from the Base in the absence 
of suitable remediation measures.  

In addition to the lateral migration of PFAS contamination in groundwater, the DSI sampling program 
identified vertical migration of PFAS contamination through the shallow Quaternary aquifers beneath 
and down hydraulic gradient of the Base. At the time of the DSI (including the DSI Addendum), PFAS 
contamination had been confirmed to extend to the Q4 Aquifer in some areas. Field observations, 
groundwater analytical results, and assessments of water chemistry indicated a varying degree of 
hydraulic connectivity between the Quaternary Aquifer units, with a general downward hydraulic 
gradient between the Q1 and Q2 Aquifers and the underlying Q3 and Q4 Aquifers.  

The major stormwater drainage features throughout the Base and the broader Management Area (in 
areas that receive stormwater from the Base), are unlined stormwater drains and detention basins. 



 

These features are considered likely to have a high degree of leakage (i.e. seepage) given their 
unlined nature, providing a migration pathway for contaminated surface water to enter the underlying 
shallow groundwater system. Whilst the leakage rates are not known, it is suspected that they would 
be relatively high given the lateral extent of the features. Evidence of significant groundwater 
contamination in the vicinity of the Southern Detention Basin, Helps Road Drain (on and off-Base) and 
Kaurna Park Wetland, with an apparent radial spread of PFAS contamination away from these 
features (as documented in the DSI), supports this conclusion. 

2.4 Groundwater use 

Groundwater use 

Based on information supplied by Defence, and supported by the Department of Environment and 
Water (DEW) WaterConnect groundwater database records (pertaining to water supply licences), 
there is no extraction or use of groundwater that occurs on Base.   

A search of the WaterConnect groundwater database completed as part of the DSI identified 394 
registered bores located within the Investigation Area, of which 50 were identified as being licensed to 
extract groundwater for private water supply purposes. A further six wells were licensed to the City of 
Salisbury for ASR operations and/or irrigation (within the original or revised Investigation Area). A 
summary of the aquifers in which the water supply bores are installed, and the licensed groundwater 
use recorded on the water supply licences is provided below.  

Aquifer No. of Licensed 
Bores 

Licensed Use of Groundwater 

Q2 6 4 x Stock and Domestic  
1 x Stock, Domestic and Irrigation 
1 x Stock 

Q3 1 1 x Irrigation 
Q4 1 1 x Irrigation 
T1 39 34 x Irrigation 

2 x Stock and Domestic  
1 x Domestic 
1 x Irrigation, Stock and Domestic  
1 x Industrial and Irrigation 

T2 3 3 x Irrigation 
 

Groundwater extraction from the Quaternary Aquifers within the Management Area is typically 
associated with lower volume domestic irrigation and stock water supply. There was no evidence 
gathered as part of the DSI, or during the period of supplementary DSI program, to suggest that 
groundwater was being used as a potable water supply by anyone in the Management Area, noting 
the vast majority of residents and businesses are connected to mains (i.e. SA Water) supply. The 
information gathered from licensed water supply bore owners who completed a water use survey 
indicated that the domestic use was typically associated with outdoor domestic use (e.g. irrigation of 
lawns and home-grown produce), with one respondent noting the use of bore water (groundwater) for 
flushing toilets and another noting the use of bore water for showering.   

Groundwater extraction from the Tertiary Aquifers within the Management Area is typically associated 
with higher volume commercial irrigation activities. There was no evidence gathered during the DSI to 
indicate PFAS contamination had migrated to the deeper T1 Aquifer from the overlying Quaternary 
Aquifers. In addition, there was no evidence gathered to suggest Tertiary Aquifer groundwater was 
being used as a potable water supply by any users in the Management Area. 



 

2.5 Communications 

The following will be shared with relevant State authorities and made publicly available: 

• OMP 

• monitoring data collected during the implementation of the OMP. 

• decisions made in response to the data collected during implementation of the OMP. 

• changes to the OMP in response to incoming data over the implementation period. 

2.6 Related Management Actions 

One or more specific remediation action plans (RAPs) may be developed for the Management Area. 
The RAPs will contain specific on-going monitoring actions to assess and validate the impact of that 
remediation plan. 

Consideration should also be given to other management actions or relevant work undertaken to 
manage risk, such as Interim Response Management Actions that may not have RAPs but may have 
relevant IRM Action Plans, or similar. 

  



 

3 ONGOING MONITORING PROGRAM 
The Management Area OMP monitors changes to the PFAS contaminated groundwater plume and 
surface water contamination characteristics.  

Changes may result from the specific or cumulative impact of remediation or containment actions, 
existing transportation trends, changes to hydrology and hydrogeology, or weather events. 

All PFAS Management Area plans have included an OMP as a mandatory response action.  

3.1 Sampling, Analysis and Quality Plan 

An SAQP will be developed prior to implementation of the OMP. The document will be prepared by 
the lead consultant engaged to implement the OMP and reviewed by Defence prior to 
commencement of works to ensure consistency with the program in line with any changes in 
documentation, including ongoing review of the OMP and PMAP. 

Further guidance is provided in Appendix B for development of a site specific SAQP. 

3.2 Data Quality Objectives 

Data Quality Objectives (DQOs) are qualitative and quantitative statements derived from the outputs 
of the first six steps of the seven step DQO process that: 

• Clarify the study objective(s). 
• Define the most appropriate collection of data as relevant to the study objective(s).  
• Determine the conditions from which to collect data;  
• Specify tolerable limits on decision errors, which will be used as the basis for establishing the 

quantity and quality of data needed to support the decision.  

The DQOs for this investigation have been prepared in line with the DQO process outlined in US 
Environmental Protection Agency (EPA) (2006) and NEPM 1999 (Schedule B2) and are presented in 
the seven-step DQO approach, as documented in Section 3.2.1. 

3.2.1 NEPM DQO Seven Step Process 

Process Description 

Step 1: State the problem 

Concentrations of PFAS exceeding relevant human health and ecological 
screening criteria have been identified in multiple media including soil, 
surface water and groundwater at multiple locations on-Base with 
migration of surface water and groundwater impacts off-Base. Potentially 
unacceptable risks may be posed to unlicensed users of shallow 
Quaternary aquifer groundwater within the Management Area. Temporal 
concentration trends in groundwater and surface water are not well 
understood based on the monitoring data collected to date.  

Step 2: Identify the 
decision/ goal of the study  

The goal of the study is to monitor the nature and extent of PFAS impacts 
within the Management Area, to identify trends and variations in PFAS 
concentrations over the implementation period and to consider the 
potential impact that changing PFAS concentrations could have on the 
identified risks posed to human health or the environment as identified in 
the HHRA and PERA (JBS&G, 2019a). In addition, the study aims to 
measure the effects of any implemented management measures to 
evaluate their efficacy and determine whether any additional measures 
are required.  



 

Process Description 

Step 3: Identify the 
information inputs 

The information inputs are: 

• PFAS concentrations in measured media, including groundwater 
and surface water. 

• Changes to identified uses and/or users of Quaternary Aquifer 
groundwater within the Management Area. 

• Field observations, recording of critical field measured data 
including groundwater quality readings, adherence of quality 
control procedures and quality assurance/quality control (QA/QC) 
data from the primary and secondary laboratories.  

• Groundwater standing levels.  

Step 4: Define the 
boundaries of the study 

Ongoing monitoring works will be undertaken within the Monitoring Area 
as defined on the attached Figure 1 and temporally defined by the three-
year implementation period of this OMP. The details of the Management 
Area are provided within Section 2 of the RAAF Base Edinburgh PMAP 
 

Step 5: Develop the 
analytical 
approach/decision rules 

PFAS concentrations in environmental samples will be screened against 
the appropriate and adopted screening criteria. In all cases, for all media, 
the most conservative concentration reported by the laboratory will be 
adopted in the assessment of potential risk. The decisions to be made 
from the interpretation of the monitoring data include: 

1. Are there any QA/QC issues that may challenge the validity of the 
collected data set? 

2. Are there detectable concentrations of PFAS above the health 
based guidance values (HBGVs) for drinking water within the 
private property bore/s? 

3. Are there detectable concentrations of PFAS in the T1 Tertiary 
Aquifer bores? 

4. Are there any changes in reported PFAS concentrations in any 
media, that materially affects the existing risk profile (human 
health or environment) established for the Management Area?  

5. Is there a material change in the identified lateral delineated 
extent of the identified PFAS plume in groundwater 
(concentrations above HBGVs)?  

  

Step 6: Specify 
performance or 
acceptance criteria 

The QA/QC program for samples recovered throughout the monitoring 
program will be reviewed against the precision, accuracy, 
representativeness, comparability, completeness and sensitivity 
(PARCCS) parameters and associated data quality indicators (DQIs). The 
useability of the data set will be assessed in line with the acceptability 
standards defined in the project SAQP. 

Step 7: Develop the plan 
for obtaining data 

The scope and methodology for the assessment to gather data is defined 
with this OMP document. The assessment SAQP defines the manner in 
which data will be collected to achieve the monitoring objective defined in 
the DQO’s.  

3.3 Proposed Monitoring Intervals 

Gauging of depth to groundwater and sampling of the proposed groundwater monitoring wells will be 
undertaken biannually, targeting seasonal fluctuations in groundwater levels and concentrations both 
vertically and laterally across a complex Quaternary Aquifer network present throughout the 
Management Area. Biannual sampling of the well network is required due to the identified 
heterogeneity both within and between the Quaternary aquifers, the irregular sequence of laterally 
discontinuous aquifer materials and interspersed highly sandy and gravelly sequences and 



 

associated variations in hydraulic conductivity justifies a biannual frequency, to establish a robust 
dataset capturing temporal variations in concentrations and will monitor the potential migration of the 
plume.    

Collection of groundwater samples from Salisbury Council (2) and the Department of Environment 
and Water (DEW) (1) Tertiary Bores is proposed to be undertaken on a biannual basis to confirm the 
absence of PFAS over seasonal monitoring events. 

Biannual sampling is proposed for private bores within the Management Area. Currently only one 
private bore owner (located in Penfield to the West of the Base) has indicated a willingness to consent 
to ongoing sampling of their bore (installed in the Q2 Aquifer).  

Surface water sampling at targeted on-Site and off-Site locations is proposed biannually, targeting 
seasonal fluctuations in PFAS concentrations across the surface water network within the 
Management Area. While the surface water network is generally ephemeral, surface water sampling 
during the summer sampling event will target opportunistic post “summer” rainfall events where 
possible. Locations where surface water is permanently present will be sampled to identify any 
discernible trends in concentrations between relatively “wet” (e.g. winter) and “dry” (e.g. summer) 
periods.   

3.4 Monitoring Locations 

The proposed groundwater monitoring program at Edinburgh consists of 59 x Q1, 25 x Q2, 10 x Q3 
and 6 x Q4 Aquifer groundwater monitoring wells as depicted on Figure 2 in Appendix A. The 
breakdown of the individual groundwater wells including a summary of the justification for sampling is 
provided in the table below. In summary: 

• 32 wells are proposed at locations on-Base within, adjacent to or immediately downgradient 
of identified source areas. 

• 22 wells are located along the Base boundary and are considered critical for monitoring 
potential seasonal variations in PFAS concentrations and any potential impact on the existing 
risk profile for adjacent or down gradient receptors. 

• 11 groundwater wells are located adjacent to the Helps Road Drain, the primary surface water 
channel that directs stormwater from the Base to the Kaurna Park Wetland and after that to 
the Barker Inlet. The Helps Road Drain has influenced the migration of PFAS from the site 
which has led to elevated concentrations within the shallow Quaternary Aquifers directly 
associated with this pathway. A number of the targeted groundwater wells have reported the 
highest concentrations of PFAS off-Base.  

• 20 wells are the current lateral extent delineation locations and/or are targeted for sampling 
as part of the ongoing monitoring of the PFAS plume migration over time. Monitoring of these 
wells will also assist with assessing groundwater flow direction changes. 

• 8 wells are adjacent to licensed Quaternary Aquifer water supply bores and are required to 
monitor any potential changes in PFAS concentrations in the adjacent relevant aquifers (i.e. 
Q2, Q3 and Q4). 

• 7 wells are located up hydraulic gradient of the plume to provide information on any changes 
to background conditions and assist with assessing any changes to groundwater flow 
direction. 

Surface water sampling locations have been selected based on previous critical data points (e.g. 
locations that are adjacent to source areas, are upstream of source areas, and those that have 
reported the highest concentrations to date) to extend the temporal data set and understanding of 
seasonal fluctuations in PFAS concentrations in surface water both on and off-Base. On-Base 
sampling locations are located throughout the major stormwater drainage features including Helps 



 

Road Drain, Taranaki Drain, and the Southern Detention Basin. In addition, the boundary discharge 
locations in the Western Swale and Helps Road Drain are also targeted. The off-Base locations are 
positioned downstream in the Helps Rd Drain, the inlet and outlet of the Kaurna Park Wetland and 
further downstream to Port Wakefield Road. In addition, a small number of locations within the 
stormwater network upstream of the Base have been targeted to assess any potential for the 
introduction of upstream PFAS sources. The targeted surface water sampling locations are 
graphically presented on Figure 3 in Appendix A.  

Location 
Description 

Location ID  
On-Base Locations 

Location ID  
Off-Base Locations 

Justification 

Groundwater Monitoring Wells 
Background 
North and 
Northeast of 
Base 

Q1 Aquifer Wells: 
GW0015, GW2134,  
GW2135, GW2159 
 
Q2 Aquifer Wells: 
GW2216, GW2218 

Q1 Aquifer Wells: 
GW2128 
 

Monitoring wells located in background 
and/or upgradient locations including off-
Base. Includes deeper groundwater 
monitoring wells due to the identified vertical 
migration between Quaternary Aquifers. 
Monitoring will identify the presence of PFAS 
in groundwater concentrations either 
entering the Base and or localised changes 
to groundwater flow directions. 

Source Area P4 Q1 Aquifer Wells: 
GW0008, GW0321, 
GW0303 
Q2 Aquifer Wells: 
GW2126, GW2162 

 Monitoring wells located within source areas 
where PFAS concentrations have been 
identified above HBGVs within the Q1 and 
Q2 aquifer units.  

Source Areas 
P9 and P15, 
P11, P16 and 
P21.  

Q1 Aquifer Wells:  
GW0428, GW2112, 
GW2116, GW2120, 
GW2148, GW2149, 
GW2150, GW2188, 
GW2194, GW2197, 
GW2201, GW2202, 
GW2203 
 
Q2 Aquifer Wells: 
GW2158, GW2189, 
GW2200  
 
Q3 Aquifer Wells: 
GW2270, GW2272 
 
Q4 Aquifer Wells: 
GW2284 
 

 Monitoring wells located within source areas 
where PFAS concentrations have been 
reported above HBGVs in the Q1, Q2, Q3 
and Q4 aquifer units. 
Monitoring will identify season fluctuations in 
PFAS concentrations and track migration of 
the PFAS plume over time. 

Source Areas 
P1, P3A, P3B & 
P27 

Q1 Aquifer Wells: 
EDMW04, GW0416 
GW2114, GW2130,  
GW2131, GW2193 
 
Q2 Aquifer Wells:  
GW2157, GW2209,   
GW2210 

 Monitoring wells located within and down 
gradient of source areas where PFAS 
concentrations have been reported above 
HBGVs within the Q1 and Q2 aquifer units. 



 

Location 
Description 

Location ID  
On-Base Locations 

Location ID  
Off-Base Locations 

Justification 

Southern, 
western & 
northern  
boundary  

Q1 Aquifer Wells: 
GW0431, GW2129, 
GW2137, GW2139, 
GW2166, GW2169, 
GW2172, GW2175, 
GW2177, GW2180, 
GW2182, GW2184 
 
Q2 Aquifer Wells: 
GW2145, GW2173, 
GW2176, 
GW2183,GW2185 
 
Q3 Aquifer Wells: 
GW2275, GW2281 
 
Q4 Aquifer Wells: 
GW2285, GW2286 

Q1 Aquifer Wells: 
GW2141 

Boundary locations down gradient of and 
inclusive of identified source areas where 
PFAS concentrations have been reported 
above HBGVs within the Q1, Q2, Q3 and Q4 
aquifer units.  
These targeted locations will monitor 
potential PFAS migration concentrations at 
the boundary upgradient of potential and 
identified sensitive groundwater receptors to 
the West. 

Helps Road 
Drain 

 Q1 Aquifer Wells: 
GW2101, GW2103, 
GW2143, GW2255 
 
Q2 Aquifer Wells: 
GW2237, GW2247, 
GW2250 
 
Q3 Aquifer Wells: 
GW2276, GW2277*, 
GW2278 
 
Q4 Aquifer Wells: 
GW2287 

Monitoring wells targeting groundwater 
impacts influenced by historical migration of 
PFAS impacted surface water migrating 
along both the former and current Helps 
Road Drain through the Southern Detention 
Basin, off-Base to the Kaurna Park Wetland 
extending down to the Barker Inlet. Deeper 
aquifer units targeted as PFAS 
concentrations reported within the Q1, Q2, 
and Q3 aquifer units. 

Lateral extent of 
PFAS impacts 

 Q1 Aquifer Wells: 
GW2123, GW2222, 
GW2225, GW2229, 
GW2239, GW2243,  
GW2254, GW2257, 
GW2261, GW2262, 
GW2263, GW2265,  
GW2266, GW2280 
 
Q2 Aquifer Wells: 
GW2223, GW2224, 
GW2226, GW2288, 
GW2289 
 
Q3 Aquifer Wells: 
GW2279 

Proposed groundwater well locations 
represent the lateral extent boundary of 
identified PFAS impacts within the Q1, Q2 
aquifers and in selected Q3 aquifer locations.  
Monitoring will provide data on migration 
concentrations within the PFAS plume over 
time and identify changes in groundwater 
flow direction. 
 
 

Proximity to 
identified 
licensed 
groundwater 
users 

 Q1 Aquifer Wells: 
GW2259, GW2260 
 
Q2 Aquifer Wells: 
GW2267, GW2268 
 
Q3 Aquifer Wells: 
GW2277*, GW2282,  
GW2283,  
 
Q4 Aquifer Wells: 
GW2290, GW2291 

Monitoring wells targeting adjacent identified 
licensed extractive groundwater users in the 
Q2, Q3 and Q4 aquifer systems. 



 

Location 
Description 

Location ID  
On-Base Locations 

Location ID  
Off-Base Locations 

Justification 

Tertiary Aquifer 
Bores 

 T1 
6628-21322, 6628-20327 
and 6628-22767 (DEW) 

Biannual sampling of available Salisbury 
Council and Department of Environment and 
Water (DEW) Tertiary Aquifer irrigation and 
observation bores to confirm absence of 
PFAS.  

Private Property 
Bore  

  Q2 Aquifer: 
ID 6628-15586 

Proposed biannual sampling of private Q2 
Aquifer water supply bore.  

Surface Water 
Upgradient 
locations  

SW003, SW028 SW029, SW032 & 
SW033 

Designated upgradient on-Base and off-Base 
locations targeting potential off-Base source 
of PFAS entering the Base 

On-Base 
surface water 
drain network 

SW006, SW017,  
SW018, SW019,  
SW021, SW050,  
SW054 

 Targeted sampling locations on-Base along 
the surface water network including Helps 
Road Drain and the Taranaki Drain, includes 
locations within the Southern Detention 
Basin.  

On-Base 
surface water 
exiting the Base 

SW037  Targeted sampling location at the exit point 
of the Western Swale along the southern 
boundary. 

Helps Road 
Drain south of 
the Base 
boundary  

 SW009, SW010,  
SW011, SW012,  
SW062 

Includes proposed sampling locations along 
the Helps Road Drain, entrance and exit to 
Kaurna Park Wetland and  south along Helps 
Road Drain adjacent to Pt Wakefield Rd. 

Kaurna Park 
Wetland 

 SW058, SW059,  
SW078 

Targeted locations within Kaurna Park 
targeting season variations in PFAS 
concentrations. 

*Targeted wells have multiple data applications 

Off-Base monitoring locations will require the agreement of the landholder/leaseholder. A stakeholder 
engagement plan will be prepared to manage this process. 

In addition, targeted groundwater monitoring wells comprising 12 x Q1 Aquifer wells (4 on-Base and 8 
off-Base) and 6 x Q2 Aquifer wells (4 on-Base and 2 off-Base) have been selected for ongoing 
groundwater level gauging to supplement the well network targeted for sampling. These wells have 
been selected to allow adequate characterisation of groundwater flow direction given the significant 
size of the Base and the broader Management Area, and in certain circumstances the considerable 
distance between groundwater monitoring wells. The additional wells are detailed in the table below 
and are shown on Figure 4 in Appendix A.  

Location Description Groundwater Well ID 
On-Base Q1 GW2118, GW2156, GW2163, GW2171 
On-Base Q2 GW2160, GW2164, GW2199, GW2195 
Off-Base Q1 GW2106, GW2230, GW2231, GW2232, GW2245, GW2248, GW2249, GW2251 
Off-Base Q2 GW2233, GW2234 

 

3.5 Sample Analysis  

Samples should be analysed for PFAS in accordance with the PFAS Suite for Defence PFAS 
Investigation and Management as provided in Appendix C. 

In addition, analysis of major cations and anions is proposed for a targeted number of nested well 
locations to examine the water chemistry of the aquifer units by comparison of the ionic composition 
as listed in the table below. These data will be used to identify discernible correlation or trends in 
groundwater chemistry between aquifer units. These data will supplement the measured groundwater 
level data and calculated hydraulic gradients in addition to measured PFAS concentrations, to enable 
better understanding of hydraulic connectivity between the aquifers. 



 

Location Description Relevant Monitoring Wells Aquifer Unit 

On-Base, source area P9 GW2148 Q1 

GW2158 Q2 

GW2272 Q3 

GW2284 Q4 

On-Base, south-western boundary GW2184 Q1 

GW2185 Q2 

GW2281 Q3 

GW2286 Q4 

Off-Base, near inlet of Kaurna 
Park Wetland 

GW2101 Q1 

GW2250 Q2 

GW2277 Q3 

GW2287 Q4 

Off-Base, corner of Heaslip Road 
and Mumford Road 

GW2259 Q1 

GW2268 Q2 

GW2282 Q3 

GW2291 Q4 

 

Only laboratories using NATA accredited methods based on NEPM, US EPA, Table B 15 of the US 
Department of Defence/Department of Energy (US DOD/DoE) and American Society for Testing and 
Materials (ASTM) methods as appropriate shall be utilised.  

Quality control and quality assurances processes will be outlined within the SAQP to be prepared in 
accordance with the guidance provided in Appendix B.  

  



 

4 REPORTING REQUIREMENTS  
4.1 Guidance Documents 

Adopted screening criteria references national guidance in the form of the PFAS National 
Environmental Management Plan, Defence estate and environmental strategies, and Defence PFAS-
specific strategies and guidance. 

The following guidance documents have been considered during the preparation of the OMP: 

• HEPA, 2018. PFAS National Environmental Management Plan, Heads of EPAs Australia and 
New Zealand (HEPA), January 2018.  

• NEPC, 1999. National Environment Protection (Assessment of Site Contamination) Measure 
1999, National Environment Protection Council, December 1999. 

• NHMRC, 2008. Guidelines for Managing Risk in Recreational Water, National Health and 
Medical Research Council, Australian Government, February 2008. 

• NHMRC and NRMMC, 2011. Australian Drinking Water Guidelines Paper 6 National Water 
Quality Management Strategy, National Health and Medical Research Council, and National 
Resource Management Ministerial Council, Commonwealth of Australia, Canberra, October 
2011, Version 3.5 Updated August 2018. 

• South Australia Environment Protection Act 1993. 

• South Australian Environment Protection (Water Quality) Policy 2015. 

• SA EPA Guidelines for the assessment and remediation of site contamination (SA EPA, 
2018) 

• FSANZ, 2017. Perfluorinated chemicals in food, Food Standards Australia New Zealand, 
2017. 

• WA DER, 2017. Contaminated Sites Guideline: Interim Guideline on the Assessment and 
Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS), Version 2.1, 
Government of Western Australia Department of Environment Regulation, January 2017. 

 

4.1.1 PFAS National Environmental Management Plan 

The PFAS NEMP provides the guiding framework for the management of PFAS. For further 
information, see: http://www.epa.vic.gov.au/PFAS_NMP. 

The NEMP aims to provide governments with a consistent, practical, risk-based framework for the 
environmental regulation of PFAS-contaminated materials and sites. The NEMP has been developed 
collaboratively by the Heads of EPAs Australia and New Zealand and the Commonwealth Department 
of Environment and Energy (DoEE) and has been endorsed by the Commonwealth Government. 

The PFAS Response Management Strategy and the requirements of the OMP template and guidance 
conform to the NEMP.  

4.2 PFAS Screening Criteria 

The PFAS NEMP (HEPA, 2018) provides a summary of nationally recognised human health based 
and ecological guidance values (screening criteria) for use in site investigations in Australia, which 
have been adopted as the screening criteria for the OMP. 

The screening criteria in the PFAS NEMP applicable to human health and ecological protection are 
provided for a range of land use and exposure scenarios. The selection of appropriate screening 

http://www.epa.vic.gov.au/PFAS_NMP


 

criteria based on the applicable on-Base and off-Base land use and exposure scenarios is detailed 
below.  

Exposure Scenario / 
Media 

Compound Primary Laboratory LOR Criteria 

Drinking Water 
(groundwater) 

PFOS/PFHxS 0.01 µg/L 0.07 µg/L 

PFOA 0.01 µg/L 0.56 µg/L 

Recreational Water 
(surface water) 

PFOS/PFHxS 0.01 µg/L 0.7 µg/L 

PFOA 0.01 µg/L 5.6 µg/L 

Surface Water 
(Ecological) 

PFOS 0.01 µg/L 0.13 µg/L 

PFOA 0.01 µg/L 220 µg/L 

 

4.3 Reporting 

After each monitoring event, the information and laboratory data collected as part of the works will be 
documented and reported to Defence.  

The data set will be reviewed at the end of each 12-month monitoring period. An interpretative report 
is to be drafted, including recommendations for any potential changes in the location and frequency of 
sampling, with consideration to the points contained in section 5.2. 

4.3.1 Interpretative Report 

The annual report should include, as a minimum: 

• Field works completed (including scope unable to be achieved, such as monitoring well 
access 

• Description of the sampling methodology 
• Compliance with the requirements of the SAQP and meeting stated objectives of the OMP 
• Findings from well gauging including any changes with the monitoring well network including 

access and damage issues 
• Relevant figures depicting sampling locations and site specific hydrogeological features; 
• Laboratory results and analysis including comparison with relevant screening criteria 

identified in section 4.2 
• Assessment and commentary on appropriate QA/QC procedures; 
• Data interpretation including trends in groundwater concentration, gradient and flow 

directions 
• Assessment of statistically based trends that may inform decision making (refer to section 

5.3), and 
• Provision, at a minimum, of groundwater sampling forms, laboratory analytical certifications 

and calibration certificates. 

4.3.1 Stakeholder Engagement 

Analytical results from each monitoring round will be provided to the relevant State or Territory 
regulator, including the annual interpretative report.  



 

Where off-site residential sampling is proposed, a separate letter will be produced to provide to the 
resident with the analytical results of the monitoring event and assessment against relevant guideline 
values.    



 

5 REVIEW AND UPDATE 
5.1 Monitoring of Management Measures 

The OMP will monitor seasonal changes and trends in PFAS concentrations in surface water and 
groundwater over the initial implementation period of three years. 

An extended implementation period may be required to monitor the behaviour of the groundwater 
plume over time as it migrates, reviewing concentration fluctuations and data trends to evaluate 
potential risks to known and potential receptors. Any such requirement for an extended 
implementation period will be assessed as part of the OMP review process (refer section 5.2). 

Each Remedial Action Plan developed for identified management options within the PMAP will require 
an individual monitoring plan with appropriate objective and success measures as relevant to the 
monitoring of that action. 

5.2 Triggers for OMP Review 

Updates to the OMP may be required for several reasons. 

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate guideline values provides an 
evidence base for targeted and effective risk management of PFAS contamination to protect human 
health and environmental receptors currently impacted by PFAS. 

Changes in our understanding of these risks, triggered by this data assessment may inform: 

• an early warning that additional management of PFAS contamination may be warranted in 
areas not currently affected by PFAS. 

• changes detected through the implementation of the OMP may inform a number of risk-
management decisions including: 

• additional investigations  
• re-assessment of one or more remediation or containment actions 
• additional remediation or containment actions 
• changing risk management actions at receptor level (e.g.  provision or cessation of alternate 

drinking water supplies) 

To ensure appropriate responses are undertaken to changes in the recorded monitoring data and 
associated environmental conditions, the following trigger levels and associated responses are 
proposed for both surface water and groundwater media. 

Trigger Response 

First time detection of PFAS in groundwater down 
gradient of the identified PFAS plume (consistent with 
site CSM). 

Request the analytical laboratory to reanalyse the 
sample to verify the detection. 
Review risk profile for identified potential receptors 
including confirmation of exposure pathways. 
Issue Water Use Surveys to licensed extractive 
groundwater users (if not previously completed). 
 

First time detection of PFAS in groundwater cross or 
upgradient to the identified PFAS plume (inconsistent 
with site CSM). 

Request the analytical laboratory to reanalyse the 
sample to verify the detection. 
Resample location within one week and verify 
detection. 
Issue Water Use Surveys to licensed extractive 
groundwater users (if not previously completed). 
 



 

Trigger Response 

Review risk profile for identified potential receptors 
including confirmation of exposure pathways. 
Issue access request letter and consent to sample.  

First time exceedance of human health recreational 
guidelines in surface water off-Site (Helps Road Drain 
and Kaurna Park) 

Request the analytical laboratory to reanalyse the 
sample to verify the detection. 
Resample location within one week of confirmation 
and verify detection. 
Review risk profile for identified potential receptors 
including confirmation of exposure pathways. 
Review management measures and amend if 
required. 
 

First time exceedance of the drinking water guideline 
in groundwater. 

Request the analytical laboratory to reanalyse the 
sample to verify the detection. 
Resample location within one week and verify 
detection. 
Issue Water Use Surveys to licensed extractive 
groundwater users (if not previously completed). 
Issue access request letter and consent to sample   
Review risk profile for identified potential receptors 
including confirmation of exposure pathways. 
 
 

First time exceedance of the drinking water guideline 
in groundwater within the specific Quaternary Aquifer 
units adjacent to registered extractive users of 
groundwater: 
 

1. Q2 GW2173; GW2145 and GW2267 for Q2 
6628-16416; 6628-2686; 6628-14215 and 
6628-2818.  

2. Q3 GW2283 for 6628-27223. 
3. Q4 GW2290 for 6628-3782. 

 

Request the analytical laboratory to reanalyse the 
sample to verify the detection. 
Resample location within one week and verify 
detection. 
Review risk profile for identified potential receptors 
including confirmation of exposure pathways. 
Issue access request letter and consent to sample.   
 
 

First time detection of PFAS in groundwater from the 
private Q2 bore ID 6628-15586  (if consent given for 
ongoing sampling of private bore) 
 

Request the analytical laboratory to reanalyse the 
sample to verify the detection. 
Resample location within one week and verify 
detection. 
Review risk profile for identified potential receptors 
including confirmation of exposure pathway. 
Verbally inform private bore owner of potential 
reportable PFAS concentration and request access 
for verification sampling. 
Review management measures and amend if 
required. 
 

Increasing PFAS trends Immediate review of individual increases in reported 
concentrations (>30%) between successive sampling 
events to assess for changes in risk profile for 
(PFOS/PFHxS or PFOA).  
Review requirement for confirmation sampling.  
Undertake statistical assessment of data to determine 
if data set is sufficient for trend analysis (using the 
non-parametric statistical measure Mann Kendall 
trend test)  
Review data to assess if additional management 
actions are required 

Decreasing PFAS trends Undertake statistical assessment of data to determine 
if data set is sufficient for trend analysis (using the 
non-parametric statistical measure Mann Kendall). 
Assess whether risks have been reduced, potential 
amendment to sampling program 
 

 



 

An update to the OMP may also be triggered by policy changes or through stakeholder engagement 
activities including:  

• changes to State advice on types of exposure-minimisation behaviours (e.g. consumption of 
seafood) 

• changes to State advice on boundaries of a designated management area (e.g. a 
Groundwater Prohibition Area) and the management zones within 

• changes or refinements to the monitoring network, frequency and parameters 
• feedback and information received as a result of on-going community consultation; 
• any significant changes of land use which may occur in the area within the Management Area 

or adjoining land. 
• changes to Defence’s strategic approach to managing PFAS contamination. 

5.3 Monitoring Potential Future Risks 

Supplementary to the triggers and responses identified in Section 5.2, findings from the ongoing 
monitoring will be used to evaluate whether changes have occurred to the risk posed by PFAS 
contaminated groundwater and surface water across the Management Area. This may be achieved 
through: 

• Comparison of our current understanding of the nature and extent of the plume as presented 
in the DSI.  

• This may trigger evaluation of the monitoring program and an updated scope of works.  
• Include relevant site-specific considerations, such as potential changes in known 

concentrations within receiving environments or ecological receptors.   

5.4 Document Review Frequency 

The OMP will be reviewed regularly. The review frequency will be based on site specific 
characteristics and the existing data trend available. The review frequency may be revised during the 
implementation period as more data becomes available. 

Based on the current understanding and existing data, this OMP should be implemented for an initial 
three-year period, and subsequently revised if the monitoring reports trigger this change.  

5.4.1 Existing Knowledge 

The document has been developed on the basis of existing knowledge, current government policy 
settings, and available scientific methodologies and technology at the time of publication. PFAS 
management is a field that is rapidly evolving.  

Over the primary implementation period of the PFAS Management Area Plan, Defence will review and 
update (where necessary) the PMAP at intervals of 12 months to ensure that the document is current, 
and its recommendations are valid. 

The OMP should be subsequently updated in light of the considerations outlined in Section 5 as well 
as reviews and updates to the PMAP to ensure the document is current and its recommendations 
valid. 
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APPENDIX A:  Figures 
Figure 1: Management Area  

Figure 2: Groundwater Monitoring Wells Targeted for Ongoing Monitoring 

Figure 3: Surface Water Sampling Locations Targeted for Ongoing Monitoring  

Figure 4: Additional Groundwater Monitoring Wells Targeted for Gauging Only 
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APPENDIX B: SAQP Guidance 
The objective of the SAQP is to outline the monitoring locations, data quality assurance procedures 
and justify sampling methods and procedures to be used during the monitoring events based on the 
technologies available at the time of monitoring.  

Some text below has been provided for consideration to allow for consistency across the Defence 
program when drafting site specific SAQPs. 

Other standard information may be included within the development stage of the SAQP rather than 
within this OMP, such as decontamination procedures, sample identification, preservation, and 
appropriate record keeping.  

The SAQP will be a stand-alone document that details, at a minimum, the following:  

• Introduction including background and summary of previous investigations; 
• Site setting and conceptual site model; 
• Data Quality Objectives as detailed within the Ongoing Monitoring Plan, and a description of 

any inclusions or deviations from the objective or scope; 
• Field work sampling methodology, equipment and laboratory analysis; 
• Waste management; 
• Quality Assurance/Quality Control procedures; and  
• Fieldwork Documentation. 

Laboratory Analysis 

Within the SAQP, the primary contaminants of concern are defined as PFAS and referenced in 
Guidance Document E – Standard PFAS Analytical Suite for Detailed Site Investigations (Department 
of Defence, 2018a).  

Other contaminants of potential concern are defined as those listed as non-PFAS compounds and are 
not considered as part of this investigation, unless determined necessary to supplement new and 
existing data.   

Laboratory sampling analysis is to be conducted using NATA certified laboratories which will 
implement a quality control plan in accordance with NEPM (1999). 

Sampling Methodology 

Sampling and monitoring should be undertaken in accordance with the Heads of EPAs Australia and 
New Zealand (HEPA), 2018, PFAS National Environmental Management Plan and with requirements 
contained in AS5667.11:1998 Water Quality Sampling Part 11: Guidance on Sampling of 
Groundwaters and Schedule B2 of the ASC NEPM (2013). 

Groundwater Sampling 

Prior to sampling, groundwater wells are to be gauged with an interface water level probe to 
determine depth to water level below top of casing. The location and elevation of groundwater wells is 
to be recorded to inform our current understanding of groundwater flow direction.  

Groundwater samples will be collected from each well with the method consistent with previous 
investigations to allow for comparison of data for trend analysis and evaluation, such as through either 
a low/high flow pump purging or via a hydrosleeve grab sampler.   



 

Physical indicators such as the presence (and percentage) of suspended solids, colour, the 
presence/absence and nature of odours and the presence/absence of slicks or sheens on water 
sampled will be recorded on field sheets. 

Surface Water Sampling 

Surface water samples should be collected in accordance with PFAS NEMP (2018) guidelines.  

Surface water samples should be collected from either mid-way through the water column or 
approximately 0.5 m below the surface (if possible), without disturbing the bottom of the surface water 
body. Samples should be collected without capturing any surface film.   

Quality Control and Quality Assurance Processes 

Both field and laboratory QA/QC processes should be undertaken in accordance with the most recent 
state or national guidance.  

  



 

APPENDIX C: PFAS Analytical Suite 
 

Target analytes Limit of reporting 

Water (low level) (µg/L) 

Perfluoroalkane sulfonic acids   

Perfluorobutane sulfonic acid (PFBS) 0.002 

Perfluoropentane sulfonic acid (PFPeS) 0.002 

Perfluorohexane sulfonic acid (PFHxS) 0.002 

Perfluoroheptane sulfonic acid (PFHpS) 0.002 

Perfluorooctane sulfonic acid (PFOS) 0.002 

Perfluorodecane sulfonic acid (PFDS) 0.002 

Perfluoroalkyl carboxylic acids  

Perfluorobutanoic acid (PFBA) 0.01 

Perfluoropentanoic acid (PFPeA) 0.002 

Perfluorohexanoic acid (PFHxA) 0.002 

Perfluoroheptanoic acid (PFHpA) 0.002 

Perfluorooctanoic acid (PFOA) 0.002 

Perfluorononanoic acid (PFNA) 0.002 

Perfluorodecanoic acid (PFDA) 0.002 

Perfluoroundecanoic acid (PFUnDA) 0.002 

Perfluorododecanoic acid (PFDoDA) 0.002 

Perfluorotridecanoic acid (PFTrDA) 0.002 

Perfluorotetradecanoic acid (PFTeDA) 0.005 

Perfluoroalkyl sulfonamides  

Perfluorooctane sulfonamide (FOSA) 0.002 

N-Methyl perfluorooctane sulfonamide (MeFOSA) 0.005 

N-Ethyl perfluorooctane sulfonamide (EtFOSA) 0.005 

N-Methyl perfluorooctane sulfonamidoethanol (MeFOSE) 0.005 

N-Ethyl perfluorooctane sulfonamidoethanol (EtFOSE) 0.005 



 

Target analytes Limit of reporting 

Water (low level) (µg/L) 

N-Methyl perfluorooctane sulfonamidoacetic acid 
(MeFOSAA) 

0.002 

N-Ethyl perfluorooctane sulfonamidoacetic acid (EtFOSAA) 0.002 

(n:2) Fluorotelomer sulfonic acids   

4:2 Fluorotelomer sulfonic acid (4:2 FTS) 0.005 

6:2 Fluorotelomer sulfonic acid (6:2 FTS) 0.005 

8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.005 

10:2 Fluorotelomer sulfonic acid (10:2 FTS) 0.005 
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