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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for RAAF Base Wagga. 

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

and emanating from RAAF Base Wagga. 

This PMAP relies on the following reports to inform risk identification and weighting for the 

Management Area: 

• the Detailed Site Investigation report of 16 August 2018 (Jacobs, 2018a) 

• the Additional Sampling for the Human Health and Ecological Risk Assessment report 

of 6 November 2018 (Jacobs, 2018b) 

• the outcomes of the Human and Ecological Risk Assessment of 6 November 2018 

(EnRisks, 2018) 

• the Stage 1 Groundwater Modelling report of 18 December 2018 (Jacobs, 2018d) 

• the Additional Sewer and Stormwater Investigation report of August, 2019 (Jacobs, 

2019). 

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

proposed response actions to manage those risks.  

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

circumstances, including: 

• progress in risk management and the effectiveness of specific response 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 

RAAF Base Wagga (the Base) is located in the suburb of Forest Hill, approximately 10 km east of the 

central business district of Wagga Wagga, NSW.  The Base is operational primarily for training 

activities such as trades, class room and outdoor training facilities, residential buildings, 

administration, recreation and support services (such as messes and firefighting).  

Defence has undertaken a comprehensive investigation of Per- and Poly-fluoroalkyl Substances 

(PFAS) contamination on and around the Base arising from the historic use of fire fighting foam. The 

investigation has included a Detailed Site Investigation (DSI) to understand the nature and extent of 

the contamination as well as a Human Health and Ecological Risk Assessment to assess potential 

risks to human health and ecology from exposures to the contamination. More recently, further 

investigations in to PFAS infiltration to the stormwater and sewer networks at the Base have been 

completed. This PFAS Management Area Plan (PMAP) proposes management actions for the risks 

identified through the investigation. As part of these proposed actions, an Ongoing Monitoring Plan 

(OMP) is also outlined to monitor changes in PFAS conditions and provide information for future 

management actions if required. 

The investigations identified three key source areas of PFAS at the Base: 

1. the former fire training area near the eastern end of the runway,  

2. the former fire station and  

3. the fire extinguisher pad and the current fire station 

4. the aircraft parking area south of Building 88.  

Geology on the Base consists of a thick layer of dense clay which restricts the vertical migration of 

PFAS to the underlying regional aquifer. However, PFAS from several of these source areas is 

infiltrating the Base sewer and stormwater networks and discharging from the Base.  

Sewer from the Base is discharged to the Forest Hill Sewage Treatment Plant (STP) where treated 

effluent currently evaporates and no risks to human health or the environment have been identified 

through this process. However, the City of Wagga Wagga Council (Council) has advised Defence of 

an intent to recommence the supply of treated effluent from the STP to the adjacent agricultural 

property for irrigation. The HHERA noted that if the treated effluent is applied to land close to 

Kyeamba Creek, this could result in potential risks to aquatic ecology. Use of treated effluent to 

irrigate crops for home consumption could also present a risk. 

Stormwater from the Base discharges to the Gumly Gumly Wetland where, during high rainfall events, 

water can continue to the Murrumbidgee River via Marshalls Creek. PFAS is also moving vertically 

down to the regional aquifer and a plume of impacted groundwater around the wetland has been 

identified. While the impacted groundwater flows towards the Murrumbidgee River (north and 

northwest of the wetland), groundwater modelling has indicated that PFAS is unlikely to reach current 

drinking water supply bores for at least 55 years (year 2073). 

Overland flow also occurs from the Base towards the east in the direction of Kyeamba Creek and to 

the west in the direction of Gregadoo Creek. This overland flow has led to PFAS impacts in farms 

dams close to the Base. 

While current risks to human health are limited to high consumers of yabbies and certain fish in local 

waterways and these scenarios are considered unlikely to occur, there is the potential that other risks 

may arise if community members use impacted water or soil for drinking water supply or home food 
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production in the future. Risks may also arise if PFAS impacted groundwater migrates to 

downgradient water supply bores in the future. 

Therefore, a screening assessment was undertaken to determine potential options for managing 

future risks. A comparative assessment of nine options was then undertaken. Based on the outcomes 

of this assessment, the following PMAP response actions are proposed: 

Action 1: Restrict infiltration of PFAS to sewer and stormwater on Base. This action will involve: 

a. Additional soil investigation to further delineate the extent of the source zone 

around the Fire Extinguisher Training Pad and Fire Station washdown bay as 

well as the fill material around service trenches in these areas. 

b. Replacement of PFAS impacted infrastructure including the Fire Extinguisher 

Pad tanks and Fire Station washdown bay separator. Removal of highly 

impacted soil and perched groundwater from around this infrastructure. 

c. Assessment of the fill material around service trenches and potential 

replacement of this material if this is found to be a significant pathway for 

PFAS transport. 

d. Survey of sewer and stormwater pipes and pits in the Fire Extinguisher 

Training Pad, Fire Station and Aircraft Parking Area south of Building 88 to 

determine potential PFAS infiltration points. Reline, replace or upgrade pipes 

or pits where infiltration may be occurring. 

e. Where excavation is carried out to replace infrastructure, remove highly 

contaminated soil or replace fill material in utility trenches, consider measures 

to restrict infiltration from remaining impacted areas such as the installation of 

liners. 

Action 2: Support relevant State and Local agencies to develop and implement precautionary 

advice for the surface water and groundwater management zones. As part of the 

implementation of this precautionary advice, it is recommended that Defence 

maintain a public information line for questions from community members about the 

RAAF Base Wagga Management Area.  

Action 3: Further investigation of the Lachlan Formation and granite groundwater to the east of 

the Base (downgradient of groundwater well MW223) as part of the OMP. 

Action 4: Defence to continue working with Council to resolve issues associated with PFAS at 

the Forest Hill STP. 

Action 5: Implementation of an OMP to validate the Stage 1 groundwater model, monitor 

changes in PFAS concentrations in surface water and groundwater and provide data 

for future management actions if required. 

The proposed response actions aim to reduce PFAS discharges from the Base while precautionary 

advice is implemented to reduce potential risks associated with the use of PFAS impacted soil or 

groundwater in the future. 

The long term goal for groundwater management will be to restore the environmental values of the 

groundwater (ie. PFAS concentrations below human health guidelines for drinking water protection) 

as a minimum and ideally to restore groundwater quality to natural background levels. 

However, the treatment of existing PFAS contamination in soil, sediment and groundwater off-Base, if 

feasible, would likely have a high cost, may lead to changes in flooding regimes and could have an 

overall negative net environmental impact through the need to remove existing vegetation. Therefore, 

these actions are not proposed at this time. 
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Technologies for the treatment of PFAS are rapidly evolving and source or pathway management 

options to control contamination from the Gumly Gumly Wetland may become feasible at some point 

in the future. The PMAP will be reviewed annually and this will include an assessment of whether soil 

remediation, groundwater plume containment or groundwater treatment can feasibly be implemented 

to meet long term goals. 

Actions to reduce PFAS discharges from the Base and the application of precautionary advice within 

the area of estimated groundwater impact is considered the preferred approach at this stage until the 

groundwater plume is better understood and technologies for clean-up evolve. If it is determined that 

PFAS from the wetland is moving faster than estimated through the Stage 1 Groundwater Model then 

the approach can be re-evaluated. Precautionary advice so that property owners or users within the 

surface water and groundwater management zones do not undertake activities that could present a 

risk is recommended in the meantime until other management actions such as off-Base treatment 

become feasible. 

Once PFAS discharges in stormwater and sewer from the Base are demonstrated to have been 

reduced through source management and pathway treatment, assessment of the risks due to PFAS 

in soil and sediment in off-Base areas is recommended to be undertaken, based on land use and 

guidance at that time (including if guidance has changed or guidance is developed for rural or 

agricultural land uses). 

The proposed actions in this PMAP are current at the time of publication and may change as more 

information becomes available.  This PMAP will be updated annually. 
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GLOSSARY  

 

ASC NEPM National Environment Protection (Assessment of Site Contamination) 

Measure 

Base A defined physical locality or geographical area from which Defence-

related activities, operations, training or force preparations are 

managed, conducted, commanded or controlled. In this document, 

Base refers to the properties of RAAF Base Wagga. 

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 

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 

Chapter 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 RAAF Base Wagga and surrounding areas, consistent with the PFAS National 

Environmental Management Plan (NEMP). 

Defence’s management of the risks under the PMAP aims to avoid or minimise exposure to PFAS 

contamination from Defence property to human health and ecological receptors. In doing so, Defence 

prioritises the following combination of measures: 

1. Implementing practical solutions to prevent or minimise the further migration of PFAS beyond 

the Defence property boundary through: 

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

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

2. Limiting community 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 be relevant for reference or aligning actions: 

• By the community and other stakeholders wishing to understand the potential exposure 

pathways for PFAS chemicals on and migrating from Defence sites, and the response 

measures to eliminate or reduce this exposure 

• 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. 
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Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy 

aqueous film forming foam (AFFF) used extensively worldwide by both civilian and military authorities 

from about the 1970s. Older formulations of AFFF contained a number of PFAS now known to be 

persistent in the environment and in humans. 

Most people living in developed nations will have some level of PFAS in their body due to their 

widespread use. In June 2016, the Environmental Health Standing Committee (enHealth)1, published 

guidance statements advising that there is currently no consistent evidence that exposure to PFOS 

and PFOA causes adverse human health effects.2 However, since these chemicals remain in humans 

and the environment for many years, it is recommended that as a precaution, human exposure to 

PFAS be minimised. 

PFAS contamination on and in the vicinity of the Defence estate arises primarily because of the 

historic use of AFFF for training purposes or incident control. 

1.3.2 The nature of PFAS 

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

remediating PFAS contamination: 

• Water is the prime method of PFAS contamination transferring from a source to a 

receptor - a person, animal, plant, eco-system, property or a waterbody. 

• PFAS is highly soluble and mobile and can 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 chemically and biologically stable and has a low vapour pressure, so it is 

resistant to breakdown and evaporation. However, some longer chain PFAS do break 

down in the environment, and are precursors to forming PFOS, PFHxS or PFOA. 

• Some PFAS (including PFOS and PFOA) are environmentally persistent and 

bioaccumulate. This means that some plants may be susceptible to PFAS, uptaking it 

through soil and water. It then bio-accumulates and becomes a part of the food chain. 

The same process applies to some animals and fish. 

1.4 Policy context  

The policy context for the PMAP consists of national guidance in the form of the PFAS National 

Environmental Management Plan (NEMP), Defence estate and environmental strategies, and 

Defence PFAS-specific strategies and guidance. 

                                                      

 

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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1.4.1 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 during annual 

reviews to conform to relevant changes in the NEMP as and when the changes are made. 

1.4.2 Defence estate and environmental management 

The Defence Environmental Strategy 2016-2036 and the Defence Estate Strategy 2016-2036 each 

provide strategic direction for the management of risks associated with PFAS contamination.  

Relevant strategic aims under the Defence Environmental Strategy 2016-2036 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. 

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. 

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 Investigation (DSI) 

and the Risk Assessment. 

PFAS Interim 

Response 

Management (IRM 

Guidelines) 

Guidance to manage a specific risk rather than the set of risks associated 

with a property. These risks will generally emerge during the investigation 

phase. Where it is important that the risk be managed before the 

conclusion of the Investigation phase or the PMAP is in place, to avoid or 

mitigate a significant risk to human health or the environment, the IRM 

guidelines provide a process for developing, assessing and 

recommending options, scalable from community-level actions through to 

PWC referral actions. 

                                                      

 

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

and Maintenance 

Framework 

Guidance on the management of PFAS risks when carrying out 

constructions and maintenance projects on the Defence estate for a site 

that is, or is likely to be, contaminated by PFAS. 

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

Management. 

Figure 1: Defence PFAS response management and implementation map 

 

 

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

and related project documentation. 

1.4.3 PFAS Applied Research Strategy 

The PFAS Applied Research Strategy objective is to ensure that Defence is sufficiently supported by 

research and new technologies to efficiently and effectively manage the risks associated with PFAS 

contamination on or emanating from the Defence estate. This includes supporting demonstration and 

validating PFAS remediation technologies. The PFAS Technology Demonstration Guideline provides 

guidance for the processes involved in Defence investment in technology demonstration. The 

outcomes of program may (as relevant) inform the review of this PMAP.  

1.5 Scope 

The key parameters for the PMAP are set out below. 

Management Area The Management Area is where the DSI and Human Health and 

Ecological Risk Assessment (HHERA) have identified risks of 

exposure to PFAS that require management. 
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The Management Area has been divided into three zones: 

1. Base Management Zone - the RAAF Base Wagga property, 

including the Council operated Airport 

2. Surface Water Management Zone - properties within and 

adjacent to the Gumly Gumly Wetland and Marshalls Creek 

as well as properties with farm dams that receive runoff 

from the Base 

3. Groundwater Management Zone - properties within the 

potential groundwater impact area as described in Section 

2.4.2 

The extent of the Management Zones is defined along property 

boundaries and is shown in Figure 4, Appendix I.  Further detail is 

provided in Section 2.1. 

Issue/risk identification The following have been identified in the DSI and HHERA as being 

elevated risks: 

- High consumption of certain fish and yabbies sourced from 

local waterways around the Base 

- Direct toxicity to aquatic ecology at farm dams in the Gumly 

Gumly Wetland and in Marshalls Creek 

- Effects on terrestrial or aquatic ecology due to 

bioaccumulation in higher order consumers at various off-

Base locations 

- Potential future risks if residents at certain properties 

commence home consumption of food produced with PFAS 

impacted water or soil 

- Potential risks if PFAS impacted groundwater is used for 

drinking water or home food production in the future 

- Potential risks to groundwater users due to PFAS migration 

in the future 

- Discharge of PFAS impacted sewage from the Base at 

concentrations that would present an elevated risk if treated 

sewage is recycled for irrigation of land close to Kyeamba 

Creek (potential ecological risk) or irrigation of crops for 

home consumption (potential human health risk) in the 

future 

Further details of the identified risks are provided in Section 4.2. 

Issue/risk range A PMAP addresses the range of elevated risks identified in a DSI 

and the risk assessment but excludes WHS PFAS exposure risks 

within the Management Area. They are appropriately managed by 

the relevant contractor in accordance with applicable work, health 

and safety legislation. 

Remediation technology 

status 

The response options in this PMAP consider only proven 

technologies at the appropriate scale, unless otherwise identified. 
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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 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 is responsible for implementation of the PMAP, including associated performance monitoring 

of the management measures and annual re-evaluation. 

Some of the actions described in this PMAP have already been implemented.  Proposed or possible 

future mitigation measures may be subject to further assessment via a remediation action plan (RAP). 

Any works or other actions will be subject to Defence approval or procurement procedures including 

where relevant, the processes of the Parliamentary Standing Committee on Public Works Committee 

(PWC). 

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

Source / Pathway / Receptor: categories 

of risk management for contamination 

A risk occurs when a source of 

contamination (such as soil contaminated 

with PFAS) is linked to a sensitive receptor 

(such as a person) via an exposure pathway 

(such as stormwater flow to a local water 

supply). 

Response to a risk may involve one or more 

of the following three principal components: 

a) source management by removal, 

destruction, treatment, disposal 

and/or other methods. 

b) pathway management by capping, 

containing, stabilisation, diversion, 

and/or other methods where the 

source remains in place but pathways 

are managed. 

c) receptor management by relocation, 

precautionary advice, behaviour 

management, point-of-use treatment 

and/or other methods focussed on 

the receptor. 
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1.7.1 Approvals 

a) Higher value public works 

Larger public works (exceeding $15 million in expenditure) require a referral to the PWC. Under very 

limited circumstances, exemptions from the PWC process are available:4 

• urgency 

• for defence purposes where that scrutiny could be contrary to the public interest, or 

• for projects of a repetitive nature. 

Medium works (exceeding $2 million but less than $15 million in expenditure) require a notification to 

the PWC. PWC assessment of a notification may result in: 

• approval to proceed 

• approval to proceed, subject to specific conditions or requirements 

• Committee deliberation postponed, pending further information, or 

• Committee resolution to seek a referral. 

For higher value public works, a timeframe of up to 12-24 months may apply commencement of the 

development phase of the project to approval to commence the delivery phase. The processes may 

include all necessary Government and Parliamentary approvals, including PWC. This may require 

interim measures to be implemented to manage the risks until the response action has received 

approval to commence. 

b) Site Selection Board 

Where relevant, the Defence Site Selection Board is required to determine the location of response 

actions and any supporting infrastructure (for example, containment areas or water treatment plants). 

The question as to whether a regional or full review is required will be determined in accordance with 

Defence Estate Quality Management System (DEQMS) guidance5 

1.7.2 Procurement phase 

Once the PMAP is approved by Defence (and subject to the approvals in 1.7.1), Defence will 

undertake procurement actions (in order of priority) for relevant specific response actions in 

accordance with the Commonwealth Procurement Rules and standard Defence procurement 

processes. These specific response actions will be implemented and evaluated in accordance with 

the terms (including timeframes) of the relevant procurement agreement. 

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

1. The primary implementation period applies to actions that can generally be addressed in 

the short to medium term (up to three years. Ref section 7.2). The implementation of the 

                                                      

 

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

through to the extended implementation period. 

2. The extended implementation period applies to response actions required beyond the 

primary implementation period on an ongoing or long-term basis. These actions include 

ongoing: 

• Soil, groundwater and surface water monitoring to monitor the changes to PFAS 

distribution that occur over the course of the implementation phase; 

• leachate management, and maintenance of stockpiles; 

• monitoring changes to PFAS concentrations in potential exposure pathways to the 

community and environment; 

• operation and performance monitoring of the remediation technologies (eg a water 

treatment plant); and 

• assessment of developments and technologies for application to stockpiled PFAS 

impacted soils and materials. 

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 the Risk Assessments. Defence recognises that there may still be gaps in 

information that will be progressively addressed while impacted sites are being managed. 

This document will be reviewed annually (or earlier if required). As implementation of the PMAP 

progresses, detailed plans supplementary to this PMAP will be prepared (as required) to address the 

individual management actions that have been identified in this PMAP. 

1.8 Constraints and assumptions 

Receptors, exposure mechanisms and risks for PFAS are based on current activities undertaken 

within the Management Area as well as activities that could reasonably occur without the need for a 

development application. For example, there is no known production of fruit and vegetables for home 

consumption using PFAS impacted water or soil within the Management Area. However, residents at 

properties where PFAS impacted water or soil is present may choose to produce fruit and vegetables 

for home consumption in the future. Therefore, this has been identified as a potential future risk and is 

addressed within the PMAP. 

As noted in Section 2.2.8, there is the potential for land currently zoned for rural land use around the 

Base to be rezoned for residential use. This would require a planning proposal and eventual 

development applications. State Environmental Planning Policy No 55 – Remediation of Land 

requires that the planning authority to consider if land is contaminated and if the land is suitable or 

can be made suitable for a proposed land use when preparing an environmental planning instrument. 

Given the uncertainty in potential land use zoning changes and the regulatory requirements for 

assessment of contamination, changes in land use have not been considered further in this PMAP. 
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Figure 2: Defence PFAS management process map 
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2 PROFILE OF THE MANAGEMENT AREA  

2.1 Management Area description 

RAAF Base Wagga (the Base) is located in the suburb of Forest Hill, approximately 10 km east of the 

central business district of Wagga Wagga, NSW (Figure 1, Appendix I). The Base is operational 

primarily for training activities such as trades, class room and outdoor training facilities, residential 

buildings, administration, recreation and support services (such as messes and firefighting). Facilities 

include aircraft hangars (used for aircraft maintenance and trade training), warehousing and refuelling 

facilities. The Base contains an operational airfield, Wagga Wagga City Domestic Airport (WWCDA) 

which is operated by the Wagga Wagga City Council (Council) via a 30 year lease agreement (1 July 

1995 to 30 July 2025) established between Defence and Council. 

The Base is approximately 3.1 square kilometers and comprises several legal parcels including: 

• Lots 1, 2, 3 and 4 in DP 1113351 

• Lot 2 in DP 848579 

• Lots 62 and 141 in DP 757232 

• Lots 1 and 2 in DP 85382 

• Lot 1 in DP 436207 

• Lots 1 and 2 in DP 819642 

• Lot 1 in DP 190467 

The Base is Commonwealth owned land and is zoned Special Activities Zone SP1. The exception is 

part of one property parcel (Lot 2 DP 819642) which is the disused Tumbarumba branch rail line 

reserve which runs east-west across the Base and is owned by the NSW Government (RailCorp) and 

leased by Defence. 

The Management Area consists of three zones as presented on Figure 4 in Appendix I. These zones 

and the identified risks for each zone are presented in Table 1. 

Table 1: Description of management zones 

Management Area Zone Risks 

Base Management Zone 

This zone consists of the properties that make 
up RAAF Base Wagga including the Airport 
properties leased by Council. 

• Risks associated with PFAS discharges in 
sewer from the Base 

• PFAS discharges in stormwater and surface 
water from the Base contribute to risks in 
the surface water and groundwater 
management zones 

Surface Water Management Zone 

This zone consists of properties within and 
adjacent to the Gumly Gumly Wetland and 
Marshalls Creek as well as properties with farm 
dams that receive runoff from the Base. 

• Risks for high consumers of certain fish and 
yabbies from surface water bodies 

• Potential risks if surface water is used for 
home food production in the future 

• Risks for aquatic ecology (direct toxicity) 

• Risk for aquatic and terrestrial ecology 
(direct toxicity and bioaccumulation) 
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Groundwater Management Zone 

This zone consists of properties within the 
potential groundwater impact area as described 
in Section 2.4.2) 

• Potential risk if groundwater is used for 
drinking water or home food production in 
the future 

 

The general residential area of Forest Hill is not included in the surface water or groundwater 

management zones. The basis of this is discussed further in Section 2.4. 

2.2 Management Area setting 

The following sections outline a brief summary of the area setting. Further information is available in 

the DSI report (Jacobs, 2018a). 

2.2.1 Climate 

Climate data measured at the Bureau of Meteorology (BoM) gauge 072150, Wagga Wagga AMO, 

located at the airport within the Base boundary is available from 1942 to present day (BoM, 2018). 

Mean annual temperature ranges from 9.1 to 22.2 °C, with January reporting average temperatures 

between 16.3 and 31.8 °C and July average temperatures between 2.8 and 12.8 °C. 

The annual mean rainfall (measured at) is 572.6mm and is spread evenly across the year, with 

slightly increased rainfall in the May to October months. 

The prevailing wind direction in the morning (9am) is from the east while in the afternoon (3pm) the 

prevailing winds are from the west and, to a lesser extent, the south west. 

2.2.2 Topography 

Regional topography comprises ridges and minor tablelands stepping down westwards and breaking 

into detached hills with intervening alluvial valley floors. The Base is situated within the Murrumbidgee 

Valley and therefore the local topography is relatively flat and has acted as the floodplain for the 

Murrumbidgee River. The elevation of the Base ranges from approximately 225 metres Australia 

Height Datum (m AHD) in the south east corner to approximately 210 m AHD in the south west 

corner. 

The area surrounding the Base gently slopes downwards to Kyeamba Creek to the east and Gumly 

Gumly Wetland and Marshalls Creek to the west. To the north of the base, there is a gentle slope up 

to an area of granite outcropping, which then slopes downwards towards the Murrumbidgee River to 

the north and north-west. 

2.2.3 Geology 

The 1:100,000 Wagga Wagga and Kyeamba Valley geological map (Raymond 1993), published by 

the Australian Geological Survey Organisation, shows that the geology underlying the Base and 

surrounding area is indicated as comprising alluvial and colluvial deposits of Cainozoic age. In the 

vicinity of the Base, the alluvial and colluvial deposits are underlain by Wantabadgery granite of early 

Silurian age. 

The extensive use of the alluvium for groundwater supplies within the region and the observation that 

there is a general coarsening of the sediments towards the base of the alluvium has led to further 

delineation of the alluvium (HLA, 2002; Mitchel, 2009) as comprising the Cowra Formation, underlain 

by the Lachlan Formation. The Cowra and Lachlan definition is not shown on the 1:100,000 Wagga 

Wagga and Kyeamba Valley geological map and the origin of the terminology is not clear. However, 

previous investigations in the region have acknowledged and described the two formations.   
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The Cowra Formation is documented as mainly comprised of silts and clays with horizons of sands 

and gravels. Each depositional layer is of varying and inconsistent thickness and is often laterally 

impersistent forming discrete lenses. 

The basal sediments within the alluvium are shown on publicly available drilling logs to comprise 

coarser grained sediments such as gravels and sands with lenses of clays and silts. This formation is 

known locally as the Lachlan Formation (Mitchell, 2009) and groundwater abstraction within the 

region targets these sediments. 

From drilling undertaken as part of the DSI, the alluvial/colluvial formation appears to be around 60 m 

thick in the area around the Base. The most recent depositional layers (known locally as the Cowra 

Formation) appear to reach a depth of approximately 20 m. The remainder of the sequence is the 

coarser grained Lachlan Formation however there is no distinct boundary except some references to 

a change in colouration from red/brown sediments in the upper portion to grey sediments in the lower 

portion. The poorly sorted nature of colluvium reduces the likelihood of horizons being continuous, 

which would result in decreased hydraulic connectivity compared to better sorted or more stratified 

formations. 

The granite exists as an intrusion into the surrounding sedimentary sequence which comprises 

interbedded siltstone, shale, phyllite, schist and quartzite of Ordovician age (Raymond, 1993). 

2.2.4 Hydrogeology 

The hydrostratigraphy at the Base and surrounding areas can be considered to comprise two units: 

the alluvium/colluvium (which, in parts, can be further defined as the Cowra Formation and Lachlan 

Formation) and the underlying Wantabadgery Granite.  

The hydraulic properties of these units are expected to generally result in a reasonable degree of 

vertical hydraulic connectivity between the Cowra and Lachlan Formations, which would vary spatially 

and is expected to be greatest close to the Murrumbidgee River where the sediments are coarser and 

reduced away from the river. Vertical hydraulic connectivity between the alluvium and the Granite is 

expected to be limited. As such, the hydrostratigraphy can be broadly considered as two independent 

hydrostratigraphic units. 

Site investigations (Golder, 2012; Jacobs, 2018a) have shown the clay unit of the upper Cowra 

Formation on the Base to be predominantly unsaturated. The regional water table within the alluvium 

is predominantly associated with the Lachlan formation and is therefore typically located deeper within 

the alluvial sequence. Perched water is present on-Base, however this is discontinuous, does not 

yield significant amounts of water and does not appear to interact with the underlying aquifers 

(Jacobs, 2018a). 

In the vicinity of the Base, groundwater flow is shown to be to the north west, which is consistent with 

the local flow direction of the Murrumbidgee River. The contours indicate that depth to groundwater 

within the alluvium ranges from approximately 30 to 40 metres below ground level (mbgl) in the south 

east portion of the Base to approximately 20 mbgl in the north western portion of the Base. 

2.2.6 Surface water 

The Base is situated within the Murrumbidgee catchment, approximately 4km south of the 

Murrumbidgee River, which flows east to west. Flow in the Murrumbidgee River is regulated by Water 

NSW through water releases from Blowering Dam and Burrinjuck Dam. The flow is regulated to 

provide water for irrigators and for environmental flows. 

Kyeamba Creek is a tributary of the Murrumbidgee River and is situated approximately 2.5 km to the 

east of the Base. Kyeamba Creek flows northwards. Flow in the creek is intermittent. During periods 
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of high rainfall and flooding, water could drain from the Base into farm dams, then into Kyeamba 

Creek at a point north of Sturt Highway. 

Gregadoo Creek is located approximately 1.2 km west of the Base. This is an ephemeral water 

course that flows in the direction of Gumly Gumly Wetland and / or Marshalls Creek (approximately 

6km north east of the Base) during periods of high rainfall. 

Gumly Gumly Wetland is located 1 km north west of the Base. This is also ephemeral with several 

farm dams located within the wetland area. The wetland and surrounding area is used for grazing of 

beef livestock. 

Surface water from Gumly Gumly wetland ephemerally flows west via an open channel into Marshalls 

Creek, which discharges to the Murrumbidgee River approximately 8 km north west of the Base. The 

cross section of Marshalls Creek varies. The section from Kooringal Road to the Murrumbidgee River 

is deeper, wider and more naturalised than the sections upstream of Kooringal Road. 

2.2.7 Sewer and storm water 

The Base sewer system is predominantly a gravity network, except for two small pumping stations 

and common rising main within the Council leased airport area. Sewage from the airport area flows 

into the Base network. The Base network then discharges to a gravity mains at the north-west corner 

of the Base which conveys the sewage to the Forest Hill Sewerage Treatment Plant (STP) located 

approximately 1.8 km north of the Base on Braehour Road, Forest Hill. 

Forest Hill STP receives effluent inflow via two streams. Inflow from the Base and approximately 20 

residential properties in Forest Hill enters the STP via a separate pipe to municipal effluent from the 

communities of Forest Hill and Ladysmith. 

The stormwater network for the Base north of the airfield consists of a pit and pipe network throughout 

the majority of this area. There are also open grass-lined swales which drain into the pit and pipe 

network. The pit and pipe network discharges to the Council network at a point in the north west area 

of the Base. This part of the Council network collects stormwater from the Base as well as stormwater 

from part of Forest Hill and discharges the water to Gumly Gumly Wetland. 

Stormwater near the airport buildings is collected via a pit and pipe network which connects to the 

pipe network in the RAAF operations area. Several drainage swales collect stormwater surrounding 

the runways and aprons which discharge via an open drain to the south east to a farm dam on the 

adjoining property. Drainage swales on the western side of the airport drain water towards a dam in 

the south western corner of the Base. A small area in the western portion of the airfield drains to the 

road drainage along Elizabeth Avenue and then into a farm dam on the property on the western side 

of the road. 

2.2.8 Flora and fauna 

Environmental database searches were undertaken as part of the HHERA to identify records of 

Commonwealth and State listed threatened species, populations and ecological communities and 

migratory species which may occur around RAAF Base Wagga. Searches focussed on the 

Murrumbidgee River, Marshalls Creek and the Gumly Gumly Wetland which have been identified as 

waterbodies affected by PFAS contamination. Information from the databases, along with additional 

knowledge (where known) such as species’ home ranges, residence times within the habitat, regional 

movements (e.g. migration), foraging behaviour and diet, was taken in to account to identify a shortlist 

of the species and communities with the largest potential susceptibility to elevated PFAS 

concentrations. The relevant threatened species and communities are: 

• Bird: Australian Bittern (Botaurus poiciloptilus); 

• Bird: White-fronted Chat (Epthianura albifrons); 
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• Bird: Australian Painted Stripe (Rostratula australis); 

• Bird: Superb Parrot (Polytelis swainsonii); 

• Bird: Little Eagle (Hieraaetus morphnoides); 

• Mammal: Eastern Bentwing Bat (Miniopterus schreibersii oceanensis); 

• Mammal: Greg-headed Flying Fox (Pteropus poliocephalus); 

• Fish: Murray Cod (Maccullochella peelii); 

• Fish: Trout Cod (Maccullochella macquariensis); 

• Fish: Silver Perch (Bidyanus bidyanus); 

• Fish: Murray Crayfish (Euastacus armatus); 

• Frog: Sloane’s Froglet (Crinia sloanei); 

• Frog: Southern Bell Frog (Litoria raniformis); 

• Endangered Population: Squirrel Glider in the Wagga Wagga Local Government Area 

(Petaurus norfolcensis); 

• Ecological Community: Lower Murray River aquatic ecological community; and 

• Ecological Community:White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and 

Derived Native Grassland. 

2.2.9 Current and projected land uses 

Land surrounding the Base is primarily zoned RU1 Primary Production with the exception of the 

Forest Hill community, which includes the residential area to the north west of the Base as well as the 

small residential area immediately east of the Base. These areas are both zoned R1 General 

Residential and generally comprise single dwelling lots. 

The Murray Cod Hatcheries is located adjacent to the Gumly Gumly Wetland approximately 2 km 

north west of the Base. The hatcheries consist of a series of ponds that have previously or are 

currently used for aquaculture. A neighboring property was formerly part of the hatcheries operations 

and there are former aquaculture ponds on the property. 

Approximately 2 km north of the Base is the Forest Hill STP. Adjacent to the STP is a former landfill 

developed by Kyeamba Shire Council in October 1975 and in use for various waste disposal activities 

until the mid-1990s. 

The Wagga Wagga Spatial Plan 2013 – 2043 (Wagga Wagga City Council, n.d.) identifies several 

“Potential Urban Land” and “Potential Employment Land” areas in land currently zoned for rural use to 

the west and north of the Base. The Spatial Plan notes that progress in these areas would occur in 5 

to 15 years’ time. For the areas identified for Potential Urban Land, the Spatial Plan notes that 

development would need to occur on land that is not affected by the 1 in 100-year flood level. 

2.3 Management Area complexity scale 

Taking into account a range of factors that influence the scale and ability to manage identified risks, a 

rating scale associated with the complexity of the Management Area is provided in Table 2. Based on 

consideration of the characteristics and consequences outlined in Table 2 the RAAF Base Wagga 

Management Area is rated as Large. 

Table 2: Management area scale 

 Characteristics Consequences 

Very 

Large 

• High number of identified risks 

• Multiple areas of contamination, both on-

Base and off-Base 

− PMAP complex 

− Development / implementation 

timeframe: highly extended 
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 Characteristics Consequences 

• hydrogeological profile facilitates rapid 

migration of contamination 

• large impacted community 

Large • Medium number of identified risks 

• Multiple areas of contamination, both on-

Base and off-Base 

• Medium-sized impacted community 

− PMAP moderately complex 

− Development / implementation 

timeframe: extended 

Medium • Small-medium number of identified risks 

• Localised areas of contamination both on-

Base and off-Base 

− PMAP simplified 

− Development / implementation 

timeframe: medium 

Small • Small number of identified risks 

• Contamination currently confined to 

isolated locations on-Base 

• Potential risk of contamination to a small 

number of sensitive receptors 

− Basic PMAP 

− Development / implementation 

timeframe: medium 

2.4 Extent of contamination 

2.4.1 Source areas 

Fire-fighting foam containing PFAS as active ingredients was used at the Base from approximately 

1970 until 2004, when Defence transitioned to a more environmentally safe product as well as made 

changes to the way fire-fighting foam was used. This included the construction of a purpose-built fire 

extinguisher training facility at the Base. 

The DSI identified three key PFAS source areas on the Base - the former Fire Training Area in the 

east of the Airport, the current Fire Station as well as the Fire Extinguisher Concrete Pad and Former 

Fire Station area. These areas are presented on Figure 5 in Appendix I. Concentrations of PFOS + 

PFHxS and PFOA in accessible soil in these areas were below relevant PFAS NEMP investigation 

criteria for commercial and industrial land use, therefore are not considered to present a risk to Base 

personnel. Potential risks to construction or maintenance workers who may come into contact with 

contaminated soil or groundwater in the source areas will need to be assessed prior to 

commencement of these activities. 

Sewer sampling conducted as part of the additional sampling for the HHERA (Jacobs, 2018b), 

identified elevated concentrations of PFAS in sewer close to the Aircraft Parking Area south of 

Building 88 (also presented on Figure 5 in Appendix I). The maximum PFOS + PFHxS concentration 

in soil from samples collected in this area was 0.053 mg/kg and the maximum PFOS + PFHxS 

concentration in perched groundwater was 15.9 µg/L. While these concentrations are several orders 

of magnitude lower than concentrations in the primary source areas identified in the DSI, the Aircraft 

Parking Area south of Building 88 appears to be contributing to PFAS emissions to sewer and 

therefore has been included as a source area in this PMAP. 

Leachable concentrations in soil and concentrations in perched water indicate the potential for 

contribution of PFAS to surface water and groundwater from these source areas. 

The concentrations of PFOS + PFHxS in soil exceeds the PFAS NEMP ecological guideline values for 

both direct and indirect exposure of terrestrial ecology. 

Further details on the nature and extent of the PFAS source areas are provided in Section 4.1. 
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2.4.2 Transport pathways and receptors 

Surface water and stormwater 

There are three surface water drainage pathways from the Base; drainage to the east to Kyeamba 

Creek via a series of ephemeral dams, drainage to the west to Gregadoo Creek via a series of 

ephemeral dams and drainage to the north west via underground stormwater infrastructure to the 

Gumly Gumly wetland and on to Marshalls Creek. Sampling of surface water, sediment and shallow 

soil along the Kyeamba Creek and Gregadoo Creek drainage pathways has found that PFAS impacts 

are limited to farm dams and soil in close proximity to the Base and these do not appear to be 

significant PFAS transport pathways. 

However, sampling of stormwater runoff from the Base to the Gumly Gumly wetland has identified 

significant PFAS impacts in the drainage channel west of Elizabeth Avenue and in dams within the 

wetland. During periods of high rainfall, water from the wetland then flows on to Marshalls Creek 

which ultimately flows into the Murrumbidgee River. This is considered a significant PFAS transport 

pathway. 

There are several properties in the wetland area and along Marshalls Creek where livestock can 

access the surface water. No current home consumption of meat from this livestock or use of the 

water for other home consumed food production was identified during the DSI. Furthermore, no use of 

surface water from the wetland or Marshalls Creek for drinking water was identified. However the 

HHERA identified that elevated risks may occur if water from the Gumly Gumly Wetland or Marshalls 

Creek is used for drinking water or to produce home consumed food in the future. 

While no recreational fishing was identified in Marshalls Creek, biota sampling for the HHERA 

identified PFAS uptake in fish and yabbies and potential human health risks for high consumers. 

Similarly, PFAS uptake was identified in biota samples collected from the Murrumbidgee River and 

human health risks were identified in the HHERA for high consumers of certain fish from the river. 

Overland flow from the Base to the Forest Hill general residential area is limited to infrequent high 

rainfall events where overland flow may occur in to the Council public open space land between the 

north west corner of the Base and Kurrajong Avenue. Soil testing in this area did not identify any 

unacceptable risks for the Council area or adjacent residential properties. Therefore, the Forest Hill 

general residential area is not included in the surface water management zone. 

Groundwater 

As noted in Section 2.2, geology at the Base and in the surrounding area consists of alluvial deposits 

(clays, silts, sands and gravels) up to approximately 60 metres thick underlain by granite with 

sedimentary outcrops. The alluvial deposits consist of two formations; the Cowra Formation and the 

Lachlan Formation. The Cowra Formation is the upper part of the alluvial deposits and consists 

primarily of silts and clays with some sand and gravel horizons. These horizons vary in their thickness 

and lateral persistence. The underlying Lachlan Formation consists of sand and gravel deposits with 

some clay and silt horizons. This formation is more permeable than the Cowra Formation and is the 

main groundwater resource in the region. 

The Cowra Formation on the Base was found to be dominated by dense high plasticity clays 

indicating that the formation acts as an impermeable confining layer over the Lachlan Formation. 

Therefore, the low permeability nature of this horizon means it is not a significant pathway for vertical 

PFAS migration. PFAS concentrations in the Lachlan Formation within the Base were below the 

human health guideline values for drinking water. 

Sampling of groundwater from the Cowra and Lachlan Formations at the Murray Cod Hatcheries and 

at another property adjoining the Gumly Gumly Wetland has identified PFAS impacts exceeding the 

human health guideline values for drinking water and, in the case of the hatcheries, also exceeding 

the adopted the human health guideline values for recreational water use. 



PMAP RAAF BASE WAGGA 
 

 

26 
 

The PFAS impacts in the Lachlan Formation in the wetland area is thought to be due to transport of 

PFAS from the Base in surface water to the wetland and downward migration from the wetland to the 

Lachlan Formation. 

Sampling of groundwater bores further downgradient of the wetland, including at the Riverina Water 

County Council (RWCC) East Wagga Borefield bores, has found that PFAS concentrations are below 

the laboratory limits of reporting. One exception is a sample from the Gumly Gumly Private Irrigation 

District (GGPID) bore which had PFAS concentrations above the laboratory limit of reporting but 

below the human health guideline values for drinking water. Samples collected from the GGPID bore 

on three other occasions had PFAS concentrations below the laboratory limits of reporting. 

PFAS concentrations above the drinking water guideline values were identified in a groundwater 

sample from an existing well installed in the granite bedrock about 400 meters east of the Base 

(MW223). It is difficult to conceptualise a pathway for PFAS migration from the Base to this well via 

groundwater. The well was installed in 1956 and has not been used for many years. Mapping of this 

well for the DSI indicated that the well was located along an overland drainage pathway from the 

Base and in the additional sampling report for the HHERA, Jacobs noted that it is possible that the 

identified PFAS impacts were due to migration of impacted surface water down the well construction 

from historical overland drainage (Jacobs, 2018b). However more recent inspections of the well 

identified that the well is located on higher ground to the west of the drainage line. Further 

investigation of groundwater in this area has been recommended as part of the OMP. 

A numerical groundwater model was established for the PFAS investigation at RAAF Base Wagga 

(Jacobs, 2018d). The purpose of the model was to assist in assessing the potential for migration of 

PFAS from the wetland area to drinking water supply bores in the future. The existing Mid-

Murrumbidgee Zone 2 Model developed by NSW Department of Water & Energy was used as a basis 

for developing the RAAF Base Wagga PFAS flow and particle tracking model. Additional 

hydrogeological data collected during the DSI, including a pumping test on the RWCC East Wagga 

Borefield was used to update and refine the model. 

Groundwater flow modelling and particle tracking indicated that PFAS at the Gumly Gumly Wetland 

would not reach the RWCC East Wagga borefield or the GGPID supply bore for at least 55 years 

(year 2073). No groundwater flow pathway between the wetland and the South Tahara Park drinking 

water supply bore was identified through the modelling. 

Particle tracking was used to estimate the extent of the PFAS groundwater plume around the Gumly 

Gumly Wetland. This information and data from the DSI has informed the extent of the Groundwater 

Management Zone. The predicted flow paths and particle tracking information has also been used to 

inform the proposed groundwater monitoring locations for the OMP. 

The Groundwater Management Zone also includes the property to the east of the Base where PFAS 

was detected in bore MW223. As noted above, the cause of PFAS in groundwater in this bore is not 

clear. Given the uncertainty, the property has been included in the groundwater management zone so 

that the property owner or user is aware of the potential risks associated with groundwater in the 

future. 

The Ongoing Monitoring Plan presented in Section 5 will include the collection of additional 

hydrogeological information and data on PFAS concentrations in groundwater in order to verify the 

groundwater model findings, enable refinement of the model if desired in the future and monitor PFAS 

movement over time. 

No transport of PFAS impacted groundwater from the Base boundaries has been identified as part of 

the DSI. Therefore, the Forest Hill general residential area has not been included in the groundwater 

management zone. 
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Sewer 

Sewage from the Base is impacted with PFAS, in particular in the vicinity of source areas such as the 

Fire Extinguisher Concrete Pad and Former Fire Station and the current Fire Station area. Sampling 

of effluent throughout the on-Base network indicates that concentrations reduce down-stream of 

source areas, likely due to dilution (Jacobs, 2018b). Sewage is treated at the Council operated Forest 

Hill STP, together with municipal sewage from the communities of Forest Hill and Ladysmith. 

Sampling undertaken at the STP reported detectable concentrations of PFAS in RAAF effluent 

inflows, with concentrations of PFAS in samples collected from the municipal effluent inflow point 

generally below the laboratory limits of reporting (LOR). Sampling at the STP undertaken by Jacobs in 

April 2019 identified PFOA and Perfluoropentanoic acid (PFPeA) in the municipal effluent (Jacobs, 

2019). 

Treated effluent from the RAAF and municipal inflows is mixed at the Forest Hill STP and evaporates 

in storage ponds. Treated effluent has previously been used for irrigation of stock produce crops at an 

adjacent agricultural property. Council has advised Defence of an intent to recommence this supply of 

treated effluent for use in irrigation at the adjacent agricultural property. 

2.5 Groundwater use 

A water use survey completed for properties surrounding the site and information collected during the 

DSI (Jacobs, 2018a) identified that mains water is supplied to the majority of properties in the 

Management Area for drinking and domestic supply. 

RWCC supplies potable water throughout Wagga Wagga including Forest Hill and surrounding areas. 

Water is sourced from borefields and a surface water intake from the Murrumbidgee River. The 

RWCC East Wagga Borefield is located approximately 7 km north-west of the Base and surface water 

intake from the Murrumbidgee River is located at 91 Hammond Avenue, approximately 8 km north-

west of the Base. RWCC East Wagga bores draw from the Lachlan formation from depths between 

48 and 71.5 mbgl. 

The GGPID bore supplies approximately 60 properties with water for domestic and irrigation 

purposes. The GGPID bore is located approximately 4 km north west of the Base. 

There are five off-Site bores owned by Defence that were historically used to supply water to the 

Base. One of the bores (Bore 5) is still used to supply water for irrigation purposes only. 

Groundwater is used at the Murray Cod Hatcheries for supply of the aquaculture ponds. Six bores are 

present at the hatcheries, two screened in the Cowra formation and three in the Lachlan formation. 

Only one bore is currently used to supply water to the ponds. This bore is screened in the Lachlan 

Formation from a depth of 39 to 45 mbgl. 

There is a groundwater bore at the South Tahara Park property which provides drinking water to the 

property as well as water for stock and irrigation of crops. The bore is located approximately 4km 

north of the Base. 

Groundwater is used for irrigation and stock watering at several other properties in the Monitoring 

Area. 

There are currently no formal institutional controls in place on the use groundwater to reduce PFAS 

risks in the area around the Base. However, the NSW EPA has provided precautionary advice to two 

properties not to use groundwater from drinking water or irrigation of home consumed produce. 

2.6 Relevant legislation and government policy 

As previously identified in Section 1.4, the PFAS NEMP aims to provide governments in Australia with 

a consistent, practical, risk-based framework for the environmental regulation of PFAS-contaminated 
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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 that are licensed to receive 

PFAS impacted liquid waste. 

2.7 Stakeholders 

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

RAAF Base Wagga. 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 

• Wagga Wagga City Council 

• Riverina Water County Council (RWCC) 

Federal government: 

• Department of Prime Minister and Cabinet 

• Department of Health 

• Department of the Environment and Energy 

Local community and interest groups: 

• Impacted community (community members resident within the Management Area and owners 

of property within the Management Area) 

• Recreational fishers who fish in the Murrumbidgee River or Marshalls Creek 

• Gumly Gumly Water Users Group (Gumly Gumly Private Irrigation District) 

Stakeholder and community engagement activities have occurred throughout the project. This has 

included communication with government and regulatory agencies, as well as review of key 

deliverables by representatives from agencies as part of a Project Control Group. 

Community information sessions have been held prior to and at key stages of the investigation 

including: 

• December 2016: to discuss the findings of a preliminary sampling program 

• March 2017: at commencement of the comprehensive PFAS investigation 

• August 2017: prior to commencement of the DSI 

http://www.epa.vic.gov.au/PFAS_NMP
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• June 2018: publication of the DSI report 

• November 2018: publication of the HHERA report 

A further information session will be held in 2019 to present the PMAP and Ongoing Monitoring Plan.  

In addition, community fact sheets or newsletter updates have been distributed throughout the project. 

A project information line (telephone and email) and a project website have been maintained 

throughout the project.  

Results letters have been prepared for individual private property owners to present results from 

sampling on their properties. There have also been several face-to-face meetings with community 

members to discuss the project. 
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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 (Chapter 4) 

The list of risks to be managed in this PMAP are identified as ‘elevated’ in either the DSI and/or the 

risk assessments. A source / pathways / receptor analysis based on the Conceptual Site Model 

(CSM) in the DSI was used to identify the relevant source (primary and secondary), pathways and 

receptors for the risk. For each risk, the range of potential consequences if the risk is realised have 

been identified. 

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

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

form a part of the options analysis. 

3.4 Develop risk management options (Section 6.1) 

Management option/s were identified to address each of the risks identified in Chapter 4. The list of 

options has been informed by a range of information and research, both general and specific to the 

Management Area. Management Area-specific information includes:  

• DSI, Additional Sampling for the HHERA, HHERA and Stage 1 Groundwater Model; 

• Relevant Commonwealth and State 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 Chapter 6 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) 

An initial list of potential management options was developed and screened to identify options for 

detailed analysis. The management options each address one or more of the identified risks and 

therefore the risks were grouped into four risk source areas: 
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• PFAS discharges to sewer 

• Gumly Gumly Wetland and Marshalls Creek 

• Kyeamba Creek drainage pathway 

• Gregadoo Creek drainage pathway 

For each risk source area and for each management option, the following analysis was undertaken: 

A. Cost / effectiveness / impact analysis 

1 Cost range estimate 

2 Effectiveness rating 

3 Implementation period / timeframe 

4 Potential impacts 

5 Estimated net environmental benefit rating (not relevant for 

precautionary advice) 

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 was undertaken to assess the relative strengths and weaknesses of 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.  
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3.7 Recommendations analysis (Section 7.1) 

The recommended set of PMAP response actions for each identified risk are based on the 

comparative analysis and the integrated analysis set out in Chapter 6.   
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

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 and key elements are summarized 

in this section. A visualisation of the refined CSM is provided in Appendix C. 

The following primary source areas were identified as part of the DSI: 

• Fire training area (RMV0093) 

• Fire station (RMV0097) 

• Fire extinguisher concrete pad and former fire station (RMV0098) 

As noted in Section 2.4.1, the Aircraft Parking Area south of Building 88 has been identified as an 

additional source area for this PMAP due to potential contributions to PFAS discharges to sewer in 

this area. 

Several other potential PFAS source areas were identified in the preliminary CSM for the PFAS 

investigation. These included the Neptune Plane Fire Training Area, various landfill areas, the former 

on-Base STP and historical fire locations. These areas were investigated as part of the DSI and 

PFOS + PFHxS concentrations in soil and perched groundwater were less than 0.5 mg/kg and less 

than 10 µg/L respectively. Similarly, low levels of PFOS + PFHxS were identified in soil or sediment 

from drainage swales around the Base. There is the potential that there are other areas of low level 

PFAS on Base. Therefore, the entire Base has been identified as a Management Zone and is 

presented as a diffuse source in the table below. 

In addition, the Gumly Gumly Wetland has been identified as a secondary source of PFAS 

contamination. The wetland receives PFAS impacted stormwater from the Base. 

The fire station and the fire extinguisher concrete pad and former fire station are adjacent to each 

other. Results suggest that the relative contribution of these two areas is similar, and as such can be 

considered as a single PFAS source zone. The fire training area is on the north-eastern side of the 

airport and as such has been considered as a separate source zone area. 

Further detail on these source zones and their relative contribution to identified elevated risks is 

provided below. 

Source zone 1: Fire station (RMV0097) and fire extinguisher concrete pad and former fire 
station (RMV0098) 

Description and risk contribution 
mechanism 

This source zone is located in the central part of the RAAF 
operations area. The former fire station was located on now 
vacant land between the fire extinguisher training pad and 
Newton Road. 

Downward migration of PFAS to the regional groundwater 
aquifer is considered unlikely due to the thick, dense clay of 
the Cowra Formation. 

Runoff from the area would enter the Base pit and pipe 
stormwater network in the area which eventually discharges 
to the Gumly Gumly Wetland. There are also underground 
sewer mains in the area and sampling of the sewer has 
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identified high concentrations of PFAS in locations close to 
the source zone. 

Furthermore, recent investigations identified that overflow 
from the fire extinguisher pad wastewater collection tanks 
and fire station wash down area separator is direct to sewer. 
The overflow from the fire extinguisher pad tanks has been 
temporarily blocked. 

Maximum PFOS + PFHxS 
concentrations 

Soil: 10.5 mg/kg 

Perched groundwater: 14,300 µg/L 

Estimated volume of soil in source 
zone1 

13,297 m3 

Estimated mass of PFOS + PFHxS 
in soil in source zone1 

41 kg 

Contribution to risk High 

Source zone 2: Fire training area (RMV0093) 

Description and risk contribution 
mechanism 

This source zone is located near the eastern end of the main 
runway at the airfield. High concentrations of PFAS were 
identified in soil and perched groundwater. 

Downward migration of PFAS to the regional groundwater 
aquifer is considered unlikely due to the thick, dense clay of 
the Cowra Formation. 

Runoff in the source zone would flow overland to the north 
and north west, eventually entering the pit and pipe network 
on Base. The nearest point on the pit and pipe network is 
approximately 300 m from the source zone. 

This source may contribute to discharges of PFAS in 
stormwater and sewer from the Base. However based on 
the distance between the source and these networks and 
the results from the sewer and stormwater sampling, it 
appears that this source is less significant than the Fire 
station (RMV0097) and fire extinguisher concrete pad and 
former fire station (RMV0098). 

Maximum PFOS + PFHxS 
concentrations 

Soil: 21.7 mg/kg at 0.5 mbgl (1.99 mg/kg at 0 mbgl at same 
location) 

Perched groundwater: 889 µg/L 

Estimated volume of soil in source 
zone1 

12,500 m3 

Estimated mass of PFOS + PFHxS 
in soil in source zone1 

110 kg 

Contribution to risk Moderate 

Source zone 3: Aircraft Parking Area south of Building 88 

Description and risk contribution 
mechanism 

This source zone is located adjacent to the airfield. Very 
limited information was available regarding the use or 
storage of AFFF in this area. No soil source zone was 
identified (PFOS + PFHxS concentrations were below 1 
mg/kg in soil). However samples from the sewer network 
indicate a potential contribution of PFAS to sewer from this 
area. 
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Downward migration of PFAS to the regional groundwater 
aquifer is considered unlikely due to the thick, dense clay of 
the Cowra Formation. 

Runoff from the area would enter the Base pit and pipe 
stormwater network in the area which eventually discharges 
to the Gumly Gumly Wetland. 

Maximum PFOS + PFHxS 
concentrations 

Soil: 0.053 mg/kg 

Perched groundwater: 15.9 µg/L 

Estimated volume of soil in source 
zone1 

N/A 

Estimated mass of PFOS + PFHxS 
in soil in source zone1 

N/A 

Contribution to risk Low 

Base property (diffuse source) 

Description and risk contribution 
mechanism 

PFOS + PFHxS above the laboratory limits of reporting but 

below 0.5 mg/kg in soil and 10 µg/L in perched groundwater 

were identified at several locations across the Base. 
Sampling for the DSI targeted known or potential PFAS 
sources as well as stormwater and surface water drainage 
paths. There is therefore the potential for other areas of low 
level PFAS in soil across the Base. 

Downward migration of PFAS to the regional groundwater 
aquifer is considered unlikely due to the thick, dense clay of 
the Cowra Formation. 

Runoff from areas in the western, southern and eastern 
areas of the airfield flows overland to farm dams on 
properties surrounding the Base with the potential of 
overland flow to Kyeamba Creek and Gregadoo Creek 
during extended periods of high rainfall. 

Uptake of PFAS in yabbies was identified in farm dams on 
properties adjacent to the Base on the Kyeamba Creek and 
Gregadoo Creek pathways has been identified. The HHERA 
determined an elevated risk for children if they are high 
consumers of yabbies from these dams. 

Maximum PFOS + PFHxS 
concentrations 

Soil: 0.053 mg/kg 

Perched groundwater: 15.9 µg/L 

Estimated volume of soil in source 
zone1 

N/A 

Estimated mass of PFOS + PFHxS 
in soil in source zone1 

N/A 

Contribution to risk Low 

Gumly Gumly wetland (secondary source) 

Description and risk contribution 
mechanism 

Surface water and sediment is impacted within dams and 
surface water channels in the wetland. Stormwater from the 
Base is transported to the wetland via an underground 
Council main from the Base to Elizabeth Ave and then an 
open channel to the wetland. Surface water flows from the 
wetland to the west into Marshalls Creek where PFAS 
impacts have been identified. 
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Elevated concentrations in shallow soil are present within the 
wetland area, typically at the surface, above the NEMP 
ecological guideline value for indirect exposure (residential 
land). 

Groundwater in the Lachlan Formation has been identified 
as impacted with PFAS within the vicinity of the Gumly 
Gumly wetland. The Cowra Formation is less thick in the 
wetland area than on Base and water level monitoring at the 
Murray Cod Hatcheries indicates connectivity between the 
Cowra and Lachlan Formations and therefore the potential 
for vertical migration of contaminants in the area. Therefore, 
the wetland is considered to be a secondary source of PFAS 
contamination. 

Maximum PFAS concentrations Soil: 0.14 mg/kg 

Surface water: 7.04 µg/L in a pond at Murray Cod 

Hatcheries, 4.62 µg/L in the Gumly Gumly Wetland 

Groundwater: 4.48 µg/L at the Murray Cod Hatcheries 

Estimated volume of soil in source 
zone1 

N/A 

Estimated mass of PFOS + PFHxS 
in soil in source zone1 

N/A 

Contribution to risk High 

Notes: 

1 Estimates of the volume of soil and mass of PFAS have been made for soil source zones 
PFOS + PFHxS concentrations greater than 1 mg/kg 

The inferred extent of source zones is presented on Figures 6 – 10 in Appendix I. These figures 
include the inferred extent of soil source zone areas as well as the inferred extent of areas where 

PFOS + PFHxS concentrations in perched groundwater exceed 10 µg/L. 

4.2 Risk listing and consequences 

Elevated current and potential risks as well as a relative consequence rating are listed in Table 3.  



PMAP RAAF BASE WAGGA 
 

 

37 
 

Table 3: Risk listing and consequence 

ID Risk Description Nature of risk Extent Immediacy Consequence 

1 PFAS discharges to 
sewer 

Treated effluent currently 
evaporates at the Forest 
Hill STP and so no risks 
to human health or 
ecology were identified 
in the HHERA for current 
conditions. However, 
Council intends to 
recommence the supply 
of treated effluent to the 
adjacent agricultural 
property for irrigation. 
The HHERA identified 
potential ecological risks 
if treated effluent is 
applied to land close to 
Kyeamba Creek. A 
potential human health 
risk may also arise if 
treated effluent is used 
for irrigating crops used 
for home consumption. 

Ecological and human 
health 

Pivot irrigator on land 
adjacent Forest Hill 
STP and Kyeamba 
Creek 

Future – no discharge 
of treated effluent 
currently occurs 

Moderate 

2 Toxicity to aquatic 
organisms 

PFAS concentrations 
exceed the PFAS NEMP 
ecological guideline 
values for direct toxicity 

Ecological Gumly Gumly 
Wetland and 
Marshalls Creek 

Current Moderate 

3 Bioaccumulation and 
effects on higher order 
organisms 

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

Ecological Murray Cod 
Hatcheries and 
adjacent property 

Gumly Gumly 
Wetlands 

Marshalls Creek 

Current Moderate 
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ID Risk Description Nature of risk Extent Immediacy Consequence 

Equex Exhibition 
Centre 

4 Human consumption of 
fish in Marshalls Creek 
and Murrumbidgee River 

Elevated risks for high 
consumers of certain fish 

Human health Murrumbidgee River 

Marshalls Creek 

Current Minor – high 
consumption 
scenarios are 
unlikely to occur 

5 Human consumption of 
yabbies from farm dams 
and Marshalls Creek 

Elevated risks for 
children who are high 
consumers of yabbies 

Human health Farm dams around 
Base and Marshalls 
Creek 

Current Minor – high 
consumption 
scenarios are 
unlikely to occur 

6 Use of PFAS impacted 
surface water or soil for 
home food production in 
the future 

Elevated risks for home 
production of eggs, fruit 
and vegetables or home 
slaughter of livestock 

Human health Murray Cod 
Hatcheries and 
adjacent property 

Gumly Gumly 
Wetland 

Marshalls Creek 

Farm dams 
surrounding the Base 

Future – activities are 
not currently 
undertaken 

Moderate 

7 Use of PFAS impacted 
groundwater for drinking 
water or home food 
production in the future 

Elevated risks if 
groundwater is used for 
drinking water supply, for 
home production of 
eggs, fruit and 
vegetables or home 
slaughter of livestock 

Human Health Groundwater 
Management Zone 

Future – activities are 
not currently 
undertaken 

Moderate 

8 Migration of PFAS 
impacted groundwater to 
supply bores in the 
future 

Potential for PFAS in 
groundwater at the 
Gumly Gumly Wetland to 
migrate to drinking water 
supply bores in the 
future 

Human Health RWCC East Wagga 
Borefield and Gumly 
Gumly Private 
Irrigation District Bore 

Future – no current 
PFAS impacts in 
these bores 

Major 
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5 ONGOING MONITORING PLAN 

5.1 Overview 

The Management Area ongoing monitoring plan (OMP) monitors changes to the contamination plume 

and surface water contamination characteristics to inform risk management options where required.  

Changes may result from the specific or cumulative impact of remediation or containment actions, 

existing transportation trends, changes to hydrogeology, or weather events. 

The OMP for the Management Area is provided in Attachment 1.  

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, State and Local 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 (eg  provision or cessation of 

alternate drinking water supplies) 

• changes to State advice on types of exposure-minimisation behaviours (eg, 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 

The OMP includes trigger levels that will be used to initiate specific responses including alerting 

Defence and NSW agencies. 

5.1.3 Related documentation 

The recommended management actions presented in Section 7 include an action to replace the Fire 

Extinguisher Pad wastewater collection tanks and fire station separator. Remediation of contaminated 

soil and perched water around the tanks as well as further investigation of PFAS infiltration to 

stormwater will also be undertaken as part of this work. A Remediation Action Plan (RAP) will be 

developed as part of this action and will contain specific on-going monitoring actions to assess and 

validate the impact of that remediation plan. 
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5.2 OMP communications 

The following will be shared with relevant State agencies 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 

5.3 OMP summary 

The OMP for RAAF Base Wagga aims to validate the extent of groundwater contamination in and 

around the Gumly Gumly Wetland as identified in the Stage 1 Groundwater Model report, collect 

additional data to enable refinement of the groundwater model in the future if required and monitor 

changes in PFAS concentrations in surface water and groundwater over time. 

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

• Surface water sampling at sixteen locations including the Base stormwater discharge point to 

the Council network in the north west of the Base, the Gumly Gumly Wetland, Marshalls 

Creek, Kyeamba Creek, the Forest Hill STP and the Murrumbidgee River. 

• Groundwater sampling at twelve existing wells on Base and fourteen existing wells off-Base 

including the Riverina Water County Council East Wagga Borefield, the Gumly Gumly Private 

Irrigation District bore and the South Tahara drinking water supply bore. 

• Installation and ongoing groundwater sampling of one new well on Base and five new wells 

off-Base. Three of the new off-Base wells aim to validate the extent of groundwater 

contamination around the Gumly Gumly Wetland and act as sentinel monitoring wells for 

downgradient drinking water supply bores. Two of the new off-Base wells aim to further 

investigate PFAS in groundwater on the property to the east of the Base. 

• Continuous water level monitoring in approximately 12 wells. 

Geological and hydrogeological data will be collected during the installation and initial sampling of the 

proposed new wells installed for the OMP. 

Surface water and groundwater samples will be collected and analysed for PFAS twice per year with 

one of the surface water sampling rounds targeting a rainfall event. 

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

NEMP. 

5.4 OMP review 

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

frequency of the review program may be tailored to site specific characteristics and the existing trend 

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

becomes available. 
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6 OPTIONS IDENTIFICATION AND ANALYSIS 

6.1 Options identification 

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

Appendix E, Section E.1. This screening assessment identified a total of nine options for further 

assessment. The options considered for further assessment are summarised in Table 4. 

As noted in Section 3.5, risks were grouped into four risk source areas. The applicable management 

options for each risk source area are also presented in Table 4. 

Table 4: Summary of management options identified for further assessment 

Options identified for 
further assessment 

Applicability to risk source area 

PFAS 
discharges to 
sewer 

Gumly Gumly 
Wetland and 
Marshalls 
Creek 

Kyeamba 
Creek drainage 
pathway 

Gregadoo 
Creek drainage 
pathway 

Source management 

1. Capping / hydraulic 
isolation 

Applicable Applicable Not applicable Not applicable 

2. Excavation and on-
site stabilization of soil 

Applicable Applicable Not applicable Not applicable 

3. Excavation and on-
site treatment of soil 

Applicable Applicable Not applicable Not applicable 

4. Excavation and on-
site containment of soil 

Applicable Applicable Not applicable Not applicable 

5. Excavation and off-
site treatment or 
disposal of soil 

Applicable Applicable Not applicable Not applicable 

Pathway management 

6. Restriction of PFAS 
infiltration to sewer 
and stormwater 
networks 

Applicable Applicable Not applicable Not applicable 

7. Ex-situ treatment of 
stormwater 

Not applicable Applicable Not applicable Not applicable 

8. Ex-situ treatment of 
groundwater 

Not applicable Applicable Not applicable Not applicable 

Receptor management 

9. Precautionary 
advice 

Not applicable Applicable Applicable Applicable 

The detailed identification and analysis of options for each risk is provided in Appendix E using the 

criteria provided in Appendix D. 

No source or pathway controls are considered applicable for the Kyeamba Creek and Gregadoo 

Creek drainage pathways at this stage. This is discussed further in Section 6.2.5. 
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In relation to management action options related to PFAS discharges in sewer, the options assessed 

focus on reducing the infiltration of PFAS to sewer on Base. This aligns with Defence prioritisation of 

source and pathway controls over receptor controls. 

As noted in Section 2.4 and Table 3, Council has advised Defence of an intent to recommence supply 

of treated effluent to the adjacent agricultural property for irrigation and the HHERA identified that this 

could present risks. Defence understands that Council is seeking to recommence this supply to 

address STP pond storage concerns due to projected growth in the municipal effluent stream. 

Testing by Defence has not identified PFOS or PFHxS concentrations in the municipal effluent stream 

above the laboratory LOR and other PFAS compounds are only slightly above the laboratory LOR. It 

may be possible to separate treated effluent from the municipal stream only and supply it to the 

adjacent property. Therefore, other options to increase capacity of the ponds or reduce PFAS 

concentrations in treated effluent have not been considered further at this stage. A management 

action for Defence to continue to work with Council to address PFAS at the STP has been included in 

Section 7. 

6.2 Comparative analysis 

6.2.1 “Do nothing” option 

The DSI and HHERA have not identified any imminent risks to human health based on current use of 

land and water in the Base surroundings. Therefore, it may be possible to justify the “do nothing” 

option on this basis. However, the HHERA identified potential future risks to human health should 

land owners or users change their use of PFAS impacted land or water in the future. Therefore, 

management actions to reduce these potential future risks are required. This could be achieved 

through precautionary advice only but would not address Defence objectives to reduce ongoing PFAS 

discharges from the Base to the environment. 

Furthermore, the NSW Contaminated Sites Guidelines for the Assessment and Management of 

Groundwater Contamination note that groundwater remediation should be undertaken to restore the 

environmental values of the groundwater (ie. PFAS concentrations below human health guidelines for 

drinking water protection) as a minimum and ideally to restore groundwater quality to natural 

background levels (NSW DEC, 2007). 

Therefore the “do nothing” option has not been considered further. 

6.2.2 Precautionary advice only 

As setout in Section 6.2.1 and in the detailed analysis provided in Appendix E, Section E.3, 

precautionary advice could provide adequate control of current and future risks to human health from 

PFAS exposures. This would include, for example, advice to community members not to use PFAS 

impacted surface or groundwater for home food production and not to consume high levels of yabbies 

or certain fish from local waterways. However, this advice alone would not address PFAS sources on 

the Base and their ongoing contribution to discharges to the environment.  

There is a risk that community members will not receive or follow advice, particularly over the longer 

term. Ensuring tenants, living at properties within the Management Area, receive information may be 

particularly challenging. 

Precautionary advice only would not meet Defence’s priorities to address PFAS discharges from the 

Base and would also be unlikely to be well supported by the community. Furthermore, as noted 

above, precautionary advice only would not meet the objectives of the NSW Contaminated Sites 

Guidelines for the Assessment and Management of Groundwater Contamination. 
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The restriction of PFAS infiltration to sewer and stormwater networks to reduce PFAS discharges from 

the Base is likely to be feasible based on the limited investigation of these networks to date. As noted 

in Table E3, this management action is currently considered to be of a scale and cost proportionate to 

the risks. This is discussed further in Section 6.2.3. 

Therefore, the option to implement precautionary advice only has not been considered further. 

6.2.3 Source or pathway management options on Base 

In relation to the PFAS source areas on Base, no risks to human health have been identified for 

general personnel on the Base. Elevated risks may occur for construction and maintenance workers 

involved in ground disturbance works in PFAS source zones. However, these risks will be assessed 

and controlled through the application of the Defence Construction and Maintenance Framework 

2018. 

As noted in Appendix E, source management options such as the installation of capping systems with 

drainage controls to prevent PFAS emissions to stormwater and sewer or the excavation and 

treatment and / or containment of source zone soil would likely be effective in eliminating or reducing 

PFAS discharges from the Base. 

However, the significant clay layer at the Base and depth to the Lachlan Formation minimises the risk 

of PFAS migration from the source zones to the underlying groundwater. While perched groundwater 

may be present in source zones, this is discontinuous, low yielding and unlikely to present a pathway 

for significant PFAS transport. Furthermore, PFAS migration through surface water erosion from the 

source zones is also unlikely to be a significant pathway. So, the source zone is likely substantially 

contained with the exception of transport via the sewer and stormwater networks. 

Therefore, options to cap or completely excavate source zone soil are not considered to be 

commensurate with the risk and less favourable than the lower cost option aimed to at restricting 

PFAS infiltration to the sewer and stormwater networks. 

The additional sewer and stormwater investigation (Jacobs, 2019) identified that the Fire Extinguisher 

Training Pad tanks and the Fire Station separator are directly connected to sewer. Sampling of 

wastewater and sediment in these tanks identified high PFAS concentrations. Stormwater and 

wastewater in these areas would collect in the tanks and overflow to sewer. Therefore, removing this 

connection to sewer will likely lead to significant reductions in PFAS discharges to sewer from the 

Base. 

It is likely that the concrete structure of the tanks, the associated pipework and potentially all of the 

fire extinguisher pad structure may be impacted with PFAS and may continue leaching to the 

collection system. Therefore, replacement of this infrastructure may need to be considered. AFFF is 

no longer used for training purposes at the Base and therefore re-contamination of new infrastructure 

would be unlikely to occur. 

Assuming at least the tanks will be replaced, this would provide an opportunity to access and remove 

PFAS impacted soil and perched water in the area surrounding the tanks. While complete excavation 

of the source zone area may not be cost effective, removal of highly impacted soil around the tanks 

as well as impacted soil and fill material around service trenches could be considered. Replacement, 

re-lining or upgrades to other parts of the sewer and stormwater network may also be required. 

The objective of restricting infiltration of PFAS on Base to the sewer network would be to reduce 

PFAS concentrations in sewer in order to meet Defence’s overall environmental management 

objectives.  It is unlikely that PFAS concentrations in sewer can be eliminated completely. 

The objective of restricting infiltration of PFAS on Base to the stormwater network would be to reduce 

discharges to the Gumly Gumly Wetland. These discharges have created a secondary source of 

PFAS contamination in the soil or sediment within the wetland. PFAS in this area infiltrates to the 

regional groundwater (Lachlan Formation) which flows towards groundwater supply bores including 
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several water supply bores. Drainage from the wetland during periods of high rainfall is also 

contributing to elevated PFAS concentrations in Marshalls Creek. 

6.2.4 Source or pathway management options at the Gumly Gumly Wetland 

While restricting infiltration of PFAS to stormwater on Base will reduce the ongoing flux of PFAS to the 

wetland, the existing PFAS in the wetland will likely act as a source of PFAS discharges to Marshalls 

Creek and the Lachlan Formation for many years to come. Therefore, precautionary advice will be 

required to reduce potential human health risks. 

The NSW Contaminated Sites Guidelines for the Assessment and Management of Groundwater 

Contamination note that “in practice, cleaning up so natural background concentrations are restored 

can be technically difficult and extremely costly. Therefore, where it is not practicable to restore 

background quality, an interim clean-up goal can be based on protecting environmental values and 

preventing potential risks to human and ecological health. Even where it is not practicable in the short 

term, restoring water quality to its natural background state should remain the long-term remedial 

objective for contaminated groundwater.” 

Restoring groundwater in the Lachlan Formation at the Gumly Gumly Wetland to natural background 

concentrations would require the removal or treatment of PFAS impacted soils and sediments in the 

wetland as well as extraction and treatment of impacted groundwater. 

The treatment of impacted soils and sediment in the wetland has not been considered in the detailed 

options analysis. The wetland has an area of approximately 170 Ha and so treatment is unlikely to be 

feasible from a cost perspective. Excavation of the soil and sediment in the wetland may also have an 

overall net negative impact on the environment. Capping of soil and sediment in the wetland would 

not address leaching of PFAS to groundwater and may influence flooding in the area. 

The installation of hydraulic controls in the Gumly Gumly Wetland has been considered in the options 

analysis. The objective of these controls would be to reduce PFAS migration in groundwater from the 

wetland. Work would involve the installation of extraction wells downgradient of the wetland to remove 

impacted groundwater. This water could be treated and then injected further downgradient of the 

wetland or discharged to the Murrumbidgee River. It may also be possible to inject untreated water to 

an area upgradient of the wetland. This option would likely have a high cost (>$15,000,000) as the 

system would need to be in place for many years to come. 

The Stage 1 Groundwater Model report (Jacobs, 2018d) has indicated that PFAS impacted 

groundwater from the wetland will not reach drinking water supply bores for at least 50 years (year 

2073). The OMP will seek to validate the model findings and monitor the movement of PFAS over 

time. Technologies for the treatment of PFAS are rapidly evolving and source or pathway 

management options to control contamination from the Gumly Gumly Wetland may become feasible 

at some point in the future. 

The long term goal for groundwater management will be to restore the environmental values of the 

groundwater (ie. PFAS concentrations below human health guidelines for drinking water protection) 

as a minimum and ideally to restore groundwater quality to natural background levels. 

The PMAP will be reviewed annually and this will include an assessment of whether plume 

containment or treatment can feasibly be implemented to meet these long term goals. 

The application of precautionary advice within the area of estimated groundwater impact and ongoing 

monitoring is considered the preferred approach at this stage until the groundwater plume is better 

understood and technologies for clean-up evolve. If it is determined that PFAS from the wetland is 

moving faster than estimated through the Stage 1 Groundwater Model then the approach can be re-

evaluated. 

Data collected as part of the OMP will be shared with owners of the drinking water supply bores to 

assist with their planning and risk management. 
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6.2.5 Kyeamba Creek and Gregadoo Creek pathways 

As noted in Section 2.4.2, sampling of surface water, sediment and shallow soil along the Kyeamba 

Creek and Gregadoo Creek drainage pathways has found that PFAS impacts are limited to farm 

dams and soil in close proximity to the Base and these do not appear to be significant PFAS transport 

pathways. 

There are no PFAS source zones that have been identified on the Base within catchment areas for 

overland flow to these pathways. It is likely that diffuse concentrations of PFAS in soil is contributing 

to the discharges. Therefore, source management options are not considered applicable for these 

pathways. 

Furthermore, human health risks associated with these pathways are limited to the potential use of 

water from farm dams for drinking water or home food production as well as high consumption of 

yabbies from the farm dams. These activities are not currently occurring and, based on 

communications with land owners, are considered unlikely to occur in the future. Therefore, 

precautionary advice for these pathways are considered acceptable. These controls would aim to 

ensure property owners or users are aware of the potential risks and do not undertake the activities 

that would lead to elevated exposures in the future. 

PFAS concentrations above the PFAS NEMP guideline values for drinking water were identified in 

groundwater samples from a disused bore on the property east of the Base (MW223). There is 

uncertainty regarding the cause of PFAS in groundwater at this location. However, PFAS 

concentrations in wells screened in the Lachlan Formation along the eastern boundary of the Base 

did not have detectable concentrations of PFAS. The Stage 1 Groundwater Modelling report has 

indicated that it is unlikely that migration of PFAS in groundwater in the Lachlan Formation from the 

Base to MW223 has occurred.  

Further investigation of the Lachlan Formation and granite in the area downgradient of MW223 has 

been recommended as part of the OMP in order to further confirm the conceptualisation. MW223 is 

not in use and the property is supplied by town water. The inclusion of the property within the 

groundwater management zone will also ensure future owners or occupants of the property are aware 

of risks associated with groundwater. 

6.2.6 Summary outcomes of the comparative analysis 

The comparative analysis has identified that the “do nothing” option would not reduce potential future 

risks to human health and would not address risks to ecology. The option to implement institutional 

controls only could potentially reduce future human health risks. However, the “do nothing” option and 

implementation of precautionary advice only would not reduce ongoing PFAS discharges from the 

Base in stormwater and sewer and therefore would not meet Defence’s environmental management 

objectives. These options would also unlikely be supported by the community. This is particularly the 

case when considering that the reduction of PFAS infiltration from source areas on Base to 

stormwater and sewer appears feasible through pathway controls (replacement of tanks, removal of 

disused infrastructure and lining and/or replacement of pipes) with potential costs considered 

commensurate with the scale of the risks. It is noted that further investigations will be required to 

confirm feasibility and potential costs. 

Management actions to treat or contain all PFAS impacted soil in source zone areas may also be 

effective in reducing PFAS discharges to stormwater and sewer but would have a significantly higher 

cost than the pathway controls outlined above and may cause a higher level of disruption to Defence 

operations. 

The treatment of PFAS contamination in soil, sediment and groundwater off-Base, if feasible, would 

likely have a high cost, may lead to changes in flooding regimes and could have an overall negative 

net environmental impact through the need to remove existing vegetation. 
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Therefore, the proposed management actions following this comparative analysis include the 

implementation of precautionary advice to reduce potential future risks associated with changes in 

land or water use as well as migration of PFAS in groundwater combined with the pathway controls to 

reduce PFAS discharges in stormwater and sewer from the Base. 

Once PFAS discharges in stormwater and sewer from the Base are demonstrated to have been 

reduced through source management and pathway treatment, assessment of the risks due to PFAS 

in soil and sediment in off-Base areas is recommended to be undertaken, based on land use and 

guidance at that time (including if guidance has changed or guidance is developed for rural or 

agricultural land uses). 

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. 

The Base Engineering Assessment Program (BEAP) wastewater report (Cardno, 2017a) found that 

the main sewer pipe network on Base was generally in a poor condition and is likely to require 

progressive renewal in the next 5-20 years or within the scope of the next base redevelopment. The 

report also noted that there is extensive redundant sewer network on Base. This previously serviced 

buildings that have been demolished. The report noted that this network may provide a source of 

unnecessary infiltration. 

The BEAP stormwater report (Cardno, 2017b) found that the stormwater network is under capacity 

and in fair condition. The report included recommendations to replace or re-line (as appropriate) 

approximately 3,296 m of stormwater gravity mains currently assessed to be in poor or unserviceable 

condition. These were considered to likely reach the end of their useful life within the next five years. 

At the same time, the report recommended to re-line approximately 25% of 11,844 m of the 

stormwater mains that are currently assessed to be in fair structural condition and are expected to 

degrade to a poor condition within the next 10–20 years. 

The need to undertake replacement or re-lining of sewer and stormwater pipes as part of the ongoing 

maintenance of the Base further strengthens the approach to address PFAS discharges from the 

Base through these works. 
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7 CONCLUSION 

7.1 Recommended PMAP response actions 

The DSI, Risk Assessment and additional sewer and stormwater investigation for RAAF Base Wagga 

identified that there are four key source zones of PFAS at the Base: 

1. The former fire training area near the eastern end of the runway; 

2. The former fire station and fire extinguisher pad; 

3. The current fire station; and, 

4. The aircraft parking area south of Building 88. 

Geology on the Base consists of the thick layer of dense clay which restricts the vertical migration of 

PFAS to the underlying regional aquifer. However, PFAS from these source areas is infiltrating the 

Base sewer and stormwater networks and discharging from the Base. 

Sewer from the Base is discharged to the Forest Hill STP where treated effluent currently evaporates 

and no risks to human health or the environment have been identified through this process. However, 

Council has advised Defence of an intent to recommence the supply of treated effluent from the STP 

to the adjacent agricultural property for irrigation. The HHERA noted that if the treated effluent is 

applied to land close to Kyeamba Creek, this could result in potential risks to aquatic ecology. Use of 

treated effluent to irrigate crops for home consumption could also present a risk. 

The discharge of PFAS in stormwater has created a secondary source of contamination in soil and 

sediment within the Gumly Gumly Wetland. PFAS in the wetland can migrate through the more 

permeable soil profile in this area to the underlying regional aquifer and can migrate via surface water 

along Marshalls Creek during heavy rainfall. 

While current risks to human health associated with PFAS from the Base are limited to high 

consumers of yabbies and certain fish in local waterways and these scenarios are unlikely, there is 

the potential that risks may arise if community members use impacted water or soil for home food 

production in the future. 

The Stage 1 Groundwater Modelling Report has found that PFAS impacted groundwater in the Gumly 

Gumly Wetland can migrate to downgradient drinking water supply bores. However, it is anticipated 

that PFAS will not reach the bores for at least 50 years (year 2073). 

The recommended PMAP response actions are as follows: 

Action 1: Restrict infiltration of PFAS to sewer and stormwater on Base. This action will involve: 

a. Additional soil investigation to further delineate the extent of the source zone 

around the Fire Extinguisher Training Pad and Fire Station washdown bay as 

well as the fill material around service trenches in these areas. 

b. Replacement of PFAS impacted infrastructure including the Fire Extinguisher 

Pad tanks and Fire Station washdown bay separator. Removal of highly 

impacted soil and perched groundwater from around this infrastructure. 

c. Assessment of the fill material around service trenches and potential 

replacement of this material if this is found to be a significant pathway for 

PFAS transport. 

d. Survey of sewer and stormwater pipes and pits in the Fire Extinguisher 

Training Pad, Fire Station and Aircraft Parking Area south of Building 88 to 

determine potential PFAS infiltration points. Reline, replace or upgrade pipes 

or pits where infiltration may be occurring. 
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e. Where excavation is carried out to replace infrastructure, remove highly 

contaminated soil or replace fill material in utility trenches, consider measures 

to restrict infiltration from remaining impacted areas such as the installation of 

liners. 

Action 2: Support relevant State and Local agencies to develop and implement precautionary 

advice for the surface water and groundwater management zones. As part of the 

implementation of this precautionary advice, it is recommended that Defence 

maintain a public information line for questions from community members about the 

RAAF Base Wagga Management Area.  

Action 3: Further investigation of the Lachlan Formation and granite groundwater to the east of 

the Base (downgradient of groundwater well MW223) as part of the OMP. 

Action 4: Defence to continue working with Council to resolve issues associated with PFAS at 

the Forest Hill STP. 

Action 5: Implementation of an OMP to validate the Stage 1 groundwater model, monitor 

changes in PFAS concentrations in surface water and groundwater and provide data 

for future management actions if required. 

In relation to Action 2, relevant NSW State and Local agencies will be responsible for the 

development and communication of precautionary advice for owners and users of land within the 

surface water and groundwater management zones. This advice aims to reduce the potential risks 

identified in the DSI and HHERA that may occur should there be a change in the way surface water or 

groundwater is used in the zones in the future. These objectives of the advice are summarised in 

Table 5. 

Council may also consider adding notations to Section 10.5 planning certificates for properties within 

either the surface water management zone and / or the groundwater management zone to state that 

the property is within the respective zone and to provide the precautionary advice discussed above or 

links to websites with the information. 

Table 5: Objectives of precautionary advice 

Category Objectives of the precautionary advice 

Surface water 
management zone 

Properties within the surface water management zone have farm dams that 
receive drainage from the Base or have part of Marshalls Creek on or 
adjacent to the property. PFAS contamination has been identified in these 
surface water bodies at levels which do not currently present a risk to the 
community but could present a risk if certain activities occur in the future. 

Based on the results of the DSI and HHERA, precautionary advice is 
recommended to be provided to all owners and users of land within the 
management zone in order to minimize exposure to PFAS. The objective of 
this precautionary advice is to restrict use of surface water from farm dams 
or Marshalls Creek for the following purposes: 

• Drinking water 

• Cooking water 

• Watering of livestock, where the livestock is to be slaughtered for 
home consumption. There are no restrictions on use of the surface 
water for watering of livestock that will be sold to the general market 

• Irrigation of fruit or vegetable gardens where the produce is for home 
consumption 
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• Watering of chickens where the eggs will be used for home 
consumption 

Land owners and users of the properties could be advised that the use of 
town water supplied by Riverina Water County Council is suitable for each 
of the above activities. 

Groundwater 
management zone 

PFAS impacts have been identified in groundwater in the Gumly Gumly 
Wetland and surrounding properties. Based on the results of the DSI and 
HHERA, precautionary advice is recommended to be provided to all 
owners and users of land within the management zone in order to minimize 
exposure to PFAS. The objective of this precautionary advice is to restrict 
use of groundwater for the following purposes: 

• Drinking water 

• Cooking water 

• Watering of livestock, where the livestock is to be slaughtered for 
home consumption. There are no restrictions on use of the surface 
water for watering of livestock that will be sold to the general market 

• Irrigation of fruit or vegetable gardens where the produce is for home 
consumption 

• Watering of chickens where the eggs will be used for home 
consumption 

Land owners and users of the properties could be advised that the use of 
town water supplied by Riverina Water County Council is suitable for each 
of the above activities. 

 

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 (eg 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 the PMAP at intervals of 12 months to ensure that the document is current and its 

recommendations are valid. The PMAP will be updated according to the findings of the review.  

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 Council. 

.  
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APPENDIX A: Regulatory and policy analysis 

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 PMAP Template and Guidance 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 

 

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

At the time of preparing this PMAP, there was no Commonwealth policy, standards or guidance 

related to the discharge of PFAS impacted wastewater to sewer and the potential reuse of treated 

effluent containing PFAS. 
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A2 State 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 

As noted in Section 1.8, this PMAP has focussed on current risks or risks that could eventuate should 

community members undertake an activity that does not require development consent. For example, 

while no use of PFAS impacted water for home production of food has been identified in the 

Management Area, the PMAP considers the potential for community members to undertake this 

activity in the future. 

However, the potential rezoning of rural land for residential use would require a planning proposal and 

eventual development consent. SEPP 55 requires the planning authority to consider land 

contamination in assessing applications for a change in land use. 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

The Base and surrounding areas are within the Wagga Wagga Local Environmental Plan 2010 which 

sets out land use zones and other development controls. 

Operation of a solid or liquid waste treatment facility off-Base would likely require development 

consent from Council and an Environment Protection License issued by the NSW EPA under the 

Protection of the Environment Operations Act. 
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The installation of new groundwater bores off-Base would require a license and property owner 

permission. 

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 RAAF Base Wagga. 
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APPENDIX C Source – pathway – receptor analysis 

This Appendix provides visualisations of the source – pathway – receptor relationships. 
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APPENDIX D Options analysis criteria 

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

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Estimate a cost range for implementation of the option, accompanied by an 

explanation of the basis of that estimate.  

The cost ranges below have overlapping values: this is to avoid a scenario 

where a borderline cost may distort the analysis. Where a cost estimate falls 

into an overlapping range, but effectiveness of the option in 1.2 is assessed 

as ‘high’, use the lower cost range to adjust the margin of error in favour of 

the ‘effectiveness’ criterion. 

Category 1 PWC approval required 

above $15 million.6 

>  $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 actions7 < $500,000 

Cost ranges should include direct, indirect, recurrent costs and the costs of 

mitigating any secondary risks identified in 2.5 below.  

Where there will be a need for ongoing operations, management, 

maintenance and monitoring beyond the Primary Implementation Period, a 

separate risk should be identified and a separate options analysis applied. 

2 Effectiveness 

rating 

Assign an effectiveness rating in accordance with the following criteria: 

High The option is projected to meet all its objectives or 

meet a ‘best available’ standard 

High with 

supplementary 

option 

The option, together with a supplementary option, 

is projected to meet all its objectives or meet a 

‘best available’ standard 

Medium The option is projected to make significant 

progress towards meeting its objectives. 

Medium with 

supplementary 

option 

The option, together with a supplementary option, 

is projected to make significant progress towards 

meeting its objectives 

Low The option cannot reliably be projected to make 

significant progress towards meeting its 

objectives or may only do so in a timeframe that is 

not aligned with effective management of the 

identified risk. 
 

                                                      

 

6 http://www.defence.gov.au/estatemanagement/governance/Committees/pwc/Default.asp 

7 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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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, secondary8 and residual9 risks of implementation and associated 

mitigation options, such as: 

− potential environmental impacts, including PFAS transference, cross-

contamination, and remobilisation; and presence of contaminants 

other than PFAS 

− the availability of treatment/storage management options to manage 

waste streams 

− impact on existing infrastructure (including bores) 

− potential social and economic impacts (eg land use or employment.) 

Specify whether mitigation options form a part the same option or whether 

they are developed separately (provide option identification number). 

11 Key 

Dependencies 
List any key dependencies, including the implementation of any other options, 

and any external factors. 

Defence implications 

12 Defence 

capability 

The extent to which an aspect of Defence capability will be impacted by the 

process or outcome of implementation of the option and the availability and 

cost of alternatives (consultations with Defence) 

13 Project fit Whether the project outcomes complement the outcomes of response 

management actions for the same or other sites (consultations with Defence) 

14 Scalability Whether the outcomes of the project can be scaled up or down to address 

similar needs in the same or other Bases. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

List jurisdictional authorisations required to implement the option. Note the 

views of any relevant jurisdictional regulator  

16 Owner / 

occupier 

consents and 

views 

List any owner / occupier consents required to implement the option. 

Note the views of any relevant landowner or occupier. 

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

 

                                                      

 

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

9 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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APPENDIX E Options listing and analysis 

This Appendix provides the analysis of the management options identified as available to

address the range of risks identified in the DSI and risk assessments. Risk management

includes the application of remediation technology and methodologies; pathway management;

as well as institutional and administrative controls and advisories.

Part E1 sets out the range of remediation technology and methodologies with an initial

screening for applicability to the remediation of PFAS contamination within the Management

Area.

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

Part E3 constitutes the detailed options analysis for the identified risks.
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E1 PFAS remediation options screening10 

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. 

Significant chemical 
volumes and 
multiple applications 
may 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 

                                                      

 

10 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. 

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

  Affects asset access No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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. 

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

Excavation and 
dewatering/drying of 
materials is technically 
feasible. 

NSW EPA has 
published waste 
classification guidance 
to enable disposal of 
PFAS impacted soil 
that meets the 
requirements for 
General Solid Waste or 
Restricted Waste. 
Landfill disposal of 
PFAS impacted soil 
that is classified as 
Hazardous Waste is 
not currently permitted. 

 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. 

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

Disruptive to 
operations 

Yes 

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.  

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

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. 

 

Disruptive to 
operations 

Yes – not likely as 
a stand-along 
solution but 
potential to be 
coupled with off-
site disposal, on-
site retention or as 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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.  

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. 

addition to achieve 
stabilisation 

Significant chemical 
use would be 
required. 

part of in-situ 
management 
options 

Chemical Oxidation or Reduction  

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

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

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

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

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

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

Moderate to high 
(largely due to high 
chemical costs) 

12+ months 
with material 
handling on-site 

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

Significant chemical 
use would be required. 

Disruptive to 
operations 

No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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.  

Wastes are heated to 93 °C to 315 °C to volatilise 

water and organic contaminants. A carrier gas or 
vacuum system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing. 

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

- - - - - No 

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

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

Wastes are heated to 315 °C to 538 °C 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 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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. 

Disruptive to 
operations 

Yes 

In-situ management - capping 

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

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

Applicable 

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

Applicable Low 1 – 2 years In-situ management 
of soil is considered 
to be high on the 
PFAS NEMP’s waste 
hierarchy and avoids 
transport of materials 
off-site so is therefore 
considered more 
sustainable than 
placement in an off-
site facility. 

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

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 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. 

 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. 

Disruptive 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 - water 
       

Bioremediation  

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

Not applicable to PFAS. - - - -  No 

Chemical Injection 

Chemicals are injected into the aquifer at pre-determined 
dosage rate. 

May include oxidation/reduction to chemically convert 
the hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, and/or inert. 
Other options may include novel additives such as 
slurried activated carbon which is a binding technology. 

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

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 
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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 

Air Sparging 

Air is injected into the subsurface to add oxygen and 
volatilise contaminants. Soil vapour is extracted and 
treated, thereby reducing volatile contaminant mass. 

Not applicable to 
PFAS – non- or low 
volatility. 

- - - -- - No 

Thermal Treatment 

As described above for in situ thermal treatment of 
soil/sediments. 

Not applicable to 
PFAS in water. 

- - - - - 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- catalysed humification reactions to 
treat PFAS. 

PRBs can either be configured as a continuous wall to 
intersect the plume, or as a funnel-and-gate system with 
low permeability walls that direct groundwater flow 
through reactive media in a ‘gate’. 

Potentially applicable 
as a component of an 
overall strategy. 
 
However, no full scale 
application for PFAS 
identified in Australia or 
globally. 

 

Expected to be 
applicable in short 
term for some 
hydrogeological 
settings. 

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 



PMAP RAAF BASE WAGGA 
 

 

69 
 

Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Ex-Situ Treatment - water        

Groundwater extraction 

Commonly available treatment approach. Dissolved 
phase impacts are extracted via a series of wells or 
trenches (‘French drains’), with ex situ treatment of 
effluent at a water treatment plant. Treated water could 
be managed via reinjection or discharge. 

Extraction system can be designed to maximise mass 
removal of dissolved phase contaminants, though this 
approach is typically more suited for hydraulic control 
purposes (see below). 

Not applicable as a 
stand-alone option – is 
not likely to be 
practicable to address 
secondary sources (e.g. 
PFAS sorbed to soils). 

Desorption and back 
diffusion of 
contaminants from the 
formation can limit the 
ability to reach low-level 
management goals and 
cause extended 
treatment timeframes. 

Requires water 
treatment (See 
below). 

 

Applicable as a 
component of an 
overall management 
strategy. 

Moderate capital 
cost, but high 
lifecycle cost due to 
long duration 

1+ years, long 
term operation 

Considered low on 
hierarchy when 
used in isolation but 
can be a 
component of 
overall site strategy 

No impact to Defence 
operations – option 
would be applied at 
Gumly Gumly Wetland 

Yes 

Excavation and/or dewatering 

For shallow groundwater, bulk excavation and 
dewatering, or just dewatering, of these materials will 
remove the groundwater migration pathway. Pore water 
would be captured and treated ex situ at a water 
treatment plant. Treated water could be managed via 
reinjection or discharge. 

Excavated soil (where bulk excavation and dewatering) 
would be subject to disposal to an off-site landfill or on-
site containment cell or in situ management (see above 
for soils/sediment). If materials are left in situ, cover 
would be required to minimise recharge of the fill 
materials. 

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. 

Disruption to 
operations during 
excavation works 

Considered as 
part of soil source 
zone excavation 
options. 

Extracted groundwater treatment 

For the above groundwater extraction options, ex situ 
treatment at a water treatment plant is required. A 
treatment train would be required, generally requiring: 

• Pre-treatment to remove sediments and co-
contaminants. This may include sand filtration, 
flocculation, sorption. 

• PFAS removal via sorption, ultrafiltration 

Applicable 

Treatment technologies 
are commercially 
available and have 
been used for PFAS 
water treatment in 
Australia (in particular 
GAC, and to a lesser 
extent ultrafiltration and 

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 

Moderate See for above 
options 

See for above options Little disruption to 
operations 

Considered as 
part of soil source 
zone excavation 
options. 
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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 

(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 utilised in a treatment 
train approach. Emerging technologies being studied 
include sonochemical treatment, photochemical 
oxidation and thermally- induced reduction. 

Treated water could be managed via reinjection or 
discharge. 

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

ion exchange). for soil/sediment 
options for disposal, 
on site containment 
or in situ 
management) 

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 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 permeabiity 
cover system 
would result in 
significant 
disruption to 
operations. 

Considered as 
part of soil source 
zone excavation 
options. 
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E2 Description of options considered in detailed analysis 

ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

Source management options 

1 In-situ management – 
Capping 

Construction of a low permeability 
cover to restrict surface water 
infiltration to contaminated soils in 
source zones only. Drainage controls 
may also be required where 
underground stormwater or sewer 
pipes are located close to the source 
areas. Leachate from the area may 
need to be contained for on or off-site 
treatment. 

No basal layer would be provided. 

To reduce PFAS leaching from soil to stormwater, 
surface water and sewer. This would reduce the flux of 
PFAS in stormwater to the Gumly Gumly Wetland and 
subsequent risks to human health and ecology. This 
would also reduce PFAS concentrations in sewer to 
enable reuse of treated effluent. 

1. Additional investigations to delineate the source 
areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of 
infrastructure where necessary 

5. Excavation of sufficient soil to enable installation of 
capping (potential requirement for off-site disposal of 
soil) 

6. Installation of capping (eg. Clay cap or geosynthetic 
clay layer overlain by subsoil and topsoil layers) and 
drainage including collection and treatment system. 

7. Site reinstatement 

8. Ongoing treatment or disposal of leachate 

9. Ongoing monitoring of stormwater, surface water 
and / or sewer to validate the works 

2 Excavation and on-site 
stabilization of soil 

Contaminated soil in source zones is 
excavated and amendments such as 
activated carbon are added to the soil 
to reduce or remove the potential for 
PFAS to mobilize to stormwater, 
surface water or groundwater. 

Long term effectiveness of the 
stabilization is a data gap. 

Treated soil could be placed back into 
the source area excavation or placed 
elsewhere on site where there is a 
lower risk of impact from leachate. 

To reduce PFAS leaching from soil to surface water 
and sewer. This would reduce the flux of PFAS in 
stormwater to the Gumly Gumly Wetland and 
subsequent risks to human health and ecology. This 
would also reduce PFAS concentrations in sewer to 
enable reuse of treated effluent. 

1. Additional investigations to delineate the source 
areas 

2. Bench scale testing of amendments 

3. Detailed design of works 

4. Planning and approvals 

5. Site establishment and demolition / removal of 
infrastructure where necessary to access soil 

6. Drainage or dewatering of soils to be excavated with 
treatment and / or disposal of the water 

7. Excavation of soil and application of amendment 
through pug mill or other suitable mixing method 

8. Validation of excavation extent and treatment 
success 

9. Reinstatement of treated soil, pavements and 
structures 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

10. Ongoing monitoring of stormwater and / or sewer to 
validate the works 

3 Excavation and on-site 
treatment of soil 

Contaminated soil in source zones is 
excavated and treated using a thermal 
process on-site to mobilize or destruct 
PFAS. Mobilized PFAS can for 
destruction in off-gas treatment or 
collected for off-site disposal in a 
hazardous waste facility. 

Treated soil could be placed back into 
the source area excavation or placed 
elsewhere on site where there is a 
lower risk of impact from leachate. 

Removal of the source areas to reduce risk to 
construction and maintenance workers and reduce 
PFAS discharges to stormwater and sewer. Reduction 
of discharges to stormwater and sewer will reduce 
subsequent downstream risks. 

1. Additional investigations to delineate the source 
areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of 
infrastructure where necessary to access soil 

5. Drainage or dewatering of soils to be excavated with 
treatment and / or disposal of the water 

6. Excavation of soil and treatment in treatment unit 

7. Validation of excavation extent and treatment 
success 

8. Reinstatement of treated soil, pavements and 
structures 

9. Ongoing monitoring of stormwater and / or sewer to 
validate the works 

4 Excavation and on-site 
containment of soil 

Contaminated soil in source zones is 
excavated and placed in an 
engineered facility on-site. The facility 
would include impermeable cap and 
base layers as well as drainage 
controls. 

Removal of the source areas to reduce risk to 
construction and maintenance workers and reduce 
PFAS discharges to stormwater and sewer. Reduction 
of discharges to stormwater and sewer will reduce 
subsequent downstream risks. 

1. Additional investigations to delineate the source 
areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of 
infrastructure where necessary to access soil 

5. Preparation of engineered facility. 

6. Drainage or dewatering of soils to be excavated with 
treatment and / or disposal of the water 

7. Excavation of soil and placement in the facility 

8. Validation of excavation extent 

9. Completion of the facility construction including cover 
material. 

10. Reinstatement of excavation area 

11. Ongoing monitoring of facility 

12. Ongoing monitoring of stormwater and / or sewer to 
validate the works 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

5 Excavation and off-site 
treatment or disposal of soil 

Contaminated soil in source zones is 
excavated and transported off-site for 
treatment and / or disposal. 

Soil with high total or leachable 
concentrations of PFAS may need to 
be stabilised for acceptance in a 
landfill facility. This would require an 
immobilisation permit from NSW EPA. 
No such permits have been issued to 
date. 

Off-site treatment options would 
involve thermal processes. There are 
no treatment facilities currently 
licensed in NSW. Soil would need to 
be transported to VIC or QLD. 

Removal of the source areas to reduce risk to 
construction and maintenance workers and reduce 
PFAS discharges to stormwater and sewer. Reduction 
of discharges to stormwater and sewer will reduce 
subsequent downstream risks. 

1. Additional investigations to delineate the source 
areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of 
infrastructure where necessary to access soil 

5. Drainage or dewatering of soils to be excavated with 
treatment and / or disposal of the water 

6. Excavation of soil and off-site transport for treatment 

7. Validation of excavation extent 

8. Reinstatement of excavation area 

9. Ongoing monitoring of stormwater and / or sewer to 
validate the works 

Pathway management options 

6 Restriction of PFAS 
infiltration to sewer and 
stormwater networks 

This option could involve removal of 
abandoned infrastructure that may be 
receiving PFAS infiltration, 
replacement of networks that may be 
degraded or leaking or lining of pipes. 

The additional sewer and stormwater 
investigation (Jacobs, 2019) identified 
that the Fire Extinguisher Pad tanks 
and Fore Station separator connect to 
the sewer network. This option 
assumes that replacement of the tanks 
will be necessary. 

Excavation of contaminated soil and / 
or removal of contaminated perched 
groundwater around the tanks and 
potentially in service trenches can be 
undertaken during the tank 
replacement. Therefore management 
of this material would also be required. 

The objective of this option would be to reduce PFAS 
discharges in stormwater and sewer from the Base. 
Reduction of discharges to stormwater and sewer will 
reduce subsequent downstream risks. 

1. Additional investigation to delineate soil 
contamination around the tanks. points and 
mechanisms. 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of the 
Fire Extinguisher Pad tanks and Site Station separator 
as well as other infrastructure where necessary 

5. Excavation of soil and removal of water from around 
the tanks and separator as well as service trenches. 
Off-site disposal or on-site containment of the impacted 
material. 

6. Temporary stormwater or sewer diversions or 
management as necessary 

7. Replacement, relining or upgrades to sections of the 
sewer and stormwater networks. 

7. Reinstatement of the excavation areas 

7. Ongoing monitoring to validate the works. 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

7 Ex-situ treatment of 
stormwater 

This option would involve collection 
and treatment of stormwater, 
potentially focussed on stormwater 
from source areas only. Treated 
stormwater would be discharged back 
to the stormwater system. 

The objective of this option would be to reduce or 
remove PFAS discharges to the Gumly Gumly Wetland 
and on to Marshalls Creek. 

1. Additional investigations, treatability studies and 
feasibility analysis to confirm option. 

2. Detailed design of works 

3. Planning and approvals 

4. Implementation of works 

5. Ongoing treatment works with disposal of solids and 
treatment media to landfill or thermal destruction. 

6. Ongoing monitoring 

8 Ex-situ treatment of 
groundwater 

The Stage 1 groundwater model 
indicates that the estimated plume of 
PFAS in groundwater is outside the 
area of influence for the current 
drinking water supply bores. However, 
PFAS impacted groundwater will 
migrate into the bore capture zones in 
the long term. It may be possible to 
establish extraction bores 
downgradient of the plume to collect 
PFAS impacted groundwater. The 
water could be treated and discharged 
to the Murrumbidgee River or 
reinjected to the Lachlan Formation 
downgradient of the extraction bores. It 
may also be possible to reinject the 
water without treatment upgradient of 
the wetland. 

The objective of this option would be to restrict 
migration of PFAS impacted groundwater from the 
Gumly Gumly Wetland to downgradient receptors. This 
option would not address risks associated with surface 
water contamination. 

1. Design of extraction, treatment and reinjection of 
discharge systems 

2. Planning and approvals, including water allocations. 

3. Installation of groundwater extraction wells, pumping 
systems and infrastructure. 

4. Installation of treatment system (if required). 

5. Installation of reinjection wells or discharge systems 
and infrastructure. 

6. Ongoing treatment (if required), reinjection and 
disposal of spent media 

7. Ongoing monitoring 

Receptor management options 

9 Institutional controls Institutional controls to limit potential 
human exposures to PFAS. 

On Base this would include controls to 
ensure construction and maintenance 
workers are implemented prior to 
ground disturbance works in PFAS 
source zones. 

Off-Base this would include guidance 
to property owners, property users or 
other community members not to 

The objective of these controls would be to reduce risks 
to human health by eliminating exposure pathways. 

1. Define management zones, current and potential 
risks and actions required to reduce or eliminate risks 

2. For on-Base areas, ensure CSR is updated with 
source zones and associated risk controls identified. 

3. For off-Base areas, liaise with State and Local 
agencies to determine appropriate mechanisms to 
control actions, responsibilities and monitoring. This 
could include: 

• Advice on Defence and agency websites 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

undertake certain activities that could 
result in elevated risks (eg. use of 
impacted surface water or 
groundwater for drinking water supply). 

• Information on Council planning certificates 

• Advice to applicants for groundwater licenses 

• Signage 

• Maintenance of a community information line 
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PFAS MANAGEMENT AREA PLAN – RAAF BASE WAGGA

TABLE E3 : DETAILED OPTIONS ASSESSMENT

Risk source area

`

Contributing sources

Risk ID

Management Option Category Receptor Management

Management Option ID 1. Capping 2. Excavation and on-site
stabilization of soil

3. Excavation and on-site treatment
of soil

4. Excavation and on-site
containment of soil

5. Excavation and off-site treatment
or disposal of soil

6. Restriction of PFAS infiltration to
sewer and stormwater networks 7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Applicable Applicable Applicable Applicable Applicable Applicable Not Applicable Not Applicable Not Applicable

1 Cost Range Estimate Category 3 Category 2 Category 2 Category 2 Category 2 Category 3

2 Effectiveness Rating High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option

3 Implementation Period / Timeframe Primary Primary Primary Primary Primary Primary

4
Potential Impacts (Environmental &
Socioeconomic) Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact

5 Estimated Net Environmental Benefit Moderate Moderate Moderate Moderate Moderate Moderate

6 Proportion of Action to Risk Scale and cost marginally
proportionate to risk

Scale and cost marginally
proportionate to risk

Scale and cost marginally
proportionate to risk

Scale and cost marginally
proportionate to risk

Scale and cost marginally
proportionate to risk Scale and cost proportionate to risk

7 Best-Practice Status Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice

8 Verification Status Technology verified Technology partially verified/in trial Technology partially verified/in trial Technology verified Technology verified Technology verified

9 Technology Assessment Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges

10 Risks and Mitigation Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk

11 Key Dependencies No dependencies No dependencies No dependencies No dependencies No dependencies No dependencies

12 Defence Capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability

13 Project Fit To be confirmed To be confirmed To be confirmed Consistent with other sites Consistent with other sites To be confirmed

14 Scalability Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled

15 Jurisdictional Regulator/s Defence Defence Defence Defence Defence Defence

16 Owner / Occupier Consents and Views Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only

17 Community Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option

PFAS disharges to sewer not
currently causing human health or
environmental risk therefore net

environmental benefit considered
moderate given site works involved
and cost marginally proprtionate to
risk. Replacement of tanks likely to
be required in conjunction with this

option. Some logistical challenges in
ensuring capping of all source zone

material and restriction of leaching to
sewer. Therefore moderate risk to

achieving high effectiveness.
Other source zone control options

considered lower risk and more
accepted industry practice.

PFAS disharges to sewer not
currently causing human health or
environmental risk therefore net

environmental benefit considered
moderate given site works involved
and cost marginally proprtionate to
risk. Replacement of tanks likely to
be required in conjunction with this

option. Some logistical challenges in
ensuring excavation of all source
zone material and restriction of
leaching to sewer. Therefore

moderate risk to achieving high
effectiveness.

PFAS disharges to sewer not
currently causing human health or
environmental risk therefore net

environmental benefit considered
moderate given site works involved
and cost marginally proprtionate to
risk. Replacement of tanks likely to
be required in conjunction with this

option. Some logistical challenges in
ensuring excavation of all source
zone material and restriction of
leaching to sewer. Therefore

moderate risk to achieving high
effectiveness.

PFAS disharges to sewer not
currently causing human health or
environmental risk therefore net

environmental benefit considered
moderate given site works involved
and cost marginally proprtionate to
risk. Replacement of tanks likely to
be required in conjunction with this

option. Some logistical challenges in
ensuring excavation of all source
zone material and restriction of
leaching to sewer. Therefore

moderate risk to achieving high
effectiveness.

PFAS disharges to sewer not
currently causing human health or
environmental risk therefore net

environmental benefit considered
moderate given site works involved
and cost marginally proprtionate to
risk. Replacement of tanks likely to
be required in conjunction with this

option.  Some logistical challenges in
ensuring excavation of all source
zone material and restriction of
leaching to sewer. Therefore

moderate risk to achieving high
effectiveness. Also risk that some

highly contaminated excavated
material cannot be disposed off-site.

Assumes replacement of fire
extinguisher pad tanks and fire

station seperator plus excavation
and on-site containment or off-site
disposal of contaminated soil and

perched water around these
systems. Excavation of impacted

soil from service trenches may also
be required.

Risk that areas not treated will still
result in unacceptable

concentrations to sewer.

1. PFAS discharge to sewer

Source zone 1: Fire station (RMV0097) and fire extinguisher concrete pad and former fire station (RMV0098)
Source zone 2: Fire training area (RMV0093)
Source zone 3: Aircraft Parking Area south of Building 88
Base property (diffuse source)

1. PFAS discharges to sewer

Source Management Pathway Management
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PFAS MANAGEMENT AREA PLAN – RAAF BASE WAGGA

TABLE E3 : DETAILED OPTIONS ASSESSMENT

Risk source area

`

Contributing sources

Risk ID

Management Option Category Receptor Management

Management Option ID 1. Capping 2. Excavation and on-site
stabilization of soil

3. Excavation and on-site treatment
of soil

4. Excavation and on-site
containment of soil

5. Excavation and off-site treatment
or disposal of soil

6. Restriction of PFAS infiltration to
sewer and stormwater networks 7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Applicable Applicable Applicable Applicable Applicable Applicable Applicable Applicable Applicable

1 Cost Range Estimate Category 3 Category 2 Category 2 Category 2 Category 2 Category 4 Category 2 Category 1 Category 4

2 Effectiveness Rating High Medium High High High High High High Medium

3 Implementation Period / Timeframe Primary Primary Primary Primary Primary Primary Both primary and extended Both primary and extended Both primary and extended

4
Potential Impacts (Environmental &
Socioeconomic) Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact

5 Estimated Net Environmental Benefit Significant Significant Significant Significant Significant Significant Significant Significant Significant

6 Proportion of Action to Risk Scale and cost proportionate to risk Scale and cost proportionate to risk Scale and cost proportionate to risk Scale and cost proportionate to risk Scale and cost proportionate to risk Scale and cost proportionate to risk Scale and cost disproportionate to
risk

Scale and cost disproportionate to
risk Scale and cost proportionate to risk

7 Best-Practice Status Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice

8 Verification Status Technology verified Technology partially verified/in trial Technology partially verified/in trial Technology verified Technology verified Technology verified Technology verified Technology verified Technology verified

9 Technology Assessment Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges

10 Risks and Mitigation Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk

11 Key Dependencies Some dependencies Some dependencies Some dependencies Some dependencies Some dependencies Some dependencies Some dependencies Some dependencies No dependencies

12 Defence Capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability

13 Project Fit To be confirmed To be confirmed To be confirmed Consistent with other sites Consistent with other sites To be confirmed To be confirmed To be confirmed Consistent with other sites

14 Scalability Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled

15 Jurisdictional Regulator/s Defence Defence Defence Defence Defence Defence Defence Defence Defence

16 Owner / Occupier Consents and Views Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal and external consents
required

Internal and external consents
required

17 Community Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community likely to accept option Community unlikely to accept option

Assumes capping of unpaved areas
of point source zones only with

controls to restrict leaching to sewer
and stormwater.

Risk that some leaching to sewer
and stormwater may still occur.

Other source zone control options
considered lower risk.

Institutional controls would still be
required to manage risks from
secondary source in wetland.

Assumes treatment of point source
zones only.

Stablization will not be effective
against all potential exposures to
workers or ecology in the treated

area (eg. Still potential for incidental
ingestion of PFAS).

Long term stability of stabilization
unproven.

Institutional controls would still be
required to manage risks from
secondary source in wetland.

Assumes treatment of point source
zones only.

Institutional controls would still be
required to manage risks from
secondary source in wetland.

Assumes treatment of point source
zones only.

Institutional controls would still be
required to manage risks from
secondary source in wetland.

Assumes treatment of point source
zones only. May not be possible to
treat or dispose of highly impacted

soil off-Site.
Institutional controls would still be

required to manage risks from
secondary source in wetland. Also
risk that some highly contaminated

excavated material cannot be
disposed off-site.

Institutional controls would still be
required to manage risks from
secondary source in wetland.

Potential for cost to increase to
Category 1 if long term treatment of
significant volumes is necessary.
Institutional controls would still be

required to manage risks from
secondary source in wetland.

Institutional controls would still be
required to manage risks from
secondary source in wetland.

External consents required for works
around wetland.

Medium effectiveness rating as
there is a risk that full compliance
with institutional controls will not be
achieved. Furthermore, this option

does not address Defence
objectives ot reduce PFAS
discharges from the Base.

Dependepnt upon implementation by
state and local agencies.

Community unlikely to accept this as
the only option. Likely expectation of

actions to also  stop PFAS
discharges from the Base.

Comments

2. Gumly Gumly Wetland and Marshalls Creek

Source zone 1: Fire station (RMV0097) and fire extinguisher concrete pad and former fire station (RMV0098)
Source zone 2: Fire training area (RMV0093)
Source zone 3: Aircraft Parking Area south of Building 88
Base property (diffuse source)
Gumly Gumly Wetland (secondary source)
2. Toxicity to aquatic organisms
3. Bioaccumulation and effects on higher order organisms
4. Human consumption of fish in Marshalls Creek and Murrumbidgee River
5. Human consumption of yabbies from farm dams and Marshalls Creek
6. Use of PFAS impacted surface water or soil for home food production in the future
7. Use of PFAS impacted groundwater for drinking water of home food production in the future
8. Migration of PFAS impacted groundwater to supply bores in the future

Source Management Pathway Management
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PFAS MANAGEMENT AREA PLAN – RAAF BASE WAGGA

TABLE E3 : DETAILED OPTIONS ASSESSMENT

Risk source area

`

Contributing sources

Risk ID

Management Option Category Receptor Management

Management Option ID 1. Capping 2. Excavation and on-site
stabilization of soil

3. Excavation and on-site treatment
of soil

4. Excavation and on-site
containment of soil

5. Excavation and off-site treatment
or disposal of soil

6. Restriction of PFAS infiltration to
sewer and stormwater networks 8. Ex-situ treatment of stormwater 9. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Applicable

1 Cost Range Estimate Category 4

2 Effectiveness Rating Medium

3 Implementation Period / Timeframe Both primary and extended

4
Potential Impacts (Environmental &
Socioeconomic) Neutral E&SE impact

5 Estimated Net Environmental Benefit Significant

6 Proportion of Action to Risk Scale and cost proportionate to risk

7 Best-Practice Status Accepted industry practice

8 Verification Status Technology verified

9 Technology Assessment Some logistical challenges

10 Risks and Mitigation Moderate risk

11 Key Dependencies No dependencies

12 Defence Capability Unlikely to affect capability

13 Project Fit Consistent with other sites

14 Scalability Able to be scaled

15 Jurisdictional Regulator/s Defence

16 Owner / Occupier Consents and Views Internal and external consents
required

17 Community Community may accept option

Medium effectiveness rating as
there is a risk that full compliance
with institutional controls will not be

achieved. Dependent upon
implementation by state and local

agencies.
Community may accept option as
risks are less significant for this

pathway.

No source or pathway controls are considered applicable for this drainage pathway at this stage. No significant sources of PFAS have been identified in areas that could contribute to PFAS discharges to this pathway. Further investigations would be required to identify PFAS sources or confirm that low
level diffuse sources are the driver. If low level diffuse sources are the driver then capping or treatment of these sources to reduce emissions is unlikely to be pragmatic and costs would unlikely be commensurate with the risks.
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3. Kyeamba Creek drainage pathway

Base property (diffuse sources)

3. Bioaccumulation and effects on higher order organisms
5. Human consumption of yabbies from farm dams
6. Use of PFAS impacted surface water or soil for home food production in the future
7. Use of PFAS impacted groundwater for drinking water of home food production in the future
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PFAS MANAGEMENT AREA PLAN – RAAF BASE WAGGA

TABLE E3 : DETAILED OPTIONS ASSESSMENT

Risk source area

`

Contributing sources

Risk ID

Management Option Category Receptor Management

Management Option ID 1. Capping 2. Excavation and on-site
stabilization of soil

3. Excavation and on-site treatment
of soil

4. Excavation and on-site
containment of soil

5. Excavation and off-site treatment
or disposal of soil

6. Restriction of PFAS infiltration to
sewer and stormwater networks 8. Ex-situ treatment of stormwater 9. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Applicable

1 Cost Range Estimate Category 4

2 Effectiveness Rating Medium

3 Implementation Period / Timeframe Both primary and extended

4
Potential Impacts (Environmental &
Socioeconomic) Neutral E&SE impact

5 Estimated Net Environmental Benefit Moderate

6 Proportion of Action to Risk Scale and cost proportionate to risk

7 Best-Practice Status Accepted industry practice

8 Verification Status Technology verified

9 Technology Assessment Some logistical challenges

10 Risks and Mitigation Moderate risk

11 Key Dependencies No dependencies

12 Defence Capability Unlikely to affect capability

13 Project Fit Consistent with other sites

14 Scalability Able to be scaled

15 Jurisdictional Regulator/s Defence

16 Owner / Occupier Consents and Views Internal and external consents
required

17 Community Community may accept option

Medium effectiveness rating as
there is a risk that full compliance
with institutional controls will not be
achieved. Implementation by state

and local agencies required.
Community may accept option as
risks are less significant for this

pathway.

No source or pathway controls are considered applicable for this drainage pathway at this stage. No significant sources of PFAS have been identified in areas that could contribute to PFAS discharges to this pathway. Further investigations would be required to identify PFAS sources or confirm that low
level diffuse sources are the driver. If low level diffuse sources are the driver then capping or treatment of these sources to reduce emissions is unlikely to be pragmatic and costs would unlikely be commensurate with the risks.

C
os

t/
Ef

fe
ct

iv
en

es
s

/I
m

pa
ct

A
na

ly
si

s
R

is
k-

B
as

ed
A

na
ly

si
s

D
ef

en
ce

Im
pl

ic
at

io
ns

St
ak

eh
ol

de
r

Im
pa

ct
s,

Vi
ew

an
d

C
on

se
nt

s

Comments

D
et

ai
le

d
O

pt
io

ns
A

na
ly

si
s

D
im

en
si

on
s

4. Gregadoo Creek drainage pathway

Base property (diffuse sources)

3. Bioaccumulation and effects on higher order organisms
5. Human consumption of yabbies from farm dams
6. Use of PFAS impacted surface water or soil for home food production in the future
7. Use of PFAS impacted groundwater for drinking water of home food production in the future
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Figure 5: Key PFAS source areas
RAAF Base Wagga
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Figure 7: Groundwater Source Zone 1
RAAF Base Wagga
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Figure 8: Soil Source Zone 2
RAAF Base Wagga
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Figure 9: Groundwater Source Zone 2
RAAF Base Wagga
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Figure 10: Groundwater Source Zone 3
RAAF Base Wagga
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GLOSSARY  

 

AHD Australian Height Datum 

AS Australian Standard 

ANZECC Australian and New Zealand Environment and Conservation Council 

Base A defined physical locality or geographical area from which Defence-

related activities, operations, training or force preparations are 

managed, conducted, commanded or controlled.  

COC Chain of Custody 

CSM Conceptual Site Model 

DO Dissolved Oxygen 

DSI Detailed Site Investigation 

DQI Data Quality Indicators 

DQO Data Quality Objectives 

EC Electrical Conductivity  

EPA Environment Protection Authority (or relevant state/territory jurisdiction) 

ERA Ecological Risk Assessment 

HEPA Heads of EPAs Australia and New Zealand  

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

LOR Limit of Reporting 

Management Area The geographical area subject to Defence response actions  

NATA National Association of Testing Authorities  

Off-site Off-Base 

OMP Ongoing Monitoring Plan 

On-site On-Base 

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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Remediation Action Plan 

(RAP) 

Defines the purpose and objectives of the remediation, evaluates and 

determines the remediation options, and sets out performance 

measures. 

Response actions Actions identified as recommended or potential options to address 

potential risks 

SAQP Sampling and Analysis Quality Plan  

Source area An area within the Management Area that is, or has the potential to be, 

a source of contamination 

SWL Standing Water Level 

TOC Total Organic Carbon 

TDS Total Dissolved Solids 

µg/L Micrograms per Litre 
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1 INTRODUCTION 

Department of Defence has engaged Jacobs Group (Australia) Pty Ltd to develop this Ongoing 

Monitoring Plan (OMP) for per- and polyfluoroalkyl substance (PFAS) as a part of the PFAS 

Management Area Plan (PMAP) for RAAF Base Wagga (the Base). 

The OMP monitors 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 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 Contamination Directive #7: Naming convention (Defence, 2012) 

• 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 2016, the Environmental Health Standing Committee (enHealth)1, published 

guidance statements advising that there is currently no consistent evidence that exposure to PFOS 

and PFOA causes adverse human health effects.2 However, since these chemicals remain in humans 

and the environment for many years, it is recommended that as a precaution, human exposure to 

PFAS be minimised. 

PFAS contamination on and in the vicinity of the Defence estate arises primarily because of the 

historic use of AFFF for training purposes or incident control. 

                                                      

 

1 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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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 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 chemically and biologically stable and has a low vapour pressure, so it is 

resistant to breakdown and evaporation. However, some longer chain PFAS do break 

down in the environment, and are precursors to forming PFOS, PFHxS or PFOA. 

• Some PFAS (including PFOS and PFOA) are environmentally persistent and 

bioaccumulate. This means that some plants may be susceptible to PFAS, uptaking it 

through soil and water. It then bio-accumulates and becomes a part of the food chain. 

The same process applies to some animals and fish. 

1.2 Objective 

The objective of the OMP is to set out a program of monitoring to continue to assess the changes in 

the nature and extent of PFAS within the environment, where Defence’s historical use of legacy AFFF 

has led to an identified potentially elevated risk to a receptor, or potential future risk to a receptor. 

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 concentrations in surface water discharge to the Council 

stormwater network from the Base as well as downstream locations along Marshalls 

Creek and at the confluence of Marshalls Creek and Murrumbidgee River 

• Further refine the understanding of the extent of groundwater contamination plume 

around the Gumly Gumly Wetland and monitor the movement of this plume 

• Further investigate the PFAS identified in the groundwater well to the east of the Base 

(MW223) 

• Monitor changes in PFAS concentrations in Kyeamba Creek 

• Monitor changes in PFAS concentrations in the Murrumbidgee River 

• Monitor changes in PFAS concentrations in sewer discharged from the Base 
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• Collect geological and hydrogeological data for the potential further development of the 

RAAF Base Wagga Groundwater Model 

One of the management actions recommended in the PMAP is to reduce infiltration of PFAS to the 

stormwater and sewer networks on Base. While monitoring of key points associated with stormwater 

and sewer discharge is recommended as part of the OMP, more detailed monitoring to assess the 

effectiveness of this action may be outlined as part of the detailed design and planning of the works 

associated with this action. This may include for example, sampling at additional locations or more 

frequent sampling immediately after the actions are completed. 

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 Detailed Site Investigation (DSI) (Jacobs, 2018a), HHERA or risk assessment 

(EnRisks, 2018) 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 Communications 

The following will be shared with relevant State and local agencies 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 

1.6 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 Base is located in the suburb of Forest Hill, approximately 10 km east of the central business 

district of Wagga Wagga, NSW and in the local government area of Wagga Wagga. The Base is 

operational primarily for training activities such as trades, class room and outdoor training facilities, 

residential buildings, administration, recreation and support services (such as messes and 

firefighting). Facilities include aircraft hangars (used for aircraft maintenance and trade training), 

warehousing and refuelling facilities. The Base contains an operational airfield, Wagga Wagga City 

Domestic Airport (WWCDA) which is operated by the Wagga Wagga City Council (Council) via a 30 

year lease agreement (1 July 1995 to 30 July 2025) established between Defence and Council. 

The Base is approximately 3.1 square kilometers and comprises several legal parcels including: 

• Lots 1, 2, 3 and 4 in DP 1113351 

• Lot 2 in DP 848579 

• Lots 62 and 141 in DP 757232 

• Lots 1 and 2 in DP 85382 

• Lot 1 in DP 436207 

• Lots 1 and 2 in DP 819642 

• Lot 1 in DP 190467 

The Base is Commonwealth owned land and is zoned Special Activities Zone SP1. The exception is 

part of one property parcel (Lot 2 DP 819642) which is the disused Tumbarumba branch rail line 

reserve which runs east-west across the Base and is owned by the NSW Government (RailCorp) and 

leased by Defence. 

2.2 Site setting 

The following sections outline a brief summary of the area setting. Further information is available in 

the DSI report (Jacobs, 2018a). 

2.2.1 Climate 

Climate data measured at the Bureau of Meteorology (BoM) gauge 072150, Wagga Wagga AMO, 

located at the airport within the Base boundary is available from 1942 to present day. Mean annual 

temperature ranges from 9.1 to 22.2 °C, with January reporting average temperatures between 16.3 

and 31.8 °C and July average temperatures between 2.8 and 12.8 °C. 

The annual mean rainfall (measured at) is 572.6mm and is spread evenly across the year, with 

slightly increased rainfall in the May to October months. 

The prevailing wind direction in the morning (9am) is from the east while in the afternoon (3pm) the 

prevailing winds are from the west and, to a lesser extent, the south west. 

2.2.2 Topography 

Regional topography comprises ridges and minor tablelands stepping down westwards and breaking 

into detached hills with intervening alluvial valley floors. The Base is situated within the Murrumbidgee 

Valley and therefore the local topography is relatively flat and has acted as the floodplain for the 

Murrumbidgee River. The elevation of the Base ranges from approximately 225 metres Australia 
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Height Datum (m AHD) in the south east corner to approximately 210 m AHD in the south west 

corner. 

The area surrounding the Base gently slopes downwards to Kyeamba Creek to the east and Gumly 

Gumly Wetland and Marshalls Creek to the west. To the north of the base, there is a gentle slope up 

to an area of granite outcropping, which then slopes downwards towards the Murrumbidgee River to 

the north and north-west. 

2.2.3 Geology 

The 1:100,000 Wagga Wagga and Kyeamba Valley geological map (Raymond 1993), published by 

the Australian Geological Survey Organisation, shows that the geology underlying the Base and 

surrounding area is indicated as comprising alluvial and colluvial deposits of Cainozoic age. In the 

vicinity of the Base, the alluvial and colluvial deposits are underlain by Wantabadgery granite of early 

Silurian age. 

The extensive use of the alluvium for groundwater supplies within the region and the observation that 

there is a general coarsening of the sediments towards the base of the alluvium has led to further 

delineation of the alluvium (HLA, 2002; Mitchel, 2009) as comprising the Cowra Formation, underlain 

by the Lachlan Formation. The Cowra and Lachlan definition is not shown on the 1:100,000 Wagga 

Wagga and Kyeamba Valley geological map and the origin of the terminology is not clear. However, 

previous investigations in the region have acknowledged and described the two formations.   

The Cowra Formation is documented as mainly comprised of silts and clays with horizons of sands 

and gravels. Each depositional layer is of varying and inconsistent thickness and is often laterally 

impersistent forming discrete lenses. 

The basal sediments within the alluvium are shown on publicly available drilling logs to comprise 

coarser grained sediments such as gravels and sands with lenses of clays and silts. This formation is 

known locally as the Lachlan Formation (Mitchell, 2009) and groundwater abstraction within the 

region targets these sediments. 

From drilling undertaken as part of the DSI, the alluvial/colluvial formation appears to be around 60 m 

thick in the area around the Base. The most recent depositional layers (known locally as the Cowra 

Formation) appear to reach a depth of approximately 20 m. The remainder of the sequence is the 

coarser grained Lachlan Formation however there is no distinct boundary except some references to 

a change in colouration from red/brown sediments in the upper portion to grey sediments in the lower 

portion. The poorly sorted nature of colluvium reduces the likelihood of horizons being continuous, 

which would result in decreased hydraulic connectivity compared to better sorted or more stratified 

formations. 

The granite exists as an intrusion into the surrounding sedimentary sequence which comprises 

interbedded siltstone, shale, phyllite, schist and quartzite of Ordovician age (Raymond, 1993). 

2.2.4 Hydrogeology 

The hydrostratigraphy at the Base and surrounding areas can be considered to comprise two units: 

the alluvium/colluvium (which, in parts, can be further defined as the Cowra Formation and Lachlan 

Formation) and the underlying Wantabadgery Granite.  

The hydraulic properties of these units are expected to generally result in a reasonable degree of 

vertical hydraulic connectivity between the Cowra and Lachlan Formations, which would vary spatially 

and is expected to be greatest close to the Murrumbidgee River where the sediments are coarser and 

reduced away from the river. Vertical hydraulic connectivity between the alluvium and the Granite is 

expected to be limited. As such, the hydrostratigraphy can be broadly considered as two independent 

hydrostratigraphic units. 
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Site investigations (Golder, 2012; Jacobs, 2018a) have shown the clay unit of the upper Cowra 

Formation on the Base to be predominantly unsaturated. The regional water table within the alluvium 

is predominantly associated with the Lachlan formation and is therefore typically located deeper within 

the alluvial sequence. Perched water is present on-Base, however this is discontinuous and does not 

appear to interact with the underlying aquifers (Jacobs, 2018a). 

In the vicinity of the Base, groundwater flow is shown to be to the north west, which is consistent with 

the local flow direction of the Murrumbidgee River. The contours indicate that depth to groundwater 

within the alluvium ranges from approximately 30 to 40 metres below ground level (mbgl) in the south 

east portion of the Base to approximately 20 mbgl in the north western portion of the Base. 

2.2.6 Surface water 

The Base is situated within the Murrumbidgee catchment, approximately 4km south of the 

Murrumbidgee River, which flows east to west. Flow in the Murrumbidgee River is regulated by Water 

NSW through water releases from Blowering Dam and Burrinjuck Dam. The flow is regulated to 

provide water for irrigators and for environmental flows. 

Kyeamba Creek is a tributary of the Murrumbidgee River and is situated approximately 2.5 km to the 

east of the Base. Kyeamba Creek flows northwards. Flow in the creek is intermittent. During periods 

of high rainfall and flooding, water could drain from the Base into farm dams, then into Kyeamba 

Creek at a point north of Sturt Highway. 

Gregadoo Creek is located approximately 1.2 km west of the Base. This is an ephemeral water 

course that flows in the direction of Gumly Gumly Wetland and / or Marshalls Creek (approximately 

6km north east of the Base) during periods of high rainfall. 

Gumly Gumly Wetland is located 1 km north west of the Base. This is also ephemeral with several 

farm dams located within the wetland area. The wetland and surrounding area is used for grazing of 

beef livestock. 

Surface water from Gumly Gumly wetland ephemerally flows west via an open channel into Marshalls 

Creek, which discharges to the Murrumbidgee River approximately 8 km north west of the Base. The 

cross section of Marshalls Creek varies. The section from Kooringal Road to the Murrumbidgee River 

is deeper, wider and more naturalised than the sections upstream of Kooringal Road. 

2.2.7 Sewer and stormwater 

The Base sewer system is predominantly a gravity network, except for two small pumping stations 

and common rising main within the Council leased airport area. Sewage from the airport area flows 

into the Base network. The Base network then discharges to a gravity mains at the north-west corner 

of the Base which conveys the sewage to the Forest Hill Sewerage Treatment Plant (STP) located 

approximately 1.8 km north of the Base on Braehour Road, Forest Hill. 

Forest Hill STP receives effluent inflow via two streams. Inflow from the Base and approximately 20 

residential properties in Forest Hill enters the STP via a separate pipe to municipal effluent from the 

communities of Forest Hill and Ladysmith. 

The stormwater network for the Base north of the airfield consists of a pit and pipe network throughout 

the majority of this area. There are also open grass-lined swales which drain into the pit and pipe 

network. The pit and pipe network discharges to the Council network at a point in the north west area 

of the Base. This part of the Council network collects stormwater from the Base as well as stormwater 

from part of Forest Hill and discharges the water to Gumly Gumly Wetland. 

Stormwater near the airport buildings is collected via a pit and pipe network which connects to the 

pipe network in the RAAF operations area. Several drainage swales collect stormwater surrounding 
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the runways and aprons which discharge via an open drain to the south east to a farm dam on the 

adjoining property. Drainage swales on the western side of the airport drain water towards a dam in 

the south western corner of the Base. A small area in the western portion of the airfield drains to the 

road drainage along Elizabeth Avenue and then into a farm dam on the property on the western side 

of the road. 

2.2.8 Flora and fauna 

Environmental database searches were undertaken as part of the HHERA to identify records of 

Commonwealth and State listed threatened species, populations and ecological communities and 

migratory species which may occur around RAAF Base Wagga. Searches focussed on the 

Murrumbidgee River, Marshalls Creek and the Gumly Gumly Wetland which have been identified as 

waterbodies affected by PFAS contamination. Information from the databases, along with additional 

knowledge (where known) such as species’ home ranges, residence times within the habitat, regional 

movements (e.g. migration), foraging behaviour and diet, was taken in to account to identify a shortlist 

of the species and communities with the largest potential susceptibility to elevated PFAS 

concentrations. The relevant threatened species and communities are: 

• Bird: Australian Bittern (Botaurus poiciloptilus); 

• Bird: White-fronted Chat (Epthianura albifrons); 

• Bird: Australian Painted Stripe (Rostratula australis); 

• Bird: Superb Parrot (Polytelis swainsonii); 

• Bird: Little Eagle (Hieraaetus morphnoides); 

• Mammal: Eastern Bentwing Bat (Miniopterus schreibersii oceanensis); 

• Mammal: Greg-headed Flying Fox (Pteropus poliocephalus); 

• Fish: Murray Cod (Maccullochella peelii); 

• Fish: Trout Cod (Maccullochella macquariensis); 

• Fish: Silver Perch (Bidyanus bidyanus); 

• Fish: Murray Crayfish (Euastacus armatus); 

• Frog: Sloane’s Froglet (Crinia sloanei); 

• Frog: Southern Bell Frog (Litoria raniformis); 

• Endangered Population: Squirrel Glider in the Wagga Wagga Local Government Area 

(Petaurus norfolcensis); 

• Ecological Community: Lower Murray River aquatic ecological community; and 

• Ecological Community:White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and 

Derived Native Grassland. 

2.2.9 Current and projected land uses 

Land surrounding the Base is primarily zoned RU1 Primary Production with the exception of the 

Forest Hill community, which includes the residential area to the north west of the Base as well as the 

small residential area immediately east of the Base. These areas are both zoned R1 General 

Residential and generally comprise single dwelling lots. 

The Murray Cod Hatcheries is located adjacent to the Gumly Gumly Wetland approximately 2 km 

north west of the Base. The hatcheries consist of a series of ponds that have previously or are 

currently used for aquaculture. A neighboring property was formerly part of the hatcheries operations 

and there are former aquaculture ponds on the property. 
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Approximately 2 km north of the Base is the Forest Hill STP. Adjacent to the STP is a former landfill 

developed by Kyeamba Shire Council in October 1975 and in use for various waste disposal activities 

until the mid-1990s. 

The Wagga Wagga Spatial Plan 2013 – 2043 (Wagga Wagga City Council, n.d.) identifies several 

“Potential Urban Land” and “Potential Employment Land” areas in land currently zoned for rural use to 

the west and north of the Base. The Spatial Plan notes that progress in these areas would occur in 5 

to 15 years’ time. For the areas identified for Potential Urban Land, the Spatial Plan notes that 

development would need to occur on land that is not affected by the 1 in 100 year flood level. 

2.3 Extent of contamination 

2.3.1 Source areas 

Fire-fighting foam containing PFAS as active ingredients was used at the Base from approximately 

1970 until 2004, when Defence transitioned to a more environmentally safe product as well as made 

changes to the way fire-fighting foam was used. This included the construction of a purpose-built fire 

extinguisher training facility at the Base. 

The DSI identified three key PFAS source areas on the Base - the former Fire Training Area in the 

east of the Airport, the current Fire Station as well as the Fire Extinguisher Concrete Pad and Former 

Fire Station area. Concentrations of PFOS + PFHxS and PFOA in accessible soil in these areas were 

below relevant PFAS NEMP investigation criteria for commercial and industrial land use, therefore are 

not considered to present a risk to Base personnel. Potential risks to construction or maintenance 

workers who may come into contact with contaminated soil or groundwater in the source areas will 

need to be assessed prior to commencement of these activities. 

Sewer sampling conducted as part of the additional sampling for the HHERA (Jacobs, 2018b) and the 

additional investigation of sewer and stormwater (Jacobs, 2019), identified elevated concentrations of 

PFAS in sewer close to the Aircraft Parking Area south of Building 88. The maximum PFOS + PFHxS 

concentration in soil from samples collected in this area was 0.053 mg/kg and the maximum PFOS + 

PFHxS concentration in perched groundwater was 15.9 µg/L. While these concentrations are several 

orders of magnitude lower than concentrations in the primary source areas identified in the DSI, the 

Aircraft Parking Area south of Building 88 appears to be contributing to PFAS emissions to sewer and 

therefore has been included as a source area in this PMAP. 

Leachable concentrations in soil and concentrations in perched water indicate the potential for 

contribution of PFAS to surface water and groundwater from these source areas. 

The concentrations of PFOS + PFHxS in soil exceeds the PFAS NEMP ecological guideline values for 

both direct and indirect exposure of terrestrial ecology. 

Further details on the nature and extent of the PFAS source areas are provided in Section 4.1. 

2.3.2 Transport pathways and receptors 

Surface water and stormwater 

There are three surface water drainage pathways from the Base; drainage to the east to Kyeamba 

Creek via a series of ephemeral dams, drainage to the west to Gregadoo Creek via a series of 

ephemeral dams and drainage to the north west to the Gumly Gumly wetland and on to Marshalls 

Creek via a channel. Sampling of surface water, sediment and shallow soil along the Kyeamba Creek 

and Gregadoo Creek drainage pathways has found that PFAS impacts are limited to farm dams and 

soil in close proximity to the Base and these do not appear to be significant PFAS transport pathways. 
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However, sampling of stormwater runoff from the Base to the Gumly Gumly wetland has identified 

significant PFAS impacts in the drainage channel and in dams within the wetland. During periods of 

high rainfall, water from the wetland then flows on to Marshalls Creek which ultimately flows into the 

Murrumbidgee River. This is considered a significant PFAS transport pathway. 

There are several properties in the wetland area and along Marshalls Creek where livestock can 

access the surface water. No current home consumption of meat from this livestock or use of the 

water for other home consumed food production was identified during the DSI. Furthermore, no use of 

surface water from the wetland or Marshalls Creek for drinking water was identified. However, the 

HHERA identified that elevated risks may occur if water from the Gumly Gumly Wetland or Marshalls 

Creek is used for drinking water or to produce home consumed food in the future. 

While no recreational fishing was identified in Marshalls Creek, biota sampling for the HHERA 

identified PFAS uptake in fish and yabbies and potential human health risks for high consumers. 

Similarly, PFAS uptake was identified in biota samples collected from the Murrumbidgee River and 

human health risks were identified in the HHERA for high consumers of certain fish from the river. 

Groundwater 

As noted in Section 2.2, geology at the Base and in the surrounding area consists of alluvial deposits 

(clays, silts, sands and gravels) up to approximately 60 metres thick underlain by granite with 

sedimentary outcrops. The alluvial deposits consist of two formations; the Cowra Formation and the 

Lachlan Formation. The Cowra Formation is the upper part of the alluvial deposits and consists 

primarily of silts and clays with some sand and gravel horizons. These horizons vary in their thickness 

and lateral persistence. The underlying Lachlan Formation consists of sand and gravel deposits with 

some clay and silt horizons. This formation is more permeable than the Cowra Formation and is the 

main groundwater resource in the region. 

The Cowra Formation on the Base was found to be dominated by dense high plasticity clays 

indicating that the formation acts as an impermeable confining layer over the Lachlan Formation. 

Therefore, the low permeability nature of this horizon means it is not a significant pathway for vertical 

PFAS migration. PFAS concentrations in the Lachlan Formation within the Base were below the 

human health guideline values for drinking water. 

Sampling of groundwater from the Cowra and Lachlan Formations at the Murray Cod Hatcheries and 

at another property adjoining the Gumly Gumly Wetland has identified PFAS impacts exceeding the 

human health guideline values for drinking water and, in the case of the hatcheries, also exceeding 

the adopted the human health guideline values for recreational water use. 

The PFAS impacts in the Lachlan Formation in the wetland area is thought to be due to transport of 

PFAS from the Base in surface water to the wetland and downward migration from the wetland to the 

Lachlan Formation. 

Sampling of groundwater bores further downgradient of the wetland, including at the Riverina Water 

County Council (RWCC) East Wagga Borefield bores, has found that PFAS concentrations are below 

the laboratory limits of reporting. One exception is a sample from the Gumly Gumly Private Irrigation 

District (GGPID) bore which had PFAS concentrations above the laboratory limit of reporting but 

below the human health guideline values for drinking water. Samples collected from the GGPID bore 

on three other occasions had PFAS concentrations below the laboratory limits of reporting. 

PFAS concentrations above the drinking water guideline values were identified in a groundwater 

sample from an existing well installed in the granite bedrock about 400 meters east of the Base 

(MW223). It is difficult to conceptualise a pathway for PFAS migration from the Base to this well via 

groundwater. The well was installed in 1956 and has not been used for many years. Mapping of this 

well for the DSI indicated that the well was located along an overland drainage pathway from the 

Base and in the additional sampling report for the HHERA, Jacobs noted that it is possible that the 

identified PFAS impacts were due to migration of impacted surface water down the well construction 

from historical overland drainage (Jacobs, 2018b). However more recent inspections of the well 
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identified that the well is located on higher ground to the west of the drainage line. Further 

investigation of groundwater in this area has been recommended as part of the OMP. 

A numerical groundwater model has been established for the PFAS investigation at RAAF Base 

Wagga (Jacobs, 2018c). The purpose of the model was to assist in assessing the potential for 

migration of PFAS from the wetland area to drinking water supply bores in the future. The existing 

Mid-Murrumbidgee Zone 2 Model developed by NSW Department of Water & Energy was used as a 

basis for developing the RAAF Base Wagga PFAS flow and particle tracking model. Additional 

hydrogeological data collected during the DSI, including a pumping test on the RWCC East Wagga 

Borefield was used to update and refine the model. 

Groundwater flow modelling and particle tracking indicated that PFAS at the Gumly Gumly Wetland 

would not reach the RWCC East Wagga borefield or the GGPID supply bore for at least 55 years 

(year 2073). No groundwater flow pathway between the wetland and the South Tahara Park drinking 

water supply bore was identified through the modelling.  

Particle tracking was used to estimate the extent of the PFAS groundwater plume around the Gumly 

Gumly Wetland. This information and data from the DSI has informed the extent of the Groundwater 

Management Zone. 

The Groundwater Management Zone also includes the property to the east of the Base where PFAS 

was detected in bore MW223. The cause of PFAS in groundwater in this bore is not clear. Given the 

uncertainty, the property has been included in the groundwater management zone so that the 

property owner or user is aware of the potential risks associated with groundwater in the future. 

Sewer 

Sewage from the Base is impacted with PFAS, in particular in the vicinity of source areas such as the 

Fire Extinguisher Concrete Pad and Former Fire Station and the current Fire Station area. Sampling 

of effluent throughout the on-Base network indicates that concentrations reduce down-stream of 

source areas, likely due to dilution (Jacobs, 2018b). Sewage is treated at the Council operated Forest 

Hill STP, together with municipal sewage from the communities of Forest Hill and Ladysmith. 

Sampling undertaken at the STP reported detectable concentrations of PFAS in RAAF effluent 

inflows, with concentrations of PFOS and PFHxS in samples collected from the municipal effluent 

inflow point below the laboratory limit of detection. Minor detections of PFOA and Perfluoropentanoic 

acid (PFPeA) were identified in samples from the municipal effluent stream collected in April 2019. 

Treated effluent from the RAAF and municipal inflows is mixed at the Forest Hill STP and evaporates 

in storage ponds. Treated effluent has previously been used for irrigation of stock produce crops at an 

adjacent agricultural property. Council has advised of an intent to recommence provision of treated 

effluent for irrigation on the adjacent property. The HHERA identified that irrigation of land close to 

Kyeamba Creek could present an unacceptable risk to aquatic ecology in the creek. The HHERA also 

noted a potential risk to human health if the treated effluent is used to irrigate crops for home 

consumption in the future. 

2.4 Groundwater use 

A water use survey completed for properties surrounding the site and information collected during the 

DSI (Jacobs, 2018a) identified that mains water is supplied to the majority of properties in the 

Management Area for drinking and domestic supply. 

RWCC supplies potable water throughout Wagga Wagga including Forest Hill and surrounding areas. 

Water is sourced from borefields and a surface water intake from the Murrumbidgee River. The 

RWCC East Wagga Borefield is located approximately 7 km north-west of the Base and surface water 

intake from the Murrumbidgee River is located at 91 Hammond Avenue, approximately 8 km north-

west of the Base. RWCC East Wagga bores draw from the Lachlan formation from depths between 

48 and 71.5 mbgl. 
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The GGPID bore supplies approximately 60 properties with water for domestic and irrigation 

purposes. The GGPID bore is located approximately 4 km north west of the Base. 

There are five off-Site bores owned by Defence that were historically used to supply water to the 

Base. One of the bores (Bore 5) is still used to supply water for irrigation purposes only. 

Groundwater is used at the Murray Cod Hatcheries for supply of the aquaculture ponds. Six bores are 

present at the hatcheries, two screened in the Cowra formation and three in the Lachlan formation. 

Only one bore is currently used to supply water to the ponds. This bore is screened in the Lachlan 

formation from a depth of 39 to 45 mbgl. 

There is a groundwater bore at the South Tahara Park property which provides drinking water to the 

property as well as water for stock and irrigation of crops. The bore is located approximately 4km 

north of the Base. 

Groundwater is used for irrigation and stock watering at several other properties in the area between 

the Base and the Murrumbidgee River. 

2.5 Related Management Actions 

The PMAP includes the following summary of elevated risks which were identified in the DSI and / or 

HHERA: 

• High consumption of certain fish and yabbies sourced from local waterways around the 

Base 

• Direct toxicity to aquatic ecology at farm dams in the Gumly Gumly Wetland and in 

Marshalls Creek 

• Effects on terrestrial or aquatic ecology due to bioaccumulation in higher order 

consumers at various off-Base locations 

• Potential future risks if residents at certain properties commence home consumption of 

food produced with PFAS impacted water or soil 

• Potential risks if PFAS impacted groundwater is used for drinking water or home food 

production in the future 

• Potential risks to groundwater users due to PFAS migration in the future 

• Discharge of PFAS impacted sewage from the Base at concentrations that would present 

an elevated risk if treated sewage is recycled for irrigation of land close to Kyeamba 

Creek (potential ecological risk) or irrigation of crops for home consumption (potential 

human health risk). 

A Management Area is defined in the PMAP based on the area where the DSI and HHERA have 

identified current or potential elevated risks of exposure to PFAS from the Base that require 

management. The Management Area has been segregated into three zones: 

• Base Management Zone - the RAAF Base Wagga property, including the Council operated 

Airport 

• Surface Water Management Zone - properties within and adjacent to the Gumly Gumly 

Wetland and Marshalls Creek as well as properties with farm dams that receive runoff from 

the Base 

• Groundwater Management Zone - properties within the potential groundwater impact area 

The recommended PMAP response actions are as follows: 

Action 1: Restrict infiltration of PFAS to sewer and stormwater on Base. This action will involve: 
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a. Additional soil investigation to further delineate the extent of the source zone 

around the Fire Extinguisher Training Pad and Fire Station washdown bay as 

well as the fill material around service trenches in these areas. 

b. Replacement of PFAS impacted infrastructure including the Fire Extinguisher 

Pad tanks and Fire Station washdown bay separator. Removal of highly 

impacted soil and perched groundwater from around this infrastructure. 

c. Assessment of the fill material around service trenches and potential 

replacement of this material if this is found to be a significant pathway for 

PFAS transport. 

d. Survey of sewer and stormwater pipes and pits in the Fire Extinguisher 

Training Pad, Fire Station and Aircraft Parking Area south of Building 88 to 

determine potential PFAS infiltration points. Reline, replace or upgrade pipes 

or pits where infiltration may be occurring. 

e. Where excavation is carried out to replace infrastructure, remove highly 

contaminated soil or replace fill material in utility trenches, consider measures 

to restrict infiltration from remaining impacted areas such as the installation of 

liners. 

Action 2: Support relevant State and Local agencies to develop and implement precautionary 

advice for the surface water and groundwater management zones. As part of the 

implementation of this precautionary advice, it is recommended that Defence 

maintain a public information line for questions from community members about the 

RAAF Base Wagga Management Area.  

Action 3: Further investigation of the Lachlan Formation and granite groundwater to the east of 

the Base (downgradient of groundwater well MW223) as part of the OMP. 

Action 4: Defence to continue working with Council to resolve issues associated with PFAS at 

the Forest Hill STP. 

Action 5: Implementation of an OMP to validate the Stage 1 groundwater model, monitor 

changes in PFAS concentrations in surface water and groundwater and provide data 

for future management actions if required. 
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3 ONGOING MONITORING PROGRAM 

The Management Area ongoing monitoring plan (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 OMP 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 zones in soil and perched groundwater at the Base 
are contributing to PFAS discharges in surface water and sewer 
from the Base. These discharges have led to risks to human 
health and the environment. 

Actions will be implemented to reduce these discharges and 
provide precautionary advice to the community in order to limit 
exposures. 

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, 
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Process Description 

• provide an early warning as PFAS impacted 
groundwater migrates to water supply bores 

• collect additional data to inform future management 
actions including the potential refinement of the 
RAAF Base Wagga groundwater model  

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 and further refined as part of 
the Stage 1 Groundwater Model 

• 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 the Base, key surface water drainage pathways 
and groundwater between the Base and the Murrumbidgee 
River. 

Surface water sampling will focus on discharges from the Base 
to the Gumly Gumly Wetland and downstream along Marshalls 
Creek to the confluence of Marshalls Creek and the 
Murrumbidgee River. Surface water sampling is also proposed 
Kyeamba Creek in order to confirm the DSI findings that this not 
a significant pathway for PFAS transport from the Base. 

Sampling of farm dams around the Base, including the dams 
referred to as the Gregadoo Creek pathway, is not proposed. 
Overland flow to these dams and between the dams only occurs 
during extended periods of high rainfall, the PMAP management 
actions do not seek to reduce PFAS transport in these directions 
and sampling of the farm dams has already been undertaken as 
part of the DSI and HHERA. It is considered unlikely that 
additional data would result in changes to the proposed 
management actions. 

In relation to groundwater, on-Base sampling will include wells 
screened in the Cowra Formation (where water is present) as 
well as the Lachlan Formation. The off-Base sampling will focus 
on the Lachlan Formation as this is the target formation of water 
supply in the area. Sampling of groundwater in the underlying 
granite will only be undertaken at a new sampling location to the 
east of the Base in order to further investigate the impacts at 
MW223 identified in the DSI. 

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 
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Process Description 

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 Conceptual Site Model 

(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. 
 

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. 

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 during the DSI and HHERA identified significant variability in PFAS 

concentrations in farm dams and along Marshalls Creek during dry periods and during or shortly after 

a rain event. Concentrations were significantly higher during dry conditions, likely due to evaporation 

and low flow conditions. 

Groundwater level monitoring indicated only limited variability in response to rainfall. 

It is proposed that monitoring at all locations is undertaken twice per year, once during the May to 

October period when rainfall is slightly higher and once during the remainder of the year. This aims to 

capture potential variability in groundwater. 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. 

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. 
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3.4 Monitoring Locations 

The proposed monitoring locations for the OMP are presented on Figure 1, 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 landowner permissions. The locations of the proposed new groundwater 

monitoring wells will need to be assessed for drill rig access, sub-surface utilities and suitability for 

long term monitoring. 

3.4.1 Surface water monitoring locations 

The proposed surface water monitoring locations are set out in the table below. Sampling at all 

locations is proposed twice per year. 

Location ID Justification 

SW104 

This location is at the point where stormwater from the pit and pipe network on Base 
discharges to the Council stormwater network. This is one of the primary points of 
PFAS discharge from the Base. There are three stormwater pipes from various parts 
of the Base that discharge into a single Council pipe at this location. Discrete 
samples will be collected from each of the three pipes where possible in order to 
assist in understanding the contribution of PFAS from each area of the Base over 
time. 

SW206 

This location is the point where the Council stormwater network from the Base area 
discharges to a canal that leads to the Gumly Gumly Wetland. Sampling at this point 
provides an indication of the PFAS discharges to the wetland including some dilution 
from stormwater inputs in the Forest Hill area near the Base. 

SW218 

This location is the point where the Council stormwater pipe which runs parallel to 
Elizabeth Avenue discharges to the canal that leads to the Gumly Gumly Wetland. 
Stormwater form the area around the Forest Hill Rural Fire Service discharges at this 
point. The Forest Hill Rural Fire Service was identified as a potential PFAS source 
during the development of the preliminary CSM for the DSI. Previous sampling of 
stormwater from this location did not identify PFAS concentrations above LOR. It 
may be possible to remove this location from the OMP once the absence of PFAS is 
confirmed. 

OMP-SW1 

This location is on Marshalls Creek, downstream of the Gumly Gumly Wetland. The 
location is on public land adjacent to Bakers Lane. The purpose of the location is to 
provide spatial coverage of the Marshalls Creek drainage pathway. 

SW234 

This location is on Marshalls Creek at the point where water is extracted from the 
creek for irrigation of playing fields at the Equex facility operated by Council. The 
purpose of this location is to monitor water quality used for irrigation and provide 
spatial coverage of the Marshalls Creek drainage pathway. 

SW294 

This location is on Marshalls Creek near the Hammond Avenue bridge. This was the 
location where the highest concentrations of PFAS were identified during the DSI. 
The purpose of the location is to provide spatial coverage of the Marshalls Creek 
drainage pathway. 

SW262 
This location is at the confluence of Marshalls Creek and the Murrumbidgee River. 
The purpose of the location is to assess PFAS discharges from Marshalls Creek into 
the river. 

SW261 
This location is in the Murrumbidgee River, downstream of location SW262 and just 
downstream of the railway bridge. The purpose of this location is to monitor water 
quality in the river further downstream of the Marshalls Creek discharge. 

SW240 

This location is where overland flow from the Base would discharge to Kyeamba 
Creek. No PFAS concentrations above the laboratory limits of reporting (LOR) were 
identified in Kyeamba Creek during the DSI. However confirmatory monitoring is 
proposed as part of the OMP. It may be possible to remove these locations from the 
OMP once the absence of PFAS is confirmed. 
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Location ID Justification 

SW236 
This location is on Kyeamba Creek and aims to provide spatial coverage of this 
drainage pathway. 

SW286 
This location is at the confluence of Kyeamba Creek and the Murrumbidgee River. 
The purpose of the location is to monitor PFAS discharges to the river. 

SW288 

This location is at the point where sewage from the municipal areas flows in to the 
Forest Hill STP. Previous sampling at this location did not identify PFAS 
concentrations above the laboratory LOR. Confirmatory testing is proposed as part of 
the OMP. It may be possible to remove this location from the OMP once the absence 
of PFAS is confirmed. 

SW289 
This location is at the point where sewage from the Base discharges to the Forest 
Hill STP. The purpose of this location is to monitor changes in PFAS discharges in 
sewer from the Base. 

SW228 
This location is also referred to as EPA sampling point 1 in the Forest Hill STP 
Environment Protection License. This point provides an indication of treated effluent 
quality. 

SW309 

This location is the RWCC surface water abstraction point in the Murrumbidgee 
River. This is a new location. Previous sampling for the DSI was carried out at the 
former abstraction point which was recently decommissioned. This is a sentinel 
monitoring location for the drinking water supply. 

SW212 
This location is in the Murrumbidgee River about midway between the Kyeamba 
Creek and Marshalls Creek confluences. This point improves spatial coverage of the 
monitoring in the river. 

 

3.4.2 Groundwater monitoring locations 

The proposed groundwater monitoring locations are set out in the table below. Sampling at all 

locations is proposed twice per year. 

Location ID Justification 

MW300, 
MW302, 
MW304, 
MW306, 
MW308, 
MW310 

These locations are wells that were installed in the Lachlan Formation on Base 
during the DSI. The purpose of these locations is to monitor vertical PFAS migration 
from source areas on the Base to the underlying groundwater. 

MW301, 
MW303, 
MW305, 
MW307, 
MW309, 
MW311 

These locations are wells that were installed in the Cowra Formation on Base during 
the DSI. Insufficient water was present in these wells for sampling during the DSI. 
These wells will be inspected as part of the OMP to confirm no significant 
groundwater yield and will be sampled if sufficient water is present. The purpose of 
these locations is to monitor vertical PFAS migration from source areas on the Base 
to the underlying groundwater. 

OMP-MW4 

A new well is proposed to be installed along the northern boundary of the Base. The 
well will be screened in the Lachlan Formation. Data collected during the DSI and the 
findings of the Stage 1 Groundwater model confirm that groundwater flow from the 
Base is in the direction of the Murrumbidgee River including some flow to the 
northwest in the direction of the Gumly Gumly Wetland and some flow to the north-
northeast (to the east of the granite outcrop located north of the Base). The proposed 
well improves spatial coverage of the downgradient boundary of the Base and acts 
as a sentinel well for the north-northeast flow direction. 

MW312, 
MW313, 
MW200, 
MW204, 

Monitoring of existing wells in and around the Gumly Gumly Wetland is proposed in 
order to monitor variability in PFAS concentrations in groundwater in this area. The 
proposed wells include the Cowra Formation and Lachlan Formation wells installed 
during the DSI (MW312 and MW313), the production bore and the bore on the 
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Location ID Justification 

OTH206, 
MW233 

southern side of the property at the Murray Cod Hatcheries and bores at properties 
on the northern side of the wetland where PFAS was detected during the DSI. 

OMP-MW1, 
OMP-MW2, 
OMP-MW3 

Monitoring at three new wells downgradient of the Gumly Gumly Wetland is 
proposed. These wells will be screened in the Lachlan Formation. The purpose of the 
wells will be to assess the predicted plume extent from the Stage 1 Groundwater 
Model report, enable the collection of additional geological and hydrogeological data 
in the area downgradient of the wetland and provide sentinel monitoring wells for 
drinking water supply bores further downgradient. 

All three proposed locations are outside the current predicted extent of PFAS 
groundwater contamination (Jacobs, 2018c). 

OMP-MW1 will be located close to the Marshalls Creek drainage pathway to assess 
if PFAS infiltration from surface water to groundwater is occurring in this area and to 
assist in delineating the westerly extent of the groundwater plume. This location is 
outside the predicted PFAS groundwater flow paths (Jacobs, 2018c). 

OMP-MW2 and OMP-MW3 provide coverage in the directions of the RWCC East 
Wagga Borefield and GGPID bore respectively. 

MW235, 
MW231, 
MW214 

Monitoring is proposed at these existing wells screened in the Lachlan Formation to 
provide spatial coverage and to act as sentinel monitoring for the drinking water 
supply bores in the area. 

MW214 is the production bore for supply of irrigation water to the Base. PFAS has 
not been detected in samples from this bore. Sampling has also previously been 
undertaken at MW215, a monitoring well in close proximity to MW214. PFAS was 
detected in a preliminary sample from MW215 using a bailer. Repeat sampling using 
low flow equipment did not detect PFAS above the laboratory LOR in MW215. Given 
MW214 is used regularly for irrigation water supply, it is considered more appropriate 
to use this well for the OMP. 

MW211, 
MW212, 
MW213, 
MW210, 
MW209 

Monitoring is proposed at the drinking water supply bores in the area – RWCC East 
Wagga Borefield (MW211, MW212 and MW213), GGPID bore (MW210) and South 
Tahara supply bore (MW209). 

OMP-MW5 
OMP-MW6 

The installation of two new wells on the property to the east of the Base is proposed. 
The purpose of these wells is to investigate the PFAS detected in the well screened 
in the granite during the DSI (MW223). The geological map (Raymond, 1993) 
indicates the presence of a dyke with north south orientation at the point where the 
Kyeamba Creek drainage pathway from the Base crosses the Sturt Highway. The 
new wells are proposed at this location to target the dyke. One well will be screened 
in the Lachlan Formation and one well will be screened in the granite. 

 

Geological borelogs will be generated during the installation of the new groundwater wells. Drilling 

methods for the installation will be defined as part of the SAQP and will consider the need to obtain 

accurate borelogs. 

It is noted that the proposed groundwater monitoring locations largely focus on the Lachlan Formation 

as this is considered the main pathway for horizontal transport of PFAS in groundwater and is the 

target formation for groundwater abstraction in the area. Wells currently used for drinking water 

supply are screened in the Lachlan Formation and any future new groundwater abstraction wells are 

likely to target the Lachlan Formation. If significant zones of higher permeability are identified in the 

upper soils during installation of the new monitoring wells then the need for installation of additional 

(eg. paired) wells to target these zones will be considered. 

The position and elevation of all new wells will be surveyed upon well completion. 
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Rising and / or falling head tests will be conducted during well development and / or using slug tests 

on each new well installed. 

The geological and hydrogeological data collected will be used to improve understanding of 

conditions in the area and provide information for potential refinement of the Stage 1 groundwater 

model in the future. 

3.5 Sample Analysis 

Water samples will be analysed for PFAS in accordance with the PFAS Suite for Defence PFAS 

Investigation and Management as provided in Appendix C. 

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. 

3.6 Additional parameters 

As stated in the DQOs, one of the objectives of the OMP is to collect additional data on geological 

and hydrogeological conditions to inform future management actions including the potential 

refinement of the RAAF Base Wagga groundwater model. 

In addition to analysis of water samples for PFAS and the information collected during the installation 

of new groundwater wells, the following additional data will be collected: 

• Rainfall prior to and during surface water sampling events (available from the BoM station 

Wagga Wagga AMO, located at the airport within the Base boundary) 

• Observations of flow conditions at each surface water sampling location 

• Water quality parameters measured in the field during sampling (pH, temperature, electrical 

conductivity, dissolved oxygen and oxidation reduction potential) 

• Water levels in groundwater wells – Data loggers for monitoring of water levels will be 

installed in each of the wells installed for the OMP, the existing Lachlan Formation wells on 

Base and the monitoring well next to the current Base irrigation bore (MW215) 
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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, biota sampling was undertaken as part of 

the HHERA for the assessment of bioaccumulation and secondary poisoning risks. 

The guideline values for 95% species protection will be adopted for screening of the surface water 

data as part of the OMP. Should data collected as part of the OMP indicate a potential risk for 

increased uptake of PFAS in biota beyond what was identified as part of the HHERA then additional 

biota sampling may be recommended. 

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 

• For PFAS detections in groundwater downgradient of the 

estimated Gumly Gumly plume, consider refinements to 

the groundwater model 

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. 
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Trigger Response 

• If increasing PFAS levels in surface water samples from 

Marshalls Creek or Kyeamba Creek are identified then this 

may indicate the potential for higher PFAS uptake in 

aquatic biota in Murrumbidgee River. Aquatic biota 

sampling and a human health risk assessment may be 

required. 

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 

will 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 will include, as a minimum: 

• Field works completed (including scope unable to be achieved, such as monitoring well 

access) 

• Description of the sampling methodology 

• Compliance with the requirements of the SAQP and meeting stated objectives of the 

OMP 

• Findings from well gauging including any changes with the monitoring well network 

including access and damage issues 

• Relevant figures depicting sampling locations and site specific hydrogeological features 

• Laboratory results and analysis including comparison with relevant screening criteria 

identified in section 4.2 

• Assessment and commentary on appropriate QA/QC procedures 

• Data interpretation including trends in groundwater concentration, gradient and flow 

directions 

• Assessment of statistically based trends that may inform decision making (refer to 

section 5.3), and 

• Provision, at a minimum, of surface water and groundwater sampling forms, laboratory 

analytical certifications and calibration certificates. 

4.4.2 Stakeholder Engagement 

Analytical results from each monitoring round and the annual interpretative report will be provided to 

the NSW EPA. The annual interpretive report will be published on the Defence website. 

Where off-site sampling of private property is proposed, a separate letter will be produced to provide 

to the property owner with the analytical results of the monitoring event and assessment against 

relevant guideline values.    
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5 REVIEW AND UPDATE 

5.1 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 provide an early 

warning that additional management of PFAS contamination may be warranted. Section 4.3 notes 

that new detections of PFAS above the laboratory LOR or above relevant guideline values as well as 

increasing trends will trigger responses and may lead to the need for additional management 

measures. These additional management measures may include: 

• re-assessment of one or more remediation or containment actions 

• additional remediation or containment actions 

• changing risk management actions at receptor level (e.g.  changes to precautionary advice or 

provision of alternate drinking water supplies) 

The detection of PFAS in groundwater in monitoring wells downgradient of the Gumly Gumly Wetland 

may trigger the need for revision or refinement of the Stage 1 groundwater modelling or the 

implementation of management actions to control further migration. 

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 

5.2 Document Review Frequency 

The PMAP and OMP have 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.  

The primary implementation period for the PMAP is three years. During this time, 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 5.2 as well 

as updates to the PMAP to ensure the document is current and its recommendations valid.  
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APPENDIX A:  Figures 
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APPENDIX B: SAQP Guidance 

The objective of the SAQP is to outline the monitoring locations, data quality assurance procedures 

and justify sampling methods and procedures to be used during the monitoring events based on the 

technologies available at the time of monitoring.  

Some text below has been provided for consideration to allow for consistency across the Defence 

program when drafting site specific SAQPs. 

Other standard information may be included within the development stage of the SAQP rather than 

within this OMP, such as decontamination procedures, sample identification, preservation, and 

appropriate record keeping.  

The SAQP will be a stand-alone document that details, at a minimum, the following:  

• Introduction including background and summary of previous investigations; 

• Site setting and conceptual site model; 

• Data Quality Objectives as detailed within the Ongoing Monitoring Plan, and a description of 

any inclusions or deviations from the objective or scope; 

• Field work sampling methodology, equipment and laboratory analysis; 

• Waste management; 

• Quality Assurance/Quality Control procedures; and  

• Fieldwork Documentation. 

Laboratory Analysis 

Within the SAQP, the primary contaminants of concern are defined as PFAS and referenced in 

Guidance Document E – Standard PFAS Analytical Suite for Detailed Site Investigations (Defence, 

2018).  

Other contaminants of potential concern are defined as those listed as non-PFAS compounds and are 

not considered as part of this investigation, unless determined necessary to supplement new and 

existing data.   

Laboratory sampling analysis is to be conducted using NATA certified laboratories which will 

implement a quality control plan in accordance with NEPM (1999). 

Sampling Methodology 

Sampling and monitoring should be undertaken in accordance with the Heads of EPAs Australia and 

New Zealand (HEPA), 2018, PFAS National Environmental Management Plan and with requirements 

contained in AS5667.11:1998 Water Quality Sampling Part 11: Guidance on Sampling of 

Groundwaters and Schedule B2 of the ASC NEPM (2013). 

Groundwater Sampling 

Prior to sampling, groundwater wells are to be gauged with an interface water level probe to 

determine depth to water level below top of casing. The location and elevation of groundwater wells is 

to be recorded to inform our current understanding of groundwater flow direction.  

Groundwater samples will be collected from each well with the method consistent with previous 

investigations to allow for comparison of data for trend analysis and evaluation, such as through either 

a low/high flow pump purging or via a hydrosleeve grab sampler.   
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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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APPENDIX C: Guidance Document E Standard PFAS 

Analytical Suite 
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The following is the standard required PFAS Suite for inclusion in PFAS investigations 
programs by lead consultants; 

 

 
Chemical Compound CAS No 

Perfluorobutanoic acid (PFBA) 375-22-4 

Perfluoro pentanoic acid (PFPA or PFPeA) 2706-90-3  

Perfluoro-n-hexanoic acid (PFHxA) 307-24-4  

Perfluoro-n-heptanoic acid (PFHpA)  375-85-9  

Perfluoro-n-octanoic acid (PFOA)  335-67-1  

Perfluoro-n-nonanoic acid (PFNA)  375-95-1  

Perfluoro-n-decanoic acid (PFDA)  335-76-2  

Perfluoro-n-undecanoic acid (PFUnDA)  2058-94-8  

Perfluoro-n-dodecanoic acid (PFDoDA)  307-55-1  

Perfluoro-n-tridecanoic acid (PFTriDA)  72629-94-8  

Perfluoro-n-tetradecanoic acid (PFTeDA)  376-06-7  

Perfluorobutane sulfonic acid (PFBS)  375-73-5  

Perfluoro-n-hexane sulfonic acid (PFHxS)  355-46-4  

Perfluoro-n-heptane sulfonic acid (PFHpS)  375-92-8  

Perfluoro-n-octane sulfonic acid (PFOS)  1763-23-1  

Perfluorooctane sulfonamide (PFOSA)  754-91-6  

N-Methylperfluoro-1-octane sulphonamide (N-

MeFOSA)  

31506-32-8  

N-Ethylperfluoro-1-octane sulphonamide (N-
EtFOSA)  

4151-50-2  

2-(N-Methylperfluoro-1-octane sulphonamide)-
ethanol (N-MeFOSE)  

24448-09-7  

2-(N-Ethylperfluoro-1-octane sulphonamide)-

ethanol (N-EtFOSE)  

1691-99-2  

1H,1H,2H,2H-Perfluorooctanesulfonic Acid (6:2 
FTS)  

27619-97-2  

1H,1H,2H,2H-Perfluorodecanesulfonic Acid (8:2 
FTS)  

39108-34-4  

 

 

 

The standard PFAS Suite is based on consideration of;  

 

•  US EPA Method 537 (September 2009). Determination of Selected Perfluorinated Alkyl Acids 
in Drinking Water by Solid Phase Extraction and Liquid Chromatography/Tandem Mass 

Spectrometry (LC/MS/MS), Publication EPA/600/R-08/092 Version 1.1.  
 

•  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.  

  



 
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) 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 
5.1 and US EPA Method 821.   Where the laboratory is currently using a method not in accordance 
with Table B15 of US DoD/DoE QSM 5.1 or USEPA 821 it should specify the methodology used, 

variation from Table B15 of US DoD/DoE QSM 5.1 or USEPA821 and capacity to modify current 
methods in accordance with Table B15 of US DoD/DoE QSM 5.1 or USEPA821.  
 

 Defence is aware that US EPA Method 537 is in the process of being updated to include 
modifications which have been incorporated into US DoD/DoE QSM 5.1.  Following the release of US 
EPA Method 537 Defence will advise of any changes to the required analytical method as described 

above. 
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