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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for Australian Army Holsworthy 

Barracks. 

This PMAP sets out a plan for Defence to manage the elevated risks of PFAS contamination on 

and emanating from the Holsworthy Barracks, as identified in: 

• the Detailed Site Investigation report of November 2018 (CH2M, 2018) 

• the outcomes of the Human Health and Ecological Risk Assessment (HHERA) of April 2020 

(CH2M, 2020) 

It also documents the options development and assessment process, and rationale for the 

proposed response actions to manage those risks.  

This PMAP will be published on the Defence website and 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 actions 

• 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 

Purpose 

The PFAS Management Area Plan (PMAP) for Holsworthy Army Barracks (Holsworthy) is a roadmap 

detailing the management measures to address soil and water contamination concerns and potential 

risks resulting from polyfluoroalkyl substances (PFAS) on and from the Defence estate. Defence 

previously operated the Liverpool Fire Station (LFS), including training with fire fighting foam that 

contained PFAS. While the LFS is now owned and operated by Fire and Rescue NSW, this PMAP 

also discusses management options associated with the LFS and surrounding area. 

Background 

The Holsworthy Military Area currently includes approximately 18,484 Ha of land in southwest 

Sydney, approximately 25 km from the central business district. The area has been used as an 

artillery range since 1913 with the first barracks developed in 1951. 

Aqueous Film-Forming Foam (AFFF) products, which contain PFAS, have historically been used at 

Holsworthy for fire fighting and fire fighting training. Defence commenced an environmental 

investigation of PFAS at Holsworthy and the surrounding areas in June 2017. This investigation has 

involved Preliminary and Detailed Site Investigations as well as a Human Health and Ecological Risk 

Assessment. 

The environmental investigation identified key sources of PFAS at the following areas on the 

Holsworthy property: 

• Former 85 Transport Area (including the Old Pass Office Area which is also known as the 
Estate Maintenance and Operation Support (EMOS) yard). 

• Former Luscombe Sewage Disposal Area. 

• Luscombe Airfield Runway. 

• Former Sewage Treatment Plant (STP) Area. 

• LFS and surrounding area. 

Training with fire fighting foams at the LFS has led to PFAS impacts at the property in soil, 

groundwater and in surface water in stormwater pits exceeding guideline values.  Sediments and 

surface water in a stormwater drain that runs beside Anzac Road and discharges into Anzac Creek 

also exceed guideline values. Prior to the development of the surrounding residential properties in the 

late 1990s or early 2000s, training occurred in areas outside of the LFS property. While access to 

private residential properties has been constrained, sampling of soil and home-grown produce at 

some properties has confirmed the presence of PFAS at concentrations exceeding guideline values.  

It is also likely that PFAS concentrations in groundwater would also exceed guideline values in this 

area. 

Harris Creek, Williams Creek, Deadmans Creek, Complete Creek and Anzac Creek all drain surface 

water across Holsworthy and the area north of Holsworthy to the Georges River. Sampling of surface 

water and sediment in these creeks has confirmed that PFAS is being transported from the PFAS 

source areas as well as other, more diffuse areas or PFAS, to the river. 

The environmental investigation also identified the presence of PFAS in groundwater, including 

discontinuous groundwater in the soils as well as groundwater in the shale and sandstone bedrock. 

Groundwater in the bedrock generally flows towards the north, north east or north west in the direction 

of the Georges River. 
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There are several other sources of PFAS discharges to the Georges River including Bankstown 

Airport, the former Defence lands at Moorebank, multiple landfills, multiple fire stations, multiple 

wastewater treatment facilities, and multiple industrial facilities. Estimates have indicated that 

Holsworthy is a minor contributor to overall PFAS concentrations in the river, representing about 10% 

of overall PFAS load. In terms of the minor discharges from Holsworthy, surface water is likely the 

main transport pathway rather than groundwater discharges. 

Risk assessment 

The Human Health and Ecological Risk Assessment did not identify any current risks to human health 

for the sample locations tested and present land use activities. However, the following potential risks 

were identified: 

• The use of surface water or groundwater for drinking water purposes or other beneficial 

uses could present a risk to human health. The risk assessment noted that potable water is 

currently sourced from the Sydney Water network and that future use of surface water or 

groundwater is considered highly unlikely for the foreseeable future. 

• The risk assessment noted potential risks may be present at properties near the LFS where 

soil and / or home-grown produce has not been sampled. The risk assessment also noted 

the presence of rainwater tanks at some properties and the potential for water in these 

tanks to be PFAS impacted due to wind-blown aerosol or dust from the LFS. 

• Consumption of fish or seafood from the Georges River and its tributaries could present a 

human health risk to recreational fishers. It is noted that there are other sources of PFAS 

discharges to the Georges River and the NSW Government has implemented dietary advice 

for recreational fishers. 

• The risk assessment identified potential elevated direct toxicity risks to aquatic ecology in 

the Former Luscombe Sewage Disposal Area, the Former 85 Transport Area and the 

Cantonment and Driver Training Area.  

• Potential elevated risks to aquatic ecology through bioaccumulation and/or biomagnification 

were identified at surface water bodies within Holsworthy as well as the Georges River and 

its tributaries. 

Management area 

The Management Area includes on-property and off-property areas where the PFAS sources were 

identified as follows: 

- On-property:  

o Luscombe Airfield. 

o Former Sewage Treatment Plant (STP) Area. 

o Former 85 Transport Area. 

- Off-property: 

o Liverpool Fire Station and surrounding area. 

As noted above, access to the residential properties around LFS has been constrained and therefore 

sampling to delineate the extent of PFAS impacts in soil, groundwater and home-grown produce for 

this area has not been possible. The Management Area boundaries for this area have therefore been 

estimated and will require confirmation through further investigations. 

Recommended management actions 

Management options identification and analysis for Holsworthy focussed on the PFAS source areas. 

Options to treat or manage groundwater outside of the source areas have not been considered, 

largely because groundwater is unlikely to be used for drinking water or other domestic uses in the 
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future and groundwater is unlikely to be a significant pathway for PFAS discharge to the Georges 

River. 

PFAS concentrations at most of the on-property source areas are generally low level and diffuse. 

Therefore, remedial actions in these areas are unlikely to result in significant reductions to overall 

PFAS concentrations in surface water bodies. However, the Old Pass Office area within the Former 

85 Transport Area has the highest identified mass of PFAS and an inferred overland drainage path to 

the Georges River. The area has limited current use and therefore remedial actions are unlikely to 

disrupt Defence operations. Therefore, remediation of this area is recommended. 

While significant PFAS concentrations were identified in soil at the LFS, the mechanisms for PFAS 

migration in surface water and relative contribution of this source to impacts in Anzac Creek and the 

Georges River are not well understood. Therefore, remedial actions at the LFS are not currently 

recommended. The OMP includes surface water monitoring upstream and downstream of the LFS 

drainage discharge points to enable further assessment of impacts from this source. The OMP also 

includes further investigation of perched groundwater around the LFS. The need for, and nature of, 

remedial actions can then be further evaluated during future updates of this PMAP. 

Options analysis for the residential properties surrounding the LFS has not been undertaken. Further 

investigation is required to delineate the extent of impacts in this area and the associated risks. It is 

likely that risks and available management options will be specific for each property. 

Based on the options analysis undertaken for this PMAP, the following management actions are 

recommended: 

Action 1: Undertake remedial works in the Old Pass Office area of the Former 85 Transport 

Area. A Remedial Action Plan (RAP) will be required to guide the extent of the work. 

However, the work is likely to involve demolition of the wash down bay, drainage 

structures and any other PFAS impacted infrastructure. This will be followed by 

excavation of PFAS impacted soil, placement of soil in a purpose-built containment 

cell on property and use of clean fill to restore the excavated area. The potential for 

stabilisation or immobilisation of the excavated material prior to placement in the 

storage area will be further considered as part of the RAP. 

Action 2: Undertake further investigations of soil, home grown produce, rainwater tanks and 

perched groundwater in the residential area around the Liverpool Fire Station. Where 

these investigations identify elevated risks, develop appropriate management actions 

in consultation with the property owners and NSW agencies. 

Action 3: Implement an Ongoing Monitoring Plan (OMP) to monitor changes in PFAS 

concentrations at Holsworthy and in the surface water bodies that drain to the 

Georges River. 

PMAP Review and Update 

Ongoing implementation of the PMAP (including the OMP) will be subject to continuing annual review 

and update, to ensure documentation remains current and relevant, and reflects the results of the 

OMP (as described above) and advances in information and technology (based on ongoing 

technology performance assessment and review). Where changes to the PMAP and/or OMP occur, 

they will be communicated and discussed with the community and other stakeholders, including 

relevant local, NSW and Commonwealth government authorities. 
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GLOSSARY  

ASS Acid sulphate soils 

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 

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 

Guideline value Concentration of a contaminant above which further appropriate 

investigation and evaluation will be required 

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 

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) 

Ongoing Monitoring Plan 

(OMP) 

The ongoing monitoring plan forming a part of this PMAP as set out in 

Section 5 and Attachment 1. 

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

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. 
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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). 

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 Australian Army Holsworthy Barracks (Holsworthy) and surrounding areas, consistent 

with the PFAS National Environmental Management Plan (NEMP) (HEPA, 2018). 

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 NSW Environment Protection Authority (EPA) and other relevant State and Local agencies have 

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 2019, the Environmental Health Standing Committee (enHealth)1, published 

guidance statements advising that although the scientific evidence in humans is limited, reviews and 

scientific research to date have provided fairly consistent reports of an association with several health 

effects. The health effects reported in these associations are generally small and within normal 

ranges for the whole population. There is also limited to no evidence of human disease or other 

clinically significant harm resulting from PFAS exposure at this time.2 However, due to the 

uncertainties in the current scientific evidence and since these chemicals remain in humans and the 

environment for many years, enHealth recommends exposure to PFAS be minimised wherever 

possible.  

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 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 
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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 

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 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. 

                                                      

 

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

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 section presents the site-management process and the roles of the PMAP 

and related project documentation. 

1.4.4 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 
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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 (DSI) report of November 2018 (CH2M, 2018), and 

• the Human Health and Ecological Risk Assessment (HHERA) of April, 2020 (CH2M, 
2020)  

to inform risk identification and weighting for the Management Area. 

The key parameters for the PMAP are set out below. 

Management Area The Management Area includes on-property and off-property areas 

where the PFAS sources were identified as follows: 

- On-property:  

o Luscombe Airfield 

o Former Sewage Treatment Plant (STP) Area 

o Former 85 Transport Area 

- Off-property: 

o Liverpool Fire Station and surrounding area 

The on-property sources are located within the boundaries of 

Holsworthy. The Liverpool Fire Station (LFS) is currently owned by 

NSW Fire and Rescue and therefore the LFS property and 

surrounding area has been defined as “off-property”. 

It is noted that the boundary of the Management Area around LFS is 

approximate and needs to be defined through further investigation. 

The Management Area is described in further detail in Section 2.1 

and defined in Figure 3, Appendix F. 

Issue/risk identification The following elevated risks were identified in the HHERA: 

• On-property: The use of surface water or groundwater for 

drinking water or other beneficial uses could present a risk 

to human health. The HHERA noted that potable water is 

currently sourced from the Sydney Water network and that 

future use of surface water or groundwater is considered 

highly unlikely for the foreseeable future. 

• On-property: The HHERA identified potential elevated 

direct toxicity risks to aquatic ecology in the Former 

Luscombe Sewage Disposal Area , the Former 85 

Transport Area and the Cantonment and Driver Training 

Area. Potential elevated risks to aquatic ecology through 

bioaccumulation and/or biomagnification were identified 

across Holsworthy. 

• Off-Property: The use of surface water or groundwater for 

drinking water or other beneficial uses in off-property 

areas could also present an unacceptable risk to human 

health. However, as for Holsworthy, the off-property areas 

are part of the Sydney Water supply network and use of 
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surface water or groundwater is considered highly unlikely 

for the foreseeable future. 

• Off-property: No current risks to human health in the 

residential properties around the LFS were identified in 

the HHERA based on sampling of soil and home-grown 

produce conducted. However, the HHERA noted potential 

risks may be present at properties where soil and / or 

home-grown produce has not been sampled. The HHERA 

also noted the presence of rainwater tanks at some 

properties and the potential for water in these tanks to be 

PFAS impacted due to wind blown aerosol or dust from 

the LFS. 

• Off-property: Consumption of fish or seafood from the 

Georges River and its tributaries could present a human 

health risk to recreational fishers. There is existing NSW 

Government dietary advice in place for the Georges River 

to manage this risk.  

• Off-property: Potential elevated risks to aquatic ecology 

through bioaccumulation and/or biomagnification were 

identified for the Georges River and its tributaries. 

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. These 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. 

Review and Revision Defence will review and update (where necessary) the PMAP at 

intervals of 12 months to ensure that the document is current, and 

its recommendations remain valid. This review will also include 

ongoing technology performance assessment and review. 
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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. 

Any works or 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. 

Remedial Action Plans (RAPs) will be developed to better define individual planned remediation 

actions. The RAPs will describe the purpose and objectives of the remediation, evaluate and 

determine the remediation options, and set out performance measures. The RAPs will also define the 

source / pathway that will be addressed. Further information about RAPs is included in Section 5.1.3. 

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 before 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 Section 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, refer 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 (e.g. 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 (e.g., 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 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 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 and constraints:  

• The state of knowledge presented within the DSI completed in 2018 and the HHERA 

completed in 2019, including: 

o Historical use of AFFF 

o PFAS results (on- and off-Base) 

o Conceptual site model 

o Community surveys. 

• Proposed management/remediation options based on current proven technology available at 

the time of writing this document: 

o Management and remedial technologies summarised in the PFAS NEMP 

o Additional technologies based on successful trials within and outside of Australia 

(based on publicly available information) 

o Technologies that are not considered economically viable or feasible for use at the 

Management Area have been excluded (as recommended in PFAS NEMP). 
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However, Defence will annually review and assess remediation technologies and 

their applicability to the management of PFAS at Holsworthy. 

• Government issued guidelines, advisories and policies 

• Base infrastructure development and access constraints at the time of this report 
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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 

The Holsworthy Military Area currently includes approximately 18,484 Ha of land in southwest 

Sydney, approximately 25 km from the central business district. The area has been used as an 

artillery range since 1913 with the first barracks developed in 1951. 

Holsworthy is an operational facility, divided into sectors according to their principal uses (Figure 1, 

Appendix F).  

Holsworthy has an equivalent full-time population of over 4,000 service and civilian personnel. In 

addition, approximately 4,000 reservists and trainees’ transit through the site each year (Defence, 

2012a). Service and civilian personnel stay in unit-style residential accommodations within the 

Cantonment area. Amenities for personnel include a recreational hall, sporting ovals, and associated 

facilities. 

The Management Area comprises the PFAS source areas at Holsworthy (on-property) and the 

Liverpool Fire Station and surrounding area (off-property). The Management Area is identified on 

Figure 3, Appendix F and described in more detail below. 

On-property areas 

• Former 85 Transport Area - This area is in the northwest portion of the property, on the 

eastern side of Moorebank Avenue, approximately 150 m south of the Cambridge Avenue 

intersection. It includes the main former 85 Transport yard, and another area approximately 

300 m further south (connected via a track adjacent to Moorebank Ave). The southern portion 

is also referred to as the 'Old Pass Office' area or the Estate Maintenance and Operation 

Support (EMOS) yard. The northern portion is a former transport yard which had bulk fuel and 

AFFF storage. The period of use of the northern portion of the area is unknown, other than it 

is not currently in use and it was demolished during the DSI and is now a levelled, grassed 

area. The Old Pass Office area was historically a headquarters for the Emergency Response 

Squadron (c. 2000 for 2-3 years). It has since been used in part as a wash bay and as the 

EMOS storage yard. 

 

• Former STP Area - The former STP comprises a large open grassed area in the north of the 

property. There is some former STP infrastructure remaining, including several lagoons, 

ponds, drying beds, and tanks. It was constructed in early 1950s, upgraded in 1970s, and 

decommissioned in 2008. 

 

• Luscombe Airfield – This area is approximately 2km south of the Cantonment. It includes the 

Luscombe Airfield Runway and former Luscombe sewage disposal area. While the area also 

includes the former Luscombe Airfield fire truck area and the former 171SQN Fire Training 

Area, these areas were found to be not significant PFAS source areas in the DSI. 

Off-property area 

• Liverpool Fire Station and surrounding area – The LFS is located approximately 2 km north of 

the Cantonment on the corner of Anzac Road and Delfin Drive. The LFS is a former Army fire 

station and AFFF storage facility that was utilised by Defence from circa 1970 to 2000, when 

it was transferred to Fire and Rescue NSW, who have operated out of the facility to the 

present. Residential properties surrounding the LFS were developed in the late 1990s and 
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early 2000s. Anecdotal information indicates that fire training exercise were conducted by 

Defence in the area near LFS prior to the development of the residential properties. Sampling 

conducted for the DSI identified PFAS in groundwater, surface water in stormwater pits and 

edible produce at the LFS exceeded guideline values. Elevated PFAS concentrations 

exceeding guideline values have also been measured in sediment and surface water in the 

stormwater drain that accepts discharges from the LFS, runs beside Anzac Road and 

discharges into Anzac Creek. Sampling conducted for the DSI also identified PFAS in soil in 

several residential properties that exceeded the human health guideline for residential with 

garden / accessible soil. It is likely that PFAS concentrations in groundwater would also 

exceed guideline values in this area given the concentrations measured at the LFS. The 

extent of impacts in the residential area around LFS was not able to be determined due to 

constraints in accessing private property. Therefore, the boundary of the Management Area 

around LFS is currently approximate only.  

2.2 Management Area setting 

2.2.1 Climate 

Weather data collection at Holsworthy Range Control (BoM ID 067117) ceased in 2014. However, 

Bankstown Airport (066137) is approximately 5.8 km north-west, is currently operational, and has 

operated since 1968. Mean rainfall values were therefore calculated for the period 1968-2019 from 

Bankstown Airport. The mean monthly rainfall is presented in Figure 3 below. The annual mean 

rainfall is 871.8 mm, and rainfall is higher in the January to April months (averaging approximately 80-

100 mm per month) and lower in July to October (averaging approximately 40-60 mm per month). 

 

 

Figure 3 - Mean Monthly Rainfall (mm) at Bankstown Airport 1969-2019 

Most of the operational land at Holsworthy is concentrated in the northern portion, with the remainder 

comprising bushland. With such a large portion of the property comprising bushland, there is a known 

history of bushfires occurring. Various portions of Holsworthy experienced bushfires in April and 

August 2018. Correspondence from Defence indicates that the current protocol is for bushfires to be 

monitored and intervened with when necessary to protect infrastructure. It is noted that Class A 

Bushfire Fighting Foam (Forexpan) was reported to have been utilised by the NSW Rural Fire Service 

during the April and August 2018 bushfires in isolated incidents to ‘blacken out’ (i.e. smother trees or 
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stumps still smouldering). The isolated use of Class A Bushfire Foam is not expected to influence the 

data obtained during this DSI, as these products do not contain PFAS. 

2.2.2  Topography 

Holsworthy and the surrounding area are characterised by variable terrain, with site topography 

ranging from gently undulating crests, ridges and plateaus (relief between 10 and 50 m and slopes 

<10%) to rugged, steep hills (relief between 100 and 200 m and slopes > 50%). Ground surface 

elevations are highest to the south of the range areas, at over 300 m AHD, and generally decline 

towards the north, where they are typically less than 10 m AHD.  

2.2.3  Surface Water 

Catchment Drainage 

Holsworthy is located within the upper Georges River catchment, which being close to Sydney, is one 

of the most urbanised catchments in Australia. The Georges River begins near the community of 

Appin, from where it flows in a northerly direction towards Liverpool, and then easterly before 

discharging into Botany Bay. Downstream of the north-western corner of Holsworthy, the Georges 

River transitions from an upper, freshwater section bound by the Liverpool Weir and, below that, to a 

lower estuarine section. 

The Georges River marks the western boundary of much of Holsworthy and receives flow from 

several tributaries draining the site (Figure 1, Appendix F), including:  

• Harris Creek – one of the larger creeks on Holsworthy and is located west of the main 
barracks area.  

• Williams Creek – the other large creek on Holsworthy and is located to the east of the 
main barracks area. It merges with Harris Creek at a location just north of the Former 
STP Area before discharging a short distance later into the estuarine Georges River.  

• Deadmans Creek – flows across the eastern portion of Holsworthy and is not near any 
significant site infrastructure.  

• Complete Creek – is relatively small and merges with Harris Creek approximately 500 m 
west of Luscombe Airfield.  

• Anzac Creek – flows northwest from a location just north of Holsworthy (the former Royal 
Australian Engineers Golf Club, now part of the Moorebank Intermodal Terminal 
development) towards Wattle Grove, before turning north towards Anzac Road. The 
uppermost portion of the Anzac Creek catchment extends onto Holsworthy (BMT WBM, 
2009). 

According to site plans (dated July 2013) provided by Defence, Holsworthy has an extensive 

stormwater drainage system, with most of the infrastructure in the main barracks area. The plans 

indicate that the stormwater drains discharge to either unsealed (e.g. grass, dirt) regions of the 

property, to settling ponds, or to creek lines. The ultimate discharge of stormwater from most 

developed areas of Holsworthy is to Harris or Williams Creeks, except for the north west portion of the 

site (including the former 85 Transport area) where surface water run-off is expected to reach the 

upper portion of Anzac Creek. Overland flow from the southern part of the Former 85 Transport area 

(Old Pass Office Area) is uncertain but is inferred to flow towards the Georges River in the west and 

to Anzac Creek in the north. Overland flow in the undeveloped area in the southern portion of 

Holsworthy would drain to Deadmans Creek. 

2.2.4  Flora and Fauna  

The following specific communities or species are highlighted as being of potentially high value and in 

areas that may have received PFAS impacts that may be linked to Holsworthy. 



PMAP – Australian Army Holsworthy Barracks 
 

 

24 
 

On-Property 

• Cumberland Plain Shale Woodlands and Transition Forests – Commonwealth listed as 
Critically Endangered. Present in areas adjacent to Luscombe Airfield and along Harris 
Creek. 

• Koala (Phascolarctos cinereus) – Commonwealth and NSW listed Vulnerable. “Core 
Koala habitat” under NSW State Environmental Planning Policy (SEPP) No. 44 east of 
Luscombe Airfield. Also recorded specimens adjacent to Luscombe Airfield, Williams 
Creek near Holsworthy STP, and along and near Deadmans Creek. 

• Small-flower Grevillea (Grevillea parviflora) – Commonwealth and NSW listed Vulnerable. 
Recorded adjacent to Luscombe Airfield and along Williams Creek. 

• Green and Golden Bell Frog (GGBF - Litoria aurea) habitat – identified along Harris 
Creek. 

• Southern Myotis (Myotis macropus, a bat species) – NSW listed Vulnerable. Recorded 
along Harris and Williams Creeks 

• Powerful Owl (Ninox strenua)– NSW listed Vulnerable – recorded along Williams Creek 

• Grey-headed Flying-fox (Pteropus poliocephalus) – Commonwealth and NSW listed 
Vulnerable. Recorded along Williams Creek. 

• Red-crowned Toadlet (Pseudophryne australis) – NSW listed Vulnerable. Recorded in 
Williams Creek tributaries. 

Off-Property  

• Voyager Point Wetland (Figure 2, Appendix F) – this Nationally Important Wetland (one 
of the most intact of those remaining in western Sydney) is a low-lying area of freshwater 
wetland cut off from the Georges River by a levee bank, in addition to estuarine 
sedgeland and herbland near the mouth of Williams Creek (DoEE, 20106). Voyager Point 
wetland supports vegetation communities not well protected in the region (e.g. estuarine 
sedgeland and freshwater reedland), and provides habitat for listed threatened and 
migratory species, including: 

– Nodding geebung (Persoonia nutans) – a Commonwealth and NSW listed Endangered 
flora species that has been recorded in the north west of the wetland.   

– Marine and/or migratory listed species – the Great Egret (Ardea alba) and White Bellied 
Sea Eagle (Haliaeetus leucogaster). 

• GGBF– Commonwealth listed Vulnerable and NSW listed Endangered. The Georges 
River population is one of eight known populations in the Sydney basin. Most of the 
known Georges River GGBF population is in the Hammondville area near Lieutenant 
Cantello Reserve and Voyager Point, including Williams Creek and Harris Creek.   

2.2.5 Regional Geology 

The geology and geomorphology of Holsworthy has been summarised in several previous reports, 

including ERM 2003 – Holsworthy Program of Works, Environmental Impact Assessment, Woodhead 

2006 – Holsworthy Training Area Heritage and Environment Management Plan, and the GHD 2012 

Stage 1 and 2 Environmental Site Assessments (GHD, 2012a and 2012b). 

The 1:100,000 Wollongong – Port Hacking and Penrith Geological Series Sheets (Stroud et al., 1985) 

indicate that Holsworthy and surrounding area are chiefly underlain by Triassic bedrock, which is in 

turn overlain by Quaternary and Tertiary age alluvium. The Triassic bedrock units comprise the 

                                                      

 

6 It is noted that DoEE, 2010 is no longer available in hard copy and the online directory was referred to, which has not changed from DoEE, 2010. 



PMAP – Australian Army Holsworthy Barracks 
 

 

25 
 

Hawkesbury Sandstone, the Wianamatta Group, and the Mittagong Formation. However, the 

Mittagong Formation appears to be generally absent from Holsworthy. There are numerous other 

underlying formations in the area, including the Narrabeen Group sandstones and the Permian 

Illawarra Coal Measures. However, these units have little relevance to the study area and will not be 

discussed further. The principle units relevant to Holsworthy are described further below. 

Hawkesbury Sandstone 

The Hawkesbury Sandstone dominates the Sydney region, thickening from its western and southern 

outcrop margins in the Blue Mountains and the Illawarra. This sandstone is generally described as a 

medium to coarse-grained quartz sandstone, with interbedded siltstone, and finer-grained sandstone 

and shale lenses common throughout. Most of Holsworthy is underlain by the Hawkesbury 

Sandstone, especially in the upper elevation areas of the site. Many of the typical features of 

Hawkesbury Sandstone, such as cavernous weathering, cross-bedding, lateral and joint erosions and 

deeply incised rivers and creeks, are retained throughout the site. 

The sandstone aquifers of the Hawkesbury Sandstone are generally unconfined to semi-confined and 

have: a transmissivity of 1 to 5 square metres per day (m2/day); a horizontal hydraulic conductivity of 

0.1 metres per day (m/day); and a vertical hydraulic conductivity ranging from 0.05 to 6 x 10-4 m/day 

(AGL, 2013). The aquifer is interpreted to be a layered system, with groundwater occurring in discrete 

horizons with little vertical connectivity. Groundwater is controlled by the topography, with flow 

generally being in the direction of nearby watercourses. Water quality ranges from fresh to slightly 

saline and can vary significantly spatially (AGL, 2013). Aquifer recharge is generally via direct 

infiltration of rainfall, from infiltrating run-off, and by minor inter-aquifer leakage (McKibbon & Smith, 

2000; AGL, 2013). 

Castroa et al (2009) collated a large dataset on the fracture properties of Hawkesbury Sandstone and 

concluded that sub-horizontal (less than 45 degree) defects comprised most of the total defects 

(68%). The number of sub-horizontal defects was found to decrease with depth, and most remaining 

defects were at an angle greater than 65 degrees. Few defects were found angled in the range of 30 

to 65 degrees. These findings confirm the generally observed groundwater flow in Hawkesbury 

Sandstone, with lateral flow along the sub-horizontal defects. Flow pathways to these horizontal 

fractures from surface soils, shallow unconsolidated aquifers and other bedding plane fractures is 

provided by high-angle fractures, which are often joints. This flow regime can provide a pathway from 

shallow sources to deeper aquifers, which may in turn discharge to the surface where exposed in 

valleys. 

Wianamatta Group 

The shales of the Wianamatta Group, particularly the Ashfield Shale, overlie the Hawkesbury 

Sandstone and have largely been eroded away. However, significant outcrops do exist at Holsworthy, 

underlying parts of the main barracks area and the small arms firing ranges. Groundwater in the 

Wianamatta Group is generally brackish to saline (TDS values generally exceed 3,000 milligrams per 

litre [mg/L]), especially in the low-relief areas of western Sydney such as the study area. These shales 

are generally considered aquitards and the Ashfield Shale has an approximate transmissivity of 

4 m2/day (SCA, 2007; AGL, 2013). 

Alluvium 

The Moorebank area where LFS is located is chiefly underlain by Quaternary alluvial sediments, 

which also extend onto the northern portion of the main barracks area, including the STP site. The 

sediments are described as consisting primarily of fluvial sand, silt and clay. 
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Acid Sulfate Soils 

According to the Liverpool City Council MacroGis website, soils at the Former STP Area are 

categorised as having Class 2, 4 and 5 land that presents a risk to the environment due to the 

presence of acid sulfate soils (ASS). Class 2 represents the higher of the three risk levels, and relates 

to works conducted below natural ground surface, or which would likely cause the water table to be 

lowered. At Holsworthy, Class 5 land is present along the northern and northeastern property line. For 

lands in this class, works within 500 m of Class 1, 2, 3 or 4 land that is below 5 m AHD is considered 

to pose an environmental risk due to ASS. 

2.2.6 Hydrogeology 

The GHD (2012b) investigations revealed that Holsworthy is generally underlain by a thin veneer of 

fill, followed by residual soils overlying either sandstone or shale bedrock. The fill, which was only 

intermittently encountered, reached a maximum depth of approximately 4 m below ground surface 

(mbgs) and was comprised primarily of clay and sandy clay with occasional fragments of brick, 

concrete, glass, wood, tiles, bullets, shrapnel, and metal. Below the fill (where present) are residual 

soils comprised of clay, gravelly clay, sandy clay, clayey sand, sand, and gravel, which range in 

thickness from as little as a few centimetres to as much as 15 m. Underlying the residual soils at most 

locations across Holsworthy is fine to medium-grained sandstone bedrock (the Hawkesbury 

Sandstone). In other areas, the residual soils are instead underlain by dark grey to black shale (the 

Ashfield Shale). Depth to bedrock ranges from as little as a few centimetres to as much as 9 m. Depth 

to groundwater (where encountered) was equally as variable, ranging from less than a metre bgs to 

more 10 to 15 mbgs. 

GHD (2012b) and the DSI identified highly localised areas of shallow perched groundwater within fill 

material. Elsewhere across the site, groundwater is present within the alluvial soil, sandstone or shale 

bedrock. The presence of groundwater in alluvial soils is more common in lower elevation areas such 

as the Former STP Area. 

In the western portion of Holsworthy, groundwater flow direction (within the shale) was shown to be 

towards the northwest. In the Cantonment area, groundwater flow direction (within the sandstone) 

was shown to be towards the north. The previously inferred flow directions are generally consistent 

with the dip direction of local topography. 

At the Former STP Area, subsurface investigations conducted by RUST PPK (1995) demonstrated 

that the property is underlain by fill (or where absent, topsoil), followed by alluvial (silty sand, clayey 

sand, clay, silty clay and sandy clay) overlying sandstone bedrock. The fill, where present, had a 

thickness of up to 1.8 m and was comprised primarily of soil mixed with sludge, screenings and grit 

with lesser amounts of building rubble and refuse. Sandstone bedrock was encountered at depths 

ranging from 1.6 to 6.4 m below ground surface. 

During the DSI, investigations in the Former STP Area were limited to the shallow alluvial aquifer 

where the depth to groundwater was identified between approximately 1.6 to 4.7 mbgs. The 

groundwater potentiometric surface for the shallow alluvial aquifer indicated groundwater flows 

generally towards the north and Williams and Harris Creeks. 

In the LFS area, fill material was encountered from 0.3 mbgs to 3 mbgs at most locations investigated 

during the DSI. Fill material is underlain by alluvial deposits and then bedrock. The DSI did not include 

investigation of the bedrock. Shallow perched groundwater (localised and discontinuous) was 

identified close to Anzac Road. Groundwater was also encountered in the clayey alluvial deposit. 
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2.2.7 Current and Projected Land Uses Surrounding the Management Area 

Current Land Uses 

The uses of land surrounding the Holsworthy Base are summarised in Table 1 below and are 

presented on Figure 2, Appendix F.  

Because of the urban setting of the areas north of Holsworthy, there is the potential that off-property 

activities and/or businesses may have used or generated wastes containing PFAS for various 

purposes. This includes: manufacturing facilities in the Liverpool area; an airport; industrial fires; 

wastewater treatment plants; landfills; and fire stations.  

Table 1: Land Uses surrounding the Holsworthy Base 

Direction Description 

North To the north of Holsworthy are the suburbs of Moorebank, Casula, Holsworthy Village, 
East Hills, Voyager Point, Mornington and Hammondville. Moorebank is chiefly 
composed of industrial sites, while the other suburbs are low- and medium-density 
residential communities. Bankstown Airport and several former and current landfills are 
also present to the north. The Former STP Area which is part of Holsworthy, is located 
to the north of the Cantonment Area. There is a public recreational area (Moorebank 
Sports Club) immediately west of the Former STP Area. Two waste facilities are 
located further north of the Former STP area, on the western side of the Georges 
River. 

South Holsworthy is bounded to the south by Heathcote National Park, and the Sydney water 
catchment prohibited area (including Woronora Dam). Further to the south is Dharawal 
National Park.  

East Heathcote National Park forms the southern section of the eastern boundary, followed 
by the industrial suburbs of Lucas Heights (including the Lucas Heights Landfill and the 
Australian Nuclear Science and Technology Organisation) and the Georges River 
National Park in the north-eastern corner.  

West The western boundary is delineated by the east bank of the Georges River. Beyond the 
river, following residential and industrial suburbs stretch from north to south: Casula, 
Glenfield, Macquarie Fields, Ingleburn, Long Point, Minto Heights, Leumeah, Airds, 
Bradbury, and St Helens Park. 

The LFS on Anzac Road is bounded by residential dwellings to the east (across Delfin Drive) and 

north, by the Moorebank Business Park to the west, and by Anzac Road and the Defence Joint 

Logistics Unit East facility to the south. 

Projected Land Uses 

It is anticipated that the land uses surrounding Holsworthy will remain reasonably similar for the 

foreseeable future. There is the potential for industrial land in Moorebank to be redeveloped for 

residential communities; however, the current development of the Moorebank Intermodal Terminal 

indicates a continued industrial/commercial land use for the foreseeable future. Additionally, 

Heathcote National Park, the Sydney Water catchment, and Georges River National Park are noted to 

be protected under NSW legislation and are unlikely to be redeveloped. 

 

 



PMAP – Australian Army Holsworthy Barracks 
 

 

28 
 

2.3 Management Area complexity scale 

The scale of the complexity of the Management Area is rated as Medium 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 

This section provides a high level summary of the identified PFAS sources for Holsworthy, the 

migration pathways and the receiving water body (Georges River). More detailed information is 

available in the DSI and HHERA. 

2.4.1 PFAS Source Areas 

Five PFAS source areas were identified following the DSI. These areas were: 

• Former 85 Transport Area (predominantly the Old Pass Office area – PFAS in 
soil/sediment, surface water and groundwater). 

• Former Luscombe Sewage Disposal Area (PFAS in soil, surface water and groundwater). 

• Luscombe Airfield Runway (PFAS in soil/sediment). 

• Former STP Area (PFAS in groundwater and soil/sediment). 

• LFS and surrounding area (PFAS in soil, surface water and groundwater). 

The discharge of AFFF (3M Lightwater) to land is known to have occurred at the Luscombe Airfield 

Runway and is suspected to have occurred at the Former 85 Transport Area. The Former Luscombe 

Sewage Disposal Area and the Former STP Area received sewage effluent/waste from areas where 

AFFF was used. Based on anecdotal information, AFFF was used in training exercise at the LFS and 

in the surrounding area prior to development of the residential properties. 

Reported concentrations of PFAS were generally below relevant direct contact health and ecological 

guidance values for potentially active exposure pathways (ways that people or the environment could 

be exposed to PFAS). Exceptions were at the area surrounding the LFS and the Former 85 Transport 
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Area for health-based guidance values (for residential and public open space land uses) and at 

several source areas for ecological guidance values. 

Further details of the PFAS source areas are provided in Section 4.1. 

2.4.2 Transport Pathways 

Sampling of surface water and sediment in the creeks that drain Holsworthy identified that PFAS is 

migrating from the source areas via surface water. These creeks discharge to the Georges River.  

PFAS in soil and sediment leaches to surface water and groundwater, and there is evidence that 

surface water also infiltrates to groundwater. In the western portion of Holsworthy, groundwater flow 

direction (within the shale) was shown to be towards the northwest. In the Cantonment area and LFS, 

groundwater flow direction was shown to be towards the north. 

While groundwater is a migration pathway for PFAS contamination, the concentration data and 

hydrogeological properties indicate that it is less significant than migration via surface water. 

2.4.3 Georges River 

Sampling conducted for the DSI identified that measured concentrations of PFAS in the upstream 

freshwater portion of the Georges River were generally at or below the upper Sydney Harbour 

averages measured by Thompson et al (2011), until adjacent to the former Moorebank Defence 

lands. At this point concentrations of PFOS+PFHxS and PFOS were 3-6 times higher than the 

adjacent upstream sample. Moving further downstream, concentrations then generally attenuated 

until the Liverpool Weir. Concentrations of PFAS upstream of Liverpool Weir were below the drinking 

water guidance values.  

Downstream of Liverpool Weir, measured concentrations of PFAS were consistently higher than 

upstream of the weir, with average concentrations 2-3 times higher than the Thompson et al (2011) 

upper Sydney Harbour averages. 

There are a number of other (non-Holsworthy) PFAS sources in the area north of Holsworthy that 

appear to be contributing to PFAS discharges in the Georges River. Mass discharge estimates for the 

PFAS load in surface water from Holsworthy via Harris/Williams Creeks and Anzac Creek indicate 

these represent approximately 10% of the total PFAS load present in the Georges River. Hence, 

Holsworthy is a minor component and contributor to the overall total PFAS load. This is supported by 

the background sampling conducted throughout the upper Georges River that shows no appreciable 

change in PFAS concentrations in the river at points where Holsworthy-related sources discharge. 

2.5 Groundwater use 

There are currently no restrictions on the beneficial use of extracted groundwater within the study 

area although there are licensing/approval requirements.  

A search of registered bores identified several bores within 2 km of Holsworthy listed as being used 

for domestic purposes. However, these were either on the opposite side of Georges River to 

Holsworthy or on semi-rural properties in Wedderburn upgradient of Holsworthy. 

Two registered bores for recreational purposes were identified to the north of Holsworthy. These 

bores are used for irrigating public recreational areas and sampling conducted during the DSI found 

that PFAS concentrations were below the human health guideline values for drinking water. 

Other registered bores in the area within 2 km of Holsworthy were listed as being for monitoring 

purposes. 
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Water use surveys conducted during the DSI did not identify any beneficial use of surface water or 

groundwater in the study area apart from the bores used for recreational purposes discussed above. 

Residents did not report the use of surface water or groundwater for any purposes (e.g. watering, 

filling pools) and instead use mains water. Houses in newly built areas also use rainwater tanks for 

watering purposes.  

Potential future beneficial use of surface water or groundwater in the local area by the local 

community is considered unlikely based on: 

• The established mains water supply system in the local area, which limits the need for 
residents to consider non-reticulated water as an alternative source. Several areas are also 
newly developed and therefore have rainwater tanks, further reducing the need for using bore 
water or surface water. 

• The relatively high housing density, which restricts the access of a drill rig to conduct drilling 
and groundwater bore installation works.  

• Local hydrogeological conditions, with groundwater bearing units typically found in clay or 
sandstone/shale rock with low yield and at significant depth (> 5 m).  

• The local areas to the north (i.e. inferred down hydraulic gradient) of Holsworthy are highly 
urbanised and are unlikely to be used for agricultural purposes (i.e. groundwater is unlikely to 
be extracted for crop or livestock irrigation use). 

2.6 Relevant legislation and government policy 

The PFAS National Environmental Management Plan (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. 

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: 

− The NSW EPA has published waste classification guidance for PFOS, PFHxS and PFOA in 

soil. PFAS impacted soil that meets the requirements for General Solid Waste or Restricted 

Waste can be lawfully disposed at licensed landfill facilities. However, there are no licensed 

facilities for acceptance of PFAS impacted soil that is classified as Hazardous Waste. 

− There are currently no liquid waste treatment facilities in NSW licensed to receive PFAS 

impacted liquid waste. 

2.7 Stakeholders 

A Stakeholder and Community Engagement Plan was developed to support the PFAS investigation at 

Holsworthy. Key stakeholders for the project are summarised below. 

State and local government agencies: 

• NSW EPA. 

• NSW Department of Primary Industries. 

• NSW Department of Health. 

• Department of Premier and Cabinet. 

http://www.epa.vic.gov.au/PFAS_NMP
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• Liverpool City Council. 

• Fire and Rescue NSW. 

• Sydney Water. 

Federal government: 

• Department of Prime Minister and Cabinet. 

• Department of Health. 

• Department of the Environment and Energy. 

• Department of Infrastructure, Regional Development and Cities (DIRDC). 

Local community and interest groups: 

• Community members around the LFS. 

• Recreational fishers who fish in the Georges River. 

Defence has convened a Project Control Group (PCG) consisting of NSW Government agencies and 

Liverpool City Council to obtain input from these stakeholders throughout the project. Defence has 

also implemented a community engagement program. This has involved the publication of information 

about the Project on a public website, face to face community information sessions, meetings with 

individual community members and the maintenance of a community information service (telephone 

and email). 

This engagement program will continue with community information sessions planned to coincide with 

the publication of the PMAP. The PMAP will also be made publicly available and can be accessed by 

stakeholders to inform their understanding of potential PFAS contamination in the vicinity of 

Holsworthy Barracks and surrounding areas. 
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS NEMP. NSW 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 (Section 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 (Section 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 Section 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 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 Section 4 analysis. 

• 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. 

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. 
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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 Section 6.   
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

An overview discussion of PFAS sources, transport pathways and receptors was provided in 

Section 2.4. More information, including a detailed CSM was provided in the DSI report. Further 

refinements have now been made to the CSM following the HHERA outcomes with key elements 

summarized in this section and a refined CSM presented in Appendix C.  

A summary of each PFAS source, transport pathway from the source and receptors is provided in the 

following sections.  

Luscombe Airfield Runway 

Description and risk 
contribution mechanism 

This source area is an active airfield runway located 
approximately 2 km south of the Cantonment area. From 1974 
until 1994, daily AFFF production tests were conducted with 
ARFF vehicles, and AFFF blanketing exercises were undertaken 
approximately quarterly. 

The DSI identified PFAS concentrations in soil were well below 
guideline values. However, the low level source area is large and 
therefore overall mass discharge to surface water may be 
significant. Concentrations of PFOS and PFHxS in groundwater 
were below the laboratory limits of reporting. Groundwater was 
also greater than 15 meters below ground surface. So, the DSI 
concluded that leaching to groundwater in this area is not a 
significant pathway. 

Receptors for surface water runoff include aquatic ecosystems in 
Williams and Harris Creeks and Georges River as well as 
recreational fishers in Georges River. 

Maximum PFOS + PFHxS 
concentrations 

Soil: 0.7383 mg/kg 

Surface water: 0.2 µg/L 

Groundwater: <0.01 µg/L 

Estimated volume of soil in 
source zone1 

Not estimated because PFAS contamination was measured at 
concentrations below guideline values across a widespread area 

Estimated mass of PFOS + 
PFHxS in soil in source zone1 

Not estimated because PFAS contamination was measured at 
concentrations below guideline values across a widespread area 

Former Luscombe Sewage Disposal Area 

Description and risk 
contribution mechanism 

This source area is a grassed open area with former infiltration 
trenches running north-south. It is located northeast of Vincent 
Lines on the northern side of Old Illawarra Road, adjacent to the 
former fuel farm. The former infiltration trenches reportedly 
received sewage wastewater and stormwater discharges from 
areas within Vincent Lines with known AFFF storage and use. 

In the DSI, one soil sample and one surface water sample 
reported concentrations above ecological direct exposure 
guidance values but well below human health guideline values. 

PFAS concentrations in the single groundwater well installed in 
this area were above the human health guideline values for 
recreational water use. However, PFAS concentrations in wells 
further downgradient were 50 times lower. 
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There are no formalised drainage structures in this area and 
overland flow may only reach Williams Creek during periods of 
extended rainfall. 

Receptors include future groundwater users, aquatic ecosystems 
in Williams Creek and Georges River and recreational fishers in 
Georges River. 

Maximum PFOS + PFHxS 
concentrations 

Soil: 1.64 mg/kg 

Surface water: 0.54 µg/L 

Groundwater: 9.4 µg/L 

Estimated volume of soil in 
source zone1 

554 m3 

Estimated mass of PFOS + 
PFHxS in soil in source zone1 

1.6  kg 

Former STP Area 

Description and risk 
contribution mechanism 

The former STP is comprised of a large open grassed area with 
some former STP infrastructure remaining, including several 
lagoons, ponds, drying beds, and tanks. It was constructed in 
early 1950s, upgraded in 1970s, and decommissioned in 2008.  

It is understood that the former STP mainly treated domestic 
waste from the Barracks but there is a potential that it also 
received waste water from elsewhere and hence, is considered 
to be a potential source of non-AFFF PFAS and AFFF PFAS. 

Also potential for the presence and limited migration of transient 
shallow perched groundwater, with potentially elevated PFAS 
concentrations, in soils overlying bedrock. 

No soil concentrations exceeded the human health or ecological 
guidance values. However, groundwater concentrations 
exceeded human health-based guidance values for drinking 
water. Groundwater is in connection with adjacent surface water 
bodies. 

Receptors include future groundwater users, aquatic ecosystems 
in Williams Creek and Georges River and recreational fishers in 
Georges River. 

Maximum PFOS + PFHxS 
concentrations 

Soil: 0.1179 mg/kg 

Surface water: 0.11 µg/L 

Perched groundwater: 0.82 µg/L 

Estimated volume of soil in 
source zone1 

Not estimated because PFAS contamination was measured at 
concentrations below guideline values across a widespread area 

Estimated mass of PFOS + 
PFHxS in soil in source zone1 

Not estimated because PFAS contamination was measured at 
concentrations below guideline values across a widespread area 

Former 85 Transport Area 

Description and risk 
contribution mechanism 

This area includes the main former 85 Transport yard, and 
another area approximately 300 m further south (connected via a 
track adjacent to Moorebank Ave). The southern portion is also 
referred to as the 'Old Pass Office' area or the EMOS yard. The 
former transport yard in the northern portion was demolished 
during the DSI and is now a levelled, grassed area. The Old Pass 
Office area was historically a headquarters for the Emergency 
Response Squadron (c. 2000 for 2-3 years). It has since been 
used in part as a wash bay and as the EMOS contractors' 
storage yard. 
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The maximum concentrations of PFOS + PFHxS in soil and 
groundwater in the northern portion of this area were 0.03 mg/kg 
and 0.2 µg/L respectively. While in the Old Pass Office area, a 

PFOS + PFHxS concentration of 14.52 mg/kg in sediment and 

40.03 µg/L in groundwater was reported in the DSI. Therefore, 

the Old Pass Office area is a more significant source. The 
reported concentrations of PFOS + PFHxS in sediment and 
groundwater in this area were the highest concentrations 
identified across Holsworthy in the DSI and exceeded guideline 
values. 

The PFOS + PFHxS concentrations in soil and sediment samples 
were above the health-based guidance value for public open 
space land use. The area is publicly accessible, but only 
subsurface samples were above the guidance value.  

Soil, sediment and surface water samples reported 
concentrations above ecological direct exposure guidance 
values. PFAS are also leachable from soil and there is evidence 
of migration via surface water pathways. 

Receptors include future groundwater users, recreational fishers 
in Georges River and aquatic ecosystems in the Georges River. 

Maximum PFOS + PFHxS 
concentrations1 

Soil: 14.52 mg/kg 

Surface water: 0.64 µg/L 

Groundwater: 44.05 µg/L 

Estimated volume of soil in 
source zone1 

1,789 m3 

Estimated mass of PFOS + 
PFHxS in soil in source zone 

46.8 kg 

LFS and surrounding area 

Description and risk 
contribution mechanism 

The LFS was previously a fire station operated by Army and 
anecdotal information has indicated that training exercises 
involving the use of AFFF occurred at the property and in the 
surrounding area. The surrounding area was developed for 
residential use in the late 1990s / early 2000s. Fire and Rescue 
NSW has operated the station since 2000. Information from Fire 
and Rescue NSW indicated that as the station is not a specific 
training facility only small (< 20 L) quantities of AFFF may have 
been used onsite during their occupation. 

The DSI identified PFAS concentrations in soil within the LFS 
property that were below the human health guideline values for 
commercial / industrial use. However, PFAS concentrations in 
shallow soil in the residential areas around LFS exceeded the 
guideline values for residential with garden / accessible soil. The 
extent of soil impact is not currently known, due to access 
constraints during the Defence environmental investigation. 

PFAS impacts in surface water which collects in pits at the LFS 
as well as groundwater at the LFS were identified above 
guideline values. It is likely that groundwater at some surrounding 
residential properties exceeds guideline values given the values 
measured at LFS, but the degree and extent of the affected area 
is not yet known. 

In addition to stormwater pits at the LFS described further below, 
there are two underground concrete pits in the main yard area 
which are understood to have historically been used for pump 
testing (no longer in use). It is also understood that there is a 
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pipe connection between the pits, but the pits are not connected 
to sewer or stormwater networks. The DSI identified that the 
northern pit is likely leaching PFAS to groundwater in the area. 

Stormwater at the LFS drains to stormwater pits which are 
connected to the stormwater network for the area. Parts of the 
LFS drain to a stormwater main that follows Delfin Drive to the 
east and then discharges to Anzac Creek. Stormwater also 
drains to a channel on the southern side of Anzac Road via an 
underground pipe. No overland flow to surrounding properties is 
understood to occur. 

Surface water sampling indicated that PFAS is migrating from the 
LFS to Anzac Creek and discharging to the Georges River. 
Concentrations of PFAS in groundwater were above the human 
health guideline values for drinking water. 

The DSI indicated that water from both the Anzac Road drainage 
line and Anzac Creek are likely recharging groundwater rather 
than receiving groundwater and the direction of groundwater flow 
is towards the north and north east. Therefore, while PFAS in 
groundwater at the LFS may eventually migrate towards Georges 
River, PFAS migration to Anzac Creek via groundwater is 
unlikely significant. 

Receptors for this source area include the residents in the 
properties around the LFS, aquatic ecology in Anzac Creek and 
Georges River and recreational fishers in the Georges River. 

Maximum PFOS + PFHxS 
concentrations1 

Soil: 5.76 mg/kg (within LFS property), 1.015 mg/kg (within the 
residential area), 11.4 mg/kg (stormwater drain along Anzac 
Road 

Surface water: 92 µg/L (within a pit at LFS property) and 10.8 
µg/L (within stormwater drain along Anzac Road) 

Groundwater: 540 µg/L (within LFS property), 122 µg/L (adjacent 
to stormwater drain along Anzac Road), 0.26 µg/L  (residential 
area surrounding LFS) 

Home-grown produce: 6 µg/kg (eggs), 16.7 µg/kg (rosemary) and 
<0.5 µg/kg (fruit) 

Estimated volume of soil in 
source zone1 

Not estimated 

Estimated mass of PFOS + 
PFHxS in soil in source zone 

Not estimated 

Notes: 

1 Estimates of the volume of soil and mass of PFAS have been made for on-property soil 
source zones with PFOS + PFHxS concentrations greater than 1 mg/kg. The volume was 
estimated based on data collected for the DSI. The mass of PFOS + PFHxS in each source 
zone was estimated assuming the concentration of PFOS + PFHxS within each volume was 
the maximum concentration measured. A soil density value of 1,800 kg/m3 was also used. 
The estimates are uncertain but likely conservative. 

 

The inferred extent of on-property source zones is presented on Figures 5 and 6, Appendix F. 
These figures include the inferred extent of soil source zone areas as well as the inferred extent of 

areas where PFOS + PFHxS concentrations in groundwater exceed 10 µg/L.
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4.2 Risk listing and consequences 

This table summarises the potential unacceptable risks identified following the HHERA. Other potential risks identified in the DSI were assessed and found to 

be low and acceptable as part of the HHERA. 

ID Risk Description Nature of risk Extent Immediacy Severity 

1 Human consumption of 
PFAS impacted 
groundwater on-
property 

PFAS concentrations in 
groundwater at 
Holsworthy exceed the 
human health 
guidelines values for 
drinking water 

Human health Most areas investigated at 
Holsworthy 

Future Minor – there is no 
current use of 
groundwater for 
beneficial purposes 
and future use is 
unlikely 

2 Toxicity to aquatic 
organisms on-property 

PFAS concentrations 
exceed the PFAS 
NEMP ecological 
guideline values for 
direct toxicity in the four 
PFAS source areas 

Ecological Former 85 Transport Area 

Former Luscombe Sewage 
Disposal Area 

Cantonment and Driver 
Training Area 

Current Moderate 

3 Human consumption of 
PFAS impacted 
groundwater off-
property 

PFAS concentrations in 
groundwater at LFS and 
surrounding area 
exceed the human 
health guideline values 
for drinking water 

Human health LFS and surrounding area 
(extent to be defined 
through further 
investigation) 

Future Minor – there is no 
current use of 
groundwater for 
beneficial purposes 
and future use is 
unlikely 

4 Direct contact 
(incidental ingestion and 
dermal contact) with 
rainwater collected into 
rainwater tanks that is 
used to irrigate gardens 
and/or home-grown 
produce in residential 
properties around LFS 

PFAS concentrations in 
rainwater tanks in 
properties around LFS 
are currently unknown. 

Human health Properties near LFS (extent 
to be defined through 
further investigation) 

Current Minor – while this is an 
acknowledged data 
gap, PFAS 
concentrations in 
rainwater tanks that 
would present a risk to 
human health are 
unlikely to be present. 
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ID Risk Description Nature of risk Extent Immediacy Severity 

5 Direct contact 
(incidental ingestion, 
dermal and dust 
inhalation) with surficial 
soil in gardens at 
properties near LFS 

PFAS concentrations in 
soil for properties 
around LFS are 
currently uncertain. 

Human health Properties near LFS (extent 
to be defined through 
further investigation) 

Current Moderate 

6 Consumption of home 
grown produce at 
properties near LFS 

PFAS concentrations in 
soil and rainwater tanks 
for properties around 
LFS are uncertain and 
therefore consumption 
of home-grown produce 
may present an 
unacceptable risk. 

Human health Properties near LFS (extent 
to be defined through 
further investigation) 

Current Moderate 

7 Human consumption of 
recreationally caught 
finfish and other edible 
aquatic biota 

PFAS concentrations in 
surface water in 
Georges River indicate 
a potential for uptake in 
aquatic biota and 
human health risk for 
recreational fishers 

Human health Georges River  Current Minor – dietary advice 
for Georges River is in 
place. Significant 
consumption of fish 
from tributaries 
considered unlikely. 

8 Bioaccumulation and 
effects on higher order 
aquatic ecology 

PFAS concentrations in 
soil and surface water 
exceed the PFAS 
NEMP ecological 
guideline values for 
indirect exposure 

Ecological On-property surface water 
bodies 

Georges River 

Anzac Creek 

Harris Creek 

Williams Creek 

Current Moderate 
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5 ONGOING MONITORING PLAN 

5.1 Overview 

The Management Area ongoing monitoring plan (OMP) monitors changes to surface water and 

groundwater 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 also includes further investigation of the potential for PFAS impacted perched groundwater 

to be present at the LFS and surrounding residential area. If PFAS impacted groundwater is present 

within 3m of the ground surface this may present an unacceptable amenity risk due to the 

requirements for management of this water during any future excavation works undertaken in the 

area. 

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 a Defence Base 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 home produce or 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. 
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5.1.3 Related documentation 

One or more specific remedial 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 on the 

Defence website: 

• 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. 

5.3 OMP summary 

The OMP for Holsworthy Barracks aims to validate the extent of PFAS in surface water and 

groundwater and monitor changes in PFAS concentrations over time. It also aims to determine the 

potential for PFAS impacted perched groundwater to be present at the LFS and the surrounding 

residential area. 

A monitoring program has been designed to meet these objectives and is summarised as follows: 

• Surface Water sampling at 19 locations as follows: 

o Three locations in the Georges River including one location where surface water is 

inferred to drain from the Former 85 Transport Area as well as locations upstream 

and downstream of this point. 

o Three locations in Harris Creek. 

o Four locations in Williams Creek. 

o Two locations in Anzac Creek including one upstream and one downstream of the 

LFS discharge points. 

o One location in the drainage ditch on the southern side of Anzac Road downstream of 

the LFS discharge point. 

o Three locations in surface water pits at the Former 85 Transport Area. 

o One location along the overland drainage pathway from the Former 85 Transport 

Area to Anzac Creek. 

o Two locations in drainage lines off the Luscombe Airfield. 

• Groundwater Sampling at 23 existing wells. Fourteen of the wells are on-property and are 

located near the on-property PFAS source areas or act as sentinel wells along the northern 

boundary of Holsworthy. The remaining seven wells include: two wells in the source area at 

the LFS; two wells approximately 150 – 230 m north of the LFS in the residential area, one 

well near Anzac Creek north of Anzac Road, and two paired wells (one shallow, one deep) 

within the Anzac Road earthen drainage line on the southern side of Anzac Road, between 

the LFS and Anzac Creek. 

• Installation and sampling of seven perched groundwater wells within the residential area in 

the vicinity of the LFS, as follows: 

o One location up-gradient. 

o Two locations to the north of the LFS. 

o Two locations to the north-east of the LFS. 

o Two locations to the east of the LFS. 

Surface water samples will be collected and analysed for PFAS twice per year with one of the surface 

water sampling rounds each year targeting a rainfall event. Groundwater samples will also be 
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collected twice per year with the exception of the wells near the LFS and the new perched 

groundwater wells which will be sampled and analysed for PFAS four times in the first year, with 

future sampling to be determined following review of the PMAP. 

Measured PFAS concentrations will be compared to the screening criteria published in the PFAS 

NEMP and the recreational water quality guidelines published in NHMRC (2019). 

The OMP will implemented for an initial three year period. The need for continued monitoring will be 

assessed at the end of the initial implementation period. 

5.4 OMP review 

The OMP will be reviewed annually in conjunction with the annual review of the PMAP. The review 

frequency may be revised during the implementation period as more data becomes available. 

As noted in Section 5.2, the monitoring data will be provided to the NSW government for review and 

consideration. This monitoring data will also be used to assess potential modifications to the OMP. 

The outcomes of this review could include expanding, modifying, stopping or replacing remediation / 

management action to more effectively manage risks associated with exposure to PFAS in the vicinity 

of Holsworthy. 
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6 OPTIONS IDENTIFICATION AND ANALYSIS 

6.1 Options identification and analysis 

Management options identification and analysis for Holsworthy focussed on the PFAS source areas. 

The treatment of groundwater outside of the source areas has not been assessed in detail for the 

following reasons: 

1. As noted in Section 1.6, Defence prioritises source management actions over pathway and 

receptor management actions. 

 

2. Actions to address the PFAS sources will reduce PFAS leaching to groundwater. Treatment 

of groundwater without first removing the sources would potentially require treatment to 

continue for many years (decades). 

 

3. Groundwater is not currently used for drinking water supply at Holsworthy or in off-property 

areas of impact. Furthermore, future use of groundwater for drinking water supply is 

considered unlikely given the existing mains reticulation network, hydrogeological conditions 

and access for bore installation off-property. NSW Health recommends that people use the 

public drinking water supply in urban areas for drinking, food preparation and personal 

hygiene (including cleaning teeth/oral hygiene and bathing) because it is filtered, disinfected 

and generally fluoridated (NSW Health, 2019). 

 

4. The DSI identified that significant PFAS transport in groundwater is unlikely to occur and is 

not a significant component of the mass discharge to the Georges River. 

 

5. Treatment of groundwater would likely need to occur over a large area and would have a high 

cost over the installation and operational periods (Category 1 cost >$13,000,000). 

A screening assessment of potential management options was undertaken and is detailed in 

Appendix E, Section E.1. Of the potential management options, three were identified as potentially 

applicable and underwent further detailed analysis. The options considered for further assessment 

are summarised in the Appendix E and listed in the table below. 

Options for the LFS property have been considered in the analysis. These options will not result in 

changes to PFAS concentrations in shallow soil in the residential properties around the LFS. Options 

for the residential properties surrounding the LFS will depend upon further investigations and 

consultation with property owners. Therefore, a detailed analysis of options for the surrounding 

properties has not been undertaken at this stage. This is further discussed in Section 6.2.3. 
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Options identified for 
further assessment 

Potential applicability to source area 

Luscombe 
Airfield 
Runway 

Former 
Luscombe 
Sewage 
Disposal 

Former 
STP Area 

Former 85 
Transport 
Area 

LFS 
property 

Base case: Do-nothing 
option 

✓ ✓ ✓ ✓ ✓ 

Source management 

1. Excavation and off-
property/on-property 
containment 

✓ ✓ ✓ ✓ ✓ 

2. Capping of soils at 
source areas 

✓ ✓ ✓ ✓ ✓ 

Pathway management 

3. Collection and 
treatment of surface 
water 

✓     

The detailed identification and analysis of options is provided in Appendix E using the criteria provided 

in Appendix D. It is noted that the “do nothing” option is not included in the detailed analysis provided 

in Appendix D but is the base case used in the comparative analysis presented in Section 6.2. 

6.2 Comparative analysis 

Following completion of the assessment of the potential management options identified above a 

detailed comparative analysis in Appendix E, Section E2 was carried out. 

The following summarises the outcomes of the preliminary detailed comparative analysis. 

6.2.1 “Do nothing” option 

The DSI and HHERA did not identify any current on-property human health risks. Use of groundwater 

for drinking water purposes could present an unacceptable risk to human health but this is unlikely to 

occur. 

PFAS from Holsworthy is entering creeks that discharge to the Georges River and the HHERA noted 

potential risks to aquatic ecology and recreational fishers who consume fish from the Georges River. 

However, risks to ecology from exposure to PFAS are highly uncertain. There is also existing NSW 

government dietary advice in place for fish and seafood from Georges River. Furthermore, there are 

several other (non-Defence) sources of PFAS discharging to the Georges River and the DSI 

estimated that Holsworthy is a minor contributor. 

Therefore, there is potentially a strong case for the “do nothing” option in relation to on-property PFAS 

sources, at least until more significant sources of PFAS to the Georges River are reduced. 

However, the comparative analysis has identified a marginal overall benefit for action at one of the on-

property sources. This is discussed further in Section 6.2.2. 

In terms of the LFS property, no unacceptable risks to human health were identified for users of the 

property. While PFAS appears to be migrating in surface water to Anzac Creek and the Georges 

River, the contribution of this source to overall PFAS in the river is estimated to be minor. 

Furthermore, costs to remove PFAS at the property are estimated to be high and there is also a high 
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risk of residual contamination due to challenges in accessing soil under or around infrastructure. 

Significant excavation could disrupt Fire and Rescue NSW operations and cause noise and dust 

impacts in neighboring properties. The alternative option of capping the unpaved area only would not 

address PFAS leaching to groundwater and into sub-surface drains. Therefore, no active 

management actions are currently recommended for the LFS property. 

Potential elevated risks were identified for properties around LFS and therefore further action is 

required to address these risks. This is discussed further in Section 6.2.3. 

6.2.2 On-property management options 

The key risk associated with on-property PFAS sources is migration of PFAS in surface water from 

these sources to the Georges River. However, given the minor contribution of Holsworthy to PFAS in 

the Georges River, management options that have a low effectiveness, low or negative net 

environmental benefit, significant impact to Defence operations or a moderate to high cost are not 

recommended. This includes options to remediate the Luscombe Airfield Runway and the Former 

STP Area where PFAS impacts are low level and wide spread. 

A more significant mass of PFAS is present in the Old Pass Office area within the Former 85 

Transport Area. The maximum PFOS + PFHxS concentration in soil was 14.5 mg/kg in this area and 

this was also the highest concentration measured across Holsworthy. Shallow groundwater in the 

area is also impacted with a maximum concentration of PFOS + PFHxS of 44 µg/L. While there is no 

formal drainage infrastructure from this area, there is an inferred drainage line to the Georges River 

and an inferred drainage line to Anzac Creek. This area also has limited use and so remediation of 

the area may not significantly impact Defence operations. 

There is the potential that capping of unpaved areas in the Old Pass Office area may reduce PFAS in 

surface water runoff. However, the area includes a wash bay with likely sub-surface drainage 

infrastructure. Capping may not reduce any PFAS infiltrating to the sub-surface drainage. Therefore 

excavation and off-property disposal or on-property containment is the recommended option for 

remediation. 

The Former Luscombe Sewage Disposal Area has potential overland flow to Williams Creek, the 

PFAS impacted soil is relatively shallow and therefore accessible for excavation and the area is no 

longer in use and so there would be minimal disruption to Defence operations. However, the 

estimated mass of PFOS + PFHxS in this area is 1.6 kg compared to an estimated mass of PFOS + 

PFHxS of 46.8 kg in the Old Pass Office area of the Former 85 Transport Area. Removal of the 1.6 kg 

mass is unlikely to have a significant effect on PFAS concentrations in Williams Creek and the 

Georges River. 

Therefore, remediation of the Old Pass Office area through excavation and either off-property land fill 

disposal or on-property containment in a purpose-built cell is recommended. An investigation to 

delineate the excavations and the preparation of a RAP for each area will be required to guide the 

remediations. 

6.2.3 LFS and surrounding properties 

As discussed previously, the overall contribution of PFAS from the LFS and the on-property sources 

at Holsworthy to total PFAS loads in the Georges River has been estimated to be low.  

Anzac Creek and the drainage line to the south of Anzac Road have been identified as recharging 

groundwater rather than receiving groundwater discharges. Therefore, surface water discharges of 

PFAS from the LFS are the main migration pathway of concern. 

Stormwater at the LFS enters drainage infrastructure and either discharges to the drainage ditch on 

the southern side of Anzac Road or the stormwater mains on Delfin Drive. The areas of the LFS that 
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discharge to each of these pathways is not clear. Furthermore, the relative contribution of PFAS in 

overland flow from unpaved areas and PFAS infiltration to sub-surface drainage is also unclear. 

Given the uncertainties, capping of the unpaved area of the LFS only may not significantly reduce 

PFAS in surface water discharge. Excavation to remove impacted soil and impacted sub-surface 

drainage would be more effective but would be higher cost and could significantly impact on NSW 

Fire and Rescue operations at the station. 

Therefore, no remedial actions are recommended for the LFS at this stage. The OMP includes 

surface water sampling locations upstream and downstream of each discharge point for stormwater 

from the LFS. This will enable a better understanding of the contribution of LFS discharges to total 

PFAS load in the Georges River as well as the relative contributions from each area of the LFS. A 

review of remedial actions at the LFS can then be undertaken if PFAS from the LFS is found to be 

significant. 

Sampling of soil and biota in properties surrounding the LFS as part of the DSI and HHERA did not 

identify any current unacceptable risks. However, access to private properties was constrained and 

therefore the extent of soil impacts is not well understood. Furthermore, there may be other types of 

biota grown for home consumption in the area than those sampled, and these may exhibit different 

uptake rates for PFAS or different levels of consumption. 

The area of soil impact in properties around the LFS needs to be better defined through further 

investigation. Data collected during the DSI at some of these properties indicates that risks to human 

health are likely to be limited to properties where the soil is used to grow produce for home 

consumption (e.g. Vegetables, fruit, chicken eggs). PFAS concentrations may not be high enough to 

present risks to human health through direct contact, incidental ingestion or inhalation of dust. 

A review of aerial photographs indicates limited open space at many of the properties and so there 

may be few properties where home consumed produce is grown. 

A community consultation program targeting the residential area around the LFS is recommended. 

This program would aim to provide information about potential PFAS risks and request access for soil 

and biota testing. Testing of rainwater tanks could also be undertaken as part of this program. 

Where the soil, biota and / or rainwater tank test results indicate a potential risk to human health, 

management actions may be required. Actions or precautionary advice will likely need to be specific 

for each property.  

6.3 Integrated options analysis outcomes 

An integrated analysis that considers the outcomes of the comparative analysis prepared for each 

listed risk has been undertaken. Synergies have been considered 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. 

There are two existing Expenditure Investment Requests (EIRs) for removal of the disused 

infrastructure and removal of an asbestos impacted soil stockpile in the Former STP Area. If these 

projects are undertaken, then it may be possible to include some removal of PFAS impacted soil from 

the area as part of these works. This will be further considered as the EIRs progress through the 

approval and funding process. 
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The PFAS impacted soil excavated from the Former 85 Transport Area could be transported to a 

centralised containment cell at Holsworthy. This cell could also be used to contain PFAS impacted 

soil from development or maintenance works at Holsworthy in the future. This will be further explored 

if source control actions are implemented. 
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7 CONCLUSION 

7.1 Recommended PMAP response actions 

Based on the options analysis undertaken for this PMAP, the following management actions are 

recommended: 

Action 1: Undertake remedial works in the Old Pass Office area of the Former 85 Transport 

Area. A Remedial Action Plan (RAP) will be required to guide the extent of the work. 

However, the work is likely to involve demolition of the wash down bay, drainage 

structures and any other PFAS impacted infrastructure. This will be followed by 

excavation of PFAS impacted soil, placement of soil in a purpose-built containment 

cell on property and use of clean fill to restore the excavated area. The potential for 

stabilisation or immobilisation of the excavated material prior to placement in the 

storage area will be further considered as part of the RAP. 

Action 2: Undertake further investigations of soil, home grown produce, rainwater tanks, and 

perched groundwater in the residential area around the Liverpool Fire Station. Where 

these investigations identify elevated risks, develop appropriate management actions 

in consultation with the property owners and NSW agencies. 

Action 3: Implement an Ongoing Monitoring Plan to monitor changes in PFAS concentrations 

at Holsworthy and in the surface water bodies that drain to the Georges River. 

7.2 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. 

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. 
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• 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 site. 

• 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. 

• 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 site. 

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

further calibration. 
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• 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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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 - Relevant to the 
Management Area as relates to consideration of Commonwealth environment and biodiversity 
conservation. This Act must be considered, including the requirement for referrals in the 
development of any management measures involving ground disturbance. 

• Work Health and Safety Act 2011 - relevant to general health and safety compliance relating 
to all works associated with the risk management of the Management Area. 

• Water Act 2007 – Established the Murray Darling Basing Authority, responsible for overseeing 
water resource planning in the basin, including the area around RAAF Base Wagga. 

• National Environment Protection (Assessment of Site Contamination) Measure 1999, as 
amended in 2013. (NEPM 2013) - provides guidance on the investigation and risk 
assessment process for contaminated site assessments. 

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

• Defence Environmental Policy 

• Defence Estate Strategy 2016-2036 

• Defence Environmental Strategy 2016-2036 

• Defence Construction and Maintenance Framework 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 2018 (NEMP) 

• 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 
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• Guidance on Per and Polyfluoroalkyl (PFAS) in Recreational Water, National Health and 

Medical Research Council (2019) 

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

options 

Currently there is limited Commonwealth legislation on the designation of waste disposal criteria. The 

PFAS NEMP provides criteria to be adopted at the State level and NSW EPA has issued an 

Addendum to the Waste Classification Guidelines (2014) – Part 1: classification of PFAS for disposal 

as ‘General Solid Waste’ and ‘Restricted Solid Waste’. Although the waste guidelines have been 

released, there are limited number of landfills that will accept PFAS impacted solids. 

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 hierarchy, namely; treatment and reuse on–site is preferred to treatment and reuse 

offsite, while long-term containment off-site is least preferred. 

A2 State/Territory Legislation and Policy 

A2.1 Outline 

The following NSW legislation and guidance is relevant to the risk management of the Management 

Area: 

• Contaminated Land Management Act 1997 - establishes a process for the EPA to identify, 
investigate, and remediate land that it considers to be contaminated significantly enough to 
require regulation. 

• State Environmental Planning Policy No. 55 - Remediation of Land (SEPP 55) and the 
Managing Land Contamination - Planning Guidelines – requires planning authorities to 
consider, at the development approval and rezoning stage, the potential for contamination to 
adversely affect the suitability of a site for its proposed use. 

• Protection of the Environment Operations Act 1997 - is the key piece of environment 
protection legislation administered by the EPA. It provides the statutory framework for 
managing pollution and waste in NSW. 

• Environmental Planning and Assessment Act 1979 – establishes the framework for the 
assessment and approval of development in NSW including requirements to assess the 
potential for contamination. Also enables planning authorities to issue certificates for 
properties that note known or potential contaminated land (Section 10.7 certificates). 

• Water Management Act 2000 and Water Act 1912 – require users of water to obtain a license 
or authority 

• Guidelines for the assessment and management of groundwater contamination (NSW EPA) - 
outline a best-practice framework for assessing and managing contaminated groundwater in 
NSW 

• Designing Sampling Programs for Sites Potentially Contaminated by PFAS (NSW EPA) – 
provides guidance on investigating PFAS impacted sites in NSW. 

• Waste Classification Guidelines (NSW EPA) – provides a process and criteria for classifying 
waste, including contaminated soil, for lawful disposal. 

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

options 

The NSW EPA has issued an Addendum to the Waste Classification Guidelines (2014) – Part 1: 

classifying waste for the classification of PFAS. The addendum contains values for PFOS, PFOA and 
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PFHxS. There are limited number of landfills in NSW that will accept PFAS impacted solids, and 

limited options for handling small volumes of PFAS containing liquids in NSW. 

The management of PFAS impacted solids in an off-site facility would be considered as a landfill 

operation and requires consideration under local government regulations and referral to NSW EPA. 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

The Base and surrounding areas are within the Liverpool City Council area. Excavation and off-

property or on-property containment of soils may require development consent from Council and an 

Environment Protection License issued by the NSW EPA under the Protection of the Environment 

Operations Act. 

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

No evident constraints or drivers identified.
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APPENDIX B: Interim response management analysis 

This Appendix is a placeholder where Interim Response Management (IRM) actions relevant to the 

Management Area are detailed. 

No IRM have been identified for Holsworthy Barracks. 
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APPENDIX C Source – pathway – receptor analysis 

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

An overview discussion of PFAS sources, transport pathways and receptors were provided in Section 2.4. Further refinements have now been made to the 

CSM following the HHERA outcomes with key elements summarized in Section 4.1. The refined CSM is presented below.  

Source Area Impacted 

Media 

Exposure Pathways Receptors Rationale  

Luscombe Airfield 

runway 

Soil and 

sediment and 

associated 

leachate 

generation 

Surface water 

Surface water runoff to 

Williams and Harris 

Creeks and discharge to 

Georges River 

Potential 

bioaccumulation / bio-

magnification in aquatic 

ecology 

Human consumption of 

fish and seafood from 

Georges River 

Aquatic ecosystems in 

Williams and Harris Creeks 

and Georges River 

Recreational fishers in 

Georges River 
 

Concentrations of PFAS in soil were below human health and 

ecological guideline values. No concentrations of PFOS or PFHxS 

above the laboratory limits of reporting were identified in 

groundwater. However, the source area is a large area with 

detectable PFOS and PFHxS results in soil, and sediment in some 

drainage lines. PFAS are leachable from soil and sediment and there 

is evidence of migration to other areas via surface water pathways. 

PFAS concentrations in receiving water bodies indicate potential for 

secondary impacts to aquatic ecology and human health risks for fish 

and seafood consumption. 

Former Luscombe 

Sewage Disposal Area 

Soil and 

associated 

leachate 

generation 

Groundwater 

Future groundwater use 

in this area 

Surface water runoff to 

Williams Creek and 

discharge to Georges 

River 

Future groundwater users 

Aquatic ecosystems in 

Williams Creek and 

Georges River 

Recreational fishers in 

Georges River 

Limited low level soil impacts were reported in this area by GHD 

(2012) and one soil sampled collected during the DSI had a POS 

concentration exceeding the ecological direct exposure guideline 

value. No PFAS concentrations in soil above human health 

guidelines have been identified. No formalised surface water 

drainage pathways from this area exist and overland flow may only 

reach Williams Creek during periods of extended rainfall. PFAS 
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Source Area Impacted 

Media 

Exposure Pathways Receptors Rationale  

Potential 

bioaccumulation / bio-

magnification in aquatic 

ecology 

Human consumption of 

fish and seafood from 

Georges River 

 concentrations in groundwater exceeded the human health guideline 

values for recreational water use. However, concentrations in wells 

downgradient of this source are 50 times lower, indicating that the 

impacts at the source are limited in extent. Future use of 

groundwater in this area is unlikely. 

Former STP Area Soil, sediment 

and associated 

leachate 

generation 

Surface water 

Groundwater 

Future groundwater use 

in this area 

Surface water runoff and 

groundwater discharge to 

Harris and Williams 

Creeks and discharge to 

Georges River 

Potential 

bioaccumulation / bio-

magnification in aquatic 

ecology 

Human consumption of 

fish and seafood from 

Georges River 

Future groundwater users 

Aquatic ecosystems in 

Harris and Williams Creek 

and Georges River 

Recreational fishers in 

Georges River 

Low level PFAS concentrations were reported in soil in this area 

(below both human health and ecological guideline values). 

However, PFAS concentrations in surface water sampling indicated 

some discharge of PFAS from this area to Harris and Williams 

Creeks. PFAS concentrations in groundwater were above the human 

health guideline values for drinking water and a groundwater 

connection with Harris and Williams Creeks is likely. 
 

Former 85 Transport 

Area 

Soil, sediment 

and associated 

leachate 

generation 

Surface water 

Future groundwater use 

in this area 

Surface water runoff to 

Georges River 

Future groundwater users 

Aquatic ecosystems in 

Georges River 

Recreational fishers in 

Georges River 

While this area is on Commonwealth land, part of the area is publicly 

accessible. PFAS in soil and sediment samples were above health-

based guideline values for public open space land use. However only 

subsurface samples were above the guideline values. 
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Source Area Impacted 

Media 

Exposure Pathways Receptors Rationale  

Groundwater Potential 

bioaccumulation / bio-

magnification in aquatic 

ecology 

Human consumption of 

fish and seafood from 

Georges River 

 PFAS in soil, sediment and surface water samples was above 

ecological direct exposure guideline values. 

The highest PFOS + PFHxS concentration in on-property 

groundwater was identified in this area (44.05 µg/L). 

Overland flow from this area would likely discharge to the Georges 

River during extended rainfall events. 
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Liverpool Fire Station 

and surrounding area 

Soil, sediment 

and associated 

leachate 

generation 

Surface water 

Groundwater 

Perched 

groundwater 

Future groundwater use 

in this area 

Direct contact (incidental 

ingestion and dermal 

contact) with rainwater 

collected into rainwater 

tanks that is used to 

irrigate gardens and/or 

home-grown produce in 

residential properties 

around LFS 

Direct contact (incidental 

ingestion, dermal and 

dust inhalation) with 

surficial soil in gardens at 

properties near LFS 

Consumption of home 

grown produce at 

properties near LFS 

Surface water runoff to 

Anzac Creek and 

Georges River 

Potential 

bioaccumulation / bio-

magnification in aquatic 

ecology 

Human consumption of 

fish and seafood from 

Georges River 

Management of PFAS 

impacted perched 

groundwater during 

residential excavation 

Future groundwater users 

Residents in properties 

around LFS 

Aquatic ecosystems in 

Anzac Creek and Georges 

River 

Recreational fishers in 

Georges River 

Within the LFS property, PFAS concentrations in soil were below the 

human health guideline values for commercial / industrial use. PFAS 

in stormwater pits exceeded human health guideline values for 

recreational water.  Sediments and surface water in a stormwater 

drain that runs beside Anzac Road and discharges into Anzac Creek 

also exceeded guideline values indicating PFAS is migrating from 

LFS to Anzac Creek and then discharging to the Georges River. 

Several shallow soil samples collected in the residential area around 

LFS exceeded the human health guideline values for residential with 

garden / accessible soil. The extent of the area with soil impacts 

above these guideline values is not currently known. Therefore, there 

are potential elevated risks to residents around the LFS through 

direct contact with soil and through consumption of home grown 

produce. Similarly, the potential for PFAS impacted perched 

groundwater within the residential area around LFS was not 

investigated and remains as a data gap to be investigated during the 

OMP. 

PFAS concentrations in groundwater within the bedrock exceed the 

human health guideline values for drinking water. 
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Source Area Impacted 

Media 

Exposure Pathways Receptors Rationale  

works at properties near 

LFS (amenity issue) 
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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 item 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 item 10 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 (e.g. 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 

Appendix E supplements section 6.1 (Options identification 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 constitutes the detailed options analysis for the identified risks. 

A comparative analysis is provided in Section 6.2 and the consideration of integrated options is 

provided in Section 6.3. 
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E1 PFAS remediation options screening11 

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 

-  No 

Soil Flushing Full scale in situ 
application has not 

Hydraulic control 
would be required 

    No 

                                                      

 

11 Based on RAAF Base East Sale PFAS Management Area Plan prepared by Senversa, August 2018. Senversa sourced its technologies from ITRC publication, Remediation Technologies and Methods for Per- and 

Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology 

Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html). 

https://frtr.gov/matrix2/top_page.html
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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 
expected to be persistent due to desorption and matrix 
diffusion. 

been identified in 
Australia. 

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

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 carbon, 
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. 

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

   No 

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 and 
dewatering/drying of 
materials is technically 
feasible. 

Off-site disposal of 
material classified as 

Dependent on 
disposal options 

High 

(Largely due to 
disposal costs and 
transport) 

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

Significantly disruptive 
to operations. 

Yes 
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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. 

hazardous waste would 
not be permitted. Interstate transport to an 

off-site facility would 
require authorisation 
from each state. 

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. RemBind or MatCARE).  

Cement stabilisation not applicable due to PFAS 
leachability under alkaline conditions.  

Applicable Applicable. 
 

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 would be 
required. 

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 

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. 

Applicable.  

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.  

Significant chemical 
use would be required. 

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. 

 No 

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.  

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

- - - - - No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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. 

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 538oC 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 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 

No 

Other - solids        

In-situ management 

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

Applicable 

In-situ management is 
acceptable where 
conducted in an 
environmental audit 

Applicable Low Depends on 
project staging 
and auditor. 

In-situ management 
of soil is considered 
to be high on the 
PFAS NEMP’s waste 
hierarchy and avoids 
transport of materials 

 Yes 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

and risks are 
demonstrated to be low 
and acceptable. 

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. 

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 suitable 
location for the facility. 

Applicable Low Depends on 
project staging 
and auditor. 

On-site containment 
is lower on the 
waste hierarchy 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 

 
 

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 – groundwater 
       

Bioremediation  

As described above for in situ biodegradation of 
soil/sediments. 

Not applicable to PFAS. - - - -  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 

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. 

Some disruption to 
operations 

No 

Air Sparging 

Air is injected into the subsurface to add oxygen and 
oxidise 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 
PFAS. 

- - - - - 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.  

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. 

Not applicable to PFAS – 
there is limited natural 
attenuation in the 
environment.  

- - - - - No 

Permeable Reactive Barriers 

A permeable reactive barrier (PRB) is installed across 
the flow path of the groundwater contaminant plume, 
allowing the plume to passively pass through the wall, 
but 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- optimized humification reactions to 
treat PFAS. 

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 

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 
considered high 
on the PFAS 
NEMP and EPA’s 
waste hierarchy. 

Depending on source 
area, low to significant 
disruption to 
operations. 

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 

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’. 

hydrogeological 
settings. 

Ex-Situ Treatment – groundwater        

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. 

No 

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 optimise recharge of the fill 
materials. 

Applicable Requires water 
treatment (See 
below). 

Applicable as a 
component of an 
overall management 
strategy. 

Low to moderate 6 to 12 months. Disposal considered 
energy intensive and 
low on EPA’s waste 
hierarchy. 

Significant 
disruption 
(excavation) and 
increased risk of 
subsidence if 
dewatering alone. 

Yes, but only as 
part of an overall 
management 
alternative. 

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: 

Applicable 

Treatment technologies 
are commercially 
available and have 

Applicable 

A pilot trial and 
treatment train 
approach may be 

Moderate See for above 
options 

See for above options Little disruption to 
operations 

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 

• 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. sand MatCARE). Ion 
exchange resins have also been optimized 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. 

been used for PFAS 
water treatment in 
Australia (in particular 
GAC, and to a lesser 
extent ultrafiltration and 
ion exchange). 

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) 

Other – water        

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 
EPA’s waste 
hierarchy, but system 
can be optimised to 
reduce O&M costs. 

Little disruption to 
operations, but 
combined with a 
low permeability 
cover system 
would result in 
significant 
disruption to 
operations. 

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 

Surface water collection and treatment 

PFAS impacted surface water can be collected and 
treated. The treatment train would generally require: 

• 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. sand MatCARE). Ion 
exchange resins have also been optimized in a 
treatment train approach. Emerging technologies being 
studied include sonochemical treatment, photochemical 
oxidation and thermally- induced reduction. 

Treated water could be managed via discharge. 

Waste media must be treated (e.g. incineration) to 
destroy PFAS, or disposed of at landfill. 

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). 

Surface water flows are 
more highly variable 
than groundwater flows. 
Collection and storage 
requirements may 
impact feasibility. 

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 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 
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E2 Options listing and detailed options analysis 

E2.1 Luscombe Airfield Runway 

E2.1.1 Option 1: Excavation and containment 

No # Option 1 

Title (functional) Excavation and off-property/on-property containment 

Description Excavation of PFAS impacted soil in unpaved areas around the 
runway to a depth of approximately 1 m, transport and storage off-
property or in an on-property designated containment cell and 
replacement with clean fill.  

Objective To reduce PFAS migration in surface water from the runway area. 

How this objective 
contributes to managing 
the identified risk  

Reduction in PFAS discharges to surface water will reduce PFAS in 
Harris and Williams Creeks and the Georges River. This will reduce 
risks to aquatic ecology in these water bodies and reduce risks to 
recreational fishers in the Georges River. However, as noted further 
below, this source (and Holsworthy more broadly) is a minor 
contributor to overall PFAS loads in the Georges River. 

The extent to which this 
option is expected to meet 
the objective 

Removing all PFAS impacts in the upper soils is unlikely to be 
achievable due to access constraints around infrastructure. Therefore, 
PFAS discharges to surface water may be reduced but unlikely to be 
eliminated. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

This option addresses the source of PFAS in this area. 

Supplementary / 
complementary options 

− Additional investigations to refine the source area for 
excavation will be required prior to works commencing. 

− If the impacted soil is placed within on-property containment 
then this containment will need to be designed, constructed 
and monitored as part of this option. 

− Consider use of solidification, stabilisation or immobilisation 
techniques to supplement this option and further reduce risk of 
PFAS leaching from containment. 

− Validation of excavation extent to confirm the remediation 
success is required. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 2 Medium works notification 

to PWC required above 

$2 million 

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

Cost estimate is based on the excavation and disposal of soils around the 

runway (approximately 115,000 m2) to 1 m depth. 

2 Effectiveness 

rating 

Low As noted above, complete removal of PFAS 

impacted soil in this area is unlikely to be 

achieved. Furthermore, this option is unlikely to 

materially reduce PFAS loads in the Georges 
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River. The DSI estimated that the contribution 

from Holsworthy to PFAS loads in the Georges 

River is low compared to non-Holsworthy 

sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

− Medium term: 1-3 years 

4 Potential impacts • Positive  

o Source area removed 

o No operation and maintenance costs following remedial 

works 

• Negative 

o High cost to implement initially 

o High potential for impact to Defence operations at the 

runway during remedial works 

o The benefits to meeting its objectives at the property are 

considered minor 

o Additional management may be required to store PFAS 

impacted soil on site 

5 Estimated net 

environmental 

benefit 

Moderate as this option will remove this source area of PFAS, however 

other non-Holsworthy related sources are more significantly contributing to 

PFAS in the Georges River. Therefore, the overall reduction of PFAS 

concentrations and associated reductions in exposures to human health 

and impacts to the environment are likely to be minimal. 

Risk-based analysis 

6 Proportion of 

action to risk 

This action is estimated to have a high cost, would likely have significant 

impacts to Defence operations at Holsworthy and there is a risk of residual 

PFAS impacts to surface water. Furthermore, there are other sources of 

PFAS contributing to the surface water bodies and the reduction of overall 

risk to human health and the environment is unlikely to be significant. 

Therefore, this action is not considered proportionate to the risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or ongoing maintenance required following application 

of remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Excavation and storage of contaminants in a designed designated 

storage facility is a proven methodology to isolate contaminants, 

by removing pathways to receptors 

Ability to monitor effectiveness 
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− Validation of excavation at the source will confirm excavation 

effectiveness 

− Surface water and groundwater monitoring will enable 

measurement of effectiveness of remediation 

− Surface water and groundwater monitoring in the containment cell 

area will enable measurement of effectiveness of the cell design 

Ability to obtain any necessary approvals 

− No external regulatory approval required 

Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary12 and residual13 risks of implementation and associated 

mitigation options, include: 

− The key risk is that not all impacted soils will be accessible and so 

there will be some residual discharges to surface water. 

− Residual risk that PFAS in surface water in Georges River is not 

substantially reduced as a result of this action given other non-

Holsworthy sources. 

11 Key Dependencies No key dependencies identified for off-property disposal. If on-property 

containment is chosen, the construction of a soil storage facility on-

property is required. 

Defence implications 

12 Defence 

capability 

Given that the area is located airside, adjacent to Luscombe Airfield, the 

works would likely have a large impact on airside operations. 

13 Project fit Not applicable 

14 Scalability Generally, this option is scalable, however there may be constraints to the 

capacity of soil storage on-property or at the waste disposal facility. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified. 

 

  

                                                      

 

12 Secondary risks are risks that emerge from implementation of a risk management response 

13 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.1.2 Option 2: Capping 

No # Option 2 

Title (functional) Capping of soils in source area 

Description Construction of a physical capping layer to the surface soil profile in 
unpaved areas around the runway to reduce PFAS in soil leaching to 
surface water. 

Objective To reduce PFAS migration in surface water from the runway area. 

How this objective 
contributes to managing 
the identified risk  

Reduction in PFAS discharges to surface water will reduce PFAS in 
Harris and Williams Creeks and the Georges River. This will reduce 
risks to aquatic ecology in these water bodies and reduce risks to 
recreational fishers in the Georges River. However, as noted further 
below, this source (and Holsworthy more broadly) is a minor 
contributor to overall PFAS loads in the Georges River. 

The extent to which this 
option is expected to meet 
the objective 

Physical capping layers have been proven to remove the direct 
contact pathway for exposure to a contaminant source and the surface 
water runoff pathway. The PFAS will remain in situ, which does not 
remove the migration pathway of leaching to groundwater. However, 
the DSI identified that groundwater in this area is >15 meters below 
ground surface and not currently impacted. Therefore, leaching to 
groundwater does not appear to be a significant pathway. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

The PFAS source will remain in-situ within the soil while the capping 
layer remains intact. 

This management option removes the surface water runoff pathway 
component; however, it does not remove the migration pathway of 
leaching to groundwater. It is noted that no PFOS or PFHxS 
concentrations above the laboratory limits of reporting were identified 
in groundwater in this area during the DSI and leaching to 
groundwater is not considered a significant pathway. 

Supplementary / 
complementary options 

No supplementary actions identified. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

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

2 Effectiveness 

rating 

Low Capping of all PFAS impacted soil in the area 

may not be possible and there may be other low 

level PFAS impacts in the Luscombe Airfield area 

that could still result in PFAS discharges to 

surface water. Furthermore, this option is unlikely 

to materially reduce PFAS loads in the Georges 

River. The DSI estimated that the contribution 

from Holsworthy to PFAS loads in the Georges 

River is low compared to non-Holsworthy 

sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

− Medium term: 1-3 years 
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4 Potential impacts • Positive  

o Primary source area capped which breaks the linkage 

between the source of PFAS and the migration pathway of 

surface water runoff 

o No operation and maintenance costs 

o Lower cost that excavation and containment 

• Negative 

o High potential for impact to defence operations at the 

runway during remedial works 

o Unlikely to eliminate surface water discharges from the 

Luscombe Airfield 

o Additional treatment and/or disposal would likely be 

required if area is to be subject to future development 

 

5 Estimated net 

environmental 

benefit 

Moderate as this option will reduce PFAS discharges to surface water from 

this source. However other non-Holsworthy related sources are more 

significantly contributing to PFAS in the Georges River. Therefore, the 

overall reduction of PFAS concentrations and associated reductions in 

exposures to human health and impacts to the environment are likely to be 

minimal. 

Risk-based analysis 

6 Proportion of 

action to risk 

This action is estimated to have a moderate cost, would likely have 

significant impacts to Defence operations at Holsworthy and there is a risk 

of residual PFAS impacts to surface water. Furthermore, there are other 

sources of PFAS contributing to the surface water bodies and the 

reduction of overall risk to human health and the environment is unlikely to 

be significant. Therefore, this action is not considered proportionate to the 

risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Capping/isolation of contaminants is a proven methodology to 

isolate contaminants, leaving them in situ, but removing pathways 

to receptors  

Ability to monitor effectiveness 

− Surface water and groundwater monitoring will enable 

measurement of effectiveness of remediation 

Ability to obtain any necessary approvals 

− No external regulatory approval required 
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Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary14 and residual15 risks of implementation and associated 

mitigation options, include: 

- The key risk is that not all impacted soils will be capped and so 

there will be some residual discharges to surface water. 

- Residual risk that PFAS in surface water in Georges River is not 

substantially reduced as a result of this action given other non-

Holsworthy sources. 

11 Key Dependencies No key dependencies identified. 

Defence implications 

12 Defence 

capability 

Given that this source area is located airside, adjacent to the Luscombe 

Airfield runway, the works would likely have a large impact on airside 

operations. 

13 Project fit Not applicable 

14 Scalability This option is scalable. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified from the implementation of this 

management option. 

 

  

                                                      

 

14 Secondary risks are risks that emerge from implementation of a risk management response 

15 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.1.2 Option 3: Treatment of surface water 

No # Option 3 

Title (functional) Collection and treatment of surface water at Luscombe Airfield 

Description This action would involve the collection of surface water runoff from 
the airfield and treatment of this water to reduce PFAS before 
discharge. 

Upgrades to the drainage system may be required to limit the need to 
treat clean water and ensure all impacted water is collected. 

The storage component will allow a finite amount of storage to capture 
the “first flush” of surface water generated during the initial period of a 
major rain event. Once the storage capacity has been reached the 
remaining flood waters, will be directly discharged to surface water 
bodies. 

A treatment plant would need to be installed and would operate 
indefinitely. Waste from the treatment plant would need to be disposed 
to landfill. 

There is no current proven technology available to passively treat 
flowing surface water in situ.  

Objective To reduce PFAS migration in surface water from the runway area. 

How this objective 
contributes to managing 
the identified risk  

Reduction in PFAS discharges to surface water will reduce PFAS in 
Harris and Williams Creeks and the Georges River. This will reduce 
risks to aquatic ecology in these water bodies and reduce risks to 
recreational fishers in the Georges River. However, as noted further 
below, this source (and Holsworthy more broadly) is a minor 
contributor to overall PFAS loads in the Georges River. 

The extent to which this 
option is expected to meet 
the objective 

It is unlikely that capture of all runoff during large rainfall events will be 
feasible. Therefore, this action will reduce but not eliminate PFAS 
discharges in surface water from the airfield. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

This option addresses the surface water migration pathway between 
Luscombe Airfield and nearby surface water bodies (Harris Creek and 
Williams Creek). 

Supplementary / 
complementary options 

− Further research into the feasibility and implementation of the 

of this option is required. 

− The ongoing monitoring plan would need to assess the 

effectiveness of the treatment system. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 2 Medium works notification 

to PWC required above 

$2 million 

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

 

2 Effectiveness 

rating 

Low As noted above, it is unlikely that capture of all runoff 

during large rainfall events will be feasible. Therefore, this 

action will reduce but not eliminate PFAS discharges in 

surface water from the airfield. Furthermore, this option is 
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unlikely to materially reduce PFAS loads in the Georges 

River. The DSI estimated that the contribution from 

Holsworthy to PFAS loads in the Georges River is low 

compared to non-Holsworthy sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

− Medium term: 1-3 years 

Extended implementation period (ongoing operation) 

− Long term (beyond 3 years) 

4 Potential impacts • Positive  

o Primary pathway from Luscombe Airfield to be treated and 

managed  

• Negative 

o Likely high cost to implement 

o Ongoing maintenance and operation costs 

o Overall environmental benefit likely to be low as there are 

other, more significant sources contributing to PFAS in 

Georges River. 

o PFAS contamination remains within the soil so future 

management may be required. 

o During installation, the works have potential to impact on 

Defence operations at Luscombe Airfield. 

5 Estimated net 

environmental 

benefit 

Moderate as this option will reduce PFAS discharges in surface water from 

this source area. However other non-Holsworthy related sources are more 

significantly contributing to PFAS in the Georges River. Therefore, the 

overall reduction of PFAS concentrations and associated reductions in 

exposures to human health and impacts to the environment are likely to be 

minimal. 

Risk-based analysis 

6 Proportion of 

action to risk 

This action is estimated to have a high cost, would require ongoing 

management with potentially no end point and there is a risk of residual 

PFAS impacts to surface water during large rain events. Furthermore, 

there are other sources of PFAS contributing to the surface water bodies 

and the reduction of overall risk to human health and the environment is 

unlikely to be significant. Therefore, this action is not considered 

proportionate to the risk. 

7 Best-practice 

status 

Best-practice would be to prioritise source treatment options rather than 

pathway options. 

8 Verification 

status 

PFAS treatment of water is a proven technology. However, this is typically 

associated with groundwater which has fewer variable flows and more 

consistent water quality. Future detailed design and pilot testing required to 

prove commercial feasibility of the management methodology. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− First flush capture system (dam or tanks required) along with water 

treatment facility and ongoing electricity requirements. 

Ability to construct and operating technology 

− Technology is available. 

Reliability of technology 



PMAP – Australian Army Holsworthy Barracks 
 

 

 

82 
 

− Future pilot trial needed to assess reliability of the technology. 

Ability to monitor effectiveness 

− Surface water monitoring will enable measurement of 

effectiveness of remediation 

Ability to obtain any necessary approvals 

− No external regulatory approval required 

Availability of services and materials 

− Technology available however some minor lead in time may be 

needed for trial 

10 Risks and 

mitigation 

The secondary16 and residual17 risks of implementation and associated 

mitigation options, include: 

- The key risk is that a portion of impacted surface water during high 

rainfall events may not be treated. It is noted that PFAS 

concentrations in surface water during high rainfall events are 

likely lower than during normal rainfall due to greater dilution. 

- Residual risk that PFAS in surface water in Georges River is not 

substantially reduced as a result of this action given other non-

Holsworthy sources. 

11 Key Dependencies Pilot testing of a suitable surface water treatment technology. 

Defence implications 

12 Defence 

capability 

There may be interference with Defence operations at the airfield during 

the construction of this action. 

13 Project fit Not applicable 

14 Scalability Treatment volumes can be altered as required based on base 

flow/discharge required. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

Discharge limits for surface water to be confirmed in consultation with the 

NSW EPA. 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified from the implementation of this 

management option. 

 

  

                                                      

 

16 Secondary risks are risks that emerge from implementation of a risk management response 

17 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.2 Former Luscombe Sewage Disposal Area 

E2.2.1 Option 1: Excavation and containment 

No # Option 1 

Title (functional) Excavation and off-property/on-property containment 

Description Excavation of PFAS impacted soil, transport and storage off-property 
or in on-property designated containment cell and replacement with 
clean fill. An estimated 1.6 kg of PFHxS + PFOS is present within the 
top 0.5 m of soil within the immediate vicinity of the source area giving 
an approximate soil volume of 554 m3. 

Objective To reduce PFAS migration in surface water from the former sewage 
disposal area. 

How this objective 
contributes to managing 
the identified risk  

Reduction in PFAS discharges to surface water will reduce PFAS in 
Harris and Williams Creeks and the Georges River. This will reduce 
risks to aquatic ecology in these water bodies and reduce risks to 
recreational fishers in the Georges River. However, as noted further 
below, this source (and Holsworthy more broadly) is a minor 
contributor to overall PFAS loads in the Georges River. 

The extent to which this 
option is expected to meet 
the objective 

This action is likely to reduce PFAS discharges from this area. 
However, low level diffuse PFAS contamination in soil will likely 
remain in some parts of the source area and so the action is unlikely 
to eliminate PFAS discharges in surface water. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

This option addresses the source of PFAS in this area. 

Supplementary / 
complementary options 

− Additional investigations to refine the source area for 
excavation are required prior to works commencing. 

− If the soil is placed within a containment cell on-property, the 
PFAS source will remain elsewhere on site and will require 
future management or treatment. 

− Consider use of solidification, stabilisation or immobilisation 
techniques to supplement this option and further reduce risk of 
PFAS leaching from containment. 

− Validation of excavation extent to confirm the remediation 
success is required. 

− Excavation would potentially remove groundwater well BH329. 
Therefore, an additional well (or multiple wells) will require 
installation for ongoing monitoring. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 4 Community level actions < $500,000 

Cost estimate is based on the excavation and disposal of 554 m3 of soil. 

2 Effectiveness 

rating 

Low The action is expected to remove the source but it 

is not clear that this will significantly reduce PFAS 

in Williams Creek. There are no formal drainage 
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structures from this area to Williams Creek and 

discharge to the creek may only occur during high 

periods of rainfall. Furthermore, this option is 

unlikely to materially reduce PFAS loads in the 

Georges River. The DSI estimated that the 

contribution from Holsworthy to PFAS loads in the 

Georges River is low compared to non-

Holsworthy sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

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

4 Potential impacts • Positive  

o Primary source area removed 

o No operation and maintenance costs 

• Negative 

o Benefit to overall PFAS management may be marginal 

and have low effectiveness. Discharge to Williams Creek 

and Georges River only likely to occur during extended 

high rainfall. Also, there are other sources of PFAS 

contributing to the Georges River. 

o Additional management may be required to store PFAS 

impacted soil on site. 

5 Estimated net 

environmental 

benefit 

Marginal as this option will largely remove the source area of PFAS, 

however there is no formal drainage from the area and overland flow may 

only reach Williams Creek during periods of extended high rainfall. 

Furthermore, other non-Holsworthy related sources are more significantly 

contributing to PFAS in the Georges River. Therefore, the overall reduction 

of PFAS concentrations and associated reductions in exposures to human 

health and impacts to the environment are likely to be minimal. 

Risk-based analysis 

6 Proportion of 

action to risk 

The action is comparatively low cost. However, there are other sources of 

PFAS contributing to the surface water bodies and the reduction of overall 

risk to human health and the environment is unlikely to be significant. 

Therefore, this action is not considered proportionate to the risk.  

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

- No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

- Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 
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- Excavation and storage of contaminants in a designed designated 

storage facility is a proven methodology to isolate contaminants, 

by removing pathways to receptors 

Ability to monitor effectiveness 

- Validation of excavation at the source will confirm excavation 

effectiveness 

- Surface water and groundwater monitoring will enable 

measurement of effectiveness of remediation 

- Surface water and groundwater monitoring in the containment cell 

area will enable measurement of effectiveness of the cell design 

Ability to obtain any necessary approvals 

- No external regulatory approval required 

 

Availability of services and materials 

- Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary18 and residual19 risks of implementation and associated 

mitigation options, include: 

− Likely that some low level, diffuse concentrations of PFAS will 

remain in the area and therefore a residual risk that some PFAS 

leaching to surface water will continue to occur. 

− Residual risk that PFAS in surface water in Williams Creek and 

Georges River is not substantially reduced as a result of this action 

given other non-Holsworthy sources. 

11 Key Dependencies No key dependencies identified for off-property disposal. If on-property 

containment is chosen, the construction of a soil storage facility on-

property is required. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option 

13 Project fit Not applicable 

14 Scalability Generally, this option is scalable, however there may be constraints to the 

capacity of soil storage on-property or at the waste disposal facility. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified. 

                                                      

 

18 Secondary risks are risks that emerge from implementation of a risk management response 

19 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.2.2 Option 2: Capping 

No # Option 2 

Title (functional) Capping of soils in source area 

Description Construction of a physical capping layer to the surface soil profile to 
minimise PFAS in soil leaching to surface water. 

Objective To reduce PFAS migration in surface water from the source area. 

How this objective 
contributes to managing 
the identified risk  

Reduction in PFAS discharges to surface water will reduce PFAS in 
Williams Creek and the Georges River. This will reduce risks to 
aquatic ecology in these water bodies and reduce risks to recreational 
fishers in the Georges River. However, it is noted that there are no 
formal drainage structures from this area to Williams Creek and 
overland flow to the creek may only occur during large rain events. 
Furthermore, as noted further below, this source (and Holsworthy 
more broadly) is a minor contributor to overall PFAS loads in the 
Georges River. 

The extent to which this 
option is expected to meet 
the objective 

Physical capping layers have been proven to remove the direct 
contact pathway for exposure to a contaminant source and the surface 
water runoff pathway. The PFAS will remain in situ, however, which 
does not remove the migration pathway of leaching to groundwater. 

 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

The PFAS source will remain in-situ within the soil while the capping 
layer remains intact. 

This management option reduces the surface water runoff pathway 
component; however, it does not remove the migration pathway of 
leaching to ground water. 

Supplementary / 
complementary options 

No supplementary actions identified. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 4 Community level actions  < $500,000 

The cost estimate is based on capping an approximate area of 1,200 m2. 

2 Effectiveness 

rating 

Low It is likely the cap can be applied to the entire 

source area. However, there is still some potential 

for low level impacted areas to remain uncapped 

and contribute to minor surface water discharges. 

Furthermore, this option is unlikely to materially 

reduce PFAS loads in the Georges River. The 

DSI estimated that the contribution from 

Holsworthy to PFAS loads in the Georges River is 

low compared to non-Holsworthy sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

− Short term: 1-12 months from the date of the PMAP 
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4 Potential impacts • Positive  

o Primary source area capped which breaks the linkage 

between the source of PFAS and the migration pathway of 

surface water runoff 

o No operation and maintenance costs 

o Relatively low-cost management option 

• Negative 

o The identified risks are not being wholly addressed by this 

management option given that leaching to groundwater is 

not addressed. 

o PFAS contamination remains within the soil so further 

management may be required in the future. 

5 Estimated net 

environmental 

benefit 

Marginal.  This option will reduce PFAS discharges in surface water from 

this source. However, there is no formal drainage from the area and 

overland flow may only reach Williams Creek during periods of extended 

high rainfall. Furthermore, other non-Holsworthy related sources are more 

significantly contributing to PFAS in the Georges River. Therefore, the 

overall reduction of PFAS concentrations and associated reductions in 

exposures to human health and impacts to the environment are likely to be 

minimal. 

Risk-based analysis 

6 Proportion of 

action to risk 

While the estimated cost for the option is comparatively low, implementing 

this action is likely to have a minor impact on overall PFAS concentrations 

in Williams Creek and Georges River. Furthermore, the action does not 

remove the source and there is the potential for ongoing leaching to 

groundwater. Therefore, the option is not considered proportionate to risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Capping/isolation of contaminants is a proven methodology to 

isolate contaminants, leaving them in situ, but removing pathways 

to receptors  

Ability to monitor effectiveness 

− Surface water and groundwater monitoring will enable 

measurement of effectiveness of remediation 

Ability to obtain any necessary approvals 

− No external regulatory approval required 

Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 
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10 Risks and 

mitigation 

The secondary20 and residual21 risks of implementation and associated 

mitigation options, include: 

The key risk is that some low level impacted areas will remain uncapped 

and therefore some runoff to Williams Creek may continue. Furthermore, 

some leaching to groundwater may continue to occur. 

11 Key Dependencies No key dependencies identified. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option. 

13 Project fit Not applicable 

14 Scalability This option is scalable. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified from the implementation of this 

management option. 

 

  

                                                      

 

20 Secondary risks are risks that emerge from implementation of a risk management response 

21 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.3 Former STP Area 

E2.3.1 Option 1: Excavation and containment 

No # Option 1 

Title (functional) Excavation and off-property/on-property containment of soil. 

Description Excavation of PFAS impacted soil at the Former STP Area, transport 
and storage off-property or in on-property designated containment cell 
and replacement with clean fill. . The extent of impacted soil that may 
require excavation has not been delineated but is likely in the order of 
5,000 m3. This assumes excavation would be limited to the waste 
burial areas, small lagoons and drying area. 

Objective To reduce PFAS discharges in surface water and groundwater from 
the source area. 

How this objective 
contributes to managing 
the identified risk  

Reducing PFAS discharges to groundwater and surface water bodies 
will reduce risks to aquatic ecology and reduce risks to recreational 
fishers in the Georges River. However, as noted further below, this 
source (and Holsworthy more broadly) is a minor contributor to overall 
PFAS loads in the Georges River. 

The extent to which this 
option is expected to meet 
the objective 

The excavation of soil from the source area is expected to reduce 
discharges to the surface water bodies. However, it is unlikely that all 
impacted soil will be able to be removed.  

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

This option addresses the source. 

Supplementary / 
complementary options 

− Additional investigations to refine the source area for 
excavation is required prior to works commencing. 

− Depending upon the depth and duration of excavation, 
dewatering of the excavation as well as treatment of the water 
may be required. 

− If the soil is placed within a containment cell on-property, the 
PFAS source will remain elsewhere on site and will require 
future management or treatment.  

− Consider use of solidification, stabilisation or immobilisation 
techniques to supplement this option and further reduce risk of 
PFAS leaching from containment. 

− Validation of excavation extent to confirm the remediation 
success is required. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

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

2 Effectiveness 

rating 

Low As noted above, complete removal of PFAS 

impacted soil in this area is unlikely to be 

achieved. Furthermore, this option is unlikely to 

materially reduce PFAS loads in the Georges 

River. The DSI estimated that the contribution 
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from Holsworthy to PFAS loads in the Georges 

River is low compared to non-Holsworthy 

sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

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

4 Potential impacts • Positive  

o Source area removed 

o No operation and maintenance costs 

• Negative 

o The specific source area within the Former STP Area has 

not yet been fully delineated however it appears the PFAS 

impacts are wide-spread at low concentrations. Therefore, 

the quantity of soil for excavation is likely to be high and 

therefore cost will also be high. 

o Additional management may be required to store PFAS 

impacted soil on site 

o It may not be possible to remove all impacted soil from the 

area. 

5 Estimated net 

environmental 

benefit 

Marginal. The PFAS contamination area is low level and diffuse, requiring 

significant excavation for a low total PFAS mass. Furthermore, other non-

Holsworthy related sources are more significantly contributing to PFAS in 

the Georges River. Therefore, the overall reduction of PFAS 

concentrations and associated reductions in exposures to human health 

and impacts to the environment are likely to be minimal. 

Risk-based analysis 

6 Proportion of 

action to risk 

The option has a comparatively moderate cost but may not result in 

significant improvements in PFAS discharges to the surface water bodies 

and subsequent reductions in risk. Therefore, the option is not considered 

proportionate to risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Excavation and storage of contaminants in a designed designated 

storage facility is a proven methodology to isolate contaminants, 

by removing pathways to receptors 

Ability to monitor effectiveness 

− Validation of excavation at the source will confirm excavation 

effectiveness 
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− Surface water and groundwater monitoring around the source area 

will enable measurement of effectiveness of remediation 

− Surface water and groundwater monitoring in the containment cell 

area will enable measurement of effectiveness of the cell design 

Ability to obtain any necessary approvals 

- No external regulatory approval required 

 

Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary22 and residual23 risks of implementation and associated 

mitigation options, include: 

− Environmental impacts during the works would need to be 

appropriately managed given the proximity of public open space 

and residential areas 

− Residual risk that PFAS in surface water in Williams Creek and 

Georges River is not substantially reduced as a result of this action 

11 Key Dependencies No key dependencies identified for off-property disposal. If on-property 

containment is chosen, the construction of a soil storage facility on-

property is required. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option 

13 Project fit Not applicable 

14 Scalability Generally, this option is scalable, however there may be constraints to the 

capacity of soil storage on-property or at the waste disposal facility. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community As noted above, environmental impacts during the works would need to be 

appropriately managed given the proximity of public open space and 

residential areas. 

 

  

                                                      

 

22 Secondary risks are risks that emerge from implementation of a risk management response 

23 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.3.2 Option 2: Capping 

No # Option 2 

Title (functional) Capping of soils in source area 

Description Construction of a physical capping layer to the surface soil profile to 
prevent surface water runoff of PFAS from the source area. The extent 
of the area required for capping has not been defined but is assumed 
to be in the order of 10,000 m2. 

Objective To reduce PFAS migration in surface water from the source area. 

How this objective 
contributes to managing 
the identified risk  

Reduction in PFAS discharges to surface water will reduce PFAS in 
Harris Creek, Williams Creek and the Georges River. This will reduce 
risks to aquatic ecology in these water bodies and reduce risks to 
recreational fishers in the Georges River. However, it is noted that, 
this source (and Holsworthy more broadly) is a minor contributor to 
overall PFAS loads in the Georges River. 

The extent to which this 
option is expected to meet 
the objective 

Physical capping layers have been proven to remove the direct 
contact pathway for exposure to a contaminant source and the surface 
water runoff pathway. The PFAS will remain in situ, however, which 
does not remove the migration pathway of leaching to groundwater. 
The DSI identified that groundwater is likely to be discharging to 
surface water bodies in this area. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

The PFAS source will remain in-situ within the soil while the capping 
layer remains intact. 

This management option removes the surface water runoff pathway 
component; however, it does not remove the migration pathway of 
leaching to groundwater. 

Supplementary / 
complementary options 

No supplementary actions identified. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 4 Community level actions  < $500,000 
 

2 Effectiveness 

rating 

Low It may not be possible to cap all PFAS impacted 

soil in this area given the presence of 

infrastructure. This option will also not address 

groundwater. Furthermore, this option is unlikely 

to materially reduce PFAS loads in the Georges 

River. The DSI estimated that the contribution 

from Holsworthy to PFAS loads in the Georges 

River is low compared to non-Holsworthy 

sources. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

− Short term: 1-12 months from the date of the PMAP 
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4 Potential impacts • Positive  

o Source area capped which breaks the linkage between the 

source of PFAS and the migration pathway of surface 

water runoff 

o No operation and maintenance costs 

o Relatively low-cost management option 

• Negative 

o The identified risks are not being wholly addressed by this 

management option given that leaching to groundwater is 

not addressed. 

o PFAS contamination remains within the soil so further 

management would likely be required. 

o Additional treatment and/or disposal would likely be 

required if area is to be subject to future development 

5 Estimated net 

environmental 

benefit 

Marginal.  This option will reduce PFAS discharges in surface water from 

this source. However, the option does not address groundwater and the 

DSI has identified that groundwater is likely discharging to Harris and 

Williams Creeks. Furthermore, other non-Holsworthy related sources are 

more significantly contributing to PFAS in the Georges River. Therefore, 

the overall reduction of PFAS concentrations and associated reductions in 

exposures to human health and impacts to the environment are likely to be 

minimal.  

Risk-based analysis 

6 Proportion of 

action to risk 

While this is estimated to be a comparatively low cost option, there are 

risks that not all PFAS discharges to surface water in this area will be 

addressed. Furthermore, there are other source areas contributing PFAS 

to the surface water bodies. Therefore, this option is not considered 

proportionate to risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Capping/isolation of contaminants is a proven methodology to 

isolate contaminants, leaving them in situ, but removing pathways 

to receptors  

Ability to monitor effectiveness 

− Surface water and groundwater monitoring around the source area 

will enable measurement of effectiveness of remediation 

Ability to obtain any necessary approvals 

− No external regulatory approval required 

Availability of services and materials 
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− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary24 and residual25 risks of implementation and associated 

mitigation options, include: 

− Environmental impacts during the works would need to be 

appropriately managed given the proximity of public open space 

and residential areas 

− There is a residual risk that some low level impacted areas will 

remain uncapped and groundwater migration will continue to 

occur. Therefore, the reduction of PFAS discharges to surface 

water bodies may not be significant. 

11 Key Dependencies No key dependencies identified. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option. 

13 Project fit Not applicable 

14 Scalability This option is scalable. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community As noted above, environmental impacts during the works would need to be 

appropriately managed given the proximity of public open space and 

residential areas. 

 

  

                                                      

 

24 Secondary risks are risks that emerge from implementation of a risk management response 

25 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.4 Former 85 Transport Area 

E2.4.1 Option 1: Excavation and containment 

No # Option 1 

Title (functional) Excavation and off-property/on-property containment of soil from the 
Old Pass Office area within the Former 85 Transport Area 

Description Excavation of PFAS impacted soil at the Old Pass Office area, transport 
and storage off-property or in on-property designated containment cell 
and replacement with clean fill. This option includes demolition of the 
wash down bay and drainage pits in order to access the sub-surface in 
this area. 

An estimated 46.8 kg of PFHxS + PFOS is present within the top 0.8 m 
of soil within the immediate vicinity of the source area. The estimated 
approximate impacted soil volume is 1,789 m3. 

Objective To reduce PFAS discharges in surface water from the source area. 

How this objective 
contributes to managing 
the identified risk  

Reducing PFAS discharges to surface water will reduce PFAS load to 
Anzac Creek and the Georges River. This will reduce risks to aquatic 
ecology and reduce human health risks to recreational fishers. 
However, as noted further below, this source (and Holsworthy more 
broadly) is a minor contributor to overall PFAS loads in the Georges 
River. 

The extent to which this 
option is expected to 
meet the objective 

The excavation of soil from the source area is expected to reduce 
discharges to surface water. However, it is unlikely that all impacted soil 
will be able to be removed. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

This option addresses the source. 

Supplementary / 
complementary options 

− Additional investigations to refine the source area for excavation 
is required prior to works commencing. 

− During management of soil in the area, works should also 
incorporate treatment and/or disposal of surface water within 
the three concrete pits which have been shown to contain 
PFAS. In addition, the concrete pits and associated 
infrastructure (culvert, pipes, etc.) will need removal and 
disposal/containment, likely with the excavated soils. 

− Depending upon the depth and duration of excavation, 
dewatering of the excavation as well as treatment of the water 
may be required. 

− If the soil is placed within a containment cell on-property, the 
PFAS source will remain elsewhere on site and will require 
future management or treatment. 

− Consider use of solidification, stabilisation or immobilisation 
techniques to supplement this option and further reduce risk of 
PFAS leaching from containment. 

− Validation of excavation extent to confirm the remediation 
success is required. 
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− Excavation would likely remove groundwater well BH365. 
Therefore, an additional well (or multiple wells) will require 
installation for ongoing monitoring. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

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

Cost estimate is based on the excavation and disposal of 3,220 m3 of soil. 

2 Effectiveness 

rating 

Medium The option will largely remove this PFAS source. 

Some residual source material likely to remain 

due to access constraints. While other sources 

are also contributing to PFAS in Georges River, 

this source is the most significant on-Property 

source identified in the DSI in terms of PFAS 

concentrations and estimated source zone mass. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

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

4 Potential impacts • Positive  

o Primary source area removed 

o No operation and maintenance costs 

• Negative 

o Benefit to PFAS management may be marginal as other 

sources are contributing to the Georges River 

o Additional management may be required to store PFAS 

impacted soil on site 

5 Estimated net 

environmental 

benefit 

Moderate as this option will remove this source area of PFAS, however 

other non-Holsworthy related sources are more significantly contributing to 

PFAS in the Georges River. Therefore, the overall reduction of PFAS 

concentrations and associated reductions in exposures to human health 

and impacts to the environment are likely to be low. 

Risk-based analysis 

6 Proportion of 

action to risk 

Given the mass of PFAS in this source, comparatively moderate cost and 

minimal reduction in PFAS concentrations in Georges River, the option is 

considered marginally proportionate to risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 
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− Excavation and storage of contaminants in a designed designated 

storage facility is a proven methodology to isolate contaminants, 

by removing pathways to receptors 

Ability to monitor effectiveness 

− Validation of excavation at the source will confirm excavation 

effectiveness 

− Surface water and groundwater monitoring will enable 

measurement of effectiveness of remediation 

− Surface water and groundwater monitoring in the containment cell 

area will enable measurement of effectiveness of the cell design 

Ability to obtain any necessary approvals 

- No external regulatory approval required 

Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary26 and residual27 risks of implementation and associated 

mitigation options, include: 

− It may be difficult to access all impacted soil around infrastructure. 

Therefore, some risk that there will be residual source material. 

− Residual risk that PFAS in surface water in Anzac Creek and 

Georges River is not substantially reduced as a result of this action 

11 Key Dependencies No key dependencies identified for off-property disposal. If on-property 

containment is chosen, the construction of a soil storage facility on-

property is required. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option 

13 Project fit Not applicable 

14 Scalability Generally, this option is scalable, however there may be constraints to the 

capacity of soil storage on-property or at the waste disposal facility. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified. 

  

                                                      

 

26 Secondary risks are risks that emerge from implementation of a risk management response 

27 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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E2.4.2 Option 2: Capping 

No # Option 2 

Title (functional) Capping of soils in the Old Pass Office source area 

Description Construction of a physical capping layer to the surface soil profile to 
prevent surface water runoff of PFAS from the source area. 

Objective To reduce PFAS discharges in surface water. 

An estimated 46.8 kg of PFHxS + PFOS is present within the top 0.8 
m of soil within the immediate vicinity of the source area giving an 
approximate soil volume of 1,789 m3. 

How this objective 
contributes to managing 
the identified risk  

Reducing PFAS discharges to Anzac Creek and Georges River will 
reduce risks to aquatic ecology and reduce risks to recreational 
fishers. 

This management method does not prevent the leaching of PFAS 
from soils to groundwater and, therefore, does not completely manage 
all risks.  

The extent to which this 
option is expected to meet 
the objective 

Physical capping layers have been proven to remove the direct 
contact pathway for exposure to a contaminant source and the surface 
water runoff pathway. The PFAS will remain in situ, however, which 
does not remove the migration pathway of leaching to ground water. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

The PFAS source will remain in-situ within the soil while the capping 
layer remains intact. 

This management option removes the surface water runoff pathway 
component; however, it does not remove the migration pathway of 
leaching to ground water. 

Supplementary / 
complementary options 

− During capping at the Old Pass Office area, works should also 

incorporate treatment and/or disposal of surface water within 

the three concrete pits which have been shown to contain 

PFAS. In addition, the concrete pits may require removal and 

disposal/containment prior to capping. 

− Capping would likely cover groundwater well BH365. 

Therefore, an additional well/s will require installation for 

ongoing monitoring. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 4 Community level actions  < $500,000 
 

2 Effectiveness 

rating 

Low It will likely be difficult to provide capping across 

all impacted soil. Some discharge to surface 

water infrastructure from groundwater may occur 

in the area. While other sources are also 

contributing to PFAS in Georges River, this 

source is the most significant on-Property source 

identified in the DSI in terms of PFAS 

concentrations and estimated source zone mass. 
 



PMAP – Australian Army Holsworthy Barracks 
 

 

 

99 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

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

4 Potential impacts • Positive  

o Primary source area capped which breaks the linkage 

between the source of PFAS and the migration pathway of 

surface water runoff 

o No operation and maintenance costs 

o Relatively low cost management option 

• Negative 

o The identified risks are not being wholly addressed by this 

management option given that leaching to groundwater is 

not addressed. 

o PFAS contamination remains within the soil so further 

management would likely be required. 

o Additional treatment and/or disposal would likely be 

required if area is to be subject to future development 

5 Estimated net 

environmental 

benefit 

Marginal benefit as this management option will not remove the main 

source area of PFAS on site, and does not address leaching to 

groundwater.  

Risk-based analysis 

6 Proportion of 

action to risk 

Given the risk that the option will not be effective and marginal 

environmental benefit, this option is considered marginally proportionate to 

risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Capping/isolation of contaminants is a proven methodology to 

isolate contaminants, leaving them in situ, but removing pathways 

to receptors  

Ability to monitor effectiveness 

− Surface water and groundwater monitoring around the source area 

will enable measurement of effectiveness of remediation 

Ability to obtain any necessary approvals 

− No external regulatory approval required 

Availability of services and materials 
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− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The risk of implementation of this management option is that the identified 

PFAS contamination risks are not addressed. 

11 Key Dependencies No key dependencies identified. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option. 

13 Project fit Not applicable 

14 Scalability This option is scalable. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

No regulatory approvals required 

16 Owner / occupier 

consents and 

views 

Australian Army Holsworthy Barracks 

17 Community No community impacts identified from the implementation of this 

management option. 
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E2.5 LFS property 

E2.5.1 Option 1: Excavation and containment 

No # Option 1 

Title (functional) Excavation and off-property/on-property containment of soil from the 
LFS 

Description Excavation of PFAS impacted soil at the LFS, transport and storage off-
property or in on-property designated containment cell and replacement 
with clean fill. 

The PFAS contamination in this area has not been fully delineated and 
so excavation requirements are unclear. Furthermore, the leaching 
mechanisms and migration pathways at the LFS would need further 
investigation to confirm if soil contamination in the unpaved area is the 
only source of PFAS leaching to stormwater. There is likely some 
contribution of PFAS leaching from soil to sub-surface stormwater 
infrastructure. 

If the main source of PFAS leaching is from the unpaved area in the 
eastern portion of the LFS property then excavation of soil across most 
of this area is likely required. Soil concentrations of PFOS + PFHxS at 
three of the four borehole locations in this unpaved area installed for the 
DSI exceeded 1 mg/kg. Contamination at these locations has not been 
delineated to depth. One surface sample and one sample at 0.9 meters 
below ground surface was collected at each location. The maximum 
concentrations were reported at the deep location. Therefore, 
excavation to at least 1 meter below ground surface would be required. 

Excavation of soil in the northern portion of the main yard may also be 
required if leaching to sub-surface stormwater infrastructure is 
significant. Removal of the concrete pavement in this area would be 
needed to enable access to the soil. Removal of at least the northern pit 
(historically used for pump testing) would also likely be beneficial as part 
of this action. 

Objective To reduce PFAS leaching to surface water. The DSI identified that 
Anzac Creek and the drainage channel on the southern side of Anzac 
Rd are likely recharging groundwater rather than receiving groundwater. 
Furthermore, groundwater is not beneficially used in the area around 
LFS and is unlikely to be used in the future. Therefore, the objective 
focusses on surface water migration from the LFS rather than 
groundwater contamination. 

How this objective 
contributes to managing 
the identified risk  

Reducing PFAS leaching to surface water will reduce discharges to 
Anzac Creek and Georges River and subsequent risks to aquatic 
ecology and human health. However, as noted further below, this 
source (and the on-property sources at Holsworthy more broadly) is a 
minor contributor to overall PFAS loads in the Georges River. 

The extent to which this 
option is expected to 
meet the objective 

The excavation of soil from the source area is expected to reduce 
discharges to surface water and groundwater. However, it is unlikely 
that all impacted soil will be able to be removed given the presence of 
infrastructure and need to maintain operations at the station. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

This option addresses the source 
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period 

requirements 

Supplementary / 
complementary options 

− Additional investigations to refine the source area for excavation 
is required prior to works commencing. These investigations 
should also seek to understand the relative contributions of 
each area and mechanism to surface water discharges. This 
will guide whether excavation in the northern part of the main 
yard and removal of infrastructure is required. 

− Depending upon the depth and duration of excavation, 
dewatering of the excavation as well as treatment of the water 
may be required. 

− If the soil is placed within a containment cell on-property, the 
PFAS source will remain elsewhere on site and will require 
future management or treatment. 

− Consider use of solidification, stabilisation or immobilisation 
techniques to supplement this option and further reduce risk of 
PFAS leaching from containment. 

− Validation of excavation extent to confirm the remediation 
success is required. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

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

2 Effectiveness 

rating 

Medium The option will largely remove this PFAS source. 

Some residual source material likely to remain 

due to access constraints. Other sources are also 

contributing to PFAS in Georges River and 

reduction of total PFAS load to the river from 

implementing this action is likely to be minimal. 
 

3 Implementation 

period / 

timeframe 

Primary implementation period 

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

4 Potential impacts • Positive  

o Primary source area removed 

o No operation and maintenance costs 

• Negative 

o Benefit to PFAS management may be marginal as other 

sources are contributing to the Georges River 

o Difficult to implement due to need to minimise disturbance 

to Fire and Rescue NSW operations 

o Additional management may be required to store PFAS 

impacted soil on site 

o Works will need to be carefully managed to avoid off-site 

environmental impacts or disturbance to nearby 

residences. 

5 Estimated net 

environmental 

benefit 

Marginal as this option will largely remove the source area of PFAS. 

However, other non-Holsworthy related sources are more significantly 

contributing to PFAS in the Georges River. Therefore, the overall reduction 

of PFAS concentrations and associated reductions in exposures to human 

health and impacts to the environment are likely to be minimal. 

Risk-based analysis 
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6 Proportion of 

action to risk 

Given the estimated cost and minimal reduction in PFAS concentrations in 

Georges River, the option is not considered proportionate to risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Excavation and storage of contaminants in a designed designated 

storage facility is a proven methodology to isolate contaminants, 

by removing pathways to receptors 

Ability to monitor effectiveness 

− Validation of excavation at the source will confirm excavation 

effectiveness 

− Surface water and groundwater monitoring will enable 

measurement of effectiveness of remediation 

− Surface water and groundwater monitoring in the containment cell 

area will enable measurement of effectiveness of the cell design 

Ability to obtain any necessary approvals 

- The LFS is on NSW government owned property and therefore 

planning approvals would likely be required. 

Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary28 and residual29 risks of implementation and associated 

mitigation options, include: 

− The LFS property is adjacent to residential properties and 

therefore there is the potential for noise and dust impacts. 

− It may be difficult to access all impacted soil around infrastructure. 

Therefore, some risk that there will be residual source material. 

− Residual risk that PFAS in surface water in Anzac Creek and 

Georges River is not substantially reduced as a result of this action 

11 Key Dependencies No key dependencies identified for off-property disposal. If on-property 

containment is chosen, the construction of a soil storage facility on-

property is required. 

                                                      

 

28 Secondary risks are risks that emerge from implementation of a risk management response 

29 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option. 

However, there is a risk that Fire and Rescue NSW operations will be 

significantly affected. 

13 Project fit Not applicable 

14 Scalability Generally, this option is scalable, however there may be constraints to the 

capacity of soil storage on-property or at the waste disposal facility. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

NSW government planning approvals may be needed. 

16 Owner / occupier 

consents and 

views 

Fire and Rescue NSW 

17 Community The works could cause significant noise and dust impacts to the 

neighbouring residential properties. Mitigation measures would be 

required. 
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E2.5.2 Option 2: Capping 

No # Option 2 

Title (functional) Capping of soils in source area 

Description Construction of a physical capping layer to the surface soil profile to 
prevent surface water runoff of PFAS from the source area. The 
capping would be applied to the unpaved area on the eastern side of 
the property. 

Objective To reduce PFAS discharges in surface water. 

 

How this objective 
contributes to managing 
the identified risk  

Reducing PFAS leaching to surface water will reduce discharges to 
Anzac Creek and Georges River and subsequent risks to aquatic 
ecology and human health. However, as noted further below, this 
source (and the on-property sources at Holsworthy more broadly) is a 
minor contributor to overall PFAS loads in the Georges River. This 
management method does not prevent the leaching of PFAS from 
soils to groundwater. However, the DSI identified that Anzac Creek 
and the drainage channel on the southern side of Anzac Rd are likely 
recharging groundwater rather than receiving groundwater. 
Groundwater flow from the LFS is also towards the north and north 
east rather than towards the drainage ditch or Anzac Creek. 
Furthermore, groundwater is not beneficially used in the area around 
LFS and is unlikely to be used in the future. 

The extent to which this 
option is expected to meet 
the objective 

Physical capping layers have been proven to remove the direct 
contact pathway for exposure to a contaminant source and the surface 
water runoff pathway. 

Whether the option 
addresses 

− source,  

− pathway 

− receptor, and/or 

− extended 

implementation 

period 

requirements 

The PFAS source will remain in-situ within the soil while the capping 
layer remains intact. 

This management option removes the surface water runoff pathway 
component; however, it does not remove the migration pathway of 
leaching to groundwater. 

Supplementary / 
complementary options 

− Consideration could be given to removing or replacing the 

disused pits and other drainage infrastructure as part of this 

option. However, if this is to occur then excavation of impacted 

soil would also likely be beneficial. 

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Category 4 Community level actions  < $500,000 
 

2 Effectiveness 

rating 

Low It is possible that PFAS is entering the drainage 

network at the LFS from other areas including 

leaching from concrete structures and infiltration 

of groundwater to the network. Capping the 

unpaved area alone may not significantly reduce 

PFAS from the LFS. 
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3 Implementation 

period / 

timeframe 

Primary implementation period 

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

4 Potential impacts • Positive  

o Part of primary source area capped which breaks the 

linkage between the source of PFAS and the migration 

pathway of surface water runoff 

o No operation and maintenance costs 

o Relatively low cost management option 

• Negative 

o Likely that some PFAS leaching to surface water will 

continue to occur from uncapped areas. 

o PFAS contamination remains within the soil so further 

management would likely be required. 

o Additional treatment and/or disposal would likely be 

required if area is to be subject to future development 

5 Estimated net 

environmental 

benefit 

Marginal net environmental benefit as reduction in PFAS in surface water 

from LFS may not be significant and there are other, more significant, 

sources of PFAS discharging to the Georges River. 

Risk-based analysis 

6 Proportion of 

action to risk 

There is a risk that the option will not be effective in reducing PFAS in 

surface water from the LFS as leaching of soil or concrete in to subsurface 

drainage may be significant. Furthermore, reducing PFAS from this source 

is unlikely to lead to a significant reduction in PFAS load to the Georges 

River. However, the action has a comparatively low cost. Therefore, this 

option is considered marginally proportionate to risk. 

7 Best-practice 

status 

Under the management options currently available under the NEMP, this 

option would be considered best practice until treatment facilities become 

available. 

8 Verification 

status 

This management option has been used to successfully treat/manage 

PFAS contaminated soils in Australia. 

9 Technology 

assessment 

Infrastructure and energy requirements 

− No energy or maintenance requirement following application of 

remedial treatment 

Ability to construct and operating technology 

− Remediation contractors with the ability to construct this 

management option are readily available. Maintenance/operation 

following construction is not required. 

Reliability of technology 

− Capping/isolation of contaminants is a proven methodology to 

isolate contaminants, leaving them in situ, but removing pathways 

to receptors  

Ability to monitor effectiveness 

− Surface water and groundwater monitoring at AoC K will enable 

measurement of effectiveness of remediation 

Ability to obtain any necessary approvals 

- The LFS is on NSW government owned property and therefore 

planning approvals would likely be required. 
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Availability of services and materials 

− Technology readily available with remediation contractors 

experienced with use on remediation projects in Australia 

10 Risks and 

mitigation 

The secondary30 and residual31 risks of implementation and associated 

mitigation options, include: 

− The LFS property is adjacent to residential properties and 

therefore there is the potential for noise and dust impacts. 

− There may be PFAS leaching from concrete or soil in to sub-

surface drainage that may not be addressed through this option. 

− Residual risk that PFAS in surface water in Anzac Creek and 

Georges River is not substantially reduced as a result of this action 

11 Key Dependencies No key dependencies identified. 

Defence implications 

12 Defence 

capability 

No Defence capabilities effected by implementation of the option. 

However, there is a risk that Fire and Rescue NSW operations will be 

significantly affected. 

13 Project fit Not applicable 

14 Scalability This option is scalable. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

NSW government planning approvals may be needed. 

16 Owner / occupier 

consents and 

views 

Fire and Rescue NSW 

17 Community The works could cause significant noise and dust impacts to the 

neighbouring residential properties. Mitigation measures would be 

required. 

 

                                                      

 

30 Secondary risks are risks that emerge from implementation of a risk management response 

31 Residual risks comprise that component of the identified risk that is not addressed by the option. 



PMAP – Australian Army Holsworthy Barracks 
 

 

108 

APPENDIX F Additional figures 

List of figures 

 

Figure 1 Property Location 

Figure 2 Property and surrounding features 

Figure 3 Management Area 

Figure 4 PFAS source areas 

Figure 5 Soil - PFOS greater than 1 mg/kg concentration area 

Figure 6 Groundwater – PFOS + PFHxS greater than 10 μg/L concentration plume 
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GLOSSARY  

 

AHD Australian Height Datum 

AS Australian Standard 

ASS Acid Sulphate Soils 

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 

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 
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Remedial 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 
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1 INTRODUCTION 

This Ongoing Monitoring Plan (OMP) for per- and polyfluoroalkyl substance (PFAS) has been 

developed as part of the PFAS Management Area Plan (PMAP) for the Australian Army Holsworthy 

Barracks (Holsworthy). 

The OMP aims to monitor changes in PFAS concentrations in surface water and groundwater over 

time. 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 also 

aims to further improve our understanding of the extent of PFAS contamination at Holsworthy and the 

Liverpool Fire Station (LFS) as well as the contribution of PFAS from these sources to surface water 

bodies. 

The following guidance has been considered in developing this OMP: 

• National Environmental Protection (Assessment of Site Contamination) Measure 1999, as 

amended in 2013 (NEPC, 2013) 

• PFAS National Environmental Management Plan (NEMP) (HEPA, 2018) 

• Defence PFAS Framework – Construction and Maintenance Projects (Defence, 2019) 

• Defence Contamination Management Manual, Annex L Guidance on Data Management 

(Defence, 2018) 

• Interim Guideline on the Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl 

Substances (PFAS) (WA DER, 2017) 

1.1 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. 

Most people living in developed nations will have some level of PFAS in their body due to their 

widespread use. In June 2019, the Environmental Health Standing Committee (enHealth)1, published 

guidance statements advising that although the scientific evidence in humans is limited, reviews and 

scientific research to date have provided fairly consistent reports of an association with several health 

effects. The health effects reported in these associations are generally small and within normal 

ranges for the whole population. There is also limited to no evidence of human disease or other 

                                                      

 

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. 

 



PFAS ONGOING MONITORING PLAN – Australian Army Holsworthy Barracks  
 

 

7 

clinically significant harm resulting from PFAS exposure at this time.2 However, due to the 

uncertainties in the current scientific evidence and since these chemicals remain in humans and the 

environment for many years, enHealth recommends exposure to PFAS be minimised wherever 

possible.  

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. 

1.1.1 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  

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. 

1.3 Scope  

The scope of the monitoring as set out in the OMP is to:  

• Monitor changes in PFAS in surface water in Anzac, Harris and Williams Creeks, the key 

surface water transport pathways from Holsworthy and the Liverpool Fire Station (LFS). 

                                                      

 

2 http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-publicat-environ.htm 
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• Monitor changes in PFAS concentrations in the Georges River near the inferred overland 

flow discharge from the Former 85 Transport Area. 

• Monitor changes in PFAS concentrations in groundwater in PFAS source areas. 

• Monitor changes in PFAS concentrations in groundwater along the northern boundary of 

the Cantonment and Driver Training Area to act as a sentinel system for PFAS migration. 

• Collect data to further refine our understanding of the contribution of PFAS from 

Holsworthy and the LFS to surface water bodies. 

• Determine the potential for PFAS impacted perched groundwater to be present at the 

LFS and the surrounding residential area. 

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 available 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:  

• The OMP focusses on monitoring of general changes and variability in the nature and 

extent of PFAS contamination in the medium to long term. Specific sampling 

requirements to investigate or validate remediation actions are not addressed in this 

OMP. 

• The proposed monitoring locations have prioritised public land to reduce inconvenience 

to private land owners. Where sampling on private land is necessary, it has been 

assumed that access to the sampling locations will be permitted by the land owner. 
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2 SITE SETTING  

2.1 Base Description 

The Holsworthy Military Area currently includes approximately 18,484 Ha of land in southwest 

Sydney, approximately 25 km from the central business district. The area has been used as an 

artillery range since 1913 with the first barracks developed in 1951. 

Holsworthy has an equivalent full-time population of over 4,000 service and civilian personnel. In 

addition, approximately 4,000 reservists and trainees’ transit through the site each year (Defence, 

2012a). Service and civilian personnel stay in unit-style residential accommodations within the 

Cantonment area. Amenities for personnel include a recreational hall, sporting ovals, and associated 

facilities. 

The LFS, to the north of Holsworthy, was previously operated by the Australian Army but was 

transferred to Fire & Rescue NSW in 2000. Fire & Rescue NSW continues to operate the property as 

an active fire station. 

2.2 Site setting 

2.2.1 Climate 

Weather data collection at Holsworthy Range Control (BoM ID 067117) ceased in 2014. However, 

Bankstown Airport (066137) is approximately 5.8 km north-west, is currently operational, and has 

operated since 1968. Mean rainfall values were therefore calculated for the period 1968-2019 from 

Bankstown Airport. The mean monthly rainfall is presented in Figure 1 below. The annual mean 

rainfall is 871.8 mm, and rainfall is higher in the January to April months (averaging approximately 80-

100 mm per month) and lower in July to October (averaging approximately 40-60 mm per month). 

 

 

Figure 1 - Mean Monthly Rainfall (mm) at Bankstown Airport 1969-2019 

Most of the operational land at Holsworthy is concentrated in the northern portion, with the remainder 

comprising bushland. With such a large portion of the property comprising bushland, there is a known 

history of bushfires occurring. Various portions of Holsworthy experienced bushfires in April and 

August 2018. Correspondence from Defence indicates that current protocol is for bushfires to be 

monitored and intervened with when necessary to protect infrastructure. It is noted that Class A 
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Bushfire Fighting Foam (Forexpan) was reported to have been utilised by the NSW Rural Fire Service 

during the April and August 2018 bushfires in isolated incidents to ‘blacken out’ (i.e. smother trees or 

stumps still smouldering). The isolated use of Class A Bushfire Foam is not expected to influence the 

data obtained during this DSI, as these products do not contain PFAS. 

2.2.2  Topography 

Holsworthy and the surrounding area are characterised by variable terrain, with site topography 

ranging from gently undulating crests, ridges and plateaus (relief between 10 and 50 m and slopes 

<10%) to rugged, steep hills (relief between 100 and 200 m and slopes > 50%). Ground surface 

elevations are highest to the south of the range areas, at over 300 m AHD, and generally decline 

towards the north, where they are typically less than 10 m AHD.  

2.2.3  Surface Water 

Catchment Drainage 

Holsworthy is located within the upper Georges River catchment, which being close to Sydney, is one 

of the most urbanised catchments in Australia. The Georges River begins near the community of 

Appin, from where it flows in a northerly direction towards Liverpool, and then easterly before 

discharging into Botany Bay. Downstream of the north-western corner of Holsworthy, the Georges 

River transitions from an upper, freshwater section bound by the Liverpool Weir and, below that, to a 

lower estuarine section. 

The Georges River marks the western boundary of much of Holsworthy and receives flow from 

several tributaries draining the site, including:  

• Harris Creek – one of the larger creeks on Holsworthy and is located west of the main 
barracks area.  

• Williams Creek – the other large creek on Holsworthy and is located to the east of the 
main barracks area. It merges with Harris Creek at a location just north of the Former 
STP Area before discharging a short distance later into the estuarine Georges River.  

• Deadmans Creek – flows across the eastern portion of Holsworthy and is not near any 
significant site infrastructure.  

• Complete Creek – is relatively small and merges with Harris Creek approximately 500 m 
west of Luscombe Airfield.  

• Anzac Creek – flows northwest from a location just north of Holsworthy (the former Royal 
Australian Engineers Golf Club, now part of the Moorebank Intermodal Terminal 
development) towards Wattle Grove, before turning north towards Anzac Road. The 
uppermost portion of the Anzac Creek catchment extends onto Holsworthy (BMT WBM, 
2009). 

According to site plans (dated July 2013) provided by Defence, Holsworthy has an extensive 

stormwater drainage system, with most of the infrastructure in the main barracks area. The plans 

indicate that the stormwater drains discharge to either unsealed (e.g. grass, dirt) regions of the 

property, to settling ponds, or to creek lines. The ultimate discharge of stormwater from most 

developed areas of Holsworthy is to Harris or Williams Creeks, except for the north west portion of the 

site (including the former 85 Transport area) where surface water run-off is expected to reach the 

upper portion of Anzac Creek. Overland flow from the southern part of the Former 85 Transport area 

(Old Pass Office Area) is uncertain but is inferred to flow towards the Georges River in the west and 

to Anzac Creek in the north. Overland flow in the undeveloped area in the southern portion of 

Holsworthy would drain to Deadmans Creek. 
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2.2.4  Flora and Fauna  

The following specific communities or species are highlighted as being of potentially high value and in 

areas that may have received PFAS impacts that may be linked to Holsworthy. 

On-Property 

• Cumberland Plain Shale Woodlands and Transition Forests – Commonwealth listed as 
Critically Endangered. Present in areas adjacent to Luscombe Airfield and along Harris 
Creek. 

• Koala (Phascolarctos cinereus) – Commonwealth and NSW listed Vulnerable. “Core 
Koala habitat” under NSW State Environmental Planning Policy (SEPP) No. 44 east of 
Luscombe Airfield. Also recorded specimens adjacent to Luscombe Airfield, Williams 
Creek near Holsworthy STP, and along and near Deadmans Creek. 

• Small-flower Grevillea (Grevillea parviflora) – Commonwealth and NSW listed Vulnerable. 
Recorded adjacent to Luscombe Airfield and along Williams Creek. 

• Green and golden bell frog (GGBF – Litoria aurea) habitat – identified along Harris Creek. 

• Southern Myotis (Myotis macropus, a bat species) – NSW listed Vulnerable. Recorded 
along Harris and Williams Creeks 

• Powerful Owl (Ninox strenua)– NSW listed Vulnerable – recorded along Williams Creek 

• Grey-headed Flying-fox (Pteropus poliocephalus) – Commonwealth and NSW listed 
Vulnerable. Recorded along Williams Creek. 

• Red-crowned Toadlet (Pseudophryne australis) – NSW listed Vulnerable. Recorded in 
Williams Creek tributaries. 

Off-Property  

• Voyager Point Wetland – this Nationally Important Wetland (one of the most intact of 
those remaining in western Sydney) is a low-lying area of freshwater wetland cut off from 
the Georges River by a levee bank, in addition to estuarine sedgeland and herbland near 
the mouth of Williams Creek (DoEE, 20103). Voyager Point wetland supports vegetation 
communities not well protected in the region (e.g. estuarine sedgeland and freshwater 
reedland), and provides habitat for listed threatened and migratory species, including: 

– Nodding geebung (Persoonia nutans) – a Commonwealth and NSW listed Endangered 
flora species that has been recorded in the north west of the wetland.   

– Marine and/or migratory listed species – the Great Egret (Ardea alba) and White Bellied 
Sea Eagle (Haliaeetus leucogaster). 

• GGBF  – Commonwealth listed Vulnerable and NSW listed Endangered. The Georges 
River population is one of eight known populations in the Sydney basin. Most of the 
known Georges River GGBF population is in the Hammondville area near Lieutenant 
Cantello Reserve and Voyager Point, including Williams Creek and Harris Creek.   

2.2.5 Regional Geology 

The geology and geomorphology of Holsworthy has been summarised in several previous reports, 

including ERM (2003) – Holsworthy Program of Works, Environmental Impact Assessment, 

Woodhead 2006 – Holsworthy Training Area Heritage and Environment Management Plan, and the 

GHD 2012 Stage 1 and 2 Environmental Site Assessments (GHD, 2012a and 2012b). 

                                                      

 

3 It is noted that DoEE, 2010 is no longer available in hard copy and the online directory was referred to, which has not changed from DoEE, 2010. 
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The 1:100,000 Wollongong – Port Hacking and Penrith Geological Series Sheets (Stroud et al., 1985) 

indicate that Holsworthy and surrounding area are chiefly underlain by Triassic bedrock, which is in 

turn overlain by Quaternary and Tertiary age alluvium. The Triassic bedrock units comprise the 

Hawkesbury Sandstone, the Wianamatta Group, and the Mittagong Formation. However, the 

Mittagong Formation appears to be generally absent from Holsworthy. There are numerous other 

underlying formations in the area, including the Narrabeen Group sandstones and the Permian 

Illawarra Coal Measures. However, these units have little relevance to the study area and will not be 

discussed further. The principle units relevant to Holsworthy are described further below. 

Hawkesbury Sandstone 

The Hawkesbury Sandstone dominates the Sydney region, thickening from its western and southern 

outcrop margins in the Blue Mountains and the Illawarra. This sandstone is generally described as a 

medium to coarse-grained quartz sandstone, with interbedded siltstone, and finer-grained sandstone 

and shale lenses common throughout. Most of Holsworthy is underlain by the Hawkesbury 

Sandstone, especially in the upper elevation areas of the site. Many of the typical features of 

Hawkesbury Sandstone, such as cavernous weathering, cross-bedding, lateral and joint erosions and 

deeply incised rivers and creeks, are retained throughout the site. 

The sandstone aquifers of the Hawkesbury Sandstone are generally unconfined to semi-confined and 

have: a transmissivity of 1 to 5 square metres per day (m2/day); a horizontal hydraulic conductivity of 

0.1 metres per day (m/day); and a vertical hydraulic conductivity ranging from 0.05 to 6 x 10-4 m/day 

(AGL, 2013). The aquifer is interpreted to be a layered system, with groundwater occurring in discrete 

horizons with little vertical connectivity. Groundwater is controlled by the topography, with flow 

generally being in the direction of nearby watercourses. Water quality ranges from fresh to slightly 

saline and can vary significantly spatially (AGL, 2013). Aquifer recharge is generally via direct 

infiltration of rainfall, from infiltrating run-off, and by minor inter-aquifer leakage (McKibbon & Smith, 

2000; AGL, 2013). 

Castroa et al (2009) collated a large dataset on the fracture properties of Hawkesbury Sandstone and 

concluded that sub-horizontal (less than 45 degree) defects comprised most of the total defects 

(68%). The number of sub-horizontal defects was found to decrease with depth, and most remaining 

defects were at an angle greater than 65 degrees. Few defects were found angled in the range of 30 

to 65 degrees. These findings confirm the generally observed groundwater flow in Hawkesbury 

Sandstone, with lateral flow along the sub-horizontal defects. Flow pathways to these horizontal 

fractures from surface soils, shallow unconsolidated aquifers and other bedding plane fractures is 

provided by high-angle fractures, which are often joints. This flow regime can provide a pathway from 

shallow sources to deeper aquifers, which may in turn discharge to the surface where exposed in 

valleys. 

Wianamatta Group 

The shales of the Wianamatta Group, particularly the Ashfield Shale, overlie the Hawkesbury 

Sandstone and have largely been eroded away. However, significant outcrops do exist at Holsworthy, 

underlying parts of the main barracks area and the small arms firing ranges. Groundwater in the 

Wianamatta Group is generally brackish to saline (TDS values generally exceed 3,000 milligrams per 

litre [mg/L]), especially in the low-relief areas of western Sydney such as the study area. These shales 

are generally considered aquitards and the Ashfield Shale has an approximate transmissivity of 

4 m2/day (SCA, 2007; AGL, 2013). 
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Alluvium 

The Moorebank area where LFS is located is chiefly underlain by Quaternary alluvial sediments, 

which also extend onto the northern portion of the main barracks area, including the STP site. The 

sediments are described as consisting primarily of fluvial sand, silt and clay. 

Acid Sulfate Soils 

According to the Liverpool City Council MacroGis website, soils at the Former STP Area are 

categorised as having Class 2, 4 and 5 land that presents a risk to the environment due to the 

presence of acid sulfate soils (ASS). Class 2 represents the higher of the three risk levels, and relates 

to works conducted below natural ground surface, or which would likely cause the water table to be 

lowered. At Holsworthy, Class 5 land is present along the northern and northeastern property line. For 

lands in this class, works within 500 m of Class 1, 2, 3 or 4 land that is below 5 m AHD is considered 

to pose an environmental risk due to ASS. 

2.2.6 Hydrogeology 

The GHD (2012b) investigations revealed that Holsworthy is generally underlain by a thin veneer of 

fill, followed by residual soils overlying either sandstone or shale bedrock. The fill, which was only 

intermittently encountered, reached a maximum depth of approximately 4 m below ground surface 

(mbgs) and was comprised primarily of clay and sandy clay with occasional fragments of brick, 

concrete, glass, wood, tiles, bullets, shrapnel, and metal. Below the fill (where present) are residual 

soils comprised of clay, gravelly clay, sandy clay, clayey sand, sand, and gravel, which range in 

thickness from as little as a few centimetres to as much as 15 m. Underlying the residual soils at most 

locations across Holsworthy is fine to medium-grained sandstone bedrock (the Hawkesbury 

Sandstone). In other areas, the residual soils are instead underlain by dark grey to black shale (the 

Ashfield Shale). Depth to bedrock ranges from as little as a few centimetres to as much as 9 m. Depth 

to groundwater (where encountered) was equally as variable, ranging from less than a metre bgs to 

more 10 to 15 mbgs. 

GHD (2012b) and the DSI identified highly localised areas of shallow perched groundwater within fill 

material. Elsewhere across the site, groundwater is present within the alluvial soil, sandstone or shale 

bedrock. The presence of groundwater in alluvial soils is more common in lower elevation areas such 

as the Former STP Area. 

In the western portion of Holsworthy, groundwater flow direction (within the shale) was shown to be 

towards the northwest. In the Cantonment area, groundwater flow direction (within the sandstone) 

was shown to be towards the north. The previously inferred flow directions are generally consistent 

with the dip direction of local topography. 

At the Former STP Area, subsurface investigations conducted by RUST PPK (1995) demonstrated 

that the property is underlain by fill (or where absent, topsoil), followed by alluvial (silty sand, clayey 

sand, clay, silty clay and sandy clay) overlying sandstone bedrock. The fill, where present, had a 

thickness of up to 1.8 m and was comprised primarily of soil mixed with sludge, screenings and grit 

with lesser amounts of building rubble and refuse. Sandstone bedrock was encountered at depths 

ranging from 1.6 to 6.4 m below ground surface. 

During the DSI, investigations in the Former STP Area were limited to the shallow alluvial aquifer 

where the depth to groundwater was identified between approximately 1.6 to 4.7 mbgs. The 

groundwater potentiometric surface for the shallow alluvial aquifer indicated groundwater flows 

generally towards the north and Williams and Harris Creeks. 

In the LFS area, fill material was encountered from 0.3 mbgs to 3 mbgs at most locations investigated 

during the DSI. Fill material is underlain by alluvial deposits and then bedrock. The DSI did not include 
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investigation of the bedrock. Shallow perched groundwater (localised and discontinuous) was 

identified in the vicinity of the LFS and close to Anzac Road, however the extent has not been 

determined. Groundwater was also encountered in the clayey alluvial deposit.  

2.2.7 Current and Projected Land Uses Surrounding the Management Area 

Current Land Uses 

The uses of land surrounding the Holsworthy Base are summarised in Table 1.  

Because of the urban setting of the areas north of Holsworthy, there is the potential that off-property 

activities and/or businesses may have used or generated wastes containing PFAS for various 

purposes. This includes: manufacturing facilities in the Liverpool area; an airport; industrial fires; 

wastewater treatment plants; landfills; and fire stations.  

Table 1: Land Uses surrounding the Holsworthy Base 

Direction Description 

North To the north of Holsworthy are the suburbs of Moorebank, Casula, Holsworthy Village, 
East Hills, Voyager Point, Mornington and Hammondville. Moorebank is chiefly 
composed of industrial sites, while the other suburbs are low- and medium-density 
residential communities. Bankstown Airport and several former and current landfills are 
also present to the north. The Former STP Area which is part of Holsworthy, is located 
to the north of the Cantonment Area. There is a public recreational area (Moorebank 
Sports Club) immediately west of the Former STP Area. Two waste facilities are 
located further north of the Former STP area, on the western side of the Georges 
River. 

South Holsworthy is bounded to the south by Heathcote National Park, and the Sydney water 
catchment prohibited area (including Woronora Dam). Further to the south is Dharawal 
National Park.  

East Heathcote National Park forms the southern section of the eastern boundary, followed 
by the industrial suburbs of Lucas Heights (including the Lucas Heights Landfill and the 
Australian Nuclear Science and Technology Organisation) and the Georges River 
National Park in the north-eastern corner.  

West The western boundary is delineated by the east bank of the Georges River. Beyond the 
river, following residential and industrial suburbs stretch from north to south: Casula, 
Glenfield, Macquarie Fields, Ingleburn, Long Point, Minto Heights, Leumeah, Airds, 
Bradbury, and St Helens Park.  

The LFS on Anzac Road is bounded by residential dwellings to the east (across Delfin Drive) and 

north, by the Moorebank Business Park to the west, and by Anzac Road and the Defence Joint 

Logistics Unit East facility to the south. 

Projected Land Uses 

It is anticipated that the land uses surrounding Holsworthy will remain reasonably similar for the 

foreseeable future. There is the potential for industrial land in Moorebank to be redeveloped for 

residential communities; however, the current development of the Moorebank Intermodal Terminal 

indicates a continued industrial/commercial land use for the foreseeable future. Additionally, 

Heathcote National Park, the Sydney Water catchment, and Georges River National Park are noted to 

be protected under NSW legislation and are unlikely to be redeveloped.  
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2.3 Extent of contamination 

This section provides a high level summary of the identified PFAS sources for Holsworthy, the 

migration pathways and the receiving water body (Georges River). More detailed information is 

available in the DSI and HHERA. 

2.3.1 PFAS Source Areas 

Five PFAS source areas were identified following the DSI. These areas were: 

• Former 85 Transport Area (predominantly the Old Pass Office area – PFAS in 
soil/sediment, surface water and groundwater). 

• Former Luscombe Sewage Disposal Area (PFAS in soil, surface water and groundwater). 

• Luscombe Airfield Runway (PFAS in soil/sediment). 

• Former STP Area (PFAS in groundwater and soil/sediment). 

• LFS and surrounding area (PFAS in soil, surface water and groundwater). 

The discharge of AFFF (3M Lightwater) to land is known to have occurred at the Luscombe Airfield 

Runway and is suspected to have occurred at the Former 85 Transport Area. The Former Luscombe 

Sewage Disposal Area and the Former STP Area received sewage effluent/waste from areas where 

AFFF was used. Based on anecdotal information, AFFF was used in training exercise a the LFS and 

in the surrounding area prior to development of the residential properties. 

Reported concentrations of PFAS were generally below relevant direct contact health and ecological 

guidance values for potentially active exposure pathways (ways that people or the environment could 

be exposed to PFAS). Exceptions were at the area surrounding the LFS and the Former 85 Transport 

Area for health-based guidance values (for residential and public open space land uses) and at 

several source areas for ecological guidance values. 

Further details of the PFAS source areas are provided in Section 4.1. 

2.3.2 Transport Pathways 

Sampling of surface water and sediment in the creeks that drain Holsworthy identified that PFAS is 

migrating from the source areas via surface water. These creeks discharge to the Georges River.  

PFAS in soil and sediment leaches to surface water and groundwater, and there is evidence that 

surface water also infiltrates to groundwater. In the western portion of Holsworthy, groundwater flow 

direction (within the shale) was shown to be towards the northwest. In the Cantonment area and LFS, 

groundwater flow direction was shown to be towards the north. 

While groundwater is a migration pathway for PFAS contamination, the concentration data and 

hydrogeological properties indicate that it is less significant than migration via surface water. It is 

noted that the extent of PFAS impacted perched groundwater at the LFS and adjacent residential 

area has not been determined, particularly after a high rainfall event. There is the potential for PFAS 

impacted groundwater, if present in shallow soil (up to 3 m below ground level), to enter excavations 

made for future development that would need to be removed and disposed of to a suitably licensed 

waste facility. Therefore, further investigation of the potential presence of perched groundwater 

around the LFS will be undertaken as part of the OMP. 

2.3.3 Georges River 

Sampling conducted for the DSI identified that measured concentrations of PFAS in the upstream 

freshwater portion of the Georges River were generally at or below the upper Sydney Harbour 

averages measured by Thompson et al (2011), until adjacent to the former Moorebank Defence 
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lands. At this point concentrations of PFOS+PFHxS and PFOS were 3-6 times higher than the 

adjacent upstream sample. Moving further downstream, concentrations then generally attenuated 

until the Liverpool Weir. Concentrations of PFAS upstream of Liverpool Weir were below the drinking 

water guidance values.  

Downstream of Liverpool Weir, measured concentrations of PFAS were consistently higher than 

upstream of the weir, with average concentrations 2-3 times higher than the Thompson et al (2011) 

upper Sydney Harbour averages. 

There are a number of other (non-Holsworthy) PFAS sources in the area north of Holsworthy that 

appear to be contributing to PFAS discharges in the Georges River. Mass discharge estimates for the 

PFAS load in surface water from Holsworthy via Harris/Williams Creeks and Anzac Creek indicate 

these represent approximately 10% of the total PFAS load present in the Georges River. Hence, 

Holsworthy is a minor component and contributor to the overall total PFAS load. This is supported by 

the background sampling conducted throughout the upper Georges River that shows no appreciable 

change in PFAS concentrations in the river at points where Holsworthy-related sources discharge. 

2.4 Groundwater use 

There are currently no restrictions on the beneficial use of extracted groundwater within the study 

area although there are licensing/approval requirements.  

A search of registered bores identified several bores within 2 km of Holsworthy listed as being used 

for domestic purposes. However, these were either on the opposite side of Georges River to 

Holsworthy or on semi-rural properties in Wedderburn upgradient of Holsworthy. 

Two registered bores for recreational purposes were identified to the north of Holsworthy. These 

bores are used for irrigating public recreational areas and sampling conducted during the DSI found 

that PFAS concentrations were below the human health guideline values for drinking water. 

Other registered bores in the area within 2 km of Holsworthy were listed as being for monitoring 

purposes. 

Water use surveys conducted during the DSI did not identify any beneficial use of surface water or 

groundwater in the study area apart from the bores used for recreational purposes discussed above. 

Residents did not report the use of surface water or groundwater for any purposes (e.g. watering, 

filling pools) and instead use mains water. Houses in newly built areas also use rainwater tanks for 

watering purposes.  

Potential future beneficial use of surface water or groundwater in the local area by the local 

community is considered unlikely based on: 

• The established mains water supply system in the local area, which limits the need for 
residents to consider non-reticulated water as an alternative source. Several areas are also 
newly developed and therefore have rainwater tanks, further reducing the need for using bore 
water or surface water. 

• The relatively high housing density, which restricts the access of a drill rig to conduct drilling 
and groundwater bore installation works.  

• Local hydrogeological conditions, with groundwater bearing units typically found in clay or 
sandstone/shale rock with low yield and at significant depth (> 5 m).  

• The local areas to the north (i.e. inferred down hydraulic gradient) of Holsworthy are highly 
urbanised and are unlikely to be used for agricultural purposes (i.e. groundwater is unlikely to 
be extracted for crop or livestock irrigation use). 
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2.5 Drivers and constraints 

Key drivers and constraints impacting upon delivery of the OMP include: 

• Access to private land to sample surface water or groundwater may present a constraint so 
sampling locations on Defence or public land have been preferentially selected. 

• Implementation of management options at source areas may destroy monitoring well 
locations or prevent safe access to certain locations. This will be considered as management 
actions are implemented and the OMP is updated. 

2.6 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. 

2.7 Related Management Actions 

The PMAP has recommended the following management actions: 

Action 1: Undertake remedial works in the Old Pass Office area of the Former 85 Transport 

Area. A Remedial Action Plan (RAP) will be required to guide the extent of the work. 

However, the work is likely to involve demolition of the wash down bay, drainage 

structures and any other PFAS impacted infrastructure. This would then be followed 

by excavation of PFAS impacted soil, placement of soil in a purpose-built 

containment cell on property and use of clean fill to restore the excavated area. The 

potential for stabilisation or immobilisation of the excavated material prior to 

placement in the storage area will be further considered as part of the RAP. 

Action 2: Undertake further investigations of soil, home grown produce and rainwater tanks in 

the residential area around the Liverpool Fire Station. Where these investigations 

identify elevated risks, develop appropriate management actions in consultation with 

the property owners and NSW agencies. 

Action 3: Implement an Ongoing Monitoring Plan to monitor changes in PFAS concentrations 

at Holsworthy and in the surface water bodies that drain to the Georges River. 

A Remedial Action Plan (RAP) will be developed as part of action 1. The RAP will contain specific on-

going monitoring actions to assess and validate the impact of that remediation plan. 
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3 ONGOING MONITORING PROGRAM 

The OMP monitors changes to the PFAS contaminated 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 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 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: 

• Clarifies the study objective. 

• Defines the most appropriate collection of data as relevant to the study objective.  

• Determines the conditions from which to collect data. 

• Specifies 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 2013 (Schedule B2) and are presented in 

the seven-step DQO approach, Section 3.2.1. 

3.2.1 NEPM DQO Seven Step Process 

Process Description 

Step 1: State the problem 

PFAS source areas at Holsworthy and the LFS are contributing 
to the presence of PFAS in surface water off-property. This has 
led to risks to human health and the environment. 

Actions will be implemented to reduce these risks. 

Monitoring is needed to assess the effectiveness of these 
actions and to provide data for future risk management. 

Step 2: Identify the decision/ goal 
of the study  

The goals of the monitoring program are: 

• to further refine the understanding of the distribution 
and variability of PFAS in the environment. 

• monitor changes due to management actions and 
other conditions such as seasonal variations. 

• collect additional data to inform future management 
actions. 
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Process Description 

Step 3: Identify the information 
inputs 

The information inputs are: 

• Existing data relevant to PFAS in soil, waters and 
biota obtained through the DSI and HHERA. 

• Surface water and groundwater flow regimes 
identified in the DSI. 

• Location and types of human and environmental 
receptors as defined in the DSI and HHERA. 

Step 4: Define the boundaries of 
the study 

The study area for the OMP includes surface water and 
groundwater at Holsworthy as well as the key surface water 
drainage pathways. 

There are more significant (non-Defence) PFAS sources 
discharging to the Georges River and therefore the OMP does 
not include sampling in the Georges River except around the 
inferred overland flow discharge from the Former 85 Transport 
Area. 

In relation to groundwater, sampling will be conducted in source 
areas and at locations within and along the northern boundary of 
the Cantonment and Driver Training Area in order to identify 
potential migration of PFAS impacted groundwater to off-
property areas. Perched groundwater will also be investigated 
around the LFS. 

In relation to temporal boundaries, an initial period of two years 
of monitoring has been proposed. A review of the data can then 
be undertaken to refine the OMP. 

Step 5: Develop the analytical 
approach/decision rules 

The purpose of this step is to define the parameters of interest, 
specify action levels and combine the outputs of the previous 
DQO steps to develop a series of options if certain trigger events 
occur. 
The key decision rules for the OMP are: 

1) Have the analytical data collected as part of the OMP met 

the Data Quality Indicators (DQI) developed as part of the 

SAQP? If yes, then the data can be used for decision 

making. If no, then an assessment of the need to collect 

additional data will be required. 

2) Does the data indicate a change to the risks defined in the 

DSI and HHERA? If yes, then further risk assessment will 

need to be carried out. This may lead to a need to revise 

the PMAP. If no, then continue monitoring as per the OMP. 

3) Does the data conform with the CSM as outlined in the 

PMAP? If yes, then continue monitoring as per the OMP. If 

no, then further risk assessment will need to be carried out. 

This may lead to a need to revise the PMAP. 

4) Is the data meeting the DQOs as outlined in the OMP? If 

yes, then continue monitoring as per the OMP. If not, then a 

revision to the OMP should be undertaken. 

Additional trigger levels for the OMP are discussed in Section 
4.3. 
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Process Description 

Step 6: Specify performance or 
acceptance criteria 

The investigation criteria adopted for the DSI will be used to 
determine if data collected as part of the OMP indicates a 
change in the risk to human health or environmental receptors. It 
is noted that guideline values for PFAS in recreational water 
have been revised by NHMRC (2019) since the DSI and 
therefore these revised guidelines will be used. 

As data is collected for the OMP, an analysis of trends will be 
undertaken with potential outliers identified. This analysis will 
include data collected as part of the DSI and HHERA as well as 
consideration of whether the data is reasonable in relation to the 
CSM. 

As more time series data is collected, a statistical approach to 
determining acceptance criteria may become possible. 
 

Step 7: Develop the plan for 
obtaining data 

The plan for obtaining the data is presented in the sections 
below. More specific details will be provided in the SAQP. 

3.3 Proposed Monitoring Intervals 

Surface water sampling and groundwater level monitoring during the DSI and HHERA indicated only 

limited variability in response to rainfall. 

With the exception of sampling locations around the LFS, it is proposed that surface water and 

groundwater monitoring at all locations is undertaken twice per year, once during the February to 

March period when rainfall is slightly higher and once during the remainder of the year. This aims to 

capture potential variability in groundwater, if any, due to rainfall. It is further proposed that one of the 

monitoring rounds is conducted during a dry period and the other conducted during or shortly after a 

rainfall event. This aims to capture variability in surface water conditions. 

In relation to the surface water and groundwater monitoring around the LFS, it is proposed that 

sampling is undertaken at a three-monthly frequency for one year to determine the presence/absence 

of PFAS impacted perched groundwater and refine the understanding of surface water and 

groundwater interaction in this area. Following the first year, the surface water and perched 

groundwater data should be reviewed to determine an ongoing sampling frequency. 

More frequent sampling does not appear to be justified based on the observed variability in conditions 

to date and the data quality objectives. Less frequent sampling may be justified once trends are 

understood. 

3.4 Monitoring Locations 

The proposed monitoring locations for the OMP are presented on Figure 1 and Figure 2, Appendix A. 

The locations and their justification are described in the sections below. It is noted that the locations 

are preliminary and will be subject to accessibility. Off-site monitoring locations have been selected in 

publicly accessible areas.  However, should any locations require the agreement of the 

landholder/leaseholder, a stakeholder engagement plan will be prepared to manage this process. The 

locations and their justification are described below. 

3.4.1 Surface water monitoring locations 

The 19 proposed surface water monitoring locations are set out in the table below. Consideration was 

given to a number of factors in selecting sample locations including accessibility. Sampling at all 

locations is proposed twice per year with the exception of the locations around LFS (SW001, SW111 
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and SW059) where sampling is proposed each quarter in order to refine the understanding of PFAS 

migration from this source. The need for continued quarterly sampling will be reviewed following the 

first year of monitoring. 

Location ID Justification 

Area: Former 85 Transport Area and Georges River 

SW103 

SW104 

SW105 

These locations are adjacent to the identified wash bay source within the Former 85 
Transport Area. Collection of three surface water samples (one per pit) at three 
concrete water pits are proposed, adjacent to and potentially draining from the wash 
bay area adjacent to BH365 to assist in understanding the PFAS concentrations 
leaving the source area. In the DSI, PFAS was detected above LOR at these 
locations. 

It is noted that, should remedial works be undertaken in the source area, the three 
concrete-lined pits may be removed, and the sample locations would no longer exist. 

SW025 

This location is the point where the inferred drainage line from the Former 85 
Transport Area meets the Georges River. Sampling at this point provides an 
indication of the PFAS discharges to the Georges River via surface water pathways 
from the source. 

The location is off-property, on publicly accessible land adjacent to the Cambridge 
Road Bridge. 

SW062 

This location is on the Georges River, upstream of sample location SW025. This is to 
determine PFAS concentrations in the Georges River prior to influence from the 
drainage line to monitor impacts (if any) from the Former 85 Transport Area.  

The location is off-property, on publicly accessible land at the end of Belmont Road. 

SW063 

This location is on the Georges River, downstream of sample location SW025. The 
purpose of the location is to monitor PFAS impacts (if any) on the Georges River 
downstream of the discharge from the Former 85 Transport Area.  

The location is on-property, immediately south of the trainline, accessed via an 
unsealed road off Moorebank Avenue. 

SW110 (new 
location) 

This location is on the drainage line between the Former 85 Transport Area and 
Anzac Creek. A full survey of this drainage line has not been undertaken and an 
appropriate location will need to be determined. The location is nominally shown 
approximately half way between the Former 85 Transport Area and Anzac Creek on 
Figure 1. 

The purpose of this location is to monitor PFAS in surface water from the Former 85 
Transport Area towards Anzac Creek. Based on observations during the DSI, surface 
water may only be present along this drainage line during significant rain events. 

Area: Luscombe Airfield 

SW038 
This location is in a drainage line adjacent to the Former Luscombe Sewage 
Disposal Area. The purpose of the location is to monitor surface water quality 
downstream of the PFAS source area. 

SW030 
This location is within an inferred drainage line off the Luscombe Airfield which drains 
to Williams Creek. The purpose of the locations is to monitor PFAS in surface water 
draining from the runway area and into Williams Creek. 

SW009 

This location is on Williams Creek, off-property and immediately adjacent to the 
property boundary. The purpose of the location is to monitor surface water leaving 
Holsworthy in Williams Creek which is potentially impacted by PFAS from the 
Luscombe Airfield. 

The location is off-property, on publicly accessible land adjacent to the Heathcote 
Road Bridge over Williams Creek. 



PFAS ONGOING MONITORING PLAN – Australian Army Holsworthy Barracks  
 

 

22 

Location ID Justification 

SW029 
This location is on Harris Creek immediately downstream of the discharge from a 
drainage line from Luscombe Airfield. The purpose of the location is to monitor PFAS 
impacts (if any) in surface water from the Luscombe Airfield. 

SW015 

This location is on Harris Creek, off-property and immediately adjacent to the 
property boundary. The purpose of the location is to monitor surface water leaving 
Holsworthy in Harris Creek which is potentially impacted by PFAS from the 
Luscombe Airfield. 

The location is off-property, on a publicly accessible walkway at the end of The 
Boulevarde and adjacent to the Holsworthy Train Station Commuter Car Park. 

Area: Former STP Area 

SW011 

SW012 

These locations are on-property at the former STP, on Williams Creek. The purpose 
of these locations are to monitor changes in PFAS in Williams Creek adjacent to the 
Former STP Area. The locations may be tidally influenced and so sampling should 
be undertaken on an outgoing tide. 

SW017 

This location is on-property at the former STP, on Harris Creek. The purpose of this 
location is to monitor changes in PFAS in Harris Creek adjacent to the Former STP 
Area. The location may be tidally influenced and so sampling should be undertaken 
on an outgoing tide. 

SW014 

This location is on Williams Creek downstream of the Former STP area and 
upstream of the confluence with the Georges River. The purpose of the location is to 
monitor PFAS in surface water discharging from Williams Creeks to the Georges 
River. The location is tidally influenced and so sampling should be undertaken on an 
outgoing tide. 

The location is off-property, on publicly accessible land at the end of Stewart Avenue. 

Area: Liverpool Fire Station 

SW001 

This location is in the drainage ditch on the southern side of Anzac Road. It is 
downstream of the point where stormwater drainage from the LFS discharges to the 
ditch. The purpose of this location is to monitor PFAS discharges in surface water 
from the LFS. Based on observations during the DSI, water may only be present at 
this location during or shortly after a rain event. 

SW111 (new 
location) 

This location is on Anzac Creek, just south of the Anzac Road overpass. 

The Environment Protection License (EPL) for the Moorebank Precinct issued to 
QUBE RE Services (NO.2) Pty Limited (License no. 21054) includes three permitted 
discharge points located on the eastern side of the premises. Discharge Points DP5 
and DP6 discharge to Anzac Creek, while DP1 appears to discharge to infrastructure 
which drains to a retention pond on the Joint Logistics Unit East (JLUE) site. This 
retention pond appears to discharge to Anzac Creek. Sample location SW111 on 
Anzac Creek is located downstream of any potential drainage contributions from the 
Moorebank Precinct EPL discharge points. Defence notes that, as part of the EPL 
licence condition which permits discharge of PFAS from DP5, QUBE RE Services 
(NO.2) Pty Limited are required to conduct monthly monitoring of PFAS 
concentrations during discharge. 

This location is upstream of the points where surface water from LFS discharge to 
Anzac Creek. 

It is noted that there is an inferred surface water drainage pathway from the Former 
85 Transport Area at Holsworthy to Anzac Creek and therefore this area may 
contribute to PFAS concentrations at SW111. Data from location SW110 will assist in 
estimating the contribution from this source to Anzac Creek. 

SW059 
This location is on Anzac Creek, downstream of the points where drainage from the 
LFS discharges to the creek. The purpose of this location is to monitor changes in 
PFAS in Anzac Creek downstream of the LFS. Anzac Creek may also receive PFAS 
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Location ID Justification 

discharge from the north of the Former 85 Transport Area. Location SW110 is 
located further upstream on Anzac Creek and will provide an indication of PFAS 
concentrations upstream of the LFS discharge. 

The location is off-property, on publicly accessible land downstream of the Delfin 
Drive bridge. 

3.4.2 Groundwater monitoring locations 

The 23 proposed groundwater monitoring locations are set out in the table below. Consideration was 

given to a number of factors in selecting sample locations including accessibility. Sampling at all 

locations is proposed twice per year with the exception of the wells near the LFS. Sampling at the 

wells near the LFS is proposed to be undertaken quarterly for the first year to assist in refining 

understanding of surface water and groundwater interaction in this area. 

Location ID Justification 

Area: Cantonment and Driver Training Area 

MW120 
MW121 
MW122 
MW123 
MW124 

These wells were installed on-property as part of the DSI along the northern 
boundary of the Holsworthy Barracks. Given the inferred groundwater flow direction 
is north, these wells are proposed for sampling to monitor the PFAS concentrations 
in groundwater leaving the property. 

BH345 
BH359 
BH612 

These wells were installed by GHD in 2012 in the central portion of the cantonment 
on-property. The purpose of sampling these wells is to give spatial coverage of 
groundwater in the cantonment area which is located hydraulically down-gradient of 
the Luscombe Airfield and to monitor potential PFAS impacts in groundwater as it 
moves north towards the northern boundary of the property. 

Area: Former 85 Transport Area 

BH365 

This well was installed by GHD in 2012 in the wash bay at the Former 85 Transport 
area. During the DSI, the highest PFAS concentration on-property was reported at 
BH365. The purpose of sampling this well is to monitor PFAS concentrations over 
time at the identified source. 

It is noted that, should remedial works be undertaken in this area, BH365 may be 
removed, and additional groundwater monitoring wells would likely be required to 
monitor PFAS concentration in groundwater following remediation. This will be 
addressed in the RAP and subsequent updates to the OMP. 

MW117 

This well was installed on-property during the DSI in an inferred hydraulically down-
gradient location to BH365 between it and Georges River as BH365 returned 
elevated PFAS results. Similarly, the purpose for sampling the well as part of the 
OMP is to monitor PFAS concentrations in groundwater hydraulically down-gradient 
of the Former 85 Transport Area before it leaves the property or reaches the 
Georges River. 

Area: Former Luscombe Sewage Disposal Area 

BH329 

This well was installed by GHD in 2012 in the Former Luscombe Sewage Disposal 
Area. During the DSI, PFAS concentrations were reported above the NEMP 
recreational water guideline at this location. The purpose of sampling at this well is to 
monitor any changes in PFAS concentrations associated with the source.  

It is noted that, should remedial works be undertaken in this area, BH329 may be 
removed, and additional groundwater monitoring wells would likely be required to 
monitor PFAS concentration in groundwater following remediation. This will be 
addressed in the RAP and subsequent updates to the OMP. 
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Location ID Justification 

Area: Former STP Area 

MW1 

This well was installed prior to the DSI at the Former STP Area. During the DSI, 
PFAS concentrations were reported above the NEMP recreational water guideline 
values at this location. The purpose of sampling at this well is to monitor any 
changes in PFAS concentrations associated with this source. 

Groundwater at this location may be tidally influenced by Williams Creek. This should 
be considered during the OMP. Sampling may need to be undertaken during an 
outgoing tide in order to assess potential groundwater discharges to the creek. 

MW02 
HMW7 

These wells were installed prior to the DSI at the former STP. The purpose of 
sampling these wells is to monitor PFAS concentrations in groundwater leaving the 
source area and potentially impacting Harris and Williams Creek. 

Groundwater at these locations may be tidally influenced by Williams Creek and 
Harris Creek. This should be considered during the OMP. Sampling may need to be 
undertaken during an outgoing tide in order to assess potential groundwater 
discharges to the creeks. 

Area: Liverpool Fire Station 

MW113 
MW115 

These wells are located in the northern portion of the LFS property. The purpose of 
monitoring at these wells is to assess changes in PFAS concentrations within the 
source area over time. 

MW130 
MW131 

These groundwater wells are installed in the road reserve within the residential area 
north of the LFS. MW130 is approximately 150 m north of the LFS boundary. MW131 
is approximately 230m north east of the LFS boundary. These wells are 
downgradient of the LFS and therefore the purpose is to monitor changes in PFAS 
migration from the LFS over time. 

MW112 
MW112P 

These groundwater wells are installed opposite the entrance to the LFS, on the 
southern side of Anzac Road. The purpose of monitoring these wells is to monitor 
changes in PFAS migration from LFS over time and to provide additional data on the 
interaction between perched and deeper groundwater. 

MW119 
MW119S 

These groundwater wells are installed on the southern side of Anzac Road, west of 
the LFS, adjacent to an earthen surface water drain. The purpose of monitoring 
these wells is to monitor changes in PFAS migration from LFS over time and to 
provide additional data on the interaction between perched and deeper groundwater. 

MW129 

This well is installed near Anzac Creek, downstream of the discharge points from the 
LFS. The purpose of monitoring this well is to confirm the data collected during the 
DSI which indicated Anzac Creek recharges groundwater rather than is a receiver of 
groundwater. While water level measurements alone may satisfy this objective, 
sampling of PFAS at this location is also recommended to support potential 
refinement of the conceptual site model in the future. 

 

3.4.3 Perched groundwater investigation 

The seven proposed perched groundwater monitoring locations are set out in the table below. 

Consideration was given to a number of factors in selecting sample locations including accessibility. 

Sampling at all locations is proposed at a three-monthly frequency for one year. 

Location ID Justification 

Area: Liverpool Fire Station 
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Location ID Justification 

MW126P 

Paired with MW126 on the road edge in front of 10 Yulong Close, Moorebank. To 
assist in determining if perched groundwater is: present to the west of LFS; impacted 
by PFAS; and vertically migrating to deeper groundwater at MW126. 

MW130P 

Paired with MW130 on road edge in front of 19 Collie Court, Wattle Grove. To assist 
in determining if perched groundwater is: present to the north of LFS; impacted by 
PFAS; and vertically migrating to deeper groundwater at MW130. 

MW131P 

Paired with MW131 on road edge in front of 16 Todd Court, Wattle Grove. To assist 
in determining if perched groundwater is: present to the north-west of LFS; impacted 
by PFAS; and vertically migrating to deeper groundwater at MW131. 

MW133P 

New well on road edge in front of 24 Collie Court, Wattle Grove. To assist in 
determining if perched groundwater is: present to the north of LFS; and impacted by 
PFAS. 

MW134P 

New well on road edge at rear of 39 Delfin Drive, Wattle Grove. To assist in 
determining if perched groundwater is: present to the east of LFS; and impacted by 
PFAS. 

MW135P 

New well on road edge in front of 22 Glenelg Court, Wattle Grove. To assist in 
determining if perched groundwater is: present to the east of LFS; and impacted by 
PFAS. 

MW136P 

New well on road edge in front of 1 Namoi Court, Wattle Grove. To assist in 
determining if perched groundwater is: present to the north-east of LFS; and 
impacted by PFAS. 

 

3.5 Sample Analysis  

Samples will be analysed for PFAS in accordance with the PFAS Suite for Defence PFAS 

Investigation and Management as provided in Attachment 1. 

The laboratory is required to use 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.  

Quality control and quality assurances processes will be outlined within the SAQP. 
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4 REPORTING REQUIREMENTS  

4.1 Guidance Documents 

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 includes guideline values for the sum of PFOS and PFHxS and for PFOA in 

drinking water and recreational water for the protection of human health. These are based on the 

guidance issued by Department of Health (2017). In developing the guideline values, the Department 

of Health used the methodology recommended in the National Health and Medical Research Council 

(NHMRC) Australian Drinking Water Guidelines (NHMRC, 2011). 

The recreational water use guidelines address potential exposures through whole body contact 

(primary contact) with water including incidental ingestion of water and dermal contact while bathing. 

Since the PFAS NEMP was published, the NHMRC has issued revised guideline values for PFAS in 

recreational water (NHMRC, 2019). Therefore, the revised guideline values will be used for this OMP.  

The PFAS NEMP also includes guideline values for PFOS and PFOA in surface water for the 

protection of aquatic ecosystems. These are based on the technical draft default guideline values 

developed by the Australia and New Zealand Environment Conservation Council (ANZECC). 

Guideline values for 99% species protection – high conservation value ecosystems, 95% species 

protection – slightly to moderately disturbed systems, 90% species protection – highly disturbed 

systems and 80% species protection - highly disturbed systems are included. In NSW the 95% 

species protection level – slightly to moderately disturbed ecosystems, is applied except for 

waterways that mainly flow through relatively undisturbed national parks, world heritage areas or 

wetlands of outstanding ecological significance where the 99% species protection values are applied 

(DEC, 2006). 

The PFAS NEMP states that the draft guidelines do not account for effects which result from the 

biomagnification of toxicants in air-breathing animals or in animals which prey on aquatic organisms. 

For chemicals with the potential to bioaccumulate (such as PFAS), the ANZECC Guidelines 

recommend the use of a higher level of species protection. However, the guideline values for PFOS 

and PFOA for 99% species protection presented in the PFAS NEMP are ultra-trace levels presenting 

significant challenges for sampling and analysis. Therefore, screening of surface water data against 

the 95% species protection values is proposed for the OMP. 

The screening criteria for groundwater and surface water are summarised below. 

  

http://www.epa.vic.gov.au/PFAS_NMP
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Screening criteria for surface water and groundwater (µg/L) 

Exposure Scenario PFOS + PFHxS PFOS PFOA 

Drinking water1 0.07 - 0.56 

Recreational water2 2 - 10 

Freshwater direct toxicity, 

slightly to moderately 

disturbed ecosystems (95% 

species protection)3 

- 0.13 220 

1 Department of Health (DoH, 2017) 

2 National Health and Medical Research Council (NHMRC, 2019) 

3 PFAS NEMP, HEPA 2018 

4.3 Trigger levels and responses 

The table below sets out initial trigger levels and responses. These will be reviewed with each review 

of the OMP. 

OMP trigger levels and responses 

Trigger Response 

First time detect of PFAS above laboratory LOR in surface 

water or groundwater 

• Request the analytical laboratory to reanalyse the sample 

to verify detection 

• If initial sample verified by laboratory, resample location 

within one month and verify detection 

• If detection verified in second sample, review CSM and 

potential risks to human health and environment 

• Notify NSW EPA and other relevant agencies 

• Consider increasing the monitoring frequency at the 

location 

• Implement additional investigations or management 

actions as required 

First time exceedance of the drinking water guideline 

values in groundwater or the recreational water guideline 

values in surface water 

• Request the analytical laboratory to reanalyse the sample 

to verify detection 

• If initial sample verified by laboratory, resample location 

within one month and verify detection 

• Calculate rolling average over a three year period for 

sample results from the same location and compare with 

the appropriate guideline value 

• If rolling average exceeds appropriate guideline value, 

review CSM and potential risks to human health and 

environment 

• Notify NSW EPA and other relevant agencies 

• Consider increasing the monitoring frequency at the 

location 

• Implement additional investigations or management 

actions as required 

Increasing PFAS trends • Further assessment of the data to determine if additional 

management actions are required. 

• If increasing PFAS levels in surface water samples from 

Harris, Williams or Anzac Creeks are identified then this 

may indicate increased risks to receptors in the Georges 
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Trigger Response 

River. Sampling of surface water in the Georges River 

may be required to investigate these risks. 

Decreasing PFAS trends • Review monitoring frequency and / or need for ongoing 

monitoring at this location as part of annual OMP review. 

 

4.4 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. 

4.4.1 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). 

• Provision, at a minimum, of sampling forms, laboratory analytical certifications and calibration 

certificates. 

Following the first year of monitoring, the data collected from the area around the LFS should be 

reviewed to further refine the understanding of surface water and groundwater interaction in the area 

and the flux of PFAS from the LFS to Anzac Creek and the Georges River. 

4.4.1 Stakeholder Engagement 

Analytical results from each monitoring round will be provided to the NSW EPA, 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.    
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5 REVIEW AND UPDATE 

This section of the OMP details uncertainties in investigation, monitoring and management that may 

require consideration of contingency measures and/or reassessment of risk with changes in 

conditions including necessity for additional investigations. 

5.1 Monitoring of Management Measures 

In general terms, the OMP will cover: 

• the primary implementation period of the PMAP. 

• the extended implementation period to the extent required by specific characteristics of the 

Management Area and the behaviour of the plume, measured against specific data trends. 

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 

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: 

o additional investigations. 

o re-assessment of one or more remediation or containment actions. 

o additional remediation or containment actions. 

o changing risk management actions at receptor level (e.g.  provision or cessation of 

alternate drinking water supplies). 

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 

home produce or 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. 

• 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. 
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5.3 Monitoring Potential Future Risks 

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: Ongoing Monitoring Plan locations 

Figure 2: Ongoing monitoring locations around the LFS 
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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. 

Perched Groundwater Well Installation 

New groundwater monitoring wells should be installed in accordance with Schedule B2 of the ASC 

NEPM (2013). The purpose of the additional perched groundwater wells is to determine the presence 

or potential existence of shallow perched groundwater within 3 m of ground surface which may 

present an impact to amenity within the residential area. Schedule B2 of the ASC NEPM (2013) 

considers that on residential sites, the maximum depth of excavation (such as for a swimming pool) is 

unlikely to extend beyond 3 m. Each well identified on Figure 2, Appendix A, should be screened at 2-

4 m depth and sealed by bentonite to near the ground surface. A 1 m long sump at 4-5 m depth 

should be included at the base of each well to trap any perched groundwater that may enter it. 

Following installation of the new wells, a registered surveyor should be engaged to determine the 

position and level of the wells. As part of this work, the surveyor should also estimate the level of the 

bed of Anzac Creek, north of Anzac Road near MW129. This will assist in confirming if Anzac Creek is 

recharging or receiving groundwater in this area. 

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). 
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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.  
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ATTACHMENT 1: Defence Standard PFAS Analytical Suite 
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APPENDIX B: STANDARD LABORATORY SUITE 

CORRECT AS AT 21 DECEMBER 2018  

Group Acronym Chemical Compound CAS No 
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PFBS Perfluorobutane sulfonic acid 375-73-5 

PFPeS Perfluoropentane sulfonic acid 2706-91-4 

PFHxS Perfluorohexane sulfonic acid 355-46-4 

PFHpS Perfluoroheptane sulfonic acid 375-92-8 

PFOS Perfluorooctane sulfonic acid 1763-23-1 

PFDS Perfluorodecane sulfonic acid  335-77-3 
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PFBA Perfluorobutanoic acid  375-22-4 

PFPeA Perfluoropentanoic acid 2706-90-3 

PFHxA Perfluorohexanoic acid  307-24-4 

PFHpA Perfluoroheptanoic acid  375-85-9 

PFOA Perfluorooctanoic acid 335-67-1 

PFNA Perfluorononanoic acid  375-95-1 

PFDA Perfluorodecanoic acid  335-76-2 

PFUnDA Perfluoroundecanoic acid  2058-94-8 

PFDoDA Perfluorododecanoic acid  307-55-1 

PFTrDA Perfluorotridecanoic acid  72629-94-8 

PFTeDA Perfluorotetradecanoic acid  376-06-7 
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FOSA Perfluorooctane sulfonamide  754-91-6 

MeFOSA N-Methyl perfluorooctane sulfonamide  31506-32-8 

EtFOSA N-Ethyl perfluorooctane sulfonamide  4151-50-2 

MeFOSE N-methyl perfluorooctane sulfonamidoethanol  24448-09-7 

EtFOSE N-Ethyl perfluorooctane sulfonamidoethanol 1691-99-2 

MeFOSAA N-methyl perfluorooctane sulfonamidoacetic acid 2355-31-9 

EtFOSAA N-ethyl perfluorooctane sulfonamidoacetic acid 2991-50-6 
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 4:2 FTS 4:2 Fluorotelomer sulfonic acid  757124-72-4 

6:2 FTS 6:2 Fluorotelomer sulfonic acid 27619-97-2 

8:2 FTS 8:2 Fluorotelomer sulfonic acid 39108-34-4 

10:2 FTS 10:2 Fluorotelomer sulfonic acid 120226-60-0 
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The standard PFAS Suite is based on consideration of: 

 US EPA Method 537.1 (November 2018). Determination of Selected Per- and Polyfluorinated Alkyl 

Substances in Drinking Water by Solid Phase Extraction and Liquid Chromatography/Tandem Mass 

Spectrometry (LC/MS/MS), Publication EPA/600/R-18/352 Version 1.0.  

 US EPA Method 821 (December 2011). Draft Procedure for Analysis of Perfluorinated Carboxylic 

Acids and Sulfonic Acids in Sewage Sludge and Biosolids by HPLC/MS/MS, Publication EPA-821-R-

11-007. 

 Western Australia Department of Environment Regulation (WA DER; January 2017). Interim 

Guideline on the Assessment & Management of Perfluoroalkyl & Polyfluoroalkyl Substances WA 

DER, US EPA Method 537 and US EPA Method 821.  

 Table B15 of US DoD/DoE QSM 5.2. 

 Current capabilities of analytical laboratories in Australia. 

The laboratory is required to use NATA accredited methods based on NEPM, US EPA, Table B15 of US 

Department of Defence/Department of Energy (US DoD/DoE) Quality Systems Manual 5.2 (QSM) and 

American Society for Testing and Materials (ASTM) methods as appropriate. 

The laboratory shall undertake all PFAS analysis in accordance with Table B15 of US DoD/DoE QSM 5.2 

and US EPA Method 821. Where the laboratory is currently using a method not in accordance with Table 

B15 of US DoD/DoE QSM 5.2 or USEPA 821 it should specify the methodology used, variation from Table 

B15 of US DoD/DoE QSM 5.2 or USEPA 821 and capacity to modify current methods in accordance with 

Table B15 of US DoD/DoE QSM 5.2 or USEPA 821. 
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