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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for Bandiana Military Area. 

This PMAP sets out a plan for Defence to manage the elevated risks of  PFAS contamination on 
and emanating f rom the Bandiana Military Area, as identif ied in: 

• the Detailed Site Investigation (DSI) Report (Golder, September 2018) 

• the outcomes of  the Human Health and Ecological Risk Assessment (HHERA) Report 
(Golder, May 2020) 

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

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

• progress in risk management and the ef fectiveness of  specific response actions 
• data f rom the Ongoing Monitoring Plan 
• changes of  land use  
• changes in legislation, strategy, policy and guidelines/standards 
• outcomes of  new research or development of  management/remediation 
• any other new information that has the potential to impact the outcomes of  the PMAP. 
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EXECUTIVE SUMMARY 

Purpose 

This PMAP provides a roadmap detailing the management measures for the response management 
by Defence of  potential risks arising f rom per- and poly-f luoroalkyl substances (PFAS) contamination 
associated with Bandiana Military Area (BMA) 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 f rom the Defence property to human health and ecological receptors. In doing so, 
Defence prioritises the following combination of  measures: 

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

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

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

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

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

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

Background 

The BMA is located adjacent to the New South Wales (NSW)-Victorian border town of  Wodonga, 
Victoria on approximately 650 hectares (ha) of  land. The BMA is located approximately 3 kilometres 
f rom Wodonga town centre and 250 kilometres north-east of  Melbourne. The BMA comprises the 
following Bases: 

• Gaza Ridge Barracks (comprising and referred in this report as North Bandiana and South 
Bandiana). 

• Wadsworth Barracks (comprising and referred in this report as East Bandiana). 

Aqueous Film-Forming Foam (AFFF) products, which contain PFAS, have historically been used at 
the BMA for f ire f ighting and f ire f ighting training. Defence commenced an investigation of  PFAS at 
the BMA and the surrounding areas in June 2017. This investigation has involved a Detailed Site 
Investigation (DSI) as well as Human Health and Ecological Risk Assessment (HHERA).  

The DSI (Golder, 2018) identif ied a total of  15 potential PFAS source areas across the BMA. These 
areas of  the site were typically used for f ire training activities, with selected areas also used for the 
waste disposal of AFFF products. Of  these, the DSI (Golder, 2018) concluded that three areas 
(Source Area 3, Source Area 4, and Source Area 8) were not a source of  PFAS impacts.  

The following 15 potential PFAS source areas were identif ied. Figure 5 (attached) provides an 
overview of  their locations: 
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• South Bandiana  

o Source Area 1 (SA1) – Petroleum Platoon – Former Fire Training Ground. 

o Source Area 2 (SA 2) – Base Fire Services (BFS) – Former Fire Training Ground. 

o Source Area 3 (SA 3) – Potential Disposal Burial Ground (not considered a source). 

o Source Area 4 (SA 4) – Former 25 m Firing Range (not considered a source). 

o Source Area 5 (SA 5) – Petroleum Platoon – Fuel Handling Facility. 

o Source Area 6 (SA 6) – Current Fire Training Area, Building 600. 

o Source Area 7 (SA 7) – Old Fire Station, Building 421. 

o Source Area 8 (SA 8) – Original Fire Station – Corner of  Anderson Road and 
Donegon Road (not considered a source). 

o Source Area 9 (SA 9) – Petroleum, Oils and Lubricants (POL), Building 490. 

• North Bandiana 

o Source Area 10 (SA 10) – Former Unit Training Area, between Warehouse 1 and 2. 

o Source Area 11 (SA 11) – Fire Extinguisher Disposal – Warehouse 13. 

o Source Area 12 (SA 12) – Armoured Vehicle Maintenance Training, Building 100.  

• East Bandiana 

o Source Area 13 (SA 13) – Fire Station – Current. 

o Source Area 14 (SA 14) – Former Unit Training, Building 592. 

o Source Area 15 (SA 15) – Former Unit Training, Football Field. 
 

Highest on-Base concentrations of  PFAS in soils, sediment, surface water and groundwater were 
generally identif ied within and adjacent to source areas. This indicated that while the use of  AFFF 
within each of  these areas has ceased, the soils and sediments within the source areas are 
continuing to act as a source of  PFAS identif ied within the on-Base and of f -Base Jack in the Box 
Creek and Kiewa River catchments. 

Risk Assessment 

The HHERA (Golder, 2020), concluded that the human health risks to both on-Base and of f -site 
receptors, under the current exposure conditions are low and acceptable. The only potentially 
unacceptable human health risks were associated with unrealised scenarios, which were assessed to 
inform stakeholders of  potential future risks.  

The HHERA (Golder, 2020) concluded that the potential risks to maintenance or construction workers 
were low and acceptable, but the implementation of  task appropriate work health and safety controls 
are required to minimise exposure. As such, the reader’s attention is drawn to the Commonwealth 
Work Health and Safety Regulations (2011), and the Defence Work Health and Safety manual. The 
reader’s attention is also drawn to the PFAS Construction Maintenance Framework (PFAS CMF) 
(Defence, 2018), as referenced in Section 1.4 and detailed in Appendix A.  

The HHERA (Golder, 2020) identif ied the following elevated risks associated with potential future 
scenarios:  

1. Risk ID#1: On-Base Field Training Activities;   
Where a potential exposure may occur if  people routinely accidently swallow the impacted 
surface water during training activities. 
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2. Risk ID#2:  Use of groundwater as drinking water and/or stock watering;  
Although widespread extraction of  groundwater is not occurring within the catchments, PFAS 
impacts in some areas have precluded the use of  groundwater for these purposes (referred to 
as protected benef icial uses under Victorian environmental policy), and the lateral extent of  
PFAS impacted groundwater of f -Base has not been delineated.  

3. Risk ID#3: Use of surface water and groundwater on the Kiewa River floodplain east of East 
Bandiana, including the southern pastoral area – where PFAS impacts were identif ied in 
oxbows directly east of  East Bandiana and the land and water in this area is used for 
agricultural (farming of  beef  cattle) and low density residential purposes.  

4. Risk ID#4: Consumption of carp from the Unnamed Creek and a section of the Kiewa River – 
where the human health risk f rom the consumption of  carp is potentially unacceptable, due to 
the PFAS concentrations reported in carp across the various sampling locations.  

5. Risk ID#5: Exposure of terrestrial ecological receptors to on-Base impacted soils – where the 
HHERA identif ied that risks to of f-Base terrestrial receptors whose home-ranges extend onto 
on-Base areas may be potentially unacceptable. 

6. Risk ID#6: Exposure of ecological receptors in surface water, and exposure of higher order 
avian and mammalian predators – where the HHERA concluded that there was a potential for 
adverse ef fects on aquatic receptors, and where the risk to avian and mammalian consumers 
of  aquatic biota was potentially unacceptable in select locations. 

Management Area 

The Management Area includes the following: 

• On-Base: BMA comprising South Bandiana, North Bandiana, and East Bandiana 

• Of f -Base: Jack in the Box Creek to its conf luence with Wodonga Creek, Unnamed Creek to its 
conf luence with the Kiewa River, and the Kiewa River and western Kiewa River f loodplain 
f rom Middle Creek in the south to north of  the Unnamed Creek. 

The Management Area is shown on Figure 1 (attached). As noted above the lateral extent of  PFAS 
impacted groundwater has not been delineated. Therefore, the Management Area boundaries have 
been estimated and for conf irmation, will require further investigations.  

Management Options Analysis 

On-Base options 

The management options analysis focussed on the PFAS source areas, and the key of f-Base 
migration pathways.  

Source Areas 1, 2, 5, 6 and 7, located on South Bandiana, each have surface water as the dominant 
migration pathway, with of f -Base discharges occurring via Jack in the Box Creek or the Unnamed 
Creek. The excavation and subsequent ex-situ treatment, of f-site disposal or on-Base containment of  
impacted soils, or the installation of  capping would likely be ef fective options in reducing the PFAS 
discharges to surface water in each of  these source areas. However, the complete excavation or 
capping of  the PFAS impacts within the source areas is potentially impracticable and wide-spread low 
level PFAS impacts within areas surrounding the source areas, or within of f-Base drainage channels 
will continue to leach PFAS into the surface water. 

As there are wide-spread PFAS impacts within the on-Base drainage channels, potential 
management options for the surface water within the drainage channels, stormwater ponds and pipes 
across the wider BMA (i.e. not just within Source Areas) was also assessed. The targeted capture 
and treatment of  surface water before it exits the Base (i.e. an “end of  pipe” solution) may be 
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technically feasible and would also be ef fective at reducing PFAS migration. The excavation and 
subsequent ex-situ treatment, of f -site disposal or on-Base containment of  impacted sediments f rom 
within the drainage network, or the installation of  capping within the drainage network would also be 
ef fective. But like the source areas, complete excavation, or capping of  the PFAS impacts within the 
drainage network is potentially impracticable. 

Given the current human health risks associated with the surface water have been assessed as low 
and acceptable, a signif icant change in the current risk prof ile may not be achieved. Therefore, further 
information in terms of  PFAS movement (f lux) f rom the source areas relative to the surrounding areas 
in dif fering surface water discharge scenarios (i.e. rainfall / weather events) is required to determine if  
the management measures proposed for each source area are ef fective, practicable and 
proportionate approaches to the restoration of  the protected benef icial uses. 

The replacement of  the Current Fire Training Area (Source Area 6) is currently being considered by 
Defence through an Expenditure Investment Request (EIR) process, which would result in the 
construction of  a new Fire Training Area elsewhere on the Base. If  completed, the construction of  a 
new facility provides an opportunity to demolish existing inf rastructure and complete the proposed 
management actions for Source Area 6 with minimal impact on Defence’s capability. In Source Area 
7, consideration should also be given to decommissioning the redundant large diameter vertical well / 
shaf t formerly used for testing pumps. 

Regarding Source Area 9, where elevated PFAS was identif ied within an area of  localised perched 
groundwater, the options analysis identif ied that excavation and ex-situ treatment and / or on-Base 
containment of  impacted soils (and groundwater) would be ef fective. However, the net environmental 
benef it was estimated to be marginal, and the costs potentially dis-proportionate. Therefore, 
maintenance of  the current administrative controls for excavation works is considered appropriate for 
the level of  risk. Future redevelopment of  the area may present an opportunity to implement a cost-
ef fective management option, at that time.  

Source Area 13, the current Fire Station, has been identif ied as a signif icant source area. A 
groundwater plume has been identif ied extending to the east across the Base, and of f -Base seepage 
samples have conf irmed the groundwater is discharging to the surface water on the Kiewa River 
f loodplain (likely passing through via Source Area 14 and 15). The options analysis identif ied the 
following:  

• Impacted soils and sediments could be managed through excavation, and subsequent on-
Base treatment or of f -site disposal or capping, however, the vertical extent of  the impacts 
have not been delineated and the leachability has not been assessed.  

• Several groundwater management / treatment options (i.e. pump and treat, hydraulic 
containment and/or installation of  passive reactive barriers) are also potentially feasible, 
however, each option presents dif ferent technical and logistical challenges,  

An ef fective solution needs to consider both the residual mass of  PFAS present within the source 
area soils, and the residual mass of  PFAS present within the underlying aquifer. A combination of  
complementary options is therefore likely to be the most ef fective.  

Further assessment is, however, required to ref ine the potential source area treatment/ management 
options and inform the development of  a Remediation Action Plan. The investigations require focus 
on the delineation and treatability of  the residual soil impacts, their contribution to the groundwater 
plume (including within Source Areas 14 and 15) and assessment of  the feasibility of different 
groundwater remediation approaches (i.e. assess the ef fectiveness of  mass removal using a P&T 
groundwater remediation system versus hydraulic containment). The groundwater remediation 
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feasibility study should include a detailed assessment of  the groundwater mass f lux and include 
consideration of  the potential impact of  long-term matrix dif fusion. 

Off-site Receptor Management 

Concentrations of  PFAS identif ied in water f rom some of f -Base areas were found to be higher than 
relevant health based guidance values, which may restrict how these resources can be used now or 
in the future (for example, drinking groundwater).  Under Victorian environmental policy, these uses 
are referred to as protected benef icial uses.  Where a protected benef icial use is considered 
precluded (whether realised or not), practicable steps must be taken towards the restoration of  the 
protected benef icial use.  The HHERA (Golder, 2020) concluded that the risks associated with the 
current of f -site land uses are low and acceptable, and the only potentially unacceptable human health 
risks were those associated with unrealised scenarios which may occur in the future. Therefore, of f -
site receptor management is required to minimise the potential risks, particularly while the benef it of  
the proposed source and /or pathway management or remediation options is being realised.  

Management actions 

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

Action 1:  
Reduce the migration of  PFAS f rom East Bandiana (Source Area 13) via groundwater and surface 
water (if  required). This action will involve the completion of  a Detailed Groundwater Remediation 
Feasibility Study to further ref ine the potential treatment options and inform the development of  a 
Remediation Action Plan (RAP). The investigations will need to include soil investigations to delineate 
the extent of  the source zone, assess leaching potential and assess the groundwater mass f lux, 
including consideration of  long-term matrix dif fusion.  

Action 2: 
Reduce the migration of  PFAS f rom South and North Bandiana via surface water. This action will 
involve the completion of  a Detailed Surface Water Flux Study to further the understanding of  the 
extent and leaching potential of  soil / sediment impacts within and surrounding each on-Base source 
areas, and assess the PFAS f lux f rom the source areas relative to the surrounding areas in dif fering 
surface water discharge scenarios (i.e. rainfall / weather events). The objective of  the investigations 
will be to assess how ef fective the various management options would be and whether the 
implementation costs are proportionate to the risk and net environmental benef it. Where warranted, 
the investigations should also look to address key CSM data gaps and inform the development of  a 
RAP for higher priority source areas or pathways.  

Action 3: 
Subject to the approval of  the EIR for the development of  a new Current Fire Training Area (Source 
Area 6), remedial works may be completed at the existing facility. A RAP will be required to def ine the 
remediation objectives and guide the extent of  the work. The work will likely also involve additional 
investigations to delineate the extent and degree of  PFAS impacts (including impacts to concrete 
inf rastructure), demolition of  the existing inf rastructure followed by the management (excavation / 
treatment or capping) of  PFAS impacted soils and treatment of  PFAS impacted surface water.  

Action 4: 
Off-site receptor management and/or remediation actions considered will be proportionate to the 
level of  risk associated with the zoned land use, and if  proposed at the point of  exposure (i.e. at the 
receptor) will consider the potential for re-contamination to occur. Defence will work with the impacted 
landowners and/or land managers to identify the precluded benef icial uses and minimise potential 
PFAS exposure risks. As these actions are related to of f -Base private properties, these have not been 
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presented within the PMAP. These actions will also include provision of  ongoing support regarding the 
obligations under the incoming legislation. 

Defence, in conjunction with relevant State and Local authorities, are committed to ongoing 
engagement with impacted landowners and /or land managers including through the development 
and implementation of  both Interim precautionary advice, and / or Long-term administrative 
controls. The following precautionary advice / administrative controls are proposed:  

• Precautionary Advice – Consumption of Carp 
As a precaution, and in accordance with health advice f rom Victorian agencies, precautionary 
advice is proposed, informing stakeholders of  the potential risks associated with the 
consumption of  carp f rom the in channel and f loodplain environments of  the Unnamed Creek 
and a section of  the Kiewa River..   
 

• Groundwater Management Area 
Defence will work with the EPA and relevant water authorities in delineating and establishing 
appropriate administrative controls to manage potential future risks associated with the 
identif ied precluded benef icial groundwater uses.  

To support the implementation of  precautionary advice, and / or long-term administrative controls, 
Defence propose to maintain a public information line for questions f rom community members about 
the BMA PFAS Management Area. 

Action 5: 
Implementation of  an Ongoing Monitoring Plan (OMP) to monitor changes in PFAS concentrations at 
BMA, and in the Jack in the Box Creek and Kiewa River catchments.  

Primary implementation period 

- Short term: within f irst 12 months: 
o Action 1 – Source Area 13 Detailed Groundwater Remediation Feasibility Study 
o Action 2 – Detailed Surface Water Flux Study 
o Action 3 - Current Fire Training Area (Source Area 6) RAP development 
o Action 4 – Of f -site receptor management/precautionary advice including Carp 

signage and engagement with relevant Victorian agencies regarding groundwater 
management controls for which delineation may be required 

o Action 5 – Ongoing Monitoring Plan initiation  
 

- Medium term: within f irst 3 years 
o Action 1 – Source Area 13 RAP development and implementation 
o Action 2 – Detailed Surface Water Flux Study - subsequent RAP development and 

implementation (if  required) 
o Action 3 – Current Fire Training Area (Source Area 6) RAP implementation 
o Action 4 – Of f -site receptor management/precautionary advice including Carp 

signage and groundwater management area implementation 

Extended implementation period 

- Long term: beyond 3 years. These activities will commence in year 1 but will be delivered 
across the extended implementation: 

o Action 5 – Ongoing Monitoring Plan implementation 
o Annual PMAP review 
o Ongoing engagement with community and maintenance of  precautionary advice/long 

term of f -site receptor management (as required) 
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PMAP Review and Update 

Ongoing implementation of  the PMAP (including the OMP) will be subject to continuing annual review 
and update, to ensure documentation remains current and relevant, and ref lects the results of  the 
OMP and advances in information and technology (base on ongoing technology performance 
assessment and review). Where changes to the PMAP and/or OMP occur, they will be communicated 
and discussed with the community and other stakeholders, including relevant local, Victorian and 
Commonwealth government authorities.  
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GLOSSARY  

 
Base A def ined physical locality or geographical area f rom which Defence-

related activities, operations, training or force preparations are 
managed, conducted, commanded or controlled.  

DSI Detailed site investigation as identif ied in section 1.5 

EPA Environment Protection Authority Victoria 

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 
benef it (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. 

Of f -site Of f -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 f rom 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-Base, for 
example, a f ire-f ighting training ground 

Project site A def ined site for construction and maintenance works within a Base 

Protected benef icial use A benef icial use of  land or water resources, as def ined under Victorian 
environmental policy, which must be protected.  Where a protected 
benef icial use is considered precluded (whether realised or not), 
practicable steps must be taken towards the restoration of  the 
protected benef icial uses. 

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) 

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

Response actions Actions identif ied 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 
f rom pathways f rom 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 
inf rastructure. 

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

  
Unless otherwise def ined in this document, terms def ined in the NEMP or the ASC NEPM have those 
meanings. In the event of  conf lict, 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 f rom Per- and poly-f luoroalkyl substances (PFAS) contamination 
associated with Bandiana Military Area (BMA) 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 f rom Defence property to human health and ecological receptors. In doing so, Defence 
prioritises the following combination of measures: 

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

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

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

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

1.2 Application 

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

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

• By Defence environmental staf f  responsible for approving Environmental Clearance 
Certif icates 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 Environment Protection Authority (EPA) Victoria has been consulted in the development of  this 
document. 

1.3 Background 

1.3.1 PFAS and its use 

PFAS are a group of  synthetic (i.e. ‘man-made’) compounds which include perf luorooctane sulfonate 
(PFOS), perf luorohexane sulfonate (PFHxS), and perf luorooctanoic 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 f luid, stain resistant applications for furniture and carpets, packaged 
food containers, waterproof  clothing, personal care products and cleaning products. 

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

Most people living in developed nations will have some level of  PFAS in their body due to their 
widespread use. In June 2019, the Environmental Health Standing Committee (enHealth)1, published 
guidance statements advising that although the scientif ic evidence in humans is limited, reviews and 
scientif ic research to date have provided fairly consistent reports of an association with several health 
ef fects. The health ef fects reported in these associations are generally small and within normal 
ranges for the whole population. There is also limited to no evidence of  human disease or other 
clinically signif icant harm resulting f rom PFAS exposure at this time2. However, due to the 
uncertainties in the current scientif ic evidence and since these chemicals remain in humans and the 
environment for many years, enHealth recommends exposure to PFAS be minimised wherever 
possible. 

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

1.3.2 The nature of PFAS 

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

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

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

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

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

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

 

 

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

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

1.4.1 PFAS National Environmental Management Plan 

The NEMP aims to provide governments with a consistent, practical, risk-based f ramework for the 
environmental regulation of  PFAS-contaminated materials and sites. The NEMP has been developed 
collaboratively by the Heads of  EPAs Australia and New Zealand and the Commonwealth Department 
of  Environment and Energy (DoEE) and has been endorsed by the Commonwealth Government. 

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

1.4.2 Defence estate and environmental management 

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

Under the Defence Estate Strategy 2016-2036, sustainability is one of  f ive 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 af fected communities and State/Territory authorities. 

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

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

risks. 

1.4.3 PFAS Response Management Strategy 

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

PFAS Management 
Area Plan (PMAP) 
template and 
guidance 

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

 

 

3 Defence Estate Strategy 2016-2036, Strategic Aim 4: http://www.defence.gov.au/EstateManagement/Governance/EstateStrategy.asp 
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PFAS Interim 
Response 
Management (IRM 
Guidelines) 

Guidance to manage a specif ic 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 signif icant risk to human health or the environment, the IRM 
guidelines provide a process for developing, assessing and 
recommending options, scalable f rom community-level actions through to 
PWC referral actions. 

PFAS Construction 
and Maintenance 
Framework 

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

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

Figure 1: Defence PFAS response management and implementation map 

 

 

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

1.4.3 PFAS Applied Research Strategy 

The PFAS Response Management Strategy also guides the PFAS Applied Research Strategy. Its 
objective is that Defence is suf f iciently supported by research and new technologies to ef f iciently and 
ef fectively manage the risks associated with PFAS contamination on or emanating f rom 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.  
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1.5 Scope 

This PMAP relies on: 

• the Detailed Site Investigation (DSI) Report (Golder, September 2018) 

• the outcomes of  the Human Health and Ecological Risk Assessment (HHERA) Report (Golder, 
May 2020) 

to inform risk identif ication and weighting for the Management Area. 

The key parameters for the PMAP are set out below. 

Management Area The Management Area includes the Bandiana Military Area (BMA) 
which is comprised of  three individual properties identif ied as South 
Bandiana (Gaza Ridge Barracks), North Bandiana (Gaza Ridge 
Barracks) and East Bandiana (Wadsworth Barracks). The 
Management Area also comprises of f-Base areas including Jack in the 
Box Creek to the north-west of  South Bandiana, the Unnamed Creek 
to the east of  North Bandiana, private properties to the east of  East 
Bandiana, the western Kiewa River f loodplain and the Kiewa River. A 
detailed description of  the Management Area is included in Section 
2.1. The Management Area is shown on Figure 1 (attached). 

Issue/risk identification The Human Health Ecological Risk Assessment (HHERA) (Golder, 
2020), concluded that the human health risks to both on-Base and of f -
site receptors, under the current exposure conditions are low and 
acceptable. The only potentially unacceptable human health risks 
were associated with exposure scenarios which are not currently 
occurring. These were assessed to inform stakeholders of  potential 
future risks.  
The HHERA (Golder, 2020) identif ied the following elevated risks 
associated with potential future scenarios:  

• Risk ID#1: On-Base Field Training Activities;   
Where a potential exposure may occur if  people routinely 
accidently swallow the impacted surface water during training 
activities. 

• Risk ID#2:  Use of groundwater as drinking water; and/or 
stock watering 
Although widespread extraction of  groundwater is not 
occurring within the catchments, PFAS impacts in some areas 
have precluded the use of  groundwater for these purposes 
(referred to as protected benef icial use under Victorian 
environmental policy), and the lateral extent of  PFAS impacted 
groundwater of f -Base has not been delineated. 

• Risk ID#3: Use of surface water and groundwater on the 
Kiewa River floodplain east of East Bandiana, including the 
southern pastoral area – where PFAS impacts were identif ied 
in oxbows directly east of  East Bandiana and the land and 
water in this area is used for agricultural (farming of  beef  
cattle) and low density residential purposes.  

• Risk ID#4: Consumption of carp from the Unnamed Creek and 
a section of the Kiewa River– where the human health risk 
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f rom the consumption of  carp is potentially unacceptable, due 
to the PFAS concentrations reported in carp across the 
various sampling locations.  

• Risk ID#5: Exposure of terrestrial ecological receptors to on-
Base impacted soils – where the HHERA identif ied that risks 
to of f -Base terrestrial receptors whose home-ranges extend 
onto on-Base areas may be potentially unacceptable. 

• Risk ID#6: Exposure of ecological receptors in surface water, 
and exposure of higher order avian and mammalian predators 
– where the HHERA concluded that there was a potential for 
adverse ef fects on aquatic receptors, and where the risk to 
avian and mammalian consumers of  aquatic biota was 
potentially unacceptable in select locations. 

A detailed description of  the identif ied risks included in Section 4. 

Issue/risk range A PMAP addresses the range of  elevated risks identif ied 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 identif ied. 

Review and Revision Defence will review and update (where necessary) the PMAP at 
intervals of  12 months to ensure that the document is current, and its 
recommendations remain valid. This review will also include ongoing 
technology performance assessment and review.  
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1.6 Key response factors 

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

• whether an option is proportional to risks 

• the sustainability and longevity of  an option 
(environmental, economic and social) in 
achieving an appropriate balance between 
benef its and ef fects 

• views of  the jurisdictional regulator and 
other stakeholders 

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

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

• ef fectiveness 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 benef it 

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

1.7 Implementation process 

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

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

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 f low to a local water 
supply). 

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

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

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

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



  
PMAP – BANDIANA MILITARY AREA 

 
 

22 
 

1.7.1 Approvals 

a) Higher value public works 

Larger public works (exceeding $15 million in expenditure) require a referral to the Public Works 
Committee (PWC). Under very limited circumstances, exemptions f rom 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 notif ication to 
the PWC. PWC assessment of  a notif ication may result in: 

• approval to proceed 
• approval to proceed, subject to specif ic 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 f rom 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 inf rastructure (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 specif ic response actions in 
accordance with the Commonwealth Procurement Rules and standard Defence procurement 
processes. These specif ic response actions will be implemented and evaluated in accordance with 
the terms (including timeframes) of  the relevant procurement agreement. 

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

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

 

 

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
5 http://www.defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 



  
PMAP – BANDIANA MILITARY AREA 

 
 

23 
 

Ongoing Monitoring Plan will commence in the primary implementation period and extend 
through to the extended implementation period. 

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

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

impacted soils and materials. 

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

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

Area for PFAS). 

1.7.4 A living document 

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

This PMAP has been prepared based on information available at the time of  writing and relies on the 
f indings 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 identif ied in this PMAP. 

1.8 Constraints and assumptions 

This document has been developed based on the following: 

• The investigation works undertaken to date including the DSI and associated water use survey, 
and the HHERA. 

• Availability of  proven technologies for the successful treatment and destruction of  PFAS. 

• Current limited Australian vendor capacity to implement proven technologies for treatment and 
destruction of  PFAS. 

• Technologies that are not considered economically viable or feasible for use at Bandiana 
Military Area have been excluded (as recommended in NEMP 2018). 
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Figure 2: Defence PFAS management process map 
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2 PROFILE OF THE MANAGEMENT AREA  

2.1 Management Area Description 

The BMA is located adjacent to the New South Wales (NSW)-Victorian border town of  Wodonga, 
Victoria on approximately 650 hectares (ha) of  land. The BMA is located approximately 3 kilometres 
f rom Wodonga town centre and 250 kilometres north-east of  Melbourne.  

The BMA comprises the following Bases: 

• Gaza Ridge Barracks (comprising and referred in this report as North Bandiana and South 
Bandiana). 

• Wadsworth Barracks (comprising and referred in this report as East Bandiana). 

Following completion of  the DSI (Golder, 2018) and the HHERA (Golder, 2020), the PFAS 
Management Area subject to Defence response actions includes the following: 

• On-Base: BMA comprising South Bandiana, North Bandiana and East Bandiana 

• Of f -Base: Jack in the Box Creek to its conf luence with Wodonga Creek, Unnamed Creek to its 
conf luence with the Kiewa River, and the Kiewa River and western Kiewa River f loodplain 
f rom Middle Creek in the south to north of  the Unnamed Creek. 

The Management Area is shown on Figure 1 (attached). 

2.2 Management Area Setting 

2.2.1 Climate 

The closest Bureau of  Meteorology (BoM) station is located at the Albury Airport (8.5 km north of  
Wodonga). Between 1995 and 2016, the annual rainfall ranged f rom 297 mm (2006) to 916 mm 
(2010). The rainfall data are characterised by marked f luctuations, however, these f luctuations are not 
necessarily af fected by seasons. 

The 2016 wind data collected f rom the Albury Airport (8.5 km north of  Wodonga) sourced f rom BoM, 
identif ied that the prevailing wind direction was f rom the west, west north-west and south-east with the 
strongest wind speeds recorded f rom the west and west north-west. It is noted that the regional wind 
direction, may be altered on the BMA by the surrounding topographic features such as Bears Hill. 

2.2.2 Topography 

The BMA is situated in a landscape known as the Upper Murray, which forms a network of  low-lying 
and relatively f lat river and creek f loodplains. The plains are scattered by higher rising hills. 

Huon Hill and Bears Hill are the dominant topographic features (Figure 2 - attached). Huon Hill is 
north-east, rising above 400 m AHD, while Bears Hill is located in the south-west, rising above 350 m 
AHD. The BMA is predominantly located in the saddle and plain between the two hills, at an elevation 
ranging between 180 m AHD and 200 m AHD. There is a topographic divide that runs across the 
BMA in a general north to south alignment. This divides the BMA (South Bandiana) into two 
catchments (Figure 2 - attached). West of  the divide, the surface gently slopes in a north-westerly 
direction, towards the Murray River and Wodonga Creek via Jack in the Box Creek. East of  the divide, 
the surface slopes in an easterly and north-easterly direction, towards the Kiewa River. 
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2.2.3 Geology 

The sub-surface conditions encountered across South Bandiana, the upper portion of  Jack in the Box 
Creek, and northern and western portion of  North Bandiana were generally consistent with the 
unconsolidated hill-wash deposits (Quaternary and Tertiary Shepparton Colluvium comprising sands, 
silts, clays and gravels) inferred by the Geological Map Sheet (1979). The Shepparton Colluvium was 
generally observed to comprise f ine grained red brown sediments (clays and silts) with some 
interbedded sands and gravels. Omeo-Metamorphic Complex (OMC) basement rock, in the form of  
granite, was identif ied towards the base of  Bears Hill (South Bandiana). The depth to basement rock 
generally decreased towards Bears Hill as did the thickness of  the overlying Shepparton Colluvium 
and Coonambigdal Colluvium. 

The geological profiles in the southern portion of  North Bandiana, along the Unnamed Creek where 
the topographic gradient is considerably f latter, and on East Bandiana were various combinations of  
clays, silts and sands, which is ref lective of  the nature of  the depositional environment (i.e. f luvial). 
These soils are representative of  the Shepparton Fluvium. The soils encountered along the Kiewa 
River were generally coarser, predominately comprising sands and gravels, and as such were 
representative of  the Coonambigdal Fluvium. 

2.2.4 Hydrogeology 

The DSI conf irmed that the primary aquifer units of  the Management Area were the Shepparton 
Fluvium and Colluvium and, to a lesser extent, the Coonambigdal Fluvium. The deepest groundwater 
levels were generally observed towards the base of  Bears Hill and Huon Hill, with the shallowest 
groundwater levels along the lower portion of  Jack in the Box Creek, the Unnamed Creek and the 
Kiewa River. The standing water levels (SWLs) measured in the Shepparton Colluvium generally 
ranged between approximately 12 and 35 metres below ground surface (mbgs). The SWLs measured 
in the Shepparton Fluvium generally ranged between 4 and 8 mbgs, and SWLs measured in the 
Coonambigdal Fluvium were less than 3 mbgs.  

There is a groundwater divide which occurs through central South Bandiana, and appears to be 
generally consistent with topography. West of  the divide (i.e. the western portion of  South Bandiana) 
groundwater f low is generally towards the north-west towards Wodonga Creek, and east of  the divide 
(i.e. the eastern portion of  South Bandiana, North Bandiana and East Bandiana) groundwater f low is 
towards the north-east towards the Kiewa River. The considerably larger area draining towards the 
Kiewa River and the dif ference in groundwater levels f rom the central portion of  South Bandiana to 
East Bandiana indicates that the Kiewa River is likely to act as a regional groundwater discharge 
zone. 

2.2.5 Surface Water and Drainage 

The BMA is located across two catchment areas, one being the Jack in the Box Creek catchment 
(west of  the topographic divide running across the BMA) and the other one being the Middle Creek / 
Kiewa River catchment (east of  the topographic divide) (Figure 2, attached).  

West of the topographic divide: This part of  the BMA includes the western portion of  the South 
Bandiana area, and drains towards Wodonga Creek via Jack in the Box Creek (Figure 2, attached). 
The Jack in the Box Creek runs in a north north-westerly direction, f rom the north-west portion of  the 
BMA to Wodonga Creek (3.5 km away f rom the BMA).    

Jack in the Box Creek is an intermittent surface watercourse, with variable sections being constructed 
along its course before discharging to Wodonga Creek. Further upstream, the creek is connected by 
gullies and shallow drainage channels that are running across the western-most portion of  the BMA. 
The gullies are inferred to ref lect ephemeral drainages originating f rom Bears Hill that have been 
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variably modif ied by human activity. The gullies and drainage channels are typically dry and were 
generally observed to have pools of  surface water during and following heavy rain. 

East of the topographic divide: This part of  the BMA includes the eastern portion of  South 
Bandiana, North Bandiana and East Bandiana, and drains towards the Kiewa River via the Unnamed 
Creek (Figure 2, attached) that runs north of  Middle Creek and discharging to the Kiewa River about 
2.1 km north of  the conf luence with Middle Creek. The Unnamed Creek originates in the eastern 
portion of  South Bandiana as a number of  drainage channels which discharge to a series of  
stormwater ponds (wetlands) located at the entry to South Bandiana. Portions of  the Unnamed Creek 
within North Bandiana have been concreted. The course of  the creek is still being actively modif ied, 
mainly to accommodate new residential development in the portion immediately downstream of  North 
Bandiana.  

The Kiewa River, where the water f rom this part of  the BMA eventually drains, originates on the 
Bogong High Plains and f lows north to its conf luence with the Murray River. The f low regime of  the 
Kiewa River displays considerable seasonal variation, with the months of  August to October generally 
exhibiting the highest f lows following snow melt in the high country. The Kiewa River is a partly 
conf ined meandering river with the f loodplain containing multiple f luvial landforms such as oxbow 
lakes, f lood runners and anabranches. 

2.2.7 BMA Land Uses 

General site operations and site features are presented on Figure 3 (attached) and site area land 
uses on Figure 4 (attached). 

BMA is primarily used by Defence for administration, accommodation, training, and warehousing / 
logistics, however, other operations such as activities related to the storage and maintenance of  
vehicles including armoured vehicles also occur at the BMA. In addition, North and South Bandiana 
also include several on-Base residential areas for Defence personnel, a community facility on North 
Bandiana (Bandiana Neighbourhood House), and a Victorian State Government Primary School 
(Bandiana Primary School) on South Bandiana. The Bandiana Neighbourhood House is a registered 
child care provider including occasional care, kinder and playgroup. Sheep grazing is licenced in a 
portion of  South Bandiana along the base of  Bears Hill and a portion of  North Bandiana to the south-
east of  the Unnamed Creek.  

2.2.8 Land Uses Surrounding BMA 

The land uses surrounding North, South and East Bandiana are summarised in the table below and 
shown on Figure 4 (attached). With the exception of  further residential development to the north and 
east of  North Bandiana, and west of  South Bandiana, it is envisaged that future land uses in the 
Management Area will remain relatively constant.  

Area Direction Description 

North 
Bandiana 

North Huon Hill is located to the north, which is currently used for grazing and as a 
recreation space (walking and picnicking).  

East A residential development is located to the east, with the Kiewa River f loodplain 
and Kiewa River beyond. The Unnamed Creek f lows east through the residential 
development. 

South  South Bandiana is located to the south across Anzac Parade and the Murray 
Valley Highway. A concrete pipe manufacturing facility (Rocla), and the former 
Wodonga stockyards are located to the south. Upper Middle Creek is located 
beyond Rocla and the former stockyards. 
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Area Direction Description 

West A residential development is located to the west, with the Wodonga township 
beyond.  

East 
Bandiana 

North A residential development (Killara) is located to the north. 

East The residential suburb of  Killara is located to the east, as well as pastoral 
grazing land within the Kiewa River f loodplain. The Kiewa River is located to the 
east.  

South  Middle Creek f lows in a west to east direction along the southern boundary of  
the Base, with Baranduda water treatment plant located beyond Middle Creek.   

West The former Wodonga Stockyard are located to the west across Whytes Road.  

South 
Bandiana 

North North Bandiana, and a residential development are located to the North across 
Anzac Parade. A small number of  commercial properties are also located to the 
north. 

East A concrete pipe manufacturing facility (Rocla) is located to the east, across the 
Kiewa Valley Highway. With rural grazing properties located to the south across 
Tooles Road 

South  A rural grazing property is located adjacent to the southern boundary.  A mix of  
rural grazing properties and new residential developments are further south 
beyond Bears Hill.  

West Residential developments are located to the west, with the Jack Perry reserve 
(recreational reserve) adjacent to the north western boundary of  BMA. Jack in 
the Box Creek f lows to the north-western boundary towards Wodonga Creek.    

2.3 Management Area Complexity Scale 

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

 Characteristics Consequences 

Very 
Large 

• High number of  identif ied risks 
• Multiple areas of  contamination, both on-Base 

and of f -Base 
• hydrogeological profile facilitates rapid 

migration of  contamination 
• large impacted community 

− PMAP complex 
− Development / implementation 

timeframe: highly extended 

Large • Medium number of  identif ied risks 
• Multiple areas of  contamination, both on-Base 

and of f -Base 
• Medium-sized impacted community 

− PMAP moderately complex 
− Development / implementation 

timeframe: extended 

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

Base and of f -Base 

− PMAP simplif ied 
− Development / implementation 

timeframe: medium 

Small • Small number of  identif ied risks 
• Contamination currently conf ined to isolated 

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

number of  sensitive receptors 

− Basic PMAP 
− Development / implementation 

timeframe: medium 
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2.4 Extent of Contamination 

2.4.1 PFAS Source Areas 

The PFAS source assessment identif ied a total of  15 potential PFAS source areas across the BMA. 
These areas of  the site were typically used for f ire training activities, with selected areas also used for 
the waste disposal of  AFFF products. Of  these, the DSI (Golder, 2018) concluded that three areas 
(Source Area 3, Source Area 4, and Source Area 8) were not a source of  PFAS impacts.  

The following 15 potential PFAS source areas were identif ied, and Figure 5 (attached) provides an 
overview of  their locations: 

• South Bandiana  

o Source Area 1 (SA1) – Petroleum Platoon – Former Fire Training Ground. 

o Source Area 2 (SA 2) – Base Fire Services (BFS) – Former Fire Training Ground. 

o Source Area 3 (SA 3) – Potential Disposal Burial Ground (not considered a source). 

o Source Area 4 (SA 4) – Former 25 m Firing Range (not considered a source). 

o Source Area 5 (SA 5) – Petroleum Platoon – Fuel Handling Facility. 

o Source Area 6 (SA 6) – Current Fire Training Area, Building 600. 

o Source Area 7 (SA 7) – Old Fire Station, Building 421. 

o Source Area 8 (SA 8) – Original Fire Station – Corner of  Anderson Road and 
Donegon Road (not considered a source). 

o Source Area 9 (SA 9) – Petroleum, Oils and Lubricants (POL), Building 490. 

• North Bandiana 

o Source Area 10 (SA 10) – Former Unit Training Area, between Warehouse 1 and 2. 

o Source Area 11 (SA 11) – Fire Extinguisher Disposal – Warehouse 13. 

o Source Area 12 (SA 12) – Armoured Vehicle Maintenance Training, Building 100.  

• East Bandiana 

o Source Area 13 (SA 13) – Fire Station – Current. 

o Source Area 14 (SA 14) – Former Unit Training, Building 592. 

o Source Area 15 (SA 15) – Former Unit Training, Football Field. 
 

Highest on-Base concentrations of  PFAS in soils, sediment, surface water and groundwater were 
generally identif ied within and adjacent to source areas. This indicated that while the use of  AFFF 
within each of  these areas has ceased, the soils and sediments within the source areas are 
continuing to act as a source of  PFAS identif ied within the on-Base and of f -Base Jack in the Box 
Creek and Kiewa River catchments.  

The following sections provide an overview of  the nature and extent of  PFAS impacts identif ied during 
the DSI for on-Base, and of f-Base within the Jack in the Box Creek Catchment and of f-Base within the 
Kiewa River Catchment. The conceptual site model (CSM) is summarised in Section 4.0. 

2.4.2 On-Base Human Health 

Soil and Sediment: The DSI screening assessment indicated the majority of  the reported soil and 
sediment PFOS/PFHxS concentrations were below human health open space and commercial / 
industrial screening guidance values. Exceptions to this were the soil and sediment PFOS/PFHxS 
concentrations in Source Areas 1 (1.04 mg/kg) and 2 (13.3 mg/kg), which is in the Close Training 



PMAP – BANDIANA MILITARY AREA 
 

 

30 
 

Area where f ield training activities occur, which exceeded the adopted human health open space soil 
screening guidance values, but were below the adopted human health commercial / industrial soil 
screening guidance values.  

Surface Water: Surface water PFOS/PFHxS concentrations exceeded adopted drinking water and 
recreational water screening guidance values in samples collected f rom both within the source areas 
and along drainage lines within the Base. A maximum PFOS/PFHxS concentration of  50.7 μg/L was 
reported in Source Area 6. PFOA exceeded drinking water screening guidance values in Source Area 
6, but no other Source Areas or other non-source areas.  

Groundwater: PFAS concentrations exceeding the drinking water and recreational groundwater 
guidance values have been reported in groundwater on-Base. A maximum PFOS/PFHxS 
concentration of  118 μg/L was reported in Source Area 13. PFOA was identif ied to exceed the 
screening guidance values for drinking water and recreation in Source Area 13 (maximum 6.8 μg/L) 
and drinking water in Source Area 14 (maximum 1.09 μg/L), but not in other source or non-source 
areas.  

2.4.3 Off-Base Human Health - Jack in the Box Creek Catchment 

A summary of  the of f -Base Jack in the Box Creek Catchment PFOS/PFHxS results f rom the DSI 
(Golder 2018) in relation to human health screening guidance values is presented in the table below.  

Soil and Sediment: PFAS concentrations in of f -Base soil and sediment samples f rom within the Jack 
in the Box Creek catchment were below the adopted human health soil screening guidance values 
(maximum PFAS/PFHxS concentration 0.016 mg/kg, refer to table below).  

Surface Water: The surface water f lows exiting the Base via Jack in the Box Creek generally passed 
through commercial / industrial or open space land use zones, however a portion of  the creek passed 
near sensitive land use areas where sensitive receptors could be exposed. A maximum PFOS/PFHxS 
concentrations of  5.1 μg/L was reported (refer to table below). The highest concentrations were 
closest to the Base with samples f rom two locations (SW424 and SW463) immediately downstream of  
the Base, in open space land use areas exceeding human health drinking water and recreational 
guidance values. The remaining samples collected along Jack in the Box Creek exceeded only the 
drinking water guidance values. PFOA concentrations do not exceed any relevant screening guidance 
values within Jack in the Box Creek Catchment.  

Groundwater: Groundwater monitoring in Jack in the Box Creek Catchment focused along the Jack 
in the Box Creek and a maximum PFOS/PFHxS concentrations of  0.296 μg/L was reported (refer to 
table below). PFOA was below human health screening guidance values in all samples. The PFAS 
concentrations in groundwater within upper catchment, i.e. within the stif f clays of the Shepparton 
Colluvium closer to the Base, were below the adopted drinking water screening guidance values. 
However, concentrations of  PFAS in groundwater were above drinking water guidance values, for the 
two groundwater wells installed in the lower Jack in the Box Creek catchment within the sandier 
Shepparton Fluvium. It is also noted that exceedance of  drinking water guidance values, also 
precludes the protected groundwater benef icial use “stock watering”, when conservatively adopting 
drinking water objectives for assessment of  stock watering. 

2.4.4. Off-Base Human Health - Kiewa River Catchment 

Soil and Sediment: Soil and sediment sampling within the Kiewa River Catchment focused on the 
residential estates in proximity to the BMA. A maximum PFOS/PFHxS concentration of  0.0023 mg/kg 
was reported in the dry soils or sediments (refer to table below). PFOA was below human health 
screening guidance values in all samples. PFOS/PFHxS concentrations in of f -Base soil samples f rom 
within the Kiewa River catchment, including samples f rom residential vegetable gardens were below 
the adopted human health soil screening guidance values.  
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PFAS concentrations in sediment samples collected f rom the Unnamed Creek f rom the portion which 
f lows through the residential estate, and f rom the f loodplain f rom between the eastern edge of  the 
residential estate and the conf luence of  the Unnamed Creek with the Kiewa River were below human 
health residential soil guidance values (maximum 0.0075 mg/kg, wet sediment). Sediment samples 
f rom the f loodplain features of  the Kiewa River were below the human health open space soil 
guidance value, noting that soil screening guidance values were adopted within the DSI (Golder, 
2018) in absence of  sediment screening values.  

Surface Water: The concentrations of  PFAS within samples f rom in-stream of  the Kiewa River and 
Middle Creek were below human health drinking water guidance values. PFOA was below human 
health screening guidance values in all samples. Concentrations of  PFAS within the Unnamed Creek 
f lowing f rom Whytes Road along the eastern boundary of  North Bandiana and towards the Kiewa 
River (through a residential estate) were below human health guidance values except for seven 
surface water samples which exceeded the drinking water guidance values but were below the 
recreational water guidance values.  

PFAS concentrations in of f -Base surface water samples f rom oxbow lakes to the east and north-east 
of  East Bandiana located along the western bank of  the Kiewa River f loodplain exceeded the drinking 
water and recreational water screening guidance values (maximum of  12.8 µg/L, refer to table below). 

Groundwater: A summary of  the maximum PFOS/PFHxS concentrations detected in groundwater in 
the Kiewa River Catchment is summarised in the table below. No exceedances of  PFOA were 
detected. Concentrations of  PFAS in groundwater above the drinking water guidance values were 
detected in a groundwater monitoring well on the Kiewa River f loodplain near the conf luence of  the 
Kiewa River and the Unnamed Creek (maximum of  0.111 µg/L for PFOS/PFHxS). Additionally, 
groundwater concentrations along the eastern (down-gradient) boundary of  East Bandiana also 
reported groundwater concentrations exceeding the adopted drinking water and recreational water 
use screening guidance values. It is also noted that exceedance of  drinking water guidance values, 
also precludes the protected groundwater benef icial use “stock watering”, when conservatively 
adopting drinking water objectives for assessment of  stock watering. 

Groundwater on a property to the east of  the Kiewa River, which is being extracted and used for 
drinking, as well as irrigation of  home grown produce and livestock reported concentrations of  PFAS 
less than drinking water and recreational water screening guidance values. Similarly, groundwater on 
a property to the south of  East Bandiana also using groundwater for garden irrigation including 
watering home grown foods, such as f ruit and vegetables, and livestock, also reported concentrations 
of  PFAS less than drinking water and recreational water screening guidance values (Golder, 2018). 

An additional property was identif ied within the Management Area to be using extracted bore water for 
irrigation of  home grown produce and drinking water for chickens. The concentrations of  PFAS in 
water f rom this bore, were above the drinking water guideline values but below the recreational 
guideline values (Golder, 2020). 

A summary of  the PFOS/PFHxS results f rom the DSI (Golder 2018) in relation to human health 
screening guidance values is presented in the table below (Table 1).  
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Table 1 Summary of the PFOS/PFHxS results from the DSI (Golder 2018) 

Area 
PFOS + PFHxS in Soil 

(mg/kg) 
PFOS + PFHxS in Sediment 

(mg/kg) 
PFOS + PFHxS in Surface 

Water (μg/L) 
PFOS + PFHxS in 

Groundwater (μg/L) 

Max Exceedance Max Exceedance Max Exceedance Max Exceedance 
On-Base Areas 

Source Area 1 1.04 Open space Dry: 0.549, 
Wet: 0.0028 Open space 1.11 

Drinking and 
recreational 

water 
0.43 Drinking water 

Source Area 2 1.23 Open space Dry: 13.3 Open space 0.0688 None 0.05 None 

Source Area 3 0.0012 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   

No groundwater wells 
installed 

Source Area 4 ND None Sampling not included in DSI 
scope.   

 Sampling not included in 
DSI scope.   

No groundwater wells 
installed 

Source Area 5 12.5 Open space Dry: 0.305, 
Wet: 0.179 None 6.8 

Drinking and 
recreational 

water 
0.02 None 

Source Area 6 0.582 None Dry: 0.0317 None 50.7 
Drinking and 
recreational 

water 
0.03 None 

Source Area 7 1.97 None Dry: 0.0055 None Not sampled (dry) 7.65 
Drinking and 
recreational 

water 

Source Area 8 0.001 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   ND None 

Source Area 9 Sampling not included in 
DSI scope.   

Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   1.71 Drinking 
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Area 
PFOS + PFHxS in Soil 

(mg/kg) 
PFOS + PFHxS in Sediment 

(mg/kg) 
PFOS + PFHxS in Surface 

Water (μg/L) 
PFOS + PFHxS in 

Groundwater (μg/L) 

Max Exceedance Max Exceedance Max Exceedance Max Exceedance 

Source Area 10 0.014 None Dry: 0.001 None Not sampled (dry) ND None 

Source Area 11 0.0041 None Wet: 0.0021 None 0.0895 Drinking water ND None 

Source Area 12 0.0123 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   0.09 Drinking water 

Source Area 13 3.3 None Dry: 0.0177 None Not sampled (dry) 118 
Drinking and 
recreational 

water 

Source Area 14 0.0023 None Dry: 0.0027 None Not sampled (dry) 32 
Drinking and 
recreational 

water 

Source Area 15 0.0012 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   0.27 Drinking water 

On-Base, non-source 
areas 0.301 None Dry: 0.0884, 

Wet: 0.0596 None 4.45 
Drinking and 
recreational 

water 
8.98 

Drinking water 
and recreational 

water 
Off-Base - Jack in the Box Creek Catchment 

Residential estate 
adjoining South Bandiana Sediment collected only Dry: 0.0003 None Not sampled (dry) 0.0149 None 

Jack in the Box Creek 0.0104 None Dry: 0.001,  
Wet: 0.016 None 5.1 

Drinking and 
recreational 

water 
0.296 Drinking water 

Wodonga Creek Sediment collected only ND None 0.0027 None Surface water collected only 
Off-Base – Kiewa River Catchment 
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Area 
PFOS + PFHxS in Soil 

(mg/kg) 
PFOS + PFHxS in Sediment 

(mg/kg) 
PFOS + PFHxS in Surface 

Water (μg/L) 
PFOS + PFHxS in 

Groundwater (μg/L) 

Max Exceedance Max Exceedance Max Exceedance Max Exceedance 
Residential Estate 
northwest of  North 

Bandiana 
0.0023 None Wet: 0.0031 

Dry: 0.0003 None 0.155 Drinking  0.024 None 

Unnamed Creek Sediment collected only Wet: 0.0075 None 0.213 Drinking  Surface Water collected only 

Kiewa River including 
Middle Creek (and 

f loodplains) 
Sediment collected only Wet: 0.0527 None 12.8 

Drinking and 
recreational 

water 
0.111 Drinking water 

Murray River Sediment collected only ND None 0.0026 None Surface Water collected only 
Notes: Areas shown in the table were defined in the DSI (Golder, 2018). Cells highlighted green did not exceed the screening guidance values defined in the DSI (Golder 
2018). Cells highlighted grey had at least one sample which exceeded screening guidance values defined in the DSI (Golder 2018), noting the National Health and Medical 
Research Council (NHMRC) released updated recreational water screening guidance values in August 2019, after the release of the DSI (Golder, 2018). The screening above 
has been adjusted to the 2019 updated recreational water criteria of 2 μg/L. 
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2.4.5 Ecological 

The DSI (Golder, 2018) concluded that concentrations of  PFAS in soil, sediment and surface water, 
on-Base and of f -Base in the Jack in the Box Creek and Kiewa River catchments, were higher than the 
ecological screening guidance values. The table below (Table 2) summarises the areas and media 
where the DSI (Golder, 2018) identif ied exceedances of  the PFOS screening guidance. No 
exceedances of  the PFOA screening guidance values were reported in the DSI. Where PFOA was 
reported above the LOR, this is identif ied in the table below with the statement “including PFOA”. 

Table 2 Summary of PFOS Exceedances during DSI (Golder, 2018) 

Area Soil Sediment Surface Water Groundwater 

On-Base 

Source Area 1 Exceedance 
identif ied 

Exceedance 
identif ied 

Not screened Not screened 

Source Area 2 Exceedance 
identif ied 

Exceedance 
identif ied 

Not screened Not screened 

Source Area 3 No exceedance Not sampled  Not sampled  Not sampled  

Source Area 4 No exceedance Not sampled  Not sampled  Not sampled  

Source Area 5 Exceedance 
identif ied 

Exceedance 
identif ied including 
PFOA 

Not screened Not screened 

Source Area 6 Exceedance 
identif ied 

No exceedance Not screened Not screened 

Source Area 7 Exceedance 
identif ied 

No exceedance Not sampled Not screened 

Source Area 8 No exceedance Not sampled Not sampled Not screened 

Source Area 9 Not sampled Not sampled Not sampled Not screened 

Source Area 10 No exceedance No exceedance 
including PFOA 

Not sampled Not sampled 

Source Area 11 No exceedance No exceedance Not screened Not screened 

Source Area 12 No exceedance Not sampled Not sampled Not screened 

Source Area 13 Exceedance 
identif ied 

No exceedance Not sampled Not screened 

Source Area 14 No exceedance No exceedance Not sampled Exceedance 
identif ied 

Source Area 15 No exceedance Not sampled Not sampled Exceedance 
identif ied 

South 
Bandiana: 
Drainage to 
Jack in the Box 

Exceedance 
identif ied 

Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Not screened 
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Area Soil Sediment Surface Water Groundwater 

Creek 
Catchment 

North and 
South 
Bandiana: 
Kiewa River 
Catchment 

Not sampled Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

East Bandiana: 
Kiewa River 
Catchment 

No exceedance Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

South 
Bandiana: 
Bears Hill 

No exceedance Not sampled No exceedance Not sampled 

Off-Base (within the Management Area) 

Jack in the Box 
Creek   

Exceedance 
identif ied 

Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

Wodonga 
Creek 

 Not sampled No exceedance Exceedance 
identif ied 

 Not sampled 

Residential 
estate 
adjoining South 
Bandiana 

 Not sampled  No exceedance Exceedance 
identif ied 

Not screened 

Residential 
Estate 
adjoining North 
Bandiana 

No exceedance Exceedance 
identif ied 

Exceedance 
identif ied 

Not screened 

Kiewa River 
including 
Middle Creek 

 Not sampled  Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

Murray River  Not sampled No exceedance Exceedance 
identif ied 

Not sampled 

Notes: Areas shown in the table were defined in the DSI (Golder, 2018). Exceedances relate to the screening 
guidance values adopted in the DSI (Golder, 2018). Cells highlighted grey had at least one sample which 
exceeded screening guidance values defined in the DSI (Golder 2018). Sediment was screened against either 
the LOR or the soil screening guidance values depending on if it was wet or dry. “Not screened” refers to 
locations where samples were obtained but not screened against ecological guidance values. 

2.4.6 Uncertainties 

Following the completion of  the DSI, a number of  areas of  uncertainty were identif ied as part of  the 
DSI including: 

• the nature and extent of  on-Base surface water contamination,  
• representativeness of  groundwater sampling at some locations,  
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• location of  the groundwater f low divide and extent of  groundwater impacts,  
• concentrations in of f-Base surface water during low f low conditions,  
• soil, sediment, surface water and groundwater interactions, and  
• PFAS discharges in sewer. 

These uncertainties are discussed further in Appendix C, and where possible, these areas of  
uncertainty are addressed through the implementation of  this PMAP such as through additional 
investigations recommended for management option appraisal or remediation design and through the 
OMP (refer to Section 5 and Attachment 1). 

 2.5 Groundwater use 

2.5.1 On-Base 

The DSI indicated that no water extraction bores were currently or historically used on the Base.   

2.5.2 Off-Base 

A search of  the Victorian government bore registration database (Visualising Victoria’s Groundwater 
and Victorian Water Management Information System) identif ied eight domestic stock bores, three 
irrigation bores and one commercial bore as illustrated on Figure 1 (attached). The following is noted:  

• Six of  the domestic stock bores and all three irrigation bores are located to the north-west and 
down-gradient of  South Bandiana, within the Jack in the Box Creek catchment area. The 
closest of  these bores (WRK951070) is located approximately 500 m north-west of  the South 
Bandiana boundary and is 180 m in depth and screened in granite bedrock.   

• The remaining domestic stock bores and the one commercial bore are located to the south to 
south-west of  Bears Hill (upgradient of  South Bandiana). 

Community engagement (including a water use survey) identif ied properties with bores extracting 
water for consumption or produce watering included: 

• One property uses water extracted f rom a shallow bore for domestic use (including drinking), 
watering a f ruit / vegetable garden used solely for household purposes, and occasionally 
watering livestock and poultry, the use of  which is mixed household and commercial. This 
property is not connected to mains water.  

• One property, outside of  the PMAP Management Area, uses water extracted f rom the bore for 
watering a f ruit / vegetable garden, the grounds and, occasionally, livestock which are raised 
solely for household consumption. 

• One property using extracted bore water for irrigation of  home grown produce and drinking 
water for chickens. The produce (f ruit, vegetables and eggs) is for home consumption, and is 
not sold commercially. The concentrations of  PFAS in water f rom the bore, and a swimming 
pool periodically toped up with the bore water, were above the drinking water guideline values 
but below the recreational guideline values. 

2.6 Relevant legislation and government policy 

The PFAS National Environmental Management Plan (NEMP) aims to provide governments in 
Australia with a consistent, practical, risk-based f ramework for the environmental regulation of  PFAS-
contaminated materials and sites. It is f ramed as an adaptive plan, able to respond to emerging 
research and knowledge. 
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The PFAS NEMP provides the guiding f ramework for the management of  PFAS. For further 
information, see: http://www.environment.gov.au/protection/publications/pfas-nemp-2. 

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: 

• Currently there is limited Commonwealth legislation on the designation of  waste disposal 
criteria. Whilst the PFAS NEMP (2018) indicates potential criteria to be adopted at the State 
level for a State based receiving site, landf ill disposal of PFAS wastes in Victoria is not the 
EPA Victoria’s preferred management option and requires approval through a classif ication 
application for disposal as a prescribed industrial waste (PIW).   Currently PFAS impacted 
liquid wastes are considered Category A Prescribed Industrial Wastes and there are limited 
options for handling small volumes of  liquids in Victoria. 

• The PFAS NEMP (2018) outlines the preferred f ramework for PFAS management including 
containment, remediation, treatment and disposal. The document acknowledges that each 
site is unique, and any management response must consider site-specif ic conditions in 
determining the best approach to the management of  PFAS. Overall the document presents 
the hierarchy of  options for site clean-up, which is consistent with the policy intent of  the 
Victorian waste management requirement, being any clean-up of  land will ref lect the order of  
preference set out in the waste hierarchy (i.e., treatment and reuse on–site is preferred to 
treatment and reuse of f -site, while long-term containment of f -site is least preferred). 

• State Environment Protection Policy (Prevention and Management of  Contamination of  Land) 
2002 (Land SEPP) – The Land SEPP def ines land use categories and specif ies benef icial 
uses that must be protected for each category. Under the Land SEPP, the NEPM is endorsed 
as the primary guidance document in contamination assessment and remediation in Victoria. 

• State Environment Protection Policy (Waters) (SEPP Waters) 2018 –The SEPP Waters 
provides a f ramework for the protection and management of  water quality in Victoria, covering 
surface waters, estuarine and marine waters and groundwaters. The Water SEPP def ines 
groundwater segments based on Total Dissolved Solids and surface water segments based 
on policy area boundaries. The Water SEPP specif ies benef icial uses that must be protected 
for each segment.  

• The Industrial Waste Resource Guidelines for Soil Hazard Categorisation and Management 
(Victoria EPA 2009) currently do not have threshold criteria for PFAS impacted soil and such 
soils cannot be transported of f -site, without an EPA exemption or approvals. The EPA has 
indicated that they consider PFAS impacted soils to be a prescribed industrial waste. PFAS 
impacted soils may be disposed of to landfill through a classif ication application to the 
Victorian EPA provided there are no other possible management options. In determining 
whether the PFAS impacted soils may be accepted at the landf ill, the Victorian EPA will 
consider the landf ill acceptance criteria detailed in the NEMP (2018).  

• Any option to manage PFAS impacted solids in an of f -site facility is generally treated as a 
landf ill operation and requires consideration under local government regulations and referral 
to the EPA to consider the Environment Protection (Scheduled Premises) Regulations. 
Typically, this involves Works Approval with associated community consultation. The 
requirements of  the PFAS NEMP (2018) would be considered in such reviews. 

http://www.environment.gov.au/protection/publications/pfas-nemp-2
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2.7 Interim response management actions / existing institutional controls 

No interim response actions and/or institutional controls commenced or were in place for the 
management during the investigation phase. 

The benef it of  proposed management or remediation options will take time to be realised, and while 
the current risks have been assessed as low and acceptable, this is reliant on the current land and 
water use practices being maintained. Therefore, Defence, with the support of  relevant State and 
Local authorities, will develop interim precautionary advice for specif ic properties, and / or specif ic 
activities (i.e. precluded benef icial uses) within the BMA PFAS Management Area, as required by 
State/Local authorities.    

Currently the HHERA (Golder, 2020) has identif ied a potential unacceptable risk associated with the 
consumption of  carp f rom the Unnamed Creek and a section of  the Kiewa River (Risk ID#4). While 
the investigation has not identif ied this as being a currently realised practice, as a precaution, 
Defence (in consultation with the relevant State and Local Authorities) will install and maintain 
signage at publicly accessible areas, warning of  the potential risks associated with the consumption of  
Carp.  This commitment is ref lected under PMAP Action #4. 

2.8 Stakeholders 
Stakeholders associated with the project, as identif ied in the stakeholder and community engagement 
plan, are detailed in the table below.  

STAKEHOLDER CATEGORY STAKEHOLDER 
Government Agencies - 
Commonwealth 

• Department of  Agriculture, Water and the Environment 
• Department of  Health 
• Murray Darling Basin Authority 

Government Agencies - Victoria • Department of  Health and Human Services  
• Department of  Environment, Land, Water and Planning  
• Environmental Protection Authority Victoria 
• Department of  Economic Development, Jobs, Transport  

and Resources including Agriculture Victoria and the 
Victorian Fisheries Authority 

• Department of  Premier and Cabinet 
• North East Catchment Management Authority 
• Wodonga City Council 
• Prime Safe 

Elected Representatives • Premier of  Victoria 
• Parliament of  Victoria – Member for Benambra (Member 

of  the Legislative Assembly) 
• Parliament of  Australia – Member for Indi (Australian 

House of  Representatives)  
• City of  Wodonga Council: Mayor and Councillors 

Non-Government 
Organisations/Community Based 
Organisations 

• Parklands Albury Wodonga 

• Lake Hume Plan Community Reference Group 
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STAKEHOLDER CATEGORY STAKEHOLDER 

• Wodonga Urban Landcare 

Community services • Municipal water suppliers: North East Water and 
Goulburn-Murray Water 

• Bandiana Primary School 
Media • Local print and online media: 

o The Border Mail (including the Land Newspaper) 
o Albury-Wodonga News Weekly (http://awnw.com.au/) 
o Kiewa Valley Observer 
o Midweek Xpress 

• Local radio: 
o 2AAY hit104.9 The Border 
o 1494 2AY 
o Triple M 105.7 The Border 
o ACE Radio 2AY 1494 AM 
o 98.5 the Light 
o 2REM 107.3 FM 
o 1566 3NE & 102.1 edge FM (North East Broadcasters) 
o 105.7 The River 
o 104.9 Star FM 
o 102.1 FM, Edge FM 

• State and National media outlets 
On-property residents (Defence 
and contractors) 

• Defence personnel and their families if  resident on-
property 

• Contractors and support staf f  and their families if  resident 
on-property 

Of f -property residents and 
landowners 

• Home owners 
• Renters 

Of f -property business interests • Water sports tourism operators  

• Tourist accommodation, camping and caravan sites 

• Farmers (Beef , and sheep) 

• Other agri-business 
Of f -property users • Recreational users of  parks and conservation areas  

• Recreational f ishers  
 

 

Stakeholder and community engagement has been undertaken throughout the BMA PFAS 
investigation program and has included: 

• Providing government stakeholders with periodic updates on the progress and f indings of  the 
PFAS investigation; 

• A project information line and email; 
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• Information sharing on the project via Defence PFAS website; 

• Preparation of  results letters for sampling undertaken on private properties and subsequent 
communication with owners to discuss results; and 

• Community walk-in engagement sessions including: 

o March 2017 - to introduce the Defence national PFAS program and present results 
f rom the preliminary sampling program reported in September 2016 

o August 2017 - to provide assistance to community members in completing Water Use 
Surveys, and to allow them to obtain information and ask project team members 
questions relating to the detailed environmental investigation commencing at and 
around the Bandiana Military Area 

o September 2018 - to allow community members to obtain information relating to the 
release of  the f indings of the DSI 
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS National Environmental Management Plan (2018). EPA Victoria 
has been consulted in the development of  the PMAP. 

Stakeholder engagement associated with specif ic 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 identif ied as ‘elevated’ in either the DSI and/or the 
risk assessments. A source / pathways / receptor analysis based on the CSM in the DSI was used to 
identify the relevant source (primary and secondary), pathways and receptors for the risk. For each 
risk, the range of  potential consequences if  the risk is realised have been identif ied. 

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 identif ied to address each of  the risks identif ied in Chapter 4. The list of  
options has been informed by a range of  information and research, both general and specif ic to the 
Management Area. Management Area-specif ic information includes:  

• Risk assessments, CSM and DSI; 

• Relevant Commonwealth and State/Territory legislation; 

• Feedback f rom stakeholder consultation; and 

• 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 benef it’. It does not get assessed through this process but the potential 
impacts are described in the Chapter 4 analysis. 

• On-going monitoring to assess whether the lateral and vertical extent of  PFAS impacted 
groundwater and surface water and concentrations of  PFAS are decreasing, stable or 
increasing. 

• Additional investigations required to address uncertainties and data gaps as identif ied through 
completion of  the DSI and/or HHERA. 

• Development and implementation of  a Remedial Action Plan (RAP), where the remedial 
action may be focused on either a specif ic source and / or pathway and/or receptor (i.e. 
source removal, capping or containment etc).  
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Identifying information for each option includes the objective and a description of  how the objective 
contributes to managing the identif ied risk. 

3.5 Detailed options analysis (Section 6.2) 

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 Ef fectiveness rating 
3 Implementation period / timeframe 
4 Potential impacts 
5 Estimated net environmental benef it rating (not relevant for 

institutional controls) 

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

C. Defence implications 
12 Defence capability 
13 Project f it 
14 Scalability 

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

E. Comparative analysis 
Comparative analysis comparing the available options to manage an identif ied 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 ef f iciencies and improved ef fectiveness 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 inf rastructure, 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 identif ied 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  the extent of  contamination is presented in Section 2.4. More information 
including a detailed description of  the CSM was provided in the DSI (Golder, 2018). Further 
ref inements were made to the CSM following the HHERA (Golder, 2020), with key elements 
summarized in this section and a ref ined CSM presented in Appendix C. 

The initial PFAS source assessment identif ied 15 potential PFAS source areas across the BMA, 
however, the DSI (Golder, 2018) concluded that three potential source areas 3, 4, and 8, were not a 
source of  PFAS. 

A summary of  each PFAS source and the associated risk contribution mechanism is provided in Table 
3 (below).A discussion of  protected benef icial uses and potential receptors is provided the following 
sections 4.1.1 to 4.1.3.  

Table 3 Risk Contribution Mechanism 

Source Area 1 – Petroleum Platoon Former Fire Training Ground [South Bandiana, Jack in the Box 
Creek Catchment]  
Description and 
risk contribution 
mechanism 

The Former Fire Training Ground, was utilised by the Petroleum Platoon prior to 1994, is 
in the western portion of South Bandiana in a large area of vacant land known as the 
Close Training Area. The Petroleum Platoon historically used the area for fuel handling 
training and fire training exercises prior to the construction of the current facilities (Source 
Areas 5 and 6).  

Shallow soil impacts including one exceedance of the adopted open space guidance 
values for human health for PFOS + PFHxS.  

Moderately deep groundwater (>15 mbgs) with low concentrations of PFAS including 
exceedances of drinking water guidance values for PFOS + PFHxS in two monitoring 
wells. The limited groundwater impacts, and general decrease in soils concentrations 
with depth suggest, vertical leaching from soil to groundwater is limited.  

Surface water drainage channels were generally dry during the DSI (Golder, 2018), 
however, one sample was able to be collected which exceeded drinking water and 
recreational water guidance values. PFAS was also reported in sediments collected from 
drainage lines, indicating soil and sediment impacts are likely to leach into surface water 
during rainfall.  

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 1.04 mg/kg 
Surface Water: 1.11 µg/L 
Groundwater: 0.43 µg/L 

Est. soil volume* 815 m3 
Est. mass of 
PFOS + PFHxS in 
soil* 

1.53 kg 

Source Area 2 – Base Fire Services – Former Fire Training Ground [South Bandiana, Jack in the Box 
Creek Catchment] 
Description and 
risk contribution 
mechanism 

The Base Fire Services historically operated a fire training ground, in the south-western 
portion of the current Close Training Area (Figure 10, Source Area 2). Defence personnel 
interviewed indicated that this facility was operated in an approximate timeframe of 
1980s to 1990s. 

Shallow soil impacts including one exceedance of the adopted open space guidance 
values for human health for PFOS + PFHxS. PFAS was reported in sediments collected 
from shallow (dry) drainage lines with concentrations of PFOS + PFHxS in three samples 
exceeding the adopted open space guidance values for human health. Deep 
groundwater (>35 mbgs) reported no PFAS exceedances of human health guidance 
values. The limited groundwater impacts, and general decrease in soils concentrations 
with depth suggest, vertical leaching from soil to groundwater is limited. 
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Surface water drainage channels were generally dry during the DSI. The PFAS in soil 
and sediment are likely leach into surface water during rainfall. 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 13.3 mg/kg 
Surface Water: 0.0688 µg/L 
Groundwater: 0.05 µg/L 

Est. soil volume* 513 m3 
Est. mass of 
PFOS + PFHxS in 
soil* 

12.27 kg 

Source Area 5 – Petroleum Platoon Fuel Handling Facility [South Bandiana, Jack in the Box Creek 
Catchment and Kiewa River Catchment] 
Description and 
risk contribution 
mechanism 

The Petroleum Platoon Fuel Handling Facility is located in the central-northern portion of 
South Bandiana. The facility provides an area for training in refuelling of vehicles and 
bulk fuel handling. AFFF was historically used in the Fuel Handling Facility for equipment 
testing and fire training activities. 
 
Shallow soil impacts including one exceedance of the adopted open space guidance 
values, however, this concentration was below the adopted human health commercial / 
industrial soil screening guidance values for PFOS + PFHxS (12.5 mg/kg).  
Moderately deep groundwater (>10 mbgs) with low concentrations of PFAS all below 
human health guidance values. The limited groundwater impacts, and general decrease 
in soils concentrations with depth suggest, vertical leaching from soil to groundwater is 
limited. However, there are some exceptions to the general decrease soil concentrations 
with depth, particularly within the vicinity of the maximum reported soil concentration 
(SS311), soil samples collected from MW333 reported an increase in concentrations 
suggesting vertical leaching is occurring in this portion of the source area. Monitoring well 
MW333 was installed at 14 mbgs and was dry at the time of sampling.  

Surface water samples collected from the drainage channel running parallel to the 
northern boundary of the source area and from the large pond reported concentrations of 
PFHxS + PFOS that exceeded the human health recreational water and the drinking 
water guidance values. The maximum concentration of PFOS + PFHxS detected was 6.8 
µg/L.  

PFAS was also reported in sediments collected from drainage lines, indicating soil and 
sediment impacts are leaching into surface water. Surface water drains directly to 
stormwater ponds at the entrance to South Bandiana and subsequently to the Unnamed 
Creek and Kiewa River. 
 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 12.5 mg/kg 
Surface Water:  6.8 µg/L 
Groundwater: 0.02 µg/L 

Est. soil volume* 645 m3 
Est. mass of 
PFOS + PFHxS in 
soil* 

14.63 kg 

Source Area 6 – Current Fire Training Area [South Bandiana, Jack in the Box Creek Catchment] 
Description and 
risk contribution 
mechanism 

The Current Fire Training area is in the central-western portion of South Bandiana. The 
facility consists of a large shallow concrete bund, covered with a metal grill forming a 
platform on which the training activities take place. The water and foam released on the 
training platform drains to two large in-ground first flush retention tanks, and the 
remaining water is directed into the facility sediment pond which subsequently 
discharged to surface water, with water flowing north-west towards Jack in the Box 
Creek. 

The deep groundwater (>20 mbgs) reported concentrations below or marginally above 
the detection limit. However, there is some uncertainty around the potential flow direction 
within the vicinity of Source Area 6. The limited groundwater impacts, and general 
decrease in soils concentrations with depth suggest, vertical leaching from soil to 
groundwater is limited. 

Very high surface water concentrations were found in the lined sediment pond of 
50.7 µg/L of PFOS + PFHxS, which exceeded the human health drinking water and 
recreational water guidance values. The very high surface water concentrations 
observed within the pond indicates the soil and sediment impacts are leaching into 
surface water. However, the observed surface water concentrations are significant 
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relative to other areas of the site with comparable soil and sediment concentrations, 
suggesting additional contribution within the area. It is possible that the concrete 
platforms and concrete infrastructure within the training area is also leaching PFAS and 
are also contributing to the very high surface water concentrations observed. 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 0.582 mg/kg 
Surface Water: 50.7 µg/L 
Groundwater: 0.03 µg/L 

Est. soil volume* Not estimated, as concentrations less than 1 mg/kg 
Est. mass of 
PFOS + PFHxS in 
soil* 

 Not estimated, as concentrations less than 1 mg/kg 

Source Area 7 – Old Fire Station Building 421 [South Bandiana, Jack in the Box Creek Catchment] 
Description and 
risk contribution 
mechanism 

The old Base Services Fire Station (Building 421) is in the southern, central portion of 
South Bandiana. Use of the building as a Fire Station ceased in 1993 when the current 
Fire Station at East Bandiana was constructed (Source Area 13). It was reported that fire 
training activities were historically undertaken to the west of the compound, and that fire 
training included demonstrations of ‘foam blankets’ across the ground surface to the 
south and west of the compound. The equipment was also flushed in the same general 
area where training was undertaken.  

Deep groundwater (>35 mbgs) reported exceedances of drinking water and recreation 
water guidance values. The general decrease in soils concentrations with depth suggest 
limited vertical leaching. However, the elevated groundwater concentrations, particularly 
within MW321 suggest vertical leaching is occurring. The groundwater impacts in Source 
Area 7, relative to other source areas also located on the Shepparton Colluvium geology, 
are significant. It was noted in the DSI (Golder, 2018), that the former Fire Station 
included a large diameter vertical well / shaft that was used for testing pumps. There is 
potential this infrastructure has created a preferential pathway for contaminants to enter 
the groundwater in this source area.  

Surface water drainage channels throughout the source area were dry and as such no 
samples were collected. A down-gradient surface water sample reported concentrations 
exceeding drinking water and recreation water guidance values. PFAS was also reported 
in sediments collected from drainage lines, indicating soil and sediment impacts are 
leaching into surface water during rainfall. 
 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 1.97 mg/kg 
Surface Water: Not sampled, dry during DSI (Golder, 2018)   
Groundwater: 7.65 µg/L 

Est. soil volume* 1,216 m3 
Est. mass of 
PFOS + PFHxS in 
soil* 

4.31 kg 

Source Area 9 – POL Building 490 [South Bandiana, Kiewa River Catchment] 
Description and 
risk contribution 
mechanism 

The Petroleum, Oils and Lubricants (POL) point is located to the west of the main 
entrance to South Bandiana. The POL is the main transport refuelling depot for the BMA 
and contains three self-bunded (double skinned) above ground storage tanks (ASTs) and 
an in-ground puraceptor installed during 2014. A 90 L AFFF fire extinguisher was 
observed during the site inspection and site personnel indicated that a foam locker may 
have been present at the POL historically. A foam locker was described as generally 
containing two to four 20 L drums of AFFF and hoses which could be used in the event 
of a fuel fire.  

Stormwater runoff from the POL Point is captured in stormwater drains or open spoon 
drains, which drain to the stormwater ponds (wetlands) at the entrance to South 
Bandiana. While there have been numerous environmental investigations at the POL, 
there has been no known analysis for PFAS in soil or groundwater.  

Soil samples were not collected from the area during the DSI.  

Moderately deep groundwater (>15 mbgs) with concentrations of PFAS generally below 
the detection limits. Perched groundwater (<3 mbgs) was identified with concentrations 
of PFAS exceeding the drinking water and recreation water guidance values.  

The PFAS impacts in the perched groundwater suggest there is a source of PFAS within 
the soils within the area, and this is leaching into the perched water. The absence of 
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PFAS within the deeper groundwater suggests there is limited vertical migration of the 
perched groundwater into the underlying shallow groundwater in the area.  

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: Not sampled – sealed ground 
Surface Water: Not sampled – dry during DSI (Golder, 2018) 
Groundwater: 7.65 µg/L 

Est. soil volume* Not estimated, as concentrations less than 1 mg/kg 
Est. mass of 
PFOS + PFHxS in 
soil* 

Not estimated, as concentrations less than 1 mg/kg 

Source Area 10 – Former Unit Training Area, between Warehouse 1 and 2 [North Bandiana, Kiewa 
River Catchment] 
Description and 
risk contribution 
mechanism 

Unit fire training was undertaken on the open ground between Warehouses 1 and 2 on 
North Bandiana. It was indicated that the area was also used for burning bulky wood 
wastes, hence became the point for fire training activities, and training generally occurred 
once a year. 

Low concentrations of PFAS in soil and sediment below adopted human health guidance 
values were detected.   

Shallow groundwater (<10 mbgs) reported no exceedances of the human health 
guidance values. The limited groundwater impacts, and general decrease in soils 
concentrations with depth suggest, vertical leaching from soil to groundwater is limited 
within the area. 

Surface water drainage channels throughout the source area were dry and as such no 
samples were collected. However, it is likely that the low levels of PFAS identified in the 
soil and sediment are leaching into surface water during rainfall. However, based on the 
concentrations reported in the soils and sediments, the contribution from this source area 
is relatively minor. 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 0.014 mg/kg 
Surface Water: Not sampled - dry 
Groundwater: Not detected 

Est. soil volume* Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area.  

Est. mass of 
PFOS + PFHxS in 
soil* 

Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Source Area 11 – Fire Extinguisher Disposal [North Bandiana, Kiewa River Catchment] 
Description and 
risk contribution 
mechanism 

The area surrounding Warehouse 13 (Building 78), located along the southern boundary 
of North Bandiana, was reported to have been used to empty expired fire extinguishers, 
with the extinguishers emptied near the warehouse loading dock to the east and near an 
annex to the north.   

Low concentrations of PFAS in soil and sediment below adopted human health guidance 
values were detected.  

Shallow groundwater (<10 mbgs) reported no exceedances of the human health 
guidance values. The limited groundwater impacts, and general decrease in soils 
concentrations with depth suggest, vertical leaching from soil to groundwater is limited. 

One surface water sample was collected which exceeded the drinking water guidance 
values. It is likely that the low levels of PFAS identified in the soil and sediment are 
leaching into surface water during rainfall. However, based on the concentrations 
reported in the soils and sediments, the contribution from this source area is relatively 
minor. 
 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 0.0041 mg/kg 
Surface Water: 0.0895 µg/L 
Groundwater: Not detected 

Est. soil volume* Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Est. mass of 
PFOS + PFHxS in 
soil* 

Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Source Area 12 – Armoured Vehicle Maintenance Training [North Bandiana, Kiewa River Catchment] 
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Description and 
risk contribution 
mechanism 

Building 100 was identified as an area where foams were historically stored, and 
potentially used. The building is where Heavy Armoured Vehicle maintenance training 
occurs, and the facility included a small POL located to the east (Building 598). The 
building previously had a “foam locker”, which was described as a steel cabinet 
approximately 1.5 m tall and 2.5 m wide containing between four and five 20 L drums of 
foam concentrate along with the associated fire-fighting equipment. 
Moderately deep groundwater (>10 mbgs) reported PFAS exceedances of the drinking 
water guidance values. The general decrease in soil concentrations with depth is not 
apparent, and the presence of groundwater impacts suggest, vertical leaching from soil 
to groundwater is occurring within the area. However, based on the concentrations 
reported in the groundwater, the contribution from this source area is relatively minor. 
Only minor surface water drainage channels were present in the source area, as such no 
samples were collected. However, it is likely that the low levels of PFAS identified in the 
soil are leaching into surface water during rainfall. However, based on the concentrations 
reported in the soils, the contribution from this source area is relatively minor. 
 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 0.0123 mg/kg 
Surface Water: Not sampled as part of DSI scope 
Groundwater: 0.09 µg/L 

Est. soil volume* Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Est. mass of 
PFOS + PFHxS in 
soil* 

Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Source Area 13 – Current Fire Station [East Bandiana, Kiewa River Catchment]  
Description and 
risk contribution 
mechanism 

The Current Fire Station was constructed in 1993 and is part of East Bandiana. The fire 
station comprises the main building (Building 411) which houses fire trucks and office 
space, two storage sheds including one to the east (Building 588) and one to the west 
(Building 956) of the main building, and a vehicle wash point with an associated triple 
interceptor located to the west of the main building.   
Low concentrations of PFAS were detected in the upper soil profile below the adopted 
human health guidance values. The vertical extent of PFAS impact has not been 
quantified.  
High concentrations of PFAS were detected in shallow groundwater (<10 mbgs) with 
concentrations exceeding both drinking water and recreational water guidance values. 
The general decrease in soil concentrations with depth is not apparent, and the presence 
of groundwater impacts suggest, vertical leaching from soil to groundwater is occurring 
within the area. PFAS concentrations in the deep groundwater well installed in the 
source area were significantly lower. Suggesting the vertical distribution of PFAS within 
the aquifer is limited to the shallower portions of the aquifer. 
The PFAS groundwater plume extends to the eastern boundary of East Bandiana 
towards the Kiewa River floodplain (used for agricultural purposes). The extent of the 
plume off-Base is unknown. However, based on seepage water samples collected as 
part of the HHERA (Golder, 2020), it is evident that during selected times of the year 
groundwater is contributing to off-site surface water impacts on the Kiewa River 
floodplain, adjacent to East Bandiana.  
Stormwater runoff from the area generally enters below ground stormwater drains or 
open swale drains which lead to detention basins and eventually discharge to the Kiewa 
River floodplain to the east.  
Surface water drainage channels throughout the source area were dry and as such no 
samples were collected. However, it is likely that the low levels of PFAS identified in the 
soil and sediment are leaching into surface water during rainfall. As most of the surface 
water channels were dry at the time of sampling the contribution from this source area 
via the surface water migration pathway is unclear. 
 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 3.3 mg/kg 
Surface Water: Not sampled - dry 
Groundwater: 118 µg/L 

Est. soil volume* 960 m3 
Est. mass of 
PFOS + PFHxS in 
soil* 

5.7 kg 

Source Area 14 – Former Unit Fire Training Building 592 [East Bandiana Kiewa River Catchment] 
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Description and 
risk contribution 
mechanism 

Unit fire training was reportedly undertaken on the open ground adjacent to Building 592. 
The time frame, type of AFFF used, frequency and magnitude of the fire training were not 
able to be provided. The area was primarily flat and ponded surface water was observed.  
Low concentrations of PFAS were detected in the upper soil profile below the adopted 
human health guidance values. The general decrease in soils concentrations with depth 
suggest vertical leaching from soil to groundwater is limited within the area.  
Moderate concentrations of PFAS were detected in shallow groundwater (<10 mbgs) 
with maximum concentrations of 32.0 µg/L PFOS + PFHxS exceeding both drinking 
water and recreational water guidance values. The continuity of the groundwater 
concentrations across East Bandiana indicates the PFAS identified in groundwater in the 
source area, which is adjacent to the eastern down-gradient boundary of the site, is likely 
to be primarily attributed to Source Area 13. 
Surface water drainage channels throughout the source area were dry and as such no 
samples were collected. However, it is likely that the low levels of PFAS identified in the 
sediment and soil are leaching into surface water during rainfall. However, based on the 
concentrations reported in the soils and sediments, the contribution from this source area 
is relatively minor. 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 0.0027 mg/kg 
Surface Water: Not sampled - dry 
Groundwater: 32 µg/L 

Est. soil volume* Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Est. mass of 
PFOS + PFHxS in 
soil* 

Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Source Area 15 – Former Unit File Training, former Football Field [East Bandiana, Kiewa River 
Catchment] 
Description and 
risk contribution 
mechanism 

Unit fire training was reportedly undertaken on the former football field located in the 
south-eastern corner of East Bandiana. The time frame, type of AFFF used, frequency 
and magnitude of the fire training were not able to be provided. The area was primarily 
flat and ponded surface water was observed. 
Low concentrations of PFAS were detected in the upper soil profile below the adopted 
human health guidance values. The general decrease in soils concentrations with depth 
suggest vertical leaching from soil to groundwater is limited within the area.  
Low concentrations of PFAS were detected in shallow groundwater (<10 mbgs) with 
maximum concentrations of 0.27 µg/L PFOS+PFHxS exceeding the drinking water 
guidance values.  The continuity of the groundwater concentrations across East 
Bandiana indicates the PFAS identified in groundwater in the source area, which is 
adjacent to the eastern down-gradient boundary of the site, is likely to be primarily 
attributed to Source Area 13.  
There were no surface water drainage channels in the source area and as such no 
samples were collected. However, it is likely that the low levels of PFAS identified in the 
soil are leaching into surface water during rainfall. However, based on the concentrations 
reported in the soils, the contribution from this source area is relatively minor. 
 

Max. PFOS + 
PFHxS 
concentrations 

Soil / Sediment: 0.0012 mg/kg 
Surface Water: Not sampled as part of DSI scope 
Groundwater: 0.27 µg/L 

Est. soil volume Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

Est. mass of 
PFOS + PFHxS in 
soil 

Not estimated as PFAS was measured at concentrations below guideline values across a 
widespread area. 

* Mass Estimate Notes:  
- Estimates of the volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones with 
concentrations greater than 1 mg/kg.  
- Volume estimates were based on data collected for the DSI, which is limited and judgements have been made regarding 
estimated areas of impact based on available data and known historic site practices. 
- A nominal 20 m radius has been adopted where an absence of nearby data points prevents delineation.  
- The maximum PFOS + PFHxS concentration has been conservatively adopted.  
- Soil mass calculated assuming a bulk density of 1,800 kg/m3. 
- Estimated areas of impact are shown on Figure 7 attached.  
- Mass estimate calculations are summarised in the following table: 
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Source 
Area 

A  
Max PFOS + 

PFHxS (kg/kg) 

B 
Est. Area of 
Impact (m2) 

C  
Est. Impact 

Thickness (m) 

D  
Est. Soil Volume 

(m3) 
(D = B x C) 

E 
Est. Soil Mass 

(kg) 
(E = D x 1,800) 

F 
PFOS +PFAS Est. 

Mass (kg) 
(F = A x E) 

1 1.04E-06 1630 0.5 815 1,467,000 1.53 
2 1.33E-05 1025 0.5 513 922,500 12.27 
5 1.26E-05 1290 0.5 645 1,161,000 14.63 
7 1.97E-06 1520 0.8 1216 2,188,800 4.31 

13 3.30E-06 480 2 960 1,728,000 5.70 
 

4.1.1 Protected Beneficial Uses 

In accordance with the Victorian Land SEPP (2002) (Land SEPP) and the Victorian Water SEPP 
(2018) (SEPP Waters), the benef icial uses which have been considered as applicable to the 
Management Area are discussed below and summarised in Table 4. This consideration applies to 
either Segment A or Segment B benef icial uses as outlined in the SEPP Waters (2018). These 
SEPPs are further discussed in Appendix A, and have been discussed within the DSI (Golder, 2018) 
and the HHERA (Golder, 2020). 

In summary, based on these SEPPs, the following are considered as the benef icial uses of  the land, 
surface water and groundwater that, if  precluded (whether realised or not realised) will require 
restoration (where practicable) and/or management: 

• Human health, buildings and structures and aesthetics (land):  

The Management Area includes a wide range of  zoned land uses, including commercial / 
industrial, rural agricultural, recreation / open space and several sensitive uses, such as 
residents, a primary school, and childcare centres. The users of  these dif ferent properties are 
potential receptors.   

In addition to the protection of  human health, under the Land SEPP (2002), contamination 
must not cause the land to be corrosive or to adversely af fect the integrity of  structures or 
building materials, and must not be of fensive to the senses of  human beings.  

• Food production (land), irrigation, stock watering, agriculture and gardens (water): 

On-Base, portions of  South Bandiana along the base of  Bears Hill and North Bandiana to the 
south-east of  the Unnamed Creek are used for sheep grazing.  

Of f -Base and surrounding properties are zoned for agricultural and/or residential land use and 
were observed to be used for cattle grazing and also sheep grazing may occur but was not 
observed of f the Base. Home produce gardens and chickens (for eggs) were also observed 
of f  the Base. Livestock, specifically beef  cattle, whether produced for market or for home 
consumption, were observed to consume water sourced f rom surface water, particularly 
oxbow lakes. Groundwater extraction for watering home produce garden and chicken (for 
eggs) was also observed east of  East Bandiana.  

Defence understands f rom information provided by Goulburn-Murray Water there are no 
licenced of f-take extraction points in the Kiewa River (including the Unnamed Creek) or the 
Jack in the Box Creek within the Management Area though there are a small number of  
licenced extractors in the Wodonga Creek. These extractors in the Wodonga Creek include 
North East Waters’ of ftake for the municipal town supply. Except for the North East Water 
extraction, details on the extractors within Wodonga Creek may include irrigation, stock 
watering, agriculture and gardens. Additionally, there is the potential for unlicenced extraction 
to be occurring.  
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There are eight bores licenced for domestic and stock use, and three for irrigation purposes 
within the Management Area. The DSI (Golder, 2018) provides a detailed review of  registered 
bore licences. 

Observations during site investigation works identif ied two yabbie traps, one within Jack in the 
Box Creek to the north-west of  the South Bandiana boundary fence and one along the 
Unnamed Creek as it exits North Bandiana underneath Whytes Road. Wild deer were also 
spotted on Bears Hill and along the Kiewa River f loodplain. It was reported by local residents 
that deer are hunted locally, and duck hunting is also practiced within the region. Well 
established f ruit trees, and vegetable gardens were also observed in the general surrounding 
area during the investigations. 

• Potable water supply (water):  

The North East Water extraction point is located on Wodonga Creek and is up-gradient of  the 
primary conf luence with Jack in the Box Creek. Based on information provided by North East 
Water, it is also understood that Wodonga Creek is inf luenced by both the Kiewa River and 
the upper Murray River.  

Based on the WUS results, the majority of  respondents were connected to mains water and 
use mains water as the primary potable supply. Of  the responses, four properties were not 
connected to mains water, and of  these, three used harvested rainwater as the potable 
supply. The remaining property used a combination of  harvested rainwater and extracted 
groundwater as the potable supply. During the HHERA (Golder, 2020), an additional property 
was identif ied within the Management Area to be using extracted bore water for irrigation of  
home grown produce and drinking water for chickens. The produce (f ruit, vegetables and 
eggs) is for home consumption, and is not sold commercially.  The concentrations of  PFAS in 
water f rom the bore, and a swimming pool periodically toped up with the bore water, were 
above the drinking water guideline values but below the recreational guideline values. The 
risks associated with use of  extracted water for home produce and chicken were assessed 
within the HHERA (Golder, 2020).  

Eight registered domestic stock bores were identif ied within the Management Area, and 
based on the classif ication of the groundwater (Segment A) the use of  groundwater for 
domestic supply is a protected benef icial use.  

• Industrial water use (water):  

Groundwater is not extracted on the Base, therefore this benef icial use is not currently 
realised on the Base.  

There are numerous industrial properties to the north-west of  the BMA (within the Jack in the 
Box Creek catchment), where groundwater may be extracted for industrial use, with seven 
bores licenced for unknown or “non-groundwater” use within the Management Area. No 
industrial water use was identif ied through the WUS, however one commercial property with a 
registered extraction bore used groundwater to water the grounds for aesthetic purposes. 

• Primary contact recreation (water):  

Groundwater is not extracted on the Base, and on-Base watercourses are not used for 
primary contact recreation (e.g. swimming). However, groundwater and surface water f rom 
BMA discharges to either the Kiewa River (to the east) or via Jack in the Box Creek to 
Wodonga Creek (an anabranch of  the Murray River, to the north-west) where a range of  
primary and secondary contact (e.g. boating, kayaking, swimming) recreational activities 
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occur. Furthermore, while the WUS responses did not indicate surface water extraction was 
occurring within the Management Area, extracted surface water can be used as a 
supplementary supply for swimming pools or other domestic purposes.  Eight bores are 
licenced for domestic or stock use within the Management Area.  With the exception of  two 
properties, the investigations did not indicate the extraction of  groundwater for domestic 
purposes.  

• Maintenance of ecosystems (water): On-Base and off-Base 

Portions of  the BMA, and the surrounding areas include natural, modif ied and highly modif ied 
environments where ecological receptors are likely to be present. Aquatic and terrestrial 
ecosystems, both on- and of f -Base are protected receptors. 

Table 4: Summary of Protected Beneficial Uses and Potential Receptors 

Beneficial Use (as defined under 
Victorian environmental policy) 

SEPP Potential Receptor 

Human Health Land On-Base residents & sensitive receptors 

On-Base workers 

On-Base army personnel 

Of f -Base residents & sensitive receptors  

Of f -Base recreational users 

Of f -Base commercial / industrial workers 

Food Production, Irrigation, Stock, 
Agriculture and Gardens 

Land 

Water 

On-Base residents & sensitive receptors 

On-Base army personnel 

Of f -Base residents & sensitive receptors  

Of f -Base recreational users 

Potable Water Supply Water On-Base residents & sensitive receptors  

Of f -Base residents & sensitive receptors  

Primary contact recreation Water Recreational users of  creeks, rivers & oxbows 

Industrial water use1 Water Of f -Base commercial / industrial users 

Buildings and Structures2 Water Of f -Base residents & sensitive receptors 

Maintenance of  ecosystems / Water 
dependent ecosystems and species3 

Land 

Water 

Terrestrial ecosystems 

Aquatic ecosystems 

Traditional Owner Cultural Values4 Water Of f -Base residents & sensitive receptors 

Cultural and spiritual values4 Water 

 

Of f -Base residents & sensitive receptors 
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Beneficial Use (as defined under 
Victorian environmental policy) 

SEPP Potential Receptor 

Geothermal5 Water Of f -Base commercial / industrial users 

Notes:    
1. Water quality criteria for industrial water use are use-specific and an assessment of precluded uses could not be determined. 
Protection of primary contact recreation beneficial uses was anticipated to also be protective of industrial and commercial use 
in most circumstances.  
2 Typically, comparison of groundwater parameters with reference values within the Australian Standard AS2159-2010 “Piling – 
Design and Installation’ is made for the purpose of assessing potential impact to buildings and structures. However, this was 
not part of the PFAS investigation scope, therefore protection of primary contact recreation beneficial uses was anticipated to 
also be protective of buildings and structures in the majority of circumstances 
3. The beneficial use of Water dependent ecosystems and species applies at the point of groundwater discharge to surface 
water.   
4. The beneficial uses of Traditional Owner cultural values and Cultural and spiritual values are considered to be potentially 
precluded when beneficial uses of water dependent ecosystems and species (at the point of groundwater discharge) and/or 
extractive beneficial uses were precluded, excepting for naturally occurring contaminants, and background/regional pollution 
5. The beneficial use of geothermal properties is unlikely to be realised as the groundwater temperature recorded on and off-
site is below the temperature range (30ºC-70ºC) provided in SEPP (Waters) for geothermal properties. 

4.1.2 Potential Human Health Receptors 

Based on information collected f rom stakeholders during consultation within the DSI (Golder, 2018) 
and HHERA (Golder, 2020), several key potential exposure scenarios were identif ied as currently 
being realised within the Management Area. It was also apparent that there were additional key 
potential exposure scenarios which were not currently being realised but are potentially occurring 
within the Management Area. These potential exposure scenarios may either be occurring 
unbeknown to the project, or they could reasonably occur in the future and/or are related to a 
precluded benef icial use. As such, the potential exposure scenarios were also assessed as part of  the 
HHERA (Golder, 2020). 

The scenarios identif ied as currently being realised included the following;  

• Home consumption of  sheep (meat) raised on-Base. 

• Extraction of  water f rom Wodonga Creek by North East Water for the municipal town supply.  

• Home consumption of  cattle (meat and of fal) raised within the northern pastoral areas (refer 
to Figures 6a – 6c, attached). 

• Residents who consume home grown produce (vegetables) and poultry eggs watered with 
groundwater extracted f rom adjacent to the northern section of  East Bandiana. 

• Recreational users (e.g. swimming, boating) within the Wodonga Creek, Kiewa River and 
Unnamed Creek waterways (refer to Figure 2, attached). 

• Consumption of  Murray Cod recreationally caught f rom the Kiewa River. 

• Consumption of  crustaceans recreationally caught f rom Jack in the box Creek and Unnamed 
Creek. 

The unrealised exposure pathways with potential for elevated risk of  PFAS exposure were identif ied 
as 

• Use of  groundwater as drinking water and/or stock watering.  

• Home consumption of  cattle (meat and of fal) f rom the southern pastoral area. 

• Home consumption of  recreationally caught f inf ish (carp and blackf ish), and yabbies f rom 
oxbow lakes on Kiewa River f loodplain. 
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• Home consumption of  recreationally caught carp collected f rom a section of  the Kiewa River, 
oxbow lakes of  the Kiewa River f loodplain and Unnamed Creek.  

• Home consumption of  vegetables or poultry eggs (chickens) watered with surface water 
extracted f rom the oxbow lakes on the Kiewa River f loodplain adjacent to East Bandiana.  

• Home consumption of  vegetables or poultry eggs (chickens) watered with groundwater on the 
Kiewa River f loodplain adjacent to East Bandiana southern section.  

• Incidental ingestion associated with recreational use (e.g. swimming) in surface water within 
the oxbow lakes on the Kiewa River f loodplain adjacent to East Bandiana. 

4.1.3 Potential Ecological Receptors 

The HHERA (Golder, 2020) concluded that:  

• Concentrations of  PFOA in soil and surface water indicate that risks posed to off-Base 
terrestrial and aquatic receptors are low and acceptable. 

• Concentrations of  PFOS in of f -Base soil indicate risks to of f-Base terrestrial receptors are low 
and acceptable. However, receptors whose home-ranges extend into on-Base areas (where 
concentrations of  PFOS in soil are greater than screening guidelines), risks may not remain 
low and acceptable; and  

• There was a greater potential for adverse ef fects on aquatic receptors in the oxbows to the 
east of  East Bandiana and in the Jack in the Box Creek. The HHERA also concluded that the 
risk to avian and mammalian consumers of  aquatic biota was potentially unacceptable for 
oxbows to the east of  East Bandiana, Unnamed Creek, Jack in the Box Creek and Kiewa 
River down-gradient of  East Bandiana and North Bandiana. 

4.2 Risk listing and consequences 

The HHERA (Golder, 2020), concluded that the human health risks to both on-Base and of f -site 
receptors, under the current exposure conditions are low and acceptable. The only potentially 
unacceptable human health risks were associated with unrealised scenarios, which were assessed as 
part of  the HHERA to inform stakeholders of  potential future risks.  

Based on information collected during the DSI (Golder, 2018) and HHERA (Golder, 2020), several 
key potential exposure scenarios included the potential for maintenance or construction workers to be 
exposed to PFAS. The current and realised exposure pathways included:  

• Incidental ingestion or direct contact with soil, sediment, surface water or groundwater. 
 

• Inhalation of  dust arising f rom soil or sediment. 

The HHERA (Golder, 2020) concluded that the risks were low and acceptable, under current 
exposure conditions but management is required to ensure exposure remains low through the 
implementation of  task appropriate work health and safety controls. As such, the reader’s attention is 
drawn to the Commonwealth Work Health and Safety Regulations (2011), and the Defence WHS 
manual which provides safety policy and procedures with electronic links to corporate tools, services 
and expert advice to address the management of  activities where people are exposed to potential 
hazards. 

The reader’s attention is also drawn to the PFAS Construction Maintenance Framework (PFAS CMF) 
(Defence, 2018), as referenced in Section 1.4 and detailed in Appendix A. The PFAS Construction 
and Maintenance Framework provides guidance on the management of  PFAS during construction 
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and maintenance projects. Therefore, in accordance with the PFAS Response Management Strategy, 
the risks associated with general maintenance or construction activities are not assessed further 
within this PMAP.  

Therefore, the table below (Table 5) summarises the following elevated risks associated with potential 
future scenarios (i.e. unrealised scenarios):  

1. Risk ID#1: On-Base Field Training Activities 
2. Risk ID#2: Use of  groundwater as drinking water, and/or stock watering 
3. Risk ID#3: Use of  surface water and groundwater on the Kiewa River f loodplain east of  East 

Bandiana, including the southern pastoral area 
4. Risk ID#4: Consumption of  carp f rom the Unnamed Creek and a section of  the Kiewa River  
5. Risk ID#5: Exposure of  terrestrial ecological receptors to on-Base impacted soils 
6. Risk ID#6: Exposure of  ecological receptors in surface water, and exposure of  higher order 

avian and mammalian predators 

Table 5 provides details of  the potential elevated risks and potential risk sources, precluded benef icial 
uses and the potential consequences if  the risks were to be realised in the future.  
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Table 5 Risk Listing and Consequences 
G

en
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Risk ID 1 2 
Title On-Base Field Training Activities Use of groundwater as drinking water and/or stock watering. 

Location & Extent 
The Close Training Area (CTA), which is in the western portion of South Bandiana in the Jack in the Box Creek 
Catchment. And surface water across South, North and East Bandiana used for training purposes such as the 
Petroleum Platoon pond (Source Area 5). 

On-Base groundwater across South, North and East Bandiana, and off-Base groundwater within;  
- the lower portion of Jack in the Box Creek;  
- along the Unnamed Creek to its confluence with the Kiewa River; and  
- east of East Bandiana.  
It is noted that the lateral extent of PFAS impacted groundwater has not been delineated.   

Description Concentrations of soil and sediment in the CTA exceeded the adopted human health open space soil screening 
guidance values. However, training occurs in the area twice a year, with the longest training being two weeks in 
duration. Training activities mostly involve ‘patrolling’, (i.e. walking), wearing complete uniforms, body armour 
and packs. There is no significant soil disturbance (i.e. digging). A trainee would typically undertake training 
once, during an 18-month rotation.  
Surface water exceeded the recreational water screening guidance values in samples collected from both within 
the source areas and along drainage lines across the Base. There is a potential exposure may occur if people 
routinely accidently swallow the impacted surface water during training activities. 

Two groundwater wells installed along the banks of the Jack in the Box Creek reported concentrations of PFAS 
in groundwater above drinking water guidance values. A groundwater well installed along the Unnamed Creek 
near the confluence with the Kiewa River reported concentrations exceeding drinking water guidance values, 
and groundwater concentrations along the eastern (down-gradient) boundary of East Bandiana reported 
concentrations exceeding drinking water guidance values.  
It is also noted that exceedance of drinking water guidance values, also precludes the protected groundwater 
beneficial use “stock watering”, when conservatively adopting drinking water objectives for assessment of stock 
watering. Furthermore, the HHERA (Golder, 2020) concluded the consumption of eggs from home-grown poultry 
watered with extracted groundwater is potentially unacceptable for groundwater in the lower portion of the Jack 
in the Box Creek Catchment, and east of East Bandiana (southern portion).  
Due to the availability of mains water and based on the results of the water use survey and the search of the 
registered groundwater bore database, the widespread extraction of groundwater is not considered to be 
occurring within the catchment. 

SP
R
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Primary Sources Source Area 1 – Petroleum Platoon Former Fire Training Ground 
Source Area 2 – Base Fire Services Former Fire Training Ground 

Source Area 5 - Petroleum Platoon Fuel Handling Facility  
Source Area 6 – Current Fire Training Area 
Surface water impacts are also receiving contributions from Source Areas 9 - 15 

PFAS Source Areas in the Jack in the Box Creek catchment including SA1, SA2, SA5 and SA6. 
PFAS Source Areas upgradient of the Unnamed Creek including SA5, SA9, SA10, SA11 and SA12. 
PFAS Source Areas on East Bandiana including SA13, SA14 and SA15 

Secondary 
Sources 

Surface soils and sediments within Source Area 1 and 2.  
Leaching of contaminants from impacted soil and sediment sources into surface water. 
Overland surface water flow from areas of impacted surface soil and sediment. 

Entrainment and leaching of contaminants from impacted soil and sediment sources into surface water, and 
subsequent surface water / groundwater interactions. 

Contributing 
Sources (off-Base) 

Not applicable. Potential additional sources in the Jack in the Box Creek catchment include the Wodonga Fire Station and 
Country Fire Authority.   

Pathways Incidental ingestion or inhalation of soil, sediment and surface water. Extraction of groundwater and direct exposure via ingestion. 
Extraction of groundwater and indirect exposure via the consumption of home-grown produce (beef, and eggs) 

Receptors Military personnel Army personnel, On-Base residents, site visitors, and maintenance workers.  
Local residents (however extraction of shallow groundwater is unlikely given the availability of mains water and 
based on the results of the water use survey and groundwater bore search). 

Precluded 
Beneficial Use 
(unrealised) 

Primary Contact Recreation Potable Water (desirable / acceptable / mineral supply) 
Agriculture and irrigation (stock watering, and irrigation - poultry for the consumption of eggs) 

C
on

se
qu

en
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Current Impacts Low and acceptable under current exposure conditions. 
The source areas are contributing to PFAS impacts in Jack in the Box Creek during rainfall (i.e. ongoing source 
of PFAS impact to off-Base environments). 

Low and acceptable – One property, was confirmed to be using groundwater as potable water that was 
assessed during the DSI to be low and acceptable.  

Potential Impacts Potential impacts are low due to the short duration of potential exposure, the absence of a concentrated source 
of PFAS, and training practices do not include soil disturbance or frequent contact with surface water.  

The PFAS concentrations identified in the groundwater within the lower Jack in the Box Creek catchment, and 
within the Kiewa River catchment preclude the use of groundwater for potable water, stock watering, and 
irrigation of poultry for the consumption of eggs. 

Temporal Risks Ongoing source of PFAS impact to off-Base environments through discharge of surface water from site drainage 
channels / creeks. 

Ongoing contribution of PFAS from discharge of surface water from site drainage lines and subsequent 
infiltration to groundwater. 

M
an

ag
em
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Defence Confirm legacy AFFF products have discontinued use. Confirm legacy AFFF products have discontinued use. 
Stakeholders None Landowners, Community, Goulburn Murray Water, Department of Economic Development, Jobs, Transport and 

Resources (including Agriculture Victoria and the Victorian Fisheries Authority), Prime Safe, Department of 
Environment, Land, Water and Planning, Department of Health and Human Services and EPA Victoria 
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Risk ID 3 4 

Title Use of surface water and groundwater on the Kiewa River floodplain east of East Bandiana, including the 
southern pastoral area.  

Consumption of carp from the Unnamed Creek and a section of the Kiewa River 

Location & Extent 
The oxbows (floodplain features) directly east of East Bandiana on the western Kiewa River floodplain (i.e. 
south of the Murray Valley Highway and north of Middle Creek). The oxbows east of East Bandiana are on 
private property and leased crown land. 

In channel and flood plain environments (ox bow lakes) of the Kiewa River and Unnamed Creek. 

Description Exceedances of human health drinking water and recreation water guidelines for PFOS+PFHxS were identified 
in oxbows directly east of East Bandiana and in seepage water. The oxbows on the western Kiewa River 
floodplain in this area receive PFAS impacted groundwater and surface water from East Bandiana. The land 
use in this area is agricultural (farming of beef cattle) and low density residential. The extent of impacted 
groundwater has not been delineated. 

Carp caught from various sampling locations in the Kiewa River and Unnamed creek exceeded the PFOS and 
PFOS+PFHxS guidance values for finfish.  
 
Based on the highly variable PFOS and PFHxS concentrations in carp across the various sampling locations, 
human health risk from the consumption of carp are potentially unacceptable. However, information collected 
as part of the HHRA indicate that the carp are not highly sought after by recreational fishers hence 
consumption is not considered to be a common practice but cannot be ruled out. Action may be required to 
manage this potential exposure pathway into the future. 
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Primary Sources PFAS Source Areas on East Bandiana, primarily SA 13 (Current Fire Station), and to a lesser extent SA14 and 
SA15. 

PFAS Source Areas upstream of the Unnamed Creek including SA5, SA9, SA10, SA11 and SA12.  
PFAS Source Areas on East Bandiana, primarily SA 13 (Current Fire Station), and to a lesser extent SA14 
and SA15. 

Secondary Sources  Entrainment and leaching of contaminants from impacted soil and sediment sources into groundwater and to a 
lesser extent surface water, and subsequent surface water / groundwater interactions within the floodplain 
environment. 

Entrainment and leaching of contaminants from impacted soil and sediment sources into surface water, and 
subsequent surface water / groundwater interactions. 
Surface water and stormwater runoff. 
Discharge of impacted groundwater to surface water bodies. 

Contributing 
Sources (off-Base) 

None known. None known. 

Pathways Overland flow of surface water (including to the Kiewa River during flood events), and migration of impacted 
groundwater and subsequent discharge into floodplain features. 
Extraction of groundwater and / or use of surface water, and subsequent exposure via:  

- Home consumption of cattle (meat and offal); and / or 
- Home consumption of recreationally caught finfish (carp and blackfish) and yabbies; and / or 
- Home consumption of vegetables or poultry eggs (chickens); and / or 

Incidental ingestion associated with recreational use in the oxbows on the western Kiewa River flood plain (e.g. 
swimming). 

Uptake of PFAS into fish from surface water via the food web, and subsequent human consumption (including 
bioaccumulation). 

Receptors Residents and farmers Residents and recreational fishers consuming carp from the Unnamed creek and a section of the Kiewa River 
(in channel and flood plain environments).  

Precluded Beneficial 
Use (unrealised) 

Potable Water (desirable / acceptable / mineral supply) 
Agriculture and irrigation (stock watering / irrigation) – home consumption of beef, vegetables, and eggs 
Water based recreation (primary contact recreation) 
Human consumption of aquatic foods 

Human consumption of aquatic foods – consumption of carp 

C
on

se
qu
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Current Impacts Low and acceptable under the current exposure conditions.  
Information collected during the investigations (DSI, 2018 and HHERA, 2019), confirmed surface water and / or 
groundwater on the Kiewa River flood plain east of East Bandiana is:  
- not used for drinking water.   
- is used for the irrigation of fruit and vegetables and poultry eggs (groundwater only).  
- is used also used for rearing cattle, however, they are not slaughtered for home consumption (meat or offal). 

Exposure to PFAS (including bioaccumulation) through home consumption of impacted carp however it is 
noted that carp are not a highly sought-after species by recreational fishers. 

Potential Impacts Exposure to PFAS through ingestion if private property owners extract groundwater for recreational purposes, 
and / or incidental ingestion associated with recreational use (e.g. swimming). 
Exposure to PFAS through home consumption of cattle (meat and offal), consumption of vegetables or poultry 
eggs irrigated with surface water or groundwater, and consumption of recreationally caught finfish and yabbies. 

Exposure to PFAS (including bioaccumulation) through home consumption of impacted finfish and 
crustaceans from the oxbows east of East Bandiana. It is noted that the oxbows are on private property and 
fishing is not known to be undertaken by private residents. 

Temporal Risks Ongoing contribution of PFAS from discharge of surface water from site stormwater and subsequent infiltration 
to groundwater. 
Ongoing discharge of impacted groundwater to the Kiewa River and oxbows. 

Ongoing contribution of PFAS from discharge of surface water from site stormwater and drainage lines. 
Ongoing discharge of impacted groundwater. 

M
an
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Defence Confirm legacy AFFF products have discontinued use. Confirm legacy AFFF products have discontinued use. 
Stakeholders Landowners, Community, Goulburn Murray Water, Department of Economic Development, Jobs, Transport 

and Resources (including Agriculture Victoria and the Victorian Fisheries Authority), Department of 
Environment, Land, Water and Planning, EPA Victoria, Prime Safe and Department of Health and Human 
Services 

Landowners, Community, Goulburn Murray Water, Department of Economic Development, Jobs, Transport 
and Resources (including Agriculture Victoria and the Victorian Fisheries Authority), Department of 
Environment, Land, Water and Planning, EPA Victoria, Prime Safe and Department of Health and Human 
Services 
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Risk ID 5 6 

Title Exposure of terrestrial ecological receptors to on-Base impacted soil Exposure of aquatic ecological receptors in surface water, and exposure of higher order avian and mammalian 
predators 

Location & Extent 

On-Base soil impacts in close proximity to source areas SA1, SA2, SA5, SA6, SA7 and SA13 where 
concentrations of PFOS exceeded the adopted ecological guidance values. Concentrations of PFOS in soil (and 
sediment in dry drainage channels) generally decreased away from the source area.  

The HHERA concluded that there was a greater potential for adverse effects on aquatic receptors in the oxbows 
to the east of East Bandiana and in the Jack in the Box Creek. The HHERA also concluded that the risk to avian 
and mammalian consumers of aquatic biota was potentially unacceptable for oxbows to the east of East 
Bandiana, Unnamed Creek, Jack in the Box Creek and Kiewa River down-gradient of East Bandiana and North 
Bandiana. 

Description The HHERA identified that risks to off-Base terrestrial receptors whose home-ranges extend onto on-base areas 
may be potentially unacceptable.  

The off-base waterbodies reported PFOS concentrations in excess of the screening guidance values in all 
cases.  
The HHERA implemented the lowest effect concentration used in derivation of the draft/interim PFOS aquatic 
ecosystems guideline of 0.7 µg/L (DoEE, 2016) for a fish. Water bodies with a PFOS concentrations below this 
guideline have a low potential for adverse effects. All waterbodies reported concentrations below 0.7 µg/L, 
except for the Kiewa River floodplain features (oxbow lakes) adjacent to East Bandiana and Jack in the Box 
Creek. 

SP
R

 L
in

ka
ge

s 

Primary Sources SA1, SA2, SA5, SA6, SA7 and SA13 PFAS Source Areas in the Jack in the Box Creek catchment including SA1, SA2, SA5, SA6 and SA7. 
PFAS Source Areas upstream of the Unnamed Creek including SA5, SA9, SA10, SA11 and SA12. 
PFAS Source Areas on East Bandiana, primarily SA 13 (Current Fire Station), and to a lesser extent SA14 and 
SA15. 

Secondary 
Sources  

PFAS in soil, sediment (in dry drainage channels) and grass Entrainment and leaching of contaminants from impacted soil and sediment sources into surface water. 
Surface water and stormwater runoff. 
Discharge of impacted groundwater to surface water bodies. 

Contributing 
Sources (off-Base) 

Other off-site wider catchment PFAS sources due to potential mobility and migratory nature of terrestrial species 
and higher order predators. 

Potential alternative sources in the Unnamed Creek catchment include the former North Bandiana sewerage 
treatment plant. 
Other off-site wider catchment PFAS sources due to potential mobility and migratory nature of aquatic species 
and higher order predators. 

Pathways Uptake of PFAS into terrestrial receptors from ingestion of grass and incidental ingestion of soil (including 
bioaccumulation). 

Uptake into food web from surface water impacts (including bioaccumulation). 

Receptors Terrestrial fauna such as kangaroos whose home ranges extend onto on-Base areas Aquatic ecological flora and fauna in the oxbows to the east of East Bandiana, Unnamed Creek, Jack in the Box 
Creek and Kiewa River down-gradient of East Bandiana and North Bandiana. 
Higher order ecological receptors (including avian and mammalian) who may feed on aquatic flora/fauna 
(including bioaccumulation). 

Precluded 
Beneficial Use 

Maintenance of ecosystems – modified and highly modified ecosystems Water dependent ecosystems and species 

C
on

se
qu

e
nc

es
 

Current Impacts None confirmed Aquatic ecological receptors were identified to have PFAS concentrations greater than guidance values. 
Potential Impacts Potential adverse effects to ecological health from higher order bioaccumulation within food web. Potential adverse effects to ecological health from higher order bioaccumulation within food web. 
Temporal Risks Ongoing source of PFAS impact to off-Base environments through discharge of surface water from site drainage 

channels / creeks. 
Ongoing contribution of PFAS from discharge of surface water from site stormwater and drainage lines. 
Ongoing discharge of impacted groundwater. 

M
an

ag
em

en
t Defence Confirm legacy AFFF products have discontinued use. Confirm legacy AFFF has been discontinued from use 

Stakeholders Defence Department of Environment, Land, Water and Planning and EPA Victoria  
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5 ONGOING MONITORING PLAN 

5.1 Overview 

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

Changes may result f rom the specif ic or cumulative impact of  remediation or containment actions, 
existing transportation trends, changes to hydrogeology, or weather events. 

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

5.1.1 Objective and purpose 

The objective of  the OMP is to provide information on changes in PFAS contamination originating 
f rom a Defence Base to inform risk management decisions by Defence and State/Territory agencies 
to protect human health and the environment. 

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

• an evidence base for targeted and ef fective 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 af fected 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/Territory advice on types of  exposure-minimisation behaviours (eg, 
consumption of  home produce or seafood) 

• changes to State/Territory advice on boundaries of  a designated Management Area and 
the management zones within 

• changes or ref inements to the monitoring network, f requency and parameters 

5.1.3 Related documentation 

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

5.2 OMP communications 

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

Given that the primary migration pathway for PFAS f rom Bandiana is surface water and groundwater, 
the OMP focuses monitoring ef forts on these media. The OMP includes the following monitoring: 

• On-Base groundwater monitoring at South Bandiana, North Bandiana and East 
Bandiana; 

• Of f -Base groundwater monitoring of  groundwater wells installed along the Kiewa River 
and Jack in the Box Creek; 

• On-Base surface water sampling of  drainage channels, ponds, pipes and creeks; and 
• Of f -Base surface water sampling of  Jack in the Box Creek, Unnamed Creek, Kiewa River 

and oxbows on the Kiewa River f loodplain. 

The locations selected for monitoring are based on the results f rom the DSI and HHERA, as well as 
the uncertainties identif ied following completion of  the DSI (refer to Section 2.4.3). A summary of  the 
monitoring locations is presented in table below (Table 6).  

The initial implementation period of  the OMP will be two years during the implementation of  potential 
management measures and to establish seasonal and spatial trends through biannual and annual 
sampling. Following the initial implementation period, those monitoring data will be incorporated into a 
process to update the conceptual site model (as currently presented in the DSI report), and an 
assessment of  implications for off-site impacts, and potential for exposures by human and ecological 
receptors. On the basis of  this review, an extended implementation period of  the OMP will be 
considered. The review will be based on the data collected including established trends, behavior of  
the plume and any revision of  risk. The review will address the extent of  the monitoring network and 
the f requency of  monitoring.  
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Table 6 Summary of DSI Monitoring Locations (Golder, 2018) 

Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
Biannual Annual Biannual Annual 

On-base Locations 

Jack in the Box 
Creek 

SW302 
SW307  
SW310 

  MW315 
MW317 
MW318 

South Bandiana, On-
Base, Source Area 2 

Locations target surface water and groundwater within 
and downgradient of the source area– all surface water 
locations were dry during DSI, and monitoring well MW18 
was dry during the DSI  

SW311 
SW313 
SW316 
SW321 

  MW304  
MW307  
MW311 

South Bandiana, On-
Base, Source Area 1 

Locations target surface water and groundwater within 
and downgradient the source area – locations SW311, 
SW313 and SW321 were dry during DSI. SW311 and 
MW304 is also the point of discharge off-Base into Jack 
in the Box Creek.  

SW322    MW312 South Bandiana, On-Base SW322 and MW312 is a point of discharge off-Base into 
Jack in the Box Creek and SW322 was dry during the 
DSI. The point is also at the confluence of surface water 
drainage from Source Areas 1 and 2 and Source Areas 
5, 6 and 7. 

SW323 SD323   South Bandiana, On-Base This point represents the confluence of drainage from 
Source Areas 5, 6 and 7, and depositional environment 
prior to discharging off-Base.  

SW324 
SW326 
SW332 
SW336 

  MW04 
MW326 
MW323 

South Bandiana, On-
Base, Source Area 6 

Locations target surface water and groundwater 
discharge from Source Area 6. SW326 was dry during 
the DSI. SW336 is located within the Fire Training Area 
settling pond, SW324 and SW332 target two different 
flow paths from the Source Area.  

SW333 
SW338 

  MW329 South Bandiana, On-
Base, Source Area 5 

Locations target surface water and groundwater 
discharge from Source Area 6. SW333 targets discharge 
to Jack in the Box Creek, SW338 is the large pond within 
the Source Area. SW340 targets discharge to the Kiewa 
River.  

Kiewa River SW340    

Jack in the Box 
Creek 

SW448   MW319,  
MW321 

South Bandiana, On-
Base, Source Area 7 

Location targets surface water and groundwater 
discharge from Source Area 7.  

Kiewa River 
 

SW346  
SW349  
SW355 

SD346 
 
SD355 

 BH111 
 

South Bandiana, On-
Base, Source Area 9, and 
Stormwater Ponds 
(wetlands) 

BH111 targets the perched groundwater identified within 
Source Area 9.  
Surface water locations are targeting discharge into, 
within and discharging from the South Bandiana 
Stormwater Ponds.  
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
Biannual Annual Biannual Annual 
SW370  
SW374  
SW375 

 
 
SD375 

MW345 
MW346 
 

MW342 North Bandiana, On-Base, 
Source Areas 10, 11 and 
12 

SW370 is within the Unnamed Creek, targeting 
contributions from Source Areas 10, 11 and 12. MW342 
targets Source Area 12. MW345 is within the shallow 
Fluvium where potential groundwater / surface water 
interactions maybe occurring. SW/SD375 and MW346 is 
the point of discharge off the Base.  

SW379 
SW380 

 MW06-a 
BH1 
BH2 
MW350_S 
MW350_D 
MW09 
MW16 
MW42 
MW43 
MW35 
MW34 
MW46 
MW47 
MW18 
MW20 
MW12 
MW29 
MW352 
MW353 
MW354 

 East Bandiana, On-Base, 
Source Areas 13, 14 and 
15 

Locations are targeting surface water discharge from 
Source Area 13. Both surface water locations were dry 
during the DSI. The groundwater locations are targeting 
the East Bandiana Ground water plume, which 
emanating from Source Area 13 and discharge off-Base 
across the eastern site boundary. 

SW382  
SW387  
SW388 

SD382 MW351  East Bandiana, On-Base Locations are targeting the points of discharge from East 
Bandiana into the Kiewa River, and Kiewa River 
floodplain. MW351 targets the downgradient boundary 
adjacent to the residential properties.  

Off-Base Locations 

Jack in the Box 
Creek 

SW424 
SW463 

SD424 
SD463 

 MW313 
 

Upper Jack in the Box 
Creek 

Locations are targeting publicly accessible open space 
land use areas where yabby trapping occurs. The 
maximum concentrations within Jack in the Box Creek 
were reported at these locations. MW313 targets the 
residential estate located beyond the South Bandiana 
boundary 

SW427  MW360  Lower Jack in the Box 
Creek 

SW427 is located where the creek passes near sensitive 
land use areas where sensitive receptors  
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
Biannual Annual Biannual Annual 

could be exposed. MW360 is located within the Fluvium 
where elevated concentrations and where potential 
groundwater / surface water interactions maybe 
occurring.   

SW430  MW361  Lower Jack in the Box 
Creek 

MW361 is located within the Fluvium where elevated 
concentrations were reported. SW430 is in proximity to 
groundwater well (MW361) to allow assessment of 
groundwater / surface water interactions. 

SW431    Lower Jack in the Box 
Creek 

SW431 is located where flood diversion structures are 
located, and if uses may result in the release of water 
into Wodonga Creek upgradient of the North East Water 
abstraction point.  

SW432    Lower Jack in the Box 
Creek 

SW432 is located downgradient of several offsite sources 
identified within the DSI.  

SW434    Jack in the Box and 
Wodonga Creek 
confluence 

SW434 is located at the confluence of Jack in the Box 
and Wodonga creek confluence and represents the down 
gradient point of monitoring within the Management Area 
within the Jack in the Box Creek catchment.  

Kiewa River SW409    Unnamed Creek SW409 is located where the creek passes near sensitive 
land use areas where sensitive receptors  
could be exposed. 

SW403  
SW405  
SW412  
SW462 

 
 
SD412 

MW357  Unnamed Creek and 
Kiewa River ox-bows 

Locations SW403 and SW405 are ox-bow lakes within 
the Central Pastoral area, and SW412 and SW462 are 
where the creek passes through the Northern and 
Central Pastoral Areas. 
The HHERA identified potential unacceptable human 
health risks associated with the consumption of carp from 
within the Unnamed Creek. SW462 and MW357 are at 
the point where the Unnamed Channel discharges into 
the Kiewa River. SD412 is a depositional environment 
within the Unnamed Creek on the Kiewa River floodplain. 

SW395 
SW3961  
SW3971  
SW4001  
SW4011  
SW470 
SW4711 

SW4871 

SD395 
SD396 
SD397 
SD400 

OTH0191 
 

 Kiewa River ox-bows Locations are ox-bow lakes located on the Kiewa River 
floodplain within the Southern Pastoral Area. 
SW487 is targeting seepage water, where groundwater 
seeps were identified on the terrace separating the upper 
and lower Kiewa River flood plain during the HHERA.  
MW356 targets the assessment of groundwater/ surface 
water interactions at the Kiewa River.  
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
Biannual Annual Biannual Annual 
 OTH019 is a point of use sample, where bore water is 

used for irrigation of home grown produce and drinking 
water for chickens. 

SW390    Kiewa River – main 
channel 

SW390 is the Kiewa River background location, and 
represents conditions upstream of the Baranduda WTP 
and Middle Creek 

SW393    Middle Creek SW393 is located within Middle Creek and represents 
potential contributions from the Middle Creek catchment. 
The HHERA identified potential unacceptable human 
health risks associated with the consumption of carp from 
within the Middle Creek. 

SW398 
SW404 

 MW356  Kiewa River – main 
channel 
 

Locations are located within the Kiewa River main 
channel and represent conditions down gradient of the 
on-Base discharges, and where recreational activities 
commonly occur within the river. MW356 targets the 
assessment of groundwater/ surface water interactions at 
the Kiewa River 

SW416    SW416 is located within the main Kiewa River channel at 
the point of confluence with the Unnamed Creek, is 
located and where recreational activities commonly occur 
within the river and represents the down gradient point of 
monitoring within the Management Area within the Kiewa 
River catchment.  

Notes: 
1 - Indicates private property 
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5.4 OMP review 

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

6.1 On-Base Options identification and analysis 

Management options identif ication and analysis for BMA focuses on the following major PFAS source 
areas: 

• Soil / sediment and surface water in Source Areas 1, 2, 5, 6 and 7;  

• Perched groundwater in Source Area 9; and 

• Soil / sediment and groundwater in Source Area 13.  

The DSI (2018) identif ied that Source Areas 10, 11 and 12 (located on North Bandiana), had a 
relatively lower mass of  PFAS when compared with the primary Source Areas identif ied above (refer 
to Section 4.1), and the primary migration pathway (or mode of  transport) for PFAS of f South 
Bandiana and North Bandiana is surface water. Therefore, the management of  these source areas 
has not been assessed in detail, rather the potential contribution f rom the these source areas was 
considered through the assessment of  management options for the drainage channels, stormwater 
ponds and pipes across the wider BMA (i.e. not just within Source Areas). Additionally, the DSI 
(Golder, 2018) concluded that Source Area 3, Source Area 4, and Source Area 8 were not a source of  
PFAS impacts. 

The DSI (2018) also identif ied that Source Areas 14 and 15 (located on East Bandiana), had a 
relatively lower mass of  PFAS when compared with Source Area 13 (refer to Section 4.1), and the 
continuity of  the groundwater concentrations across East Bandiana indicates the PFAS identif ied in 
groundwater in source areas 14 and 15 are is likely to be primarily attributed to Source Area 13. 
Therefore, the management of  these source areas has not been assessed in detail, rather the 
potential contribution f rom the these source areas was considered through the assessment of  
management options for Source Area 13, and the assessment of  management options for the 
drainage channels, stormwater ponds and pipes across the wider BMA (i.e. not just within Source 
Areas). However, it is acknowledged that the contribution f rom these source areas may warrant 
further assessment to conf irm the underlying impacts are fully attributable to Source Area 13. 

The management of  groundwater outside of  Source Area 13 (and the associated plume which 
underlies the southern portion of  East Bandiana) has not been assessed in detail for the following 
reasons:  

• Actions to address the PFAS sources within each source area will reduce PFAS leaching to 
groundwater.  

• Actions to address the PFAS mass migrating f rom the site via surface water will also reduce the 
PFAS potentially impacting groundwater via surface water inf iltration within the lower Jack in 
the Box catchment. 

• Groundwater is not currently (nor historically) used on the BMA.  

• The DSI and HHERA (Golder, 2020), concluded that the human health risks to both on-Base 
and of f -site groundwater receptors, under the current exposure conditions are low and 
acceptable. 

• The DSI identif ied that within the Shepparton Colluvium (geological unit) underlying South 
Bandiana and portions of  North Bandiana, signif icant PFAS transport in the groundwater is 



PMAP – BANDIANA MILITARY AREA 
 

 

68 
 

not occurring and is not a signif icant component of  the PFAS mass discharging f rom the 
BMA. 

• Given the depth of  the groundwater (~12 to 35 mbgs) and extent of  low level impacts, treatment 
of  the groundwater within the Shepparton Colluvium would likely need to occur over a large 
area and would have a cost (likely Category 16 cost > $13 M) signif icantly disproportionate to 
the associated risks.      

A screening assessment of  potential on-Base management options was undertaken and is detailed in 
Appendix E, Part E.1, using the criteria set out in Appendix D.   Part E2 sets out the Options Listing 
and Detailed Options Analysis. 

6.2 Offsite Receptor Management 

Some protected benef icial uses of  surface water and groundwater in some of f -site areas have been 
precluded. However, the HHERA (Golder, 2020) concluded that the risks associated with the current 
of fsite land uses are low and acceptable, and the only potentially unacceptable human health risks 
were those associated with unrealised scenarios which may occur in the future.  

While Defence’s priorities are to address the PFAS source areas and block or divert the discharge 
pathways, there is potential the residual PFAS concentrations released f rom the site PFAS will remain 
in the environment once on-Base remediation has been completed, so far as is reasonably 
practicable.  

As of  the 1 July 2021, new Victorian legislation will come into force. Defence, in conjunction with 
relevant State and Local authorities, are committed to ongoing engagement with impacted 
landowners and /or land managers, including discussions regarding obligations under the incoming 
legislation. As part of  this ongoing engagement, Defence will work with the impacted landowners and 
land managers to identify precluded benef icial uses associated with the zoned land uses and 
minimise potential PFAS exposure risks.  

Of f -site receptor management or remediation actions considered will be proportionate to level of  risk, 
and if  proposed at the point of  exposure (i.e. at the receptor) will consider the potential for re-
contamination to occur. However, as these actions are related to of f -Base private properties, for the 
protection of  privacy, these have not been presented within the PMAP. 

The options considered for further assessment are summarised are listed in the table below (Table 7).  

 

 

6 Category descriptions are provided in Appendix E. 
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Table 7 Management Option Applicability 

Options identified for further assessment 

 Source Area 1 – 
Petroleum 

Platoon Former 
Fire Training 

Ground 

Source Area 2 – 
Base Fire 

Services – Former 
Fire Training 

Ground 

Source Area 5 – 
Petroleum 

Platoon Fuel 
Handling Facility  

Source Area 6 – 
Current Fire 

Training Area  

Source Area 7 – 
Old Fire Station 

Building 421 

Source Area 9 – 
POL Building 490 

Source Area 13 – 
Current Fire 

Station 

Surface water 
features across 

the Base 

Base case: “Do-nothing”         

1. Ex-situ Treatment – Bulk Excavation (Soil, Sediment and Water) 
Bulk excavation and dewatering (if required) of the PFAS impacted soils, 
sediments, and pore water (i.e. groundwater) and replacement with clean fill 
(i.e. groundwater).  
The excavated materials will be either:  
1) Contained off-site (i.e. off-site disposal);  
2) Contained on-site (i.e. on-site engineered facility); or 
3) Treated (on-site and/or off-site) via adsorption/solidification/immobilisation.   

        

2. In-situ Solids Management (Capping) 
Construction of a physical capping layer to reduce infiltration and PFAS 
leaching into surface water and / or groundwater.      

  
Would not address 

exposure risk 
  

3. Surface Water – Capture and Treatment 
Collection and treatment of surface water runoff from the source area.  
Water treatment would occur through either:  
1) Active methods (i.e. water treatment plant) or  
2) Passive methods (i.e. permeable reactive barrier).      

  
Incomplete 

exposure pathway 

 
Would not address 

primary 
groundwater 

migration pathway 
but considered as 
part of site wide 

approach.  

 

4. Groundwater - Extraction and Ex-situ Treatment (i.e. pump and treat) 
The PFAS impacted perched water is extracted and treated via a water 
treatment plant (WTP).   

  
Incomplete 

exposure pathway. 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 
  

  
Not applicable to 

surface water 
5. Groundwater - Hydraulic containment (i.e. cut off wall) 
The migration of the PFAS impacted groundwater is reduced / retarded (i.e. cut 
off) through the installation of vertical impermeable barriers.    

  
Incomplete 

exposure pathway. 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Would not address 

exposure risk 
 

  
Not applicable to 

surface water 
6. Groundwater – In-situ passive treatment (i.e. Passive Reactive Barrier)  
The PFAS impacted groundwater is treated in-situ via a permeable reactive 
barriers (PRB).   

  
Incomplete 

exposure pathway. 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Incomplete 

exposure pathway 

  
Would not address 

exposure risk 
 

  
Not applicable to 

surface water 
7. Precautionary Advice/Long-term administrative control 
This would include, advice to community members not to use impacted 
groundwater within the ‘Groundwater Management Area,’ and not consume 
carp sourced from the Unnamed Creek and a section of the Kiewa River.  

        
 

The detailed identif ication and analysis of  options is provided in Appendix E using the criteria provided in Appendix D. It is noted that the “do nothing” and “precautionary advice” options are not included in the detailed analysis provided in 
Appendix D but are considered further within the comparative analysis presented in Section 6.2. An Options analysis for of f-site private property is not presented in this table due to privacy considerations. Defence, in conjunction with 
relevant State and Local authorities, will engage with impacted stakeholders to discuss obligations under the incoming Victorian legislation. 
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6.3 Comparative analysis 

6.3.1 “Do Nothing” Option 

The DSI and HHERA (Golder, 2020), concluded that the human health risks to both on-Base and of f -
site groundwater receptors, under the current exposure conditions are low and acceptable. Therefore, 
it may be possible to consider the ‘do nothing’ option on this basis. However, the HHERA identif ied 
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 administrative controls (such as precautionary 
advice) only. The “do nothing” option has not been considered further.  

6.3.2 Precautionary advice / Administrative controls 

The Investigation identif ied that some of f -Base protected benef icial uses of  surface water and 
groundwater have been precluded, however, the HHERA (Golder, 2020) concluded that the only 
potentially unacceptable human health risks were those associated with unrealised scenarios. 
Therefore, either precautionary advice or administrative controls are required to reduce the potential 
for these unrealised scenarios becoming realised in the future and particularly in the period when the 
benef it of  the proposed source and / or pathway management or remediation options is being 
realised.  

Without complimentary remedial and/or management actions, precautionary advice or administrative 
controls are considered low on the hierarchy of  ef fective risk mitigation measures. These controls do 
not address PFAS sources on the Base, and their ongoing discharge to the environment. Nor does 
precautionary advice address PFAS potentially remaining in the environment, and the ongoing 
obligations under the incoming legislation. There is also a risk that community members may not 
consistently follow advice, particularly over the longer term. Ensuring transfer of  advice f rom 
landowners to tenants living at properties within the Management Area may also be particularly 
challenging, and precautionary advice alone would not meet Defence’s priorities to address PFAS 
discharges f rom the Base.  

Defence are committed to working with the relevant State and Local authorities and impacted 
landowners and/or land managers to develop and implement both interim precautionary advice, and / 
or long term administrative controls. These management actions will be for specif ic properties, and / 
or specif ic activities within the BMA PFAS Management Area.  

The following precautionary advice / administrative controls are proposed:  

• Precautionary Advice – Consumption of Carp 
The HHERA (Golder, 2020) has identif ied a potential unacceptable risk associated with the 
consumption of  carp f rom the Unnamed Creek and a section of  the Kiewa River (Risk ID#4). 
While the investigation has not identif ied this as being a currently realised practice, Victorian 
agencies have advised that precautionary advice is required to notify stakeholders of  the 
potential risk. This will include engagement with impacted landowners and land managers, 
engagement with relevant stakeholder groups, and the installation of  signage at publicly 
accessible areas.  
 

• Groundwater Management Area 
Due to the availability of  mains water and based on the results of  the DSI and HHERA 
investigations, widespread extraction of  groundwater is not expected to be occurring within 
the catchment. While widespread use is not occurring, the PFAS concentrations identif ied in 
the DSI (Golder, 2018) and HHERA (Golder, 2020) have identif ied that the groundwater 
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benef icial uses of  potable water, stock watering and primary contact recreation (i.e. f illing a 
swimming pool) have been precluded in some of f -Base areas. Therefore, management or 
mitigation should be considered to manage this potential exposure pathway into the future.  
 
Defence, in conjunction with relevant State and Local authorities, will engage with the 
impacted landowners and/or land managers, and will work with the EPA and relevant water 
authorities in establishing appropriate administrative control mechanisms. Within the initial 
PMAP implementation period, additional investigations may be completed to delineate where 
the management of  precluded groundwater uses needs to be applied.  The scope of  these 
investigations will be developed in consultation with the EPA and Local authorities, and will be 
in accordance with the NEPM (NEPC, 2018) Data Quality Objective (DQO) process.  

To support the implementation of  precautionary advice, and / or long-term administrative controls, 
Defence propose to maintain a public information line for questions f rom community members about 
the BMA PFAS management area. 

In addition to the abovementioned controls, in areas where a management control is related to a 
specif ic property, Defence (in conjunction with the relevant State and local authorities) is committed to 
the providing long-term support and engagement regarding the obligations under the incoming 
legislation. As these actions are related to private properties, for the protection of  privacy, they have 
not been presented within the PMAP. 

6.3.3 On-Base management options 

The HHERA (Golder, 2020) concluded that the only potentially unacceptable human health risks were 
those associated with unrealised scenarios. Therefore, the actions proposed have also considered 
the net environmental benef it in balance with whether the likely implementation cost is proportionate 
to the current risks.  

1. Source Areas 1 and 2 (South Bandiana) 

Source Areas 1 and 2 are former f ire training grounds located within a largely vacant area of  South 
Bandiana now referred to the Close Training Area where surface water is the dominant PFAS 
migration pathway via the Jack in the Box Creek.  

The analysis conf irmed that management options such as the excavation and ex-situ treatment, of f -
site disposal and / or on-Base containment of  impacted soils, the installation of  capping or the capture 
and treatment of  surface water would likely be ef fective in reducing the PFAS discharges.  

However, complete excavation or capping of  the PFAS impacts is may be impracticable, and wide-
spread low level PFAS impacts within areas surrounding the source areas, including within of f-Base 
drainage channels will continue to leach PFAS into the surface water.  

Given the current human health risks associated with the surface water have been assessed as low 
and acceptable, a signif icant change in the current risk prof ile may not be achieved. Therefore, further 
information in terms of  PFAS movement (f lux) f rom the source areas relative to the surrounding areas 
in dif fering surface water discharge scenarios (i.e. rainfall / weather events) is required to determine if  
the management measures proposed for each source area are ef fective, practicable and 
proportionate approaches to the restoration of  the protected benef icial uses. 

2. Source Areas 5, 6 and 7 (South Bandiana) 

Source Areas 5, 6 and 7 are located within the active central portion of  South Bandiana, and surface 
water is again the dominant migration pathway, discharging via both Jack in the Box Creek, and the 
Unnamed Creek (discharging to the Kiewa River).  
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The analysis conf irmed that management options such as the excavation and ex-situ treatment and / 
of f -site disposal or on-Base containment of  impacted soils, the installation of  capping or the capture 
and treatment of  surface water would likely be ef fective in reducing the PFAS discharges. Within 
Source Area 5, these actions should focus on soils surrounding Building 298 and the sediments within 
the large pond located within the area. Within Source Area 6 these actions should focus on 
discharges f rom the settling pond. An Expenditure Investment Request (EIR) for the replacement of  
the Current Fire Training Area (Source Area 6) is currently being considered by Defence, and the 
facility may be relocated to elsewhere on the Base. The remnant concrete structures and settling 
pond will continue to leach PFAS despite the facility no longer being used. If  completed, the relocation 
of  the facility provides an opportunity to demolish the inf rastructure and complete the proposed 
management actions for Source Area 6 with minimal impact on Defence’s capability. In Source Area 
7, consideration should also be given to decommissioning the redundant large diameter vertical well / 
shaf t formerly used for testing pumps.  

For each of  the source areas, the complete excavation or capping of  the PFAS impacts is may be 
impracticable, and wide-spread low level PFAS impacts within areas surrounding the source areas, 
including within of f -Base drainage channels will continue to leach PFAS into the surface water. 
Additionally, a signif icant change in the risk prof ile may not be achieved (particularly if  the source area 
actions are completed in isolation) and the costs may therefore also be potentially dis-proportionate to 
the risk. However, subject to the outcomes of  a f lux study, and if  completed in conjunction with the 
remediation of  the South Bandiana stormwater detention ponds (refer below) the management of  
these source areas is expected to have a high ef fect on the migration of  PFAS into surface water. As 
noted above, further information in terms of  PFAS f lux in dif fering surface water discharge scenarios 
(i.e. rainfall / weather events) is required to determine if  the management measures proposed for 
each source area are ef fective, practicable and proportionate approaches to the restoration of  the 
protected benef icial uses. 

3. Source Area 9 (South Bandiana) 

In regards to Source Area 9, where elevated PFAS was identif ied within an area of  localised perched 
groundwater, the analysis identif ied that management of  the area via excavation and treatment and / 
or containment of  impacted soils (and groundwater) would be ef fective in mitigating the associated 
risks. However, the net environmental benef it was estimated to be marginal, and the costs potentially 
dis-proportionate, as the current risks were assessed as being low and acceptable if  appropriate WHS 
controls are implemented during future intrusive works in the area. 

 Furthermore, the application of  a groundwater extraction and treatment option was assessed as 
having a negative net environmental benef it, as the option would not achieve a reduction in the risk 
prof ile and the cost dis-proportionate to the risk. Therefore, maintenance of  the current administrative 
controls is preferred, potentially until the redevelopment of  the area presents an opportunity to 
implement a management option on a cost-ef fective basis.      

4. Source Area 13 (East Bandiana) 

Source Area 13 has been identif ied as one of  the more signif icant source areas on the Base. The f ire 
station is located on East Bandiana, and a PFAS groundwater plume has been identif ied extending to 
the east across the Base. Of f -Base seepage samples have conf irmed the groundwater is contributing 
to the of f -site surface water impacts identif ied on the Kiewa River f loodplain, adjacent to East 
Bandiana (used for agricultural purposes). Ef fective control of the PFAS impacts within Source Area 
13 will reduce the mass of  PFAS migrating of f  the Base. However potential controls will need to 
consider both the residual mass of  PFAS present within the soils/ sediments, and the residual mass of  
PFAS present within the underlying groundwater. As such, the integration of  multiple options will have 
the highest potential risk reduction benef it.   

The following source controls are proposed for consideration: 
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• Source Area soils / sediments – the excavation of  impacted soil / sediment and subsequent 
treatment and / or disposal is technically feasible. Assuming soils with >1 mg/kg of  PFOS 
trigger treatment, it is likely that the volume of  soil requiring treatment is relatively small, 
however, the vertical extent of  the impacts have not been delineated and the leachability has 
not been assessed.  
 

• Groundwater Plume – the management of  the groundwater plume needs to consider both 
the mass present in groundwater, as well as the residual mass within the aquifer matrix (i.e. 
the mass adsorbed to the saturated soils). The installation of  a groundwater extraction and 
treatment (i.e. pump and treat [P&T]) system is technically feasible and subject to the f inal 
design is likely to initially remove a signif icant volume of  mass. However, over time dif fusion 
f rom the aquifer matrix back into the groundwater may limit the ef fectiveness of  a P&T 
system. Hydraulic containment of  the source area, through the installation of  a groundwater 
cut of f wall or a extraction well curtain is also technically feasible. However, the position of the 
wall or extraction well curtain would need to be assessed, as mass remaining outside the cut 
of f  wall would continue to act as a secondary source. The installation of  a cut of f  wall would 
also require the installation of  an overlying cap to reduce inf iltration and groundwater 
recharge, and an extraction well curtain would also need back dif fusion over time like a P&T 
system. A permeable reactive barrier (PRB) installed along the boundary of  East Bandiana is 
also technically plausible, however, as yet no full-scale applications of  PRBs for PFAS have 
been identif ied in Australia. Subject to design details, the PRB may include treatment media 
which requires periodic replacement (depending on treatment capacity), and this media will 
require subsequent treatment and disposal. The installation of  a PRB in conjunction with the 
abovementioned source area soils / sediment remediation actions is considered to have a 
high-risk reduction benef it.  

An investigation can be considered for Source Area 13 and the East Bandiana PFAS groundwater 
plume to further ref ine the potential source area treatment/ management options and inform the 
development of  a RAP. The investigations require focus on the delineation and treatability of  the 
residual soil impacts, their contribution to the groundwater plume (including within Source Areas 14 
and 15) and assessment of  the feasibility of  different groundwater remediation approaches (i.e. 
assess the ef fectiveness of  mass removal using a P&T groundwater remediation system versus 
hydraulic containment). The groundwater remediation feasibility study should include a detailed 
assessment of  the groundwater mass f lux and include consideration of  the potential impact of  long-
term matrix dif fusion on potential receptors.   

5. Surface Water Discharge Management 

Surface water exceeded the drinking and recreational water use and ecological screening guidance 
values in samples collected f rom both within the source areas and along drainage lines across the 
Base. The primary migration pathway (or mode of  transport) for PFAS of f-Base is through surface 
water for South Bandiana and North Bandiana, and to a lesser extent East Bandiana. Therefore, 
potential management options for the drainage channels, stormwater ponds and pipes across the 
wider BMA (i.e. not just within Source Areas) were also assessed. This assessment also included 
specif ic consideration of the stormwater detention ponds located on South Bandiana, as surface 
water f rom Source Areas 5, 6 and 7 passes through these ponds prior to discharging to the Kiewa 
River via the Unnamed Creek.   
The analysis conf irmed that management options such as the excavation / treatment (or containment) 
of  impacted sediments or the capping / lining of  impacted drainage channels would likely be ef fective 
in reducing the PFAS discharges. However, wide-spread low level PFAS impacts within soils within 
areas surrounding the drainage channels will continue to leach PFAS into the surface water, and if  
these options were completed in isolation of  source control actions, the residual PFAS impacts would 
potentially re-contaminate the drainage system.  
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Additionally, the capture and treatment of  surface water before it exits the Base is also technically 
feasible and would also be highly ef fective, particularly if  completed in conjunction with source area 
management actions. However, the scale and cost are potentially disproportionate to the risk, 
particularly if  an active water treatment option is implemented and the whole of  life costs of water 
treatment are considered. Passive surface water treatment options may present more ef fective and 
proportionate option, however, additional f lux studies are required to determine the feasibility of  this 
option.  
As noted above, further information in terms of  PFAS f lux in dif fering surface water discharge 
scenarios (i.e. rainfall / weather events) is required to determine if  the management measures 
proposed for each source area, and / or if  the management measures proposed for a “whole of  base” 
stormwater management strategy are ef fective, practicable and proportionate management measures 
for the restoration of  protected benef icial uses. Therefore it is recommended that a detailed 
assessment of  surface water f lows and PFAS f lux f rom various source and non-source areas is 
undertaken to determine concentrations and likely volumes of  PFAS in the surface water during 
dif fering surface water discharge scenarios (i.e. rainfall / weather events).  

6.4 Integrated options analysis outcomes 

An integrated analysis that considers the outcomes of  the comparative analysis prepared for each 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 inf rastructure, maintenance, or remediation of  co-contaminants on 

the Defence property.  

As noted above, an EIR for the relocation of  the Current Fire Training Area (Source Area 6) is 
currently being considered by Defence. If  undertaken, the remediation of  the Current Fire Training 
Area could be implemented without impacting Defence’s capability, and will provide the opportunity to 
demolish and remediate the concrete structures and settling pond, which will likely continue to leach 
PFAS into surface water despite the facility no longer being used. This will be considered further as 
the EIR progresses through the approval and funding process.  

Furthermore, continued on-Base environmental restoration activities (such as deep ripping, and 
installation of  leaky weirs) also have the potential to improve the of f -Base discharge of  PFAS via the 
surface water though increased water retention. It is recommended that these actions, also be 
considered within the detailed assessment of  surface water f low and PFAS f lux within the surface 
water.   
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7 CONCLUSION 

7.1 PMAP response actions 

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

Action 1:  
Reduce the migration of  PFAS f rom East Bandiana (Source Area 13) via groundwater and surface 
water (if  required). This action will involve the completion of  a Detailed Groundwater Remediation 
Feasibility Study to further ref ine the potential treatment options and inform the development of  a 
RAP. The investigations undertaken for the groundwater remediation feasibility study will need to 
include soil investigations to delineate the extent of  the source zones, assess leaching potential and 
assess the groundwater mass f lux (including potential contributions f rom Source Areas 14 and 15). 
The groundwater mass f lux assessment will also need to consider the potential impact of  long-term 
matrix dif fusion.   

Action 2: 
Reduce the migration of  PFAS f rom South and North Bandiana via surface water. This action will 
involve the completion of  a Detailed Surface Water Flux Study to further the understanding of  the 
extent and leaching potential of  soil / sediment impacts within and surrounding each on-Base source 
areas, and assess the PFAS f lux f rom the source areas relative to the surrounding areas in dif fering 
surface water discharge scenarios (i.e. rainfall / weather events). The objective of  the investigations 
will be to assess how ef fective the various management options would be and whether the 
implementation costs are proportionate to the risk and net environmental benef it. Where warranted, 
the investigations should also look to address key CSM data gaps and inform the development of  a 
RAP for higher priority source areas or pathways.  

Action 3: 
Subject to the approval of  the EIR for the replacement / relocation of  the Current Fire Training Area 
(Source Area 6), remedial works may be completed. A RAP will be required to def ine the 
remediation objectives and guide the extent of  the work, however, the work will likely involve 
additional investigations to delineate the extent and degree of  PFAS impacts (including impacts to 
concrete inf rastructure), demolition of  the inf rastructure followed by the management (excavation / 
treatment or capping) of  PFAS impacted soils and treatment of  PFAS impacted surface water.  

Action 4: 
Off-site receptor management and/or remediation actions considered will be proportionate to level 
of  risk associated with the zoned land use, and if  proposed at the point of  exposure (i.e. at the 
receptor) will consider the potential for re-contamination to occur. Defence will work with the impacted 
landowners and/or land managers to identify precluded benef icial uses and minimise potential PFAS 
exposure risk. As these actions are related to of f-Base private properties, these have not been 
presented within the PMAP. These actions will also include provision of  ongoing support regarding the 
obligations under the incoming legislation. 

Defence, in conjunction with relevant State and Local authorities, are committed to ongoing 
engagement with impacted landowners and /or land managers including through the development 
and implementation of  both Interim precautionary advice, and / or Long-term administrative 
controls. The following precautionary advice / administrative controls are proposed:  

• Precautionary Advice – Consumption of Carp 
As a precaution, and in accordance with health advice f rom Victorian agencies, precautionary 
advice is proposed, warning stakeholders of  the potential risks associated with the 
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consumption of  carp f rom the in channel and f loodplain environments of  the Unnamed Creek 
and a section of  the Kiewa River.   
 

• Groundwater Management Area 
Defence will work with the EPA and relevant water authorities in delineating and establishing 
appropriate administrative controls to manage potential future risks associated with the 
identif ied precluded benef icial groundwater uses.  

To support the implementation of  precautionary advice, and / or long-term administrative controls, 
Defence propose to maintain a public information line for questions f rom community members about 
the BMA PFAS Management Area. 

Action 5: 
Implementation of  an Ongoing Monitoring Plan (OMP) to monitor changes in PFAS concentrations at 
BMA, and in the Jack in the Box Creek and Kiewa River catchments.  

7.2 PMAP implementation 

7.2.1 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 f rom 
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 identif ied 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 ef f icient, ef fective, 
economical and ethical manner. Cost-ef fectiveness may be 
facilitated through: 
• grouping the implementation of  similar response actions 

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

recommended response action. 

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



PMAP – BANDIANA MILITARY AREA 
 

 

77 
 

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 f rom stakeholders 
• the availability of  new relevant science and technology 
• changes in timeframes for approvals (eg PWC) and procurement processes. 

7.3 Timeframes for Response Actions 

Primary implementation period 

- Short term: within f irst 12 months: 
o Action 1 – Source Area 13 Detailed Groundwater Remediation Feasibility Study 

(initiation). 
o Action 2 – Detailed Surface Water Flux Study (initiation). 
o Action 3 - Current Fire Training Area (Source Area 6) RAP development. 
o Action 4 – Of f -site receptor management/precautionary advice including Carp 

signage and engagement with the relevant Victorian agencies regarding groundwater 
management controls for which delineation may be required  

o Action 5 – Ongoing Monitoring Plan initiation  
 

- Medium term: within f irst 3 years 
o Action 1 – Source Area 13 RAP development and implementation 
o Action 2 – Detailed Surface Water Flux Study publication and subsequent RAP 

development (if  required) 
o Action 3 – Current Fire Training Area (Source Area 6) RAP implementation 
o Action 4 – Of f -site receptor management/precautionary advice including Carp 

signage and groundwater management area implementation 

Extended implementation period 

- Long term: beyond 3 years. These activities will commence in year 1 but will be delivered 
across the extended implementation: 

o Action 5 – Ongoing Monitoring Plan implementation 
o Annual PMAP review  
o Ongoing engagement with community and maintenance of  precautionary advice/long 

term of f -site receptor management (as required). 

7.4 Review and update 

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

Defence will review and update (where necessary) the PMAP at intervals of  12 months to ensure that 
the document is current and its recommendations are valid. This review will also consider the 
outcomes of  the additional investigations and consideration of  precautionary advice implemented by 
the relevant State and Local Agencies.    
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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  specif ic PMAP response actions that recommends changes or 
advises that its objectives are not being met. 

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

• feedback and information received as a result of  the on-going community and/or stakeholder 
consultation. 

• any signif icant 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. 

• new scientif ic f indings that update the knowledge or assumptions underlying the PMAP or 
specif ic 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/Territory government agencies and the local Council. 

.  
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APPENDIX A: Regulatory and policy analysis 

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

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

A1 Commonwealth legislation, policy and standards 

A1.1 Outline 

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

Commonwealth legislation 

• Environment Protection and Biodiversity Conservation Act 1999 

• Work Health and Safety Act 2011 

• Water Act 2007 

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

• Defence Environmental Policy 

• Defence Estate Water Policy 
• Defence Estate Strategy 2016-2036 

• Defence Environmental Strategy 2016-2036 
• Defence Contamination Management Manual 2018 

• Defence Pollution Prevention Manual 2017 
• Defence PFAS Construction and Maintenance Framework 2019 

• Defence PFAS Response Management Strategy 2018 
• Defence Interim Response Management Guidelines 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 

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

• PFAS National Environmental Management Plan 2018 (NEMP).   It is noted that the Heads of  
the EPA (HEPA) in Australia have released an update to the NEMP V2 in 2020 although the 
2020 publication is not currently publicly endorsed by the Victorian government7 

• The Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

 

 

7 https://www.environment.gov.au/protection/publicati ons/pfas-nemp-2 



PMAP – BANDIANA MILITARY AREA 
 

 

81 
 

• 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 

Off-site Waste Disposal 

Currently there is limited Commonwealth legislation on the designation of  waste disposal criteria, 
whilst the PFAS NEMP (2018) indicates potential criteria to be adopted at the State level. Currently in 
Victoria PFAS impacted solid waste may be disposed to landf ill through a classif ication application 
which is submitted to the EPA Victoria.  
The PFAS NEMP (2018) outlines the preferred f ramework for PFAS management including 
containment, remediation, treatment and disposal. The document acknowledges that each site is 
unique, and any management response must consider site-specif ic conditions in determining the best 
approach to the management of  PFAS. Overall the NEMP presents the hierarchy of  options for site 
clean-up, which is consistent with the policy intent of  the Victorian waste management requirement 
(refer below), being any clean-up of  land will ref lect the order of  preference set out in the waste 
hierarchy (i.e. treatment and reuse on–site is preferred to treatment and reuse of f -site, while long-term 
containment of f -site is least preferred).  

Ecological Guidelines 

The Australian ecosystems guidelines are currently draf t/interim. There is currently limited 
understanding of  the ef fects and no ecological screening guidance values available for PFAS isomers 
other than PFOS and PFOA. The screening guidance values for PFOS and PFOA used within the 
DSI (Golder, 2018) and HHERA (Golder, 2020) rely on ef fects to, and exposure assumptions relating 
to predominantly northern hemisphere species. The ef fects (and therefore potential for unacceptable 
risk) to native f lora and fauna in the receiving environments adjacent to BMA are not readily known. 
Given the paucity of  ecotoxicological ef fect data for native fauna, it may not always be possible to 
reduce uncertainties. However, considering ef fects on similar, surrogate species is appropriate as an 
interim approach.  

The understanding of  PFAS toxicity within ecological receptors is evolving with characterisation of  
ef fects limited to few laboratory species. This constrains the ability to assess ef fects to all receptors of  
interest. There is also uncertainty in extrapolating ef fects f rom laboratory tests to wildlife in the ‘f ield’. 
As the understanding of  toxicity develops, the conclusions and outcomes of  HHERA (Golder, 2020), 
may change. As such,  this constrains the ability set attainable management or remedial goals which 
are protective of  all ecological receptors of  interest. 

A2 State/Territory Legislation and Policy 

A2.1 Outline 

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

• Environment Protection Act 1970 (as amended) - The Act was established to provide a 
regulatory f ramework for the protection of  the environment in Victoria having regard to the 
principles of  environment protection. Under the EP Act discharges to the environment must 
be managed so that they do not adversely af fect the receiving environment. The Act appoints 
the Environmental Protection Authority Victoria (EPA Vic) to manage and implement the State 
regulations and environmental measures. 

• Environmental Protection Act, 2017 (the 2017 Act) / Environmental Protection Act 2018 (the 
Amendment Act) – The Amendment Act will come into ef fect on 1 July 2021, and will change 
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how the EPA Vic regulate pollution, waste and contamination in Victoria. The general 
environmental duty (GED) is the centrepiece of  the new laws. A person conducting activities 
that pose a risk to human health and the environment, must understand those risks, and must 
take reasonably practicable steps to eliminate or minimise them. In an Australian f irst, the 
GED is criminally enforceable.  

Under the current and new legislation, the polluter is responsible to restore benef icial uses 8  
to the extent practicable. Where it has been assessed and it is determined that the 
environment cannot be restored to a level of  no risk for the benef icial uses associated with the 
zoned use of  the land, then risk management actions may be necessary. In this scenario, 
under the new laws, persons in control or management of  that land may have obligations to 
uphold management measures as they relate to the current use of  the land.  

• Flora and Fauna Guarantee Act 1988 – The FFG Act is a key piece of  legislation of  the 
conservation of  threatened species and communities and for the management of  potentially 
threatening processes. The Act’s objectives aim to conserve all of  Victoria’s native plants and 
animals. Species protection may also be provided under the Fisheries Act 1995 and the 
Wildlife Act 1975. However, all individual species which require protection are listed under the 
FFG Act.  

• Water Act 1989 – Provides the f ramework for allocating surface water and groundwater 
resources throughout Victoria. Under the Act, regional water corporations have been 
delegated the responsibility for the licensing of  groundwater in Victoria. Under the Act, the 
Crown retains the right to use, f low and control of  groundwater. 

• Planning and Environment Act 1987 – The Act sets out the f ramework for Victoria’s planning 
system and importantly requires development to consider the ef fects on the environment and 
the state of  the environment’s potential to af fect a development. 

• State Environment Protection Policy (Prevention and Management of  Contamination of  Land) 
2002 (Land SEPP) – The Land SEPP def ines land use categories and specif ies benef icial 
uses that must be protected for each category. Under the Land SEPP, the NEPM is endorsed 
as the primary guidance document in contamination assessment and remediation in Victoria. 

• State Environment Protection Policy (Waters) (SEPP Waters) 2018 – The SEPP Waters 
replaced the SEPP Waters of  Victoria and SEPP Groundwaters of  Victoria on 19 October 
2018. The SEPP Waters is a subordinate instrument to the EP Act and provides a f ramework 
for the protection and management of  water quality in Victoria, covering surface waters, 
estuarine and marine waters and groundwaters. 

• Environment Protection (Scheduled Premises) Regulations 2017 – Identif ies activities 
considered to represent higher environmental risk and deems them to be Scheduled for the 
purposes of  the Environment Protection Act and requires Works Approval and Licensing by 
the Victoria EPA for facilities to be permitted to emit or deposit wastes to the environment. 

• Environment Protection (Industrial Waste Resource) Regulations 2009 – Identif ies the 
industrial waste categorisation process and details the requirements for the storage, transport 

 

 

8 Under the new laws ‘beneficial uses’ will be called ‘environmental values’ 
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and disposal of  prescribed industrial wastes (including soil), which includes the following key 
guidelines: 

o EPA Publication IWRG621 – Industrial Waste Resource Guideline – Soil Hazard 
Categorisation and Management (June 2009). 

o EPA Publication IWRG701 – Industrial Waste Resource Guideline –Sampling and 
Analysis of  Waters, Wastewaters, Soils and Wastes (June 2009). 

o EPA Publication IWRG702 – Soil Sampling (June 2009). 

o EPA Publication IWRG821 – Waste Transport Certif icates (June 2009). 

• EPA Victoria Publication 1633.2 August 2017, Incoming water standards for aquatic 
ecosystem protection: PFOS and PFOA.  

• EPA Victoria Publication 1669.2 August 2018, Interim Position Statement on PFAS. 

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

State Environmental Protection Policies - Beneficial Uses 

Land 
The Victorian State Environment Protection Policy (Prevention and Management of  Contamination of  
Land) 2002 (hereaf ter referred to as the ‘Land SEPP’) def ines land use categories and specif ies 
benef icial uses that must be protected for each category. Under the Land SEPP, the NEPM is 
endorsed as the primary guidance document in contamination assessment and remediation in 
Victoria.  

Protected benef icial uses under the Land SEPP are summarised in Table A8. 

Table A8: Beneficial Uses for Land 
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http://www.epa.vic.gov.au/%7E/media/Publications/1633%202.pdf
http://www.epa.vic.gov.au/%7E/media/Publications/1633%202.pdf
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Groundwater 
The State Environment Protection Policy (Waters) 2018 (hereaf ter referred to as the ‘Water SEPP’) 
classif ies groundwater into seven segments (A1, A2, B, C, D, E and F) on the basis of  background 
salinity (total dissolved solids (TDS)) levels, with each segment having def ined benef icial uses for 
protection. Protected benef icial uses under the Water SEPP are summarised in Table A9. 

Table A9: Beneficial Uses for Groundwater 

Beneficial Use 

Segment (TDS) 

A1 A2 B C D E F 

0 – 
600 

mg/L 

601 – 
1200 
mg/L 

1201 
– 

3100 
mg/L 

3101 – 
5400 
mg/L 

5400 - 
7100  
mg/L 

7100 - 
10,000 
mg/L 

>10,000 
mg/L 

Water dependant ecosystems and 
species        

Potable Water (desirable)        

Potable Water (acceptable)        

Potable Mineral Water Supply        

Agriculture and irrigation (irrigation)        

Agriculture and irrigation (stock 
watering)        

Industrial and commercial        

Water-based recreation (primary 
contact recreation)        

Traditional Owner cultural values        
Cultural and spiritual values        
Buildings and structures        
Geothermal properties        

Note: grey indicates segment adopted for the PMAP.  

A review of  the Department of  Natural Resources & Environment’s (DNRE, 1995) “Victorian 
Groundwater Beneficial Use Map Series, South Western Victoria Water Table Aquifers” suggests that 
the groundwater quality of  the site is classif ied as Segment B. Similarly, based on the previous 
investigation data (Golder 2012), the BMA, is expected to fall within a Segment B classif ication.  

Based on the water quality parameters recorded during groundwater sampling in the DSI (refer to 
Table 4 of  the DSI, Golder 2018), it is considered that the groundwater quality within the Management 
Area may be classif ied as both Segment A and Segment B. The groundwater beneath South 
Bandiana was generally observed in the Shepparton Colluvium. The groundwater beneath North 
Bandiana was also observed in the Shepparton Colluvium or towards the transitional zone f rom 
Shepparton Colluvium to Shepparton Fluvium which can generally be classif ied as Segment B. 
Localised areas, particularly the north-western corner of  South Bandiana, observed TDS 
concentrations greater than Segment B.  

Beneath East Bandiana and the lower reaches of  Jack in the Box Creek groundwater was generally 
observed in the Shepparton Fluvium. Groundwater beneath the Kiewa River f loodplains was observed 
in the Coonambigdal Fluvium. The groundwaters in the Jack in the Box Creek and Kiewa River 
Catchments (which are the focus of  this HHERA) can generally be classif ied as Segment A1 (as 
indicated by grey shading in Table A9).  

Surface Water  
Protected benef icial uses of  surface water are categorised by segments in Victoria, which are def ined 
by policy area boundaries within the Water SEPP.  The of f -Base areas that are the focus of  the 
HHERA, namely the Jack in the Box Creek and Kiewa River Catchments, are within the ‘Murray and 
Western Plains’ segment. 
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The benef icial uses of  the Murray and Westers Plains segment are: 

• Water dependant ecosystems and species that are slightly to moderately disturbed 

• Human consumption af ter appropriate treatment - where water is sourced for supply in 
accordance with the special water supply catchments area set out in Schedule 5 of  the 
Catchment and Land Protection Act 1994 or the Safe Drinking Water Act 2003. 

• Agriculture and irrigation 

• Human consumption of  aquatic foods 

• Aquaculture - where the environmental quality is suitable and an aquaculture licence has 
been approved in accordance with the Fisheries Act 1995 

• Industrial and commercial use 

• Water-based recreation (primary contact) 

• Water-based recreation (secondary contact) 

• Water-based recreation (aesthetic enjoyment) 

• Traditional Owner cultural values 

• Cultural and spiritual values 

Waste  

Key constraints in Victoria for of f-site options to manage PFAS impacted solids and liquids is the lack 
of  guidance on disposal criteria or the provision of  licensed solid waste treatment options. Currently 
PFAS impacted liquid wastes are considered Category A Prescribed Industrial Wastes and there are 
limited options for handling small volumes of  liquids in Victoria. 

Off-site Waste Disposal 

Key constraints in Victoria for of f-site options to manage PFAS impacted solids and liquids is the lack 
of  guidance on disposal criteria or the provision of  licensed solid waste treatment options. Currently 
PFAS impacted liquid wastes are considered Category A Prescribed Industrial Wastes and there are 
limited options for handling small volumes of  liquids in Victoria. 

The Industrial Waste Resource Guidelines for Soil Hazard Categorisation and Management (Victoria 
EPA 2009) currently do not have threshold criteria for PFAS impacted soil and such soils cannot be 
readily transported of f -site, without EPA approvals. The EPA has indicated that they consider PFAS 
impacted soils to be a prescribed industrial waste. PFAS impacted soils may be disposed of  to landf ill 
through a classif ication application to the EPA Victoria provided there are no other possible 
management options. In determining whether the PFAS impacted soils may be accepted at the 
landf ill, the EPA Victoria will consider the landf ill acceptance criteria detailed in the NEMP (2018).  

Any option to manage PFAS impacted solids in an of f -site facility is generally treated as a landf ill 
operation and requires consideration under local government regulations and referral to the EPA to 
consider the Environment Protection (Scheduled Premises) Regulations. Typically, this involves 
Works Approval with associated community consultation. The requirements of  the PFAS NEMP 
(2018) would be considered in such reviews. 
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A3 Planning Instruments or environmental permitting/license controls 

A3.1 Outline 

Any option to manage PFAS impacted solids in an of f -site facility (treatment or disposal) requires 
consideration under local government planning controls and referral to the EPA to consider the 
Environment Protection (Scheduled Premises) Regulations. Typically, this involves Works Approval, 
planning permit and associated community consultation. The requirements of  the PFAS NEMP would 
be considered in such reviews. 

Transport of  large quantities of  wastes to a treatment or disposal facility may require local government 
(Council) consent. 

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

Currently, the EPA has indicated that they consider PFAS impacted soils to be a prescribed industrial 
waste. In determining whether the PFAS impacted soils may be accepted at the landf ill, the EPA 
Victoria will consider the landf ill acceptance criteria detailed in the NEMP (2018). This presents 
signif icant limitations to the consideration of  of f-site options for managing PFAS impacted solids. 

It is understood that select companies are seeking to undertake and/or undertaking proof  of 
performance trials for high temperature thermal PFAS destruction. And use of  these facilities is 
pending the companies receiving licenses f rom the EPA to receive PFAS wastes. 

Small quantities of  PFAS-impacted liquid wastes can be transported for storage and ultimately 
disposal at a limited number of  providers.
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APPENDIX B: Interim response management analysis 

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

No Interim Response Management (IRM) actions were identif ied for Bandiana Military Area. 
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APPENDIX C: Source – pathway – receptor analysis 

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

This Appendix includes the CSM diagram. 
 

C1 Sources 

C1.1 On-Base 

The PFAS source assessment identif ied a total of  15 potential PFAS source areas across the Base. 
These were generally areas of  the BMA used for f ire training activities, with selected areas also used 
for the disposal of AFFF waste. Of  these, the DSI (Golder, 2018) determined that three areas were 
not considered a source being; Source Area 3, Source Area 4, and Source Area 8. The following 15 
source areas were identif ied, and Figure 5 (attached) provides an overview:  

• South Bandiana  

o Source Area 1 – Petroleum Platoon – Former Fire Training Ground 

o Source Area 2 – Base Fire Services – Former Fire Training Ground 

o Source Area 3 – Potential Disposal Burial Ground (not considered a source) 

o Source Area 4 – Former 25 m Firing Range (not considered a source) 

o Source Area 5 – Petroleum Platoon – Fuel Handling Facility 

o Source Area 6 – Current Fire Training Area, Building 600 

o Source Area 7 – Old Fire Station, Building 421 

o Source Area 8 – Original Fire Station – Corner of  Anderson Road and Donegon Road 
(not considered a source) 

o Source Area 9 – Petroleum, Oils and Lubricants, Building 490 

• North Bandiana 

o Source Area 10 – Former Unit Training Area, between Warehouse 1 and 2 

o Source Area 11 – Fire Extinguisher Disposal – Warehouse 13 

o Source Area 12 – Armoured Vehicle Maintenance Training, Building 100  

• East Bandiana 

o Source Area 13 – Fire Station – Current 

o Source Area 14 – Former Unit Training, Building 592 

o Source Area 15 – Former Unit Training, Football Field 

C1.2 Off-Base 

The following activities were observed as potential of f -base PFAS sources in the Management Area:  

• Albury Airport located approximately 8.3 km north of  North Bandiana (on the northern bank of  
the Murray River);  
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• The Wodonga Fire Station and the Country Fire Authority facility located approximately 2.7 
km north-west of  South Bandiana;   

• The Wodonga West Fire Station located approximately 5.5 km north-west of  South Bandiana; 
and  

• The Wodonga Waste Water Treatment Facilities operated by NE Water, including the 
Baranduda Waste Water Treatment Plant (WWTP) located in close proximity to (and south of) 
East Bandiana. It is noted that NE Water has indicated that the Baranduda WWTP receives 
waste water f rom the BMA.  

It is noted that two Defence properties (not included within this investigation) are located within the 
wider Albury Wodonga region. These include Latchford Barracks, located approximately 4 km to the 
east of  East Bandiana, and Wirlinga, located approximately 8 km north-east on the NSW side of  the 
Murray River.  

Since the 1990s, Defence has divested land including: 

• to the west, including an area identif ied as being a former landf ill (now part of  a residential 
subdivision).  

• to the east including the footprint of  the former Bandiana sewage treatment plant (STP) (now 
a residential subdivision).  

The following sections provide an overview of  the nature and extent of  PFAS impacts identif ied during 
the DSI for on-base, and of f -Base within the Jack in the Box Creek Catchment and of f -Base within the 
Kiewa River Catchment.  

C2 Receptors 

C2.1 Summary 

In contaminated sites risk assessment, a “receptor” to contamination may be a human population or 
an ecological species or ecological community that could be exposed to PFAS where the linkages are 
complete between sources, pathways and receptors. The DSI identif ied humans, terrestrial and 
aquatic ecosystems which may be exposed to PFAS both on-Base and of f-Base within the 
Management Area. Agricultural activities were also identif ied. 

C2.2 Human 

Based on the current on-Base use of  the BMA, the majority of  the property is commercial/industrial 
land use with large areas of  open space, with some uses which are potentially more sensitive such as 
the Bandiana Primary School, the Bandiana Neighbourhood House, and the personnel 
accommodation areas. The potential human receptors present on-Base at the BMA are summarised 
as: 

• Permanent military personnel 

• Personnel residing in temporary accommodation on-Base 

• Contractors and visitors 

• Teachers and children at the Bandiana Primary School 

• Adults and children attending the Neighbourhood House 

The of f -Base areas within the Management Area surrounding the BMA includes a wide range of  land- 
and water-uses, and associated potential human receptors.   
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Based on the land use information, the following receptors are likely to be present in the Management 
Area: 

• Residents (adults and children) 

• Commercial/industrial workers  

• Recreational users – hiking, f ishing, yabby collection, swimming, boating 

To assist in understanding the receptors and pathways of  exposure, further information is provided 
below on the water use, farming, f ishing and recreational activities in the Management Area.  

C2.2 Ecological Receptors  

The terrestrial habitat surrounding BMA is predominantly: 

• Riverine grassy woodland and forest along the Kiewa River with discontinuous patches of  
grassy dry forests in association with the ridge of  Huon Hill; and 

• Plains and hills woodlands limited to small patches in the agricultural and residential areas. 

Much of  the land surrounding BMA has been cleared. There is patchy remnant terrestrial vegetation 
throughout the Management Area which is generally restricted to roadsides and riparian areas. The 
vegetation communities present within the Victorian Riverina bioregion generally, and the 
Management Area specif ically are f ragmented with few intact landscapes (DELWP 2018). 

The HHERA identif ied the following terrestrial receptor groups as likely to occur in Management Area: 

• Plants - such as grasses, shrubs and trees. 

• Invertebrates - including primary consumers (such as termites, grasshoppers and 
earthworms) and some secondary consumers (some ants, spiders).  

• Birds - including herbivorous (parrots), omnivorous (ducks), and carnivorous species (kites 
and eagles). 

• Mammals - including herbivorous (kangaroos), omnivorous (hopping mouse), and 
invertivores/carnivorous species (antechinus). 

• Reptiles – such as snakes and skinks. 

The aquatic receiving environments around BMA have been grouped by catchment into the Jack in 
the Box Creek Catchment, and Kiewa River Catchment. The surrounding land is moderately cleared 
and the waterbodies within represent varying degrees of  ecosystem modification or disturbance 
ranging f rom slightly-moderately disturbed to highly disturbed.  

The HHERA identif ied the following aquatic receptor groups as likely to occur in the Management 
Area: 

• Plants - including algae and macrophytes. 

• Invertebrates –including macroinvertebrates which live in the sediment, f ilter feeding primary 
consumers (molluscs), herbivorous macroinvertebrates (caddis f lies) and secondary 
consumers (yabbies). 

• Fish – including omnivorous species, and carnivorous species (Murray cod).  

• Amphibians – secondary consumers such as omnivorous and carnivorous f rogs. 
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• Reptiles – secondary consumers such as omnivorous and carnivorous skinks and turtles. 

• Birds - including herbivorous (geese), omnivorous (ducks), and carnivorous species (kites and 
eagles) of  secondary, tertiary and quaternary consumers. 

• Mammals – such as carnivorous species (platypus and water rat). 

C2.3 Agricultural Receptors 

On-Base, sheep grazing is licenced in a portion of  South Bandiana along the base of  Bears Hill and a 
portion of  North Bandiana to the south-east of  the Unnamed Creek. Of f -Base, the farming activities 
are predominantly grazing of  livestock (beef  cattle). 

C3 Water Use 

C3.1 On-Base 

The on-Base reticulated water supply system (mains water) operated by North East Water (NEW). 
Mains water was reported as being used for drinking and domestic water supply, swimming pools, 
training activities, irrigation and two stock watering points - one on South Bandiana and one on North 
Bandiana. 

In addition to the reticulation-fed water points, a dam located within the pastoral areas on South 
Bandiana and fed by run-of f  f rom Bears Hill is also used for watering the sheep on-Base.  

C3.2 Off-Base 

Information f rom the water authorities indicates that: 

• There are 140 irrigation licences issued for the Kiewa River and Wodonga Creek, allowing 
11,500 ML/yr (Goulburn Murray Water, 2017).  The water use survey results did not identify 
extraction f rom the Kiewa within the DSI Management Area, and at the time of  writing this 
report, the location of  the licenced extraction points is unknown. 

• Drinking water (6,604 ML in 2016-17 (NEW, 2017) is extracted f rom Wodonga Creek by North 
East Water for treatment and distribution to Wodonga and the surrounding townships of  
Kiewa, Tangambalanga, Bandiana, Baranduda, Bonegilla, Ebden, Killara, Barnawartha, 
Chiltern and Springhurst (NEW, 2012).  

• Within the DSI Management Area, in addition to the drinking water extraction, there are a 
small number of  surface water extraction licences for Wodonga Creek. There are no 
extraction licences in the Kiewa River within the Management Area. The presence of  
unlicensed of f take cannot be excluded. 

The majority (96%) of  respondents to the water use survey use the reticulated water supply, with 
seven properties that indicated that they used surface water or bore water.  Water sampling was 
conducted at six of  these locations and the results are presented in the DSI.   

From the information provided in the water use survey, the following properties utilising bore or 
surface water instead of  reticulated water were considered down (or cross) hydraulic gradient and 
therefore may be exposed to BMA derived PFAS via the groundwater or surface water pathways: 

• A property east of  East Bandiana (Kiewa catchment) directly down hydraulic gradient of  BMA 
where surface water is used for livestock (cattle) drinking water. From the WUS information, it 
is understood that cattle on this property are sold directly to market.  PFAS has been detected 
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in the surface water samples collected f rom this property.  The concentrations were above the 
recreational and drinking water screening values.   

• A property east of  East Bandiana (Kiewa Catchment) was identif ied to be using extracted 
bore water for irrigation of  home grown produce and drinking water for chickens.  The 
produce (f ruit, vegetables and eggs) is for home consumption, and is not sold commercially.  
The concentrations of  PFAS in water f rom the bore, and a swimming pool periodically toped 
up with the bore water, were above the drinking water guideline values but below the 
recreational guideline values. 

• A property north east of  East Bandiana, on the eastern side of  the Kiewa River uses bore 
water (shallow bore adjacent to the Kiewa) for domestic purposes, including drinking water. It 
is understood that in the past this water may have been used as livestock water for chickens, 
sheep and goats, and for a small vegetable garden and f ruit trees. There are no 
livestock/chickens kept on the property at the time of  assessment and the garden has not 
been planted with crops. Concentrations of  PFAS in the 11 point of  use samples collected 
f rom this property were below the screening values for drinking water.  

• A commercial property north of  South Bandiana, down hydraulic gradient in the Jack in the 
Box Creek catchment, where bore water is used for irrigating landscaped garden/lawn areas. 
The PFAS concentrations in groundwater within the Jack in the Box Creek catchment were 
below the adopted recreational screening values.  

• Remaining properties utilising bore or surface water instead of  reticulated water were 
considered up-hydraulic gradient of  groundwater or surface water f lows f rom the BMA based 
on the DSI and therefore not likely to be impacted by PFAS derived f rom the BMA. 

C4 Recreational Fishing 

The main waterbodies used for recreational f ishing are the Kiewa River, Murray River and Wodonga 
Creek. Recreational f ishing may also take place in f loodplain features, dams, and smaller waterways 
(such as the Unnamed Creek and adjacent oxbow lakes).  Victorian Fisheries Authority (State of  
Victoria 2017f) has in place catch limits including bag/possession limits and legal-size limits for 
recreational f ishing. 

C4.1 Kiewa River 

The Kiewa River between Mount Beauty Pondage, approximately 80 km upstream f rom the DSI 
Management Area, and the conf luence with the Murray River above Wodonga has been designated 
as a Premier River under the Go Fishing in Victoria initiative (State of  Victoria, 2017g). The upper 
section between Mount Beauty and Dederang is highly regarded for its trout f ishing and the lower 
section through to Wodonga provides many opportunities for anglers wishing to f ish for Murray cod. 

The Kiewa River downstream of  Gundowring Bridge, approximately 20 km upstream of  the 
Management Area, to the conf luence with the Murray River is classif ied a native system in the Inland 
Waters Recreational Fishing Classif ication. This classif ication relates to the management practices 
employed in this stretch of  the river – largely the provision of  native stock (Murray cod predominately) 
as opposed to non-natives (Trout predominately) (State of  Victoria, 2017h). 

C4.2 Wodonga Creek 

During discussions with government stakeholders, it was identif ied that the intensity of  the 
recreational f ishing in Wodonga Creek is greater than that in the Kiewa River in the areas adjacent, 
and downstream of  the BMA. The species targeted are similar between the systems although the 
Wodonga Creek is known to be more productive for the Murray spiny cray (Euastacus armatus), than 
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the Kiewa River area of  interest. The greater intensity of  the f ishing in the Wodonga Creek is thought 
to be because of  the easier access to the creek f rom the urban population centre of  Wodonga.  

C4.3 Yabby Collection 

During the DSI f ield program, two yabby traps were observed: one in Jack in the Box Creek to the 
north-west of  the South Bandiana boundary fence; and one along the Unnamed Creek draining to the 
Kiewa River as it exits North Bandiana underneath Whytes Road.  

C5 Farming 

C5.1 Grazing 

Information supplied through the Department of  Environment, Land, Water and Planning (DELWP) 
identif ied four grazing licences (one is not in use) within the eastern corridor of  the Kiewa River cross- 
and down-gradient of  the BMA. Stakeholder consultation has provided information regarding the 
patterns of  use at the properties, indicates the land is used for grazing of  beef  cattle. Stock grazed in 
these areas is predominantly sold to commercial market, although some home consumption may 
occur (at a rate of  approximately one beast per year). Information on the sources of  drinking water 
indicate the cattle access various dams and f loodplain features of  the Kiewa River and Unnamed 
Creek. 

On-Base, portions of  South Bandiana along the base of  Bears Hill and North Bandiana to the south-
east of  Unnamed Creek are used for sheep grazing.  There are stock watering points which are fed by 
mains water and a dam located within the pastoral areas on South Bandiana which is fed by surface 
water run-of f  f rom Bears Hill. It was reported that sheep do not have access to Unnamed Creek on 
North Bandiana. 

C5.1 Home Grown Produce 

The WUS identif ied one property (up hydraulic gradient of  the BMA) that used a surface water (dam) 
as drinking water for poultry. The WUS did not request information regarding chickens drinking mains 
water. No other specif ic locations were identif ied f rom the WUS for the current keeping of  chickens, 
sheep, or the growing of  commercial crops. However, there are a small number of  surface water 
extraction licences for Wodonga Creek, and the DSI notes that well-established f ruit trees, vegetable 
gardens and chicken coops were observed in the general surrounding area during the 
reconnaissance.  

Following the public release of  the DSI, one stakeholder advised the project team that they were 
extracting shallow groundwater to use in irrigating home vegetable gardens and as drinking water for 
backyard chickens. 

C6 Migration Pathways 

The DSI (Golder, 2018) found that the key transport pathway for the migration of  PFAS of f South 
Bandiana and North Bandiana is via surface water. The surface water f rom South Bandiana and 
North Bandiana f lows primarily into the Jack in the Box Creek and then the Wodonga Creek. 

For East Bandiana, the key migration pathways of  PFAS of f the Base on East Bandiana are likely a 
combination of  surface water and groundwater. Surface water and groundwater f rom East Bandiana 
f lows towards the Kiewa River. 

Given the reported low PFAS levels in soils in of f -Base soils and sediments, wind and atmospheric 
dispersion of  PFAS impacted soils and sediments is not signif icant pathway for the migration of  PFAS 
f rom the BMA. However, leaching (i.e. the transfer f rom soils / sediments to water) is an important 
migration pathway for PFAS, particularly when considering management and remediation strategies. 
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As acknowledged within the NEMP, this pathway is not covered by any of  the current soil guidelines 
and is the subject of  ongoing research by the government research agencies.  

The highest soil and sediment concentrations were generally identif ied within the source areas, and 
the higher groundwater and surface water concentrations were also identif ied within the source areas. 
Based on the distribution of  PFAS within the groundwater and surface water, it is evident that the 
PFAS within the soils and sediments within the source areas are continuing to leach into the 
groundwater and surface water. In general, deeper soil data show lower concentrations than 
corresponding surface soils, however there are exceptions such as Source Area 13 and to a lesser 
degree Source Area 12 which showed persistent concentrations vertically through the soil prof ile. 
However, as leaching analysis was not completed as part of  the DSI (Golder, 2018), the leaching 
process is not fully understood on the site.  

C7 Exposure Pathways 
The following are potential exposure routes where people, ecology and/or agricultural receptors could 
potentially be exposed to PFAS:  

C7.1 People 

• Ingestion of  PFAS impacted water for drinking water purposes, eating impacted biota 
including home grown, agriculturally produced or caught foods, such as f ruit and vegetables, 
livestock (cattle and chickens), f ish and eggs.  

• Incidental ingestion of  PFAS impacted soil, sediment or water during either residential, 
recreational or occupational activities such as gardening, playing sports or undertaking 
grounds maintenance. 

• Due to the low volatility of  PFOS, PFOA and PFHxS, the inhalation of  PFAS vapours was 
excluded by the NSW OEH (2017) in the derivation of  the adopted soil screening guidelines. 
Consistent with NSW OEH, the inhalation of  vapour is considered a negligible exposure 
pathway, and the only inhalation pathway exposure route expected is via the inhalation of  
dust f rom PFAS impacted soil and sediment.  

• In the derivation of  the adopted soil screening values, the NSW OEH (2017) (as reproduced 
in the PFAS NEMP (HEPA 2018)) noted that the dermal uptake of  PFAS was assumed to be 
negligible, and was omitted f rom the calculations. As such, exposure to PFAS impacted soil, 
sediment or water is not considered to represent a signif icant risk to human health.  

C7.2 Ecology 

• Terrestrial and aquatic f lora and fauna may be exposed directly to PFAS impacted soil, 
sediment or water. 

• Terrestrial and aquatic fauna may be exposed indirectly via the consumption of  impacted food 
items. Higher trophic level predatory species may experience greatest exposure due to the 
tendency for PFAS compounds to bioaccumulate and biomagnify in the food chain.    

C7.3 Agriculture  

• Livestock health (sheep and cattle) direct exposure via ingestion of  PFAS impacted water 
f rom surface water/trough water. 

C8 CSM Uncertainties 

Following the completion of  the DSI (Golder, 2018) and HHERA (Golder, 2020), a number of  areas of  
uncertainty were identif ied. Including the nature and extent of  on-Base surface water contamination, 
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representativeness of  groundwater sampling at some locations, location of  the groundwater f low 
divide, concentrations in of f -Base surface water during low f low conditions and the movement of  
PFAS between dif ferent environmental media. These areas of  uncertainty are further discussed 
below, and where possible will be addressed through the ongoing monitoring program (refer to 
Attachment 1) or may trigger consideration during the development of  the RAP (if  required). 

Nature and Extent of On-Base Surface Water Impacts  

A considerable number of  on-Base surface water samples in the Jack in the Box Creek and Kiewa 
River catchments were not able to be collected as the proposed investigation locations were observed 
to be dry. The locations observed to be dry were predominantly shallow, open drainage channels / 
swales which are featured across BMA to aid in the collection of  stormwater runof f  during heavy 
rainfall and allow runof f  to be funnelled towards creeks or stormwater ponds (wetlands). The DSI 
noted that periods during which water is ponded (or f lowing) within the drainage channels across BMA 
is likely to be intermittent and of  a short duration following moderate or heavy rain events. 

Across the Management Area it was generally identif ied that concentrations of  PFAS in surface water 
decreased in a downstream direction. Given the absence or lack of  surface water samples in some 
source areas, particularly Source Area 1 and 2 which have a signif icant history of  f ire training 
activities, earthen bunds and a number of  drainage channels, there is the potential that the surface 
water samples collected within downstream ponds, pipes or channels do not ref lect the maximum 
potential PFAS concentrations likely to be encountered within the source areas. Additionally, there is 
limited understanding of  the relative contribution of  each source areas to the of f -Base surface water 
impacts during rain events.   

Representativeness of Groundwater Sampling and Hydrogeological Conditions 

There is a minor degree of  uncertainty (above that typically associated with groundwater sampling) 
with the representativeness of  the groundwater samples collected f rom monitoring wells installed 
using the sonic drilling techniques. Particularly those wells where large volumes of  water (up to 
2,500 L at MW318) were required to reach target depth, and where the development (i.e. removal of  
the drilling f luid) of  the well was inhibited by the naturally low hydraulic conductivity of the geological 
formation. The DSI considered that due to the drilling technique and introduction of  water, some 
localised dilution of  PFAS in groundwater may have occurred and had not recalibrated prior to 
sampling. 

The hydraulic conductivity testing completed within the DSI (Golder, 2018) provided a general 
understanding of  the dif ferent hydrogeological condition observed across the site, with substantially 
lower hydraulic conductivities observed within the Shepparton Colluvium, relative to the Shepparton 
Fluvium and Coonambigdal Fluvium. The testing, however, provides limited understanding of  ef fective 
porosity (a key parameter required in the calculation of  f lux within groundwater), and the rates of  
dif fusion into and out of  the geological prof ile.           

Location of the Groundwater Flow Divide and Extent of Groundwater Impact 

The DSI established that the groundwater divide appears to be generally consistent with topography 
and appears to be inf luenced considerably by Bears Hill and Huon Hill. However, there is some 
uncertainty relating to the position of  the groundwater divide, due to the lack of  groundwater data in 
the eastern portion of  South Bandiana. This portion of  the Base was not investigated, as no PFAS 
source areas were identif ied within the eastern portion of  South Bandiana. Due to the position of  the 
groundwater divide, there is some uncertainty around the groundwater f low beneath Source Areas 8 
and 9. 
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Furthermore, the position of  the groundwater divide is also potentially inf luencing the groundwater 
f low direction beneath Source Area 6 (Current Fire Training Area), where groundwater f low was 
identif ied to be travelling west, rather than north as inferred f rom the topography. As such, there is a 
potential data gap as monitoring wells are not positioned to the west of  the facility.  

Groundwater impacts in the lower Jack in the Box Creek catchment, along the Unnamed Creek and 
east of  East Bandiana have not been delineated. The DSI further noted that the interactions between 
surface water and groundwater within the Kiewa River f loodplain are not fully understood. Additional 
groundwater investigation monitoring bores are recommended to delineate the groundwater impacts 
which may trigger administrative control by the relevant regulator. Additional investigation monitoring 
bores may also be warranted, to gain further understanding of  the surface water and groundwater 
within the Kiewa River f loodplain. The specif ic scope of any future works should be proportionate to 
the scale and location of  the elevated risk.  

Concentrations in Off-Base Surface Water During Low Flow Conditions 

Sampling completed during the DSI within the rivers and oxbows was completed during the seasonal 
high water. As such, there is potential the samples collected during the DSI represent dilute 
conditions. The DSI concluded that additional seasonal monitoring as part of  this investigation is 
warranted to understand the potential seasonal variation in PFAS concentrations within the 
Management Area. 

Soil, Sediment, Surface Water and Groundwater Interactions 

Leaching (i.e. the transfer f rom soils / sediments to water) is an important migration pathway for 
PFAS, particularly when considering management and remediation strategies. As acknowledged 
within the NEMP, this pathway is not covered by any of  the current soil guidelines and is the subject 
of  ongoing research by the government research agencies. Leaching analysis was not completed as 
part of  the DSI (Golder, 2018), as such the leaching processes occurring on the site, and in the 
surrounding environment is not fully understood and may trigger further consideration during remedial 
design.  

The interaction between surface water and groundwater in the vicinity of  the Jack in the Box Creek 
and Wodonga Creek conf luence and within the Kiewa River f loodplain are also not fully understood. 
During the HHERA (Golder, 2020), seepage water discharging f rom a groundwater seep onto the 
Kiewa River f lood plain was identif ied and sampled. The resultant PFAS concentrations within the 
seepage water were like those identif ied in the surrounding groundwater, providing evidence that 
groundwater is contributing to the PFAS identif ied within the Kiewa River f loodplain. However, the 
relative contribution of  groundwater and surface water within each of  the surface water bodies and the 
temporal variability of  these contributions is not fully understood and may trigger further consideration 
for delineation and during remedial design.   

PFAS discharges in sewer  

It has been recognised that active and abandoned sewerage services can act as dif fuse sources of  
contamination, particularly when either licensed or unlicensed discharges of  contaminated wastes 
occur via these networks. Sewage services across the BMA f low into the North East Water (NEW) 
sewage treatment network. Additionally, Defence hold several commercial Trade Waste Agreements 
(TWA) with NEW for the discharge of  trade wastes via the sewer network. 

Given the source investigations identif ied several wash down bays where vehicles using AFFF have 
historically been washed out (Source Areas 5, 7 and 13), there is potential for the sewerage network 
to be acting as a dif fuse source across the Bases through potential leakage and / or preferential f low. 
The DSI (Golder, 2018) considered the impact the sewer may be having as a dif fuse source, 
however, direct inf iltration of  PFAS impacts into the sewer may warrant consideration. As such, f lux 
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assessment should consider sampling of  the sewage to conf irm the sewer is not acting as direct 
migration pathway of f  the site.   

C9 CSM Graphical Cross section  
The CSM is presented in a graphical cross-section in Plate 1.  
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Plate C1: Conceptual Site Model 
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APPENDIX D: Options analysis criteria 

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

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

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

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

The cost ranges below have overlapping values: this is to avoid a scenario 
where a borderline cost may distort the analysis. Where a cost estimate falls 
into an overlapping range, but ef fectiveness 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 ‘ef fectiveness’ criterion. 

Category 1 PWC approval required 
above $15 million.9 

>  $13,000,000 

Category 2 Medium works notif ication 
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 actions10 < $500,000 

Cost ranges should include direct, indirect, recurrent costs and the costs of  
mitigating any secondary risks identif ied 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 identif ied and a separate options analysis applied. 

2 Effectiveness 
rating 

Assign an ef fectiveness 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 signif icant 
progress towards meeting its objectives. 

Medium with 
supplementary 
option 

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

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

 

 

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

 

3 Implementation 
period / 
timeframe 

Designate an indicative timeframe for implementation: 

Primary implementation period 

− Short term: 1-12 months f rom 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. Dif ferent 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 
benef it. Rate as negative / neutral / marginal / moderate / signif icant. 

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 
benef it 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 verif ication status. 

9 Technology 
assessment 

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

List primary, secondary11 and residual12 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 inf rastructure (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 identif ication 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. 

 

 

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

Appendix E supplements section 6.1 (Options identification and analysis). 

This Appendix provides the analysis of  the management options identif ied as available to 
address the range of  risks identif ied 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 Options Listing and Detailed Options Analysis  
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E1 PFAS remediation options screening13 

E1.1 Solids (Soil/Sediment)1 

 

Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - solids        

Bioremediation  

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

Most applicable to saturated media. 

Not applicable to PFAS. - - - - - No 

Chemical Oxidation or Reduction 

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

Most applicable to saturated media. 

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

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

Significant chemical 
volumes and 
multiple applications 
would be required. 

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

12 to 24 months 
for application 

- - No 

Soil Flushing Full scale in situ 
application has not 

Hydraulic control 
would be required 

- - - - No 

 

 

13 Based on RAAF Base East Sale PFAS Management Area Plan prepared by Senversa, August 2018. Senversa sourced its technologies from ITRC publication, Remediation Technologies and Methods for Per- and 
Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology 
Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html). 

https://frtr.gov/matrix2/top_page.html
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

PFAS compounds are soluble and have low soil 
partitioning coefficients, and are potentially amenable to 
this approach. However, low level concentrations are 
expected to be persistent due to desorption and matrix 
diffusion. 

been identified in 
Australia. 

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

Soil Vapour Extraction 

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

Not applicable to PFAS 
– non- or low volatility. 

- - - - - No 

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

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

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

Solidification is not 
applicable to PFAS. 

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

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

- - Affects asset access No 

Ex-Situ Treatment - solids        

Excavation and Off-site Disposal  

Commonly available soil treatment approach for 
categorised materials. 

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

Excavation and 
dewatering/drying of 
materials is technically 
feasible. 

PFAS impacted solid 
waste may be disposed 
to landfill through a 

Dependent on 
disposal options. 

EPA consultation 
and approval 
required.  

High  

(Largely due to 
disposal costs and 
transport) 

6+ months 
(highly 
dependent on 
EPA and 
categorisation 
of waste) 

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

Significantly disruptive 
to operations. 

Yes – consultation 
required with 
Victorian EPA. 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

classification 
application which is 
submitted to the EPA. 

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

Bioremediation 

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

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

Not applicable for 
PFAS 

- - - - - No 

Adsorption - Solidification/ Stabilisation/ 
Immobilisation 

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

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

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

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

Applicable Applicable. 
 

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

Moderate 12+ months. 
 

Validation of 
stabilisation 
may take 6 
months. 

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

 
Significant chemical 
use would be 
required. 

Significant 
disruption to 
operations 

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

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

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

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

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

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

Applicable.  

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

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

Moderate to high 
(largely due to high 
chemical costs) 

12+ months 
with material 
handling on-site 

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

Significant chemical 
use would be required. 

Some disruption to 
operations 

No 

Soil Washing / Chemical Extraction  
Materials are excavated and treated at an on-site 
or off-site facility.  

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

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

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

 
Likely to have limited 
capability for clay rich 
soils. 

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

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

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

12+ months 
with material 
handling on-site 

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

Significant disruption 
to operations 

No 

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

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

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

- - - - - No 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

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

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

Wastes are heated to 315oC to 538oC to volatilise 
water and organic contaminants. A carrier gas or 
vacuum system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing. 

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

- - - - - No 

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

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

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

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

Applicable Only feasible 
for PFAS at 
high 
temperatures. 

Off gas 
treatment 
required. 

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

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

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

Significant disruption 
to operations 

No 

Other - solids        

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

Applicable 

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

Applicable Low Depends on 
project staging 
and auditor. 

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

Depending upon 
source area, low to 
significant disruption 
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 

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

and risks are 
demonstrated to be low 
and acceptable. 

off-site so is therefore 
considered more 
sustainable than 
placement in an off-
site facility. 

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

On-site containment in an engineered facility  

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

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

Requires suitable 
location for the facility. 

Applicable Low Depends on 
project staging 
and auditor. 

On-site containment 
is lower on the 
waste hierarchy as 
the process involves 
construction of an 
engineered facility. 
This avoids 
transport of 
materials off-site so 
is considered more 
sustainable than 
placement in an off-
site facility. 

Depending upon 
source area, low to 
significant disruption 
to operations 

Yes – long term 
use of the land 
need 
consideration 

 
 

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 
consideratio
n 

In-Situ Treatment - groundwater        

Bioremediation  

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

Not applicable to PFAS. - - - -  No 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / service 
delivery 

Further 
consideratio
n 

Chemical Injection 

Chemicals are injected into the aquifer at pre-determined 
dosage rate. 

May include oxidation/reduction to chemically convert 
the hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, and/or inert. 
Other options may include novel additives such as 
slurried activated carbon which is a binding technology. 

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

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

 
Significant chemical 
volumes would be 
required. 

High 
(largely due to 
chemical costs 
and application) 

12 to 24 months In-situ treatment is 
considered high on 
EPA’s waste 
hierarchy. 

Some disruption to 
operations 

No 

Air Sparging 

Air is injected into the subsurface to add oxygen and 
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. 

- - - - - 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. 

Potentially applicable 
as a component of an 
overall strategy. 
 
However, no full scale 
application for PFAS 
identified in Australia or 
globally. 

 
Expected to be 
applicable in short 
term for some 

Reactive media can 
require replacement 
(depending on 
sorptive capacity and 
concentrations being 
treated) and 
disposal/treatment. 

Moderate to High 
(Depends on size, 
reactive media to 
be used, 
replacement of 
media) 

Long term 
operation 

In-situ treatment is 
considered high 
on the PFAS 
NEMP and EPA’s 
waste hierarchy. 

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

Yes 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / service 
delivery 

Further 
consideratio
n 

PRBs can either be configured as a continuous wall to 
intersect the plume, or as a funnel-and-gate system with 
low permeability walls that direct groundwater flow 
through reactive media in a ‘gate’. 

hydrogeological 
settings. 

Ex-Situ Treatment - water        

Groundwater extraction 

Commonly available treatment approach. Dissolved 
phase impacts are extracted via a series of wells or 
trenches (‘French drains’), with ex situ treatment of 
effluent at a water treatment plant. Treated water could 
be managed via reinjection or discharge. 

Extraction system can be designed to maximise mass 
removal of dissolved phase contaminants, though this 
approach is typically more suited for hydraulic control 
purposes (see below). 

Not applicable as a 
stand-alone option – is 
not likely to be 
practicable to address 
secondary sources (e.g. 
PFAS sorbed to soils). 

Desorption and back 
diffusion of 
contaminants from the 
formation can limit the 
ability to reach low-level 
management goals and 
cause extended 
treatment timeframes. 

Requires water 
treatment (See 
below). 

 
Applicable as a 
component of an 
overall management 
strategy. 

Moderate capital 
cost, but high 
lifecycle cost due to 
long duration 

1+ years, long 
term operation 

Considered low on 
hierarchy when 
used in isolation but 
can be a 
component of 
overall site strategy 

Low to some disruption 
to operations. 

Yes, needs to be 
consider in 
conjunction with 
treatment 
options 

 

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. 

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

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

Extracted groundwater treatment 

For the above groundwater extraction options, ex situ 
treatment at a water treatment plant is required. A 
treatment train would be required, generally requiring: 

Applicable 

Treatment technologies 
are commercially 
available and have 

Applicable 

A pilot trial and 
treatment train 
approach may be 

Moderate See for above 
options 

See for above options Little disruption to 
operations 

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

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / service 
delivery 

Further 
consideratio
n 

• Pre-treatment to remove sediments and co-
contaminants. This may include sand filtration, 
flocculation, sorption. 

• PFAS removal via sorption, ultrafiltration 
(nanofiltration), foam fractionation, or reverse 
osmosis. 

The most common PFAS treatment is sorption using 
granular activated carbon (GAC) and/or ultrafiltration 
(e.g. reverse osmosis). Other media sorptive media 
include modified clays (e.g. sand MatCARE). Ion 
exchange resins have also been 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. 

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

required depending 
on water quality and 
co-contaminants. 
A method to manage 
waste media is 
required (see above 
for soil/sediment 
options for disposal, 
on site containment 
or in situ 
management) 

Other - water        

Hydraulic containment 

Sub-surface hydraulic barriers consist of a series of 
vertically installed walls, or excavated trenches near the 
perimeter of shallow water impacts, to: 

• Affect hydraulic gradients or direct flow within the 
shallow system so that flow occurs laterally to 
drains/sumps/wells for extraction; and/or 

• Reduce and retard lateral shallow groundwater 
flow. 

If no measures are implemented to reduce infiltration, 
will require ongoing water extraction and treatment, 
and does not reduce management requirements. 

If combined with a low permeability cover to reduce 
infiltration to the shallow aquifer, there would be limited 
ongoing treatment of water required. 

Applicable Applicable 

Requires water 
treatment (See 
above). 

Would only be 
feasible if combined 
with a strategy to 
reduce infiltration to 
the aquifer (e.g. a 
low permeability 
cover). 

Low to moderate Ongoing In-situ management is 
considered to be high 
on the PFAS NEMP’s 
waste hierarchy. 

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

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

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

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / service 
delivery 

Further 
consideratio
n 

Surface water collection and treatment 

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

• Pre-treatment to remove sediments and co-
contaminants. This may include sand filtration, 
flocculation, sorption.  

• PFAS removal via sorption, ultrafiltration 
(nanofiltration), foam fractionation, or reverse 
osmosis 

The most common PFAS treatment is sorption using 
granular activated carbon (GAC) and/or ultrafiltration 
(e.g. reverse osmosis). Other media sorptive media 
including modified clays (e.g. sand MatCARE). Ion 
exchange resins have also been optimized in a treatment 
train approach. Emerging technologies being studied 
include sonochemical treatment, photochemical oxidation 
and thermally induced reduction.  

Treated water could be managed via discharge.  

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

Treatment technologies 
are commercially 
available and have been 
used for PFAS water 
treatment in Australia (in 
particular GAC, and to a 
lesser extent 
ultrafiltration and ion 
exchange).  

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

Applicable 

A pilot trial and 
treatment train 
approach may be 
required depending 
on water quality and 
co-contaminants.  

A method to manage 
waste media is 
required (see above 
for soil/sediment 
options for disposal, 
on site containment 
or in situ 
management) 

Moderate capital 
cost, but high 
lifecycle cost due to 
long duration 

Long term 
operation 

Considered low on 
hierarchy when used 
in isolation but can 
be a component of 
overall site strategy 

Little disruption to 
operations 

Yes 

Surface Water treatment using a Permeable 
Reactive Barrier 

A permeable reactive barrier (PRB) is installed within 
the surface water flow, allowing the surface water to 
passively pass through the barrier, 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. 

Yes 
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1 Cost Range Estimate Category 3 > $450,000 < $2,000,000 Cost estimate is based on the excavation of 815m3* of soil/sediment, Category 3 > $450,000 < $2,000,000 Cost estimate is based on capping an area of 1630m2* Category 2 >  $1,500,000 < $15,000,000 Cost estimate is based on capturing surface water from an area of 
1630m2* 

2 Effectiveness rating Medium with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the upper soils is expected to 
have a medium effect on the migration of PFAS into surface water within 
the Jack in the Box Creek catchment. 

Medium with supplementary option

Complete capping of PFAS impacts is unlikely to be achieved. However, 
subject to the outcomes of the flux study, remediation of the upper soils is 
expected to have a medium effect on the migration of PFAS into surface 
water within the Jack in the Box Creek catchment. 

Medium with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, treatment of surface 
water is expected to have a medium effect on the migration of PFAS into 
surface water within the Jack in the Box Creek catchment. 

3 Implementation period / 
timeframe

4 Potential impacts

Medium term: 1-3 years Long term: beyond 3 years.

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- Low cost to implement
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Passive treatment have moderate costs and require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils

Collection and treatment of surface water runoff from the source area. 
Water treatment would occur through either: 
1) Active methods (i.e. water treatment plant) or 
2) Passive methods (i.e. permeable reactive barrier). 

Surface Water - Capture and Treatment

Option 3

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the surface water requiring 
capture and treatment.
- Validation of post treatment surface water concentrations will be required to confirm remediation success 
- Re-grading, and drainage swales would be required to minimise the volume of impacted water being generated. 
- Drainage improvements and storage would be required to facilitate the collection of the impacted water.
- Active treatment methods would require a WTP to be installed and operated.
- Passive treatment methods would require maintenance (media replacement) and monitoring. 
- Water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation. 

This option addresses the PFAS migration pathway by reducing the PFAS mass within surface water. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. This option will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils (Risk 
ID#5)

Cost / effectiveness / impact analysis

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities involving exposure to surface water only; 
- Risk ID#2 Use of groundwater as drinking water; and
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

To reduce the mass of PFAS within surface water within the Jack in the Box Creek Catchment, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

Medium term: 1-3 years

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring

In-situ Management (Capping)

Construction of a physical capping layer to reduce infiltration and PFAS leaching into surface water. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek Catchment, and reduce the mass of 
PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water; 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

This option addresses the PFAS migration pathway by reducing the leaching of PFAS into surface water. 

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent remediation and 
define validation criteria.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation

This option addresses the source of PFAS in this area. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water; 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek Catchment, and reduce the mass of 
PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success 

Objective

How this objective contributes to 
managing the identified risk?

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

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

Supplementary / complementary 
options

Source Area 1 – Petroleum Platoon Former Fire Training Ground [South Bandiana, Jack in the Box Creek Catchment] 

Description and risk contribution mechanism
The Former Fire Training Ground, was utilised by the Petroleum Platoon prior to 1994, is in the western portion of South Bandiana in a large area of vacant land known as the Close Training Area. The Petroleum Platoon historically used the area for fuel handling training and fire training exercises prior to the construction of the current facilities (Source Areas 5 and 6). 
Moderately deep groundwater (>15 mbgs) with low concentrations of PFAS including exceedances of drinking water guidance values for PFOS + PFHxS in two monitoring wells. The limited groundwater impacts, and general decrease in soils concentrations with depth suggest, vertical leaching from soil to groundwater is limited within the area. 
Shallow soil impacts including one exceedance of the adopted open space guidance values for human health for PFOS + PFHxS. 
Surface water drainage channels were generally dry during the DSI (Golder, 2018), however, one sample was able to be collected which exceeded drinking water and recreational water guidance values. PFAS was also reported in sediments collected from drainage lines, indicating soil and sediment impacts are likely to leach into surface water during rainfall. 

Management Option No #

Title (functional)

Description

Excavation of PFAS impacted soils and sediments and replacement with clean fill. 
The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Ex-situ Treatment Solids (Soil and Sediment)

Option 1 Option 2
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5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate this source area of PFAS, however, 
the current risks have been assessed as low and acceptable. Therefore, 
while an overall reduction of PFAS migration will be achieved a change in 
the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice
Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, preference 
would be to prioritise source remediation rather than pathway treatment.

8 Verification status Technology Verified This management option has been used to successfully teat/manage PFAS 
contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility.  

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or external 
factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria

Option is dependent upon other options or external 
factors No key dependencies identified Option is dependent upon other options or external 

factors Design and trialling of passive water treatment methods would be required. 

12 Defence capability Low risk of affect on capability
Based on the location of the source area on the base, a low risk of affect 
on capability is expected. 
Onsite containment cell location may have impact on future land use. 

Low risk of affect on capability Based on the location of the source area on the base, a low risk of impact 
on capability is expected. Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect 
on capability is expected. 
The location of the WTP (if required) may have an impact on future land 
use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence, EPA Victoria Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community likely to accept option Neutral community impacts identified Community likely to accept option Neutral community impacts identified

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Not applicable Not applicable Not applicable

Defence implications

Stakeholder impacts, views and consents

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define capping extent
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
- Passive treatment methods need infrastructure to be designed and installed and require on going waste management
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
- Reliability of passive water treatment would require assessment
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment
- Treatment methods may require on going waste management with transport and disposal risks

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Risk based analysis
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1 Cost Range Estimate Category 3 > $450,000 < $2,000,000 Cost estimate is based on the excavation of 513m3* of soil/sediment, Category 3 > $450,000 < $2,000,000 Cost estimate is based on capping an area of 1025m2* Category 2 >  $1,500,000 < $15,000,000 Cost estimate is based on capturing surface water from an area of 
1025m2* 

2 Effectiveness rating Medium with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the upper soils is expected to 
have a medium effect on the migration of PFAS into surface water within 
the Jack in the Box Creek catchment. 

Medium with supplementary option

Complete capping of PFAS impacts is unlikely to be achieved. However, 
subject to the outcomes of the flux study, remediation of the upper soils is 
expected to have a medium effect on the migration of PFAS into surface 
water within the Jack in the Box Creek catchment. 

Medium with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, treatment of surface 
water is expected to have a medium effect on the migration of PFAS into 
surface water within the Jack in the Box Creek catchment. 

3 Implementation period / 
timeframe

4 Potential impacts

5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate this source area of PFAS, however, 
the current risks have been assessed as low and acceptable. Therefore, 
while an overall reduction of PFAS migration will be achieved a change in 
the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Source Area 2 – Base Fire Services – Former Fire Training Ground [South Bandiana, Jack in the Box Creek Catchment]

Description and risk contribution mechanism
The Base Fire Services historically operated a fire training ground, in the south-western portion of the current Close Training Area (Figure 10, Source Area 2). Defence personnel interviewed indicated that this facility was operated in an approximate timeframe of 1980s to 1990s.
Shallow soil impacts including one exceedance of the adopted open space guidance values for human health for PFOS + PFHxS. PFAS was reported in sediments collected from shallow (dry) drainage lines with concentrations of PFOS + PFHxS in three samples exceeding the adopted open space guidance values for human health. Deep groundwater (>35 mbgs) reported no PFAS exceedances of human health 
guidance values. The limited groundwater impacts, and general decrease in soils concentrations with depth suggest, vertical leaching from soil to groundwater is limited within the area.
Surface water drainage channels were generally dry during the DSI. The PFAS in soil and sediment are likely leach into surface water during rainfall.

Management Option No # Option 1 Option 2 Option 3

Title (functional) Ex-situ Treatment Solids (Soil and Sediment) In-situ Management (Capping) Surface Water - Capture and Treatment

Description

Excavation of PFAS impacted soils and sediments and replacement with clean fill. 
The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Construction of a physical capping layer to reduce infiltration and PFAS leaching into surface water. 

Collection and treatment of surface water runoff from the source area. 
Water treatment would occur through either: 
1) Active methods (i.e. water treatment plant) or 
2) Passive methods (i.e. permeable reactive barrier). 

Objective To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek Catchment, and reduce the mass of 
PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek Catchment, and reduce the mass of 
PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

To reduce the mass of PFAS within surface water within the Jack in the Box Creek Catchment, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

How this objective contributes to 
managing the identified risk?

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water; 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water; 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities involving exposure to surface water only; 
- Risk ID#2 Use of groundwater as drinking water; and
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

Medium term: 1-3 years Medium term: 1-3 years Long term: beyond 3 years.

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

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. This option will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils (Risk 
ID#5)

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses the source of PFAS in this area. This option addresses the PFAS migration pathway by reducing the leaching of PFAS into surface water. This option addresses the PFAS migration pathway by reducing the PFAS mass within surface water. 

Supplementary / complementary 
options

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent remediation and 
define validation criteria.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success 

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the surface water requiring 
capture and treatment.
- Validation of post treatment surface water concentrations will be required to confirm remediation success 
- Re-grading, and drainage swales would be required to minimise the volume of impacted water being generated. 
- Drainage improvements and storage would be required to facilitate the collection of the impacted water.
- Active treatment methods would require a WTP to be installed and operated.
- Passive treatment methods would require maintenance (media replacement) and monitoring. 
- Water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation. 

Cost / effectiveness / impact analysis

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- Low cost to implement
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Passive treatment have moderate costs and require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils
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6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice
Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, preference 
would be to prioritise source remediation rather than pathway treatment.

8 Verification status Technology Verified This management option has been used to successfully teat/manage PFAS 
contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility.  

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or external 
factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria

Option is dependent upon other options or external 
factors No key dependencies identified Option is dependent upon other options or external 

factors Design and trialling of passive water treatment methods would be required. 

12 Defence capability Low risk of affect on capability
Based on the location of the source area on the base, a low risk of affect 
on capability is expected. 
Onsite containment cell location may have impact on future land use. 

Low risk of affect on capability Based on the location of the source area on the base, a low risk of affect 
on capability is expected. Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect 
on capability is expected. 
The location of the WTP (if required) may have an impact on future land 
use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community likely to accept option Neutral community impacts identified Community likely to accept option Neutral community impacts identified

Risk based analysis

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define capping extent
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
- Passive treatment methods need infrastructure to be designed and installed and require on going waste management
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
- Reliability of passive water treatment would require assessment
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
- Monitoring (surface water / groundwater) will confirm effectiveness
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Stakeholder impacts, views and consents

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Not applicable Not applicable

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment
- Treatment methods may require on going waste management with transport and disposal risks

Defence implications

Not applicable
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1 Cost Range Estimate Category 3 > $450,000 < $2,000,000
Cost estimate is based on the excavation of 645m3* of soil/sediment. This 
estimate does not include sediment within the large pond, as the sediments 
were not sampled during the DSI (2018).  

Category 3 > $450,000 < $2,000,000 Cost estimate is based on capping an area of 1290m2*, this estimate is 
based on an area surrounding and including Building 298. Category 2 >  $1,500,000 < $15,000,000

Cost estimate is based on capturing surface water from an area of 
1290m2* surrounding Building 298 plus the contents of the large pond 
(sample SS338). 

2 Effectiveness rating High with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the upper soils and sediments 
within the large pond is expected to have a high effect on the migration of 
PFAS into surface water. Particularly if completed in conjunction with the 
remediation of the South Bandiana stormwater detention ponds.  

High with supplementary option

Complete capping of PFAS impacts is unlikely to be achieved. However, 
subject to the outcomes of the flux study, capping of the upper soils in the 
vicinity of Building 298 is expected to have a high effect on the migration of 
PFAS into surface water if completed in conjunction with the remediation of 
the large pond (sample SW338) and the remediation of the Southern 
Bandiana stormwater detention ponds. 

High with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, treatment of surface 
water is expected to have a high effect on the migration of PFAS into 
surface water if completed in conjunction with the remediation of the large 
pond (sample SW338) and the remediation of the Southern Bandiana 
stormwater detention ponds.

3 Implementation period / 
timeframe

4 Potential impacts

Source Area 5 – Petroleum Platoon Fuel Handling Facility [South Bandiana, Jack in the Box Creek Catchment and Kiewa River Catchment]

Description and risk contribution mechanism
The Petroleum Platoon Fuel Handling Facility is located in the central-northern portion of South Bandiana. The facility provides an area for training in refuelling of vehicles and bulk fuel handling. AFFF has historically been used in the Fuel Handling Facility for equipment testing and fire training activities.
Shallow soil impacts including one exceedance of the adopted open space guidance values, however, was below the adopted human health commercial / industrial soil screening guidance values for PFOS + PFHxS (12.5 mg/kg). 
Moderately deep groundwater (>10 mbgs) with low concentrations of PFAS all below human health guidance values. The limited groundwater impacts, and general decrease in soils concentrations with depth suggest, vertical leaching from soil to groundwater is limited within the area. However, there are some exceptions to the general decrease soil concentrations with depth, particularly within the vicinity of the maximum 
reported soil concentration (SS311), soil samples collected from MW333 reported an increase in concentrations suggesting vertical leaching is occurring in this portion of the source area. Monitoring well MW333 was installed at 14 mbgs and was dry at the time of sampling. 
Surface water samples collected from the drainage channel running parallel to the northern boundary of the source area and from the large pond reported concentrations of PFHxS + PFOS that exceeded the human health recreational water and the drinking water guidance values. The maximum concentration of PFOS + PFHxS detected was 6.8 µg/L. 
PFAS was also reported in sediments collected from drainage lines, indicating soil and sediment impacts are leaching into surface water. Surface water drains directly to stormwater ponds at the entrance to South Bandiana and subsequently to the unnamed creek and Kiewa River.

Management Option No # Option 1 Option 2 Option 3

Title (functional) Ex-situ Treatment Solids (Soil and Sediment) In-situ Management (Capping) Surface Water - Capture and Treatment

Description

Excavation of PFAS impacted soils and sediments within the unpaved areas within the facility and replacement with clean fill. 
Particularly, soils surrounding Building 298 (sample SS311) and sediments within the large pond (sample SW338).  Excavation 
of sediments from the large pond will require the disposal or treatment and discharge of the pond water prior to excavation. 
The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Construction of a physical capping layer to reduce infiltration and PFAS leaching into surface water within unpaved areas within 
the facility, particularly surrounding Building 298 (sample SS311). 

Collection and treatment of surface water runoff from the source area. 
Water treatment would occur through either: 
1) Active methods (i.e. water treatment plant) or 
2) Passive methods (i.e. permeable reactive barrier). 

Objective
To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek and Kiewa River Catchment, and 
reduce the mass of PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box 
Creek Catchment and Kiewa River Catchment along the unnamed creek. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek and Kiewa River Catchment, and 
reduce the mass of PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box 
Creek Catchment and Kiewa River Catchment along the unnamed creek. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek and Kiewa River Catchment, and 
reduce the mass of PFAS potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box 
Creek Catchment and Kiewa River Catchment along the unnamed creek. 

How this objective contributes to 
managing the identified risk?

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

Medium term: 1-3 years Medium term: 1-3 years Long term: beyond 3 years.

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

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. This option, if implemented alone, will not address the leaching of PFAS from sediments into surface water within 
the large pond (sample SW338). 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. This option will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils (Risk 
ID#5)

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses the source of PFAS in this area. This option addresses the PFAS migration pathway by reducing the leaching of PFAS into surface water. This option addresses the PFAS migration pathway by reducing the PFAS mass within surface water. 

Supplementary / complementary 
options

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent remediation and 
define validation criteria.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Excavation of sediments from the large pond will require the disposal or treatment and discharge of the pond water 

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success
- Consider the remediation of the large pond (sample location SW338), particularly the excavation of the residual sediments 
(Option 1).  

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the surface water requiring 
capture and treatment.
- Validation of post treatment surface water concentrations will be required to confirm remediation success 
- Re-grading, and drainage swales would be required to minimise the volume of impacted water being generated. 
- Drainage improvements and storage would be required to facilitate the collection of the impacted water.
- Active treatment methods would require a WTP to be installed and operated.
- Passive treatment methods would require maintenance (media replacement) and monitoring. 
- Water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation. 

Cost / effectiveness / impact analysis

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- Capping alone is low cost to implement
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Low effectiveness rating if not completed in conjunction with supplementary options

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Passive treatment have moderate initial costs and low operating costs 
- Active or passive treatment methods will ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils



PMAP – BANDIANA MILITARY AREA
Appendix E2

5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate this source area of PFAS, however, 
the current risks have been assessed as low and acceptable. Therefore, 
while an overall reduction of PFAS migration will be achieved a change in 
the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice
Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, preference 
would be to prioritise source remediation rather than pathway treatment.

8 Verification status Technology Verified This management option has been used to successfully teat/manage PFAS 
contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility.  

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or external 
factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria

Option is dependent upon other options or external 
factors

Effectiveness is dependent on the remediation of the water and sediments 
within the large pond and the South Bandiana stormwater detention ponds

Option is dependent upon other options or external 
factors Design and trialling of passive water treatment methods would be required. 

12 Defence capability Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some training 
infrastructure will be unavailable during the works. 
Onsite containment cell location may have impact on future land use. 

Medium risk of affect on capability 
Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some training 
infrastructure will be unavailable during the works. 

Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some training 
infrastructure will be unavailable during the works. 
The location of the WTP (if required) may have an impact on future land 
use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community likely to accept option Neutral community impacts identified Community likely to accept option Neutral community impacts identified

Risk based analysis

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define capping extent
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
- Passive treatment methods need infrastructure to be designed and installed and require on going waste management
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
- Reliability of passive water treatment would require assessment
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
- Monitoring (surface water / groundwater) will confirm effectiveness
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Stakeholder impacts, views and consents

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Not applicable Not applicable

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater
- if completed without supplementary options residual PFAS within sediments within the large pond (sample SW338) and the 
South Bandiana stormwater detention ponds will continue to cause residual discharges to surface water 

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment
- Treatment methods may require on going waste management with transport and disposal risks

Defence implications

Not applicable
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1 Cost Range Estimate Category 3 > $450,000 < $2,000,000

PFOS + PFHxS concentrations were < 1 mg/kg, therefore cost estimate 
are based on excavation of shallow soil beneath infrastructure only 
(assumed <500m3). Additional investigations are required to define the 
extent of remediation required.   

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

PFOS + PFHxS concentrations were < 1 mg/kg, therefore cost estimate 
are based on capping foot print of infrastructure only (assumed <2000m2). 
Additional investigations are required to define the extent of remediation 
required.   

Category 2 >  $1,500,000 < $15,000,000

PFOS + PFHxS concentrations were < 1 mg/kg, therefore cost estimate 
are based on capture of stormwater draining from footprint of infrastructure 
only (assumed <2000m2). Additional investigations are required to define 
the extent of remediation required.   

2 Effectiveness rating High with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, demolition of the redundant infrastructure and 
remediation of the upper soils and sediments within the source area is 
expected to have a high effect on the migration of PFAS into surface 
water. Particularly, if completed in conjunction with other surface water 
remediation works. 

High with supplementary option

Complete capping of PFAS impacts is unlikely to be achieved. However, 
subject to the outcomes of the flux study, capping of the upper soils across 
is expected to have a high effect on the migration of PFAS into surface 
water if completed in conjunction with the remediation of the large pond 
(sample SW338) and the remediation of the Southern Bandiana 
stormwater detention ponds. 

High with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, treatment of surface 
water is expected to have a high effect on the migration of PFAS into 
surface water if completed in conjunction with the remediation of the large 
pond (sample SW338) and the remediation of the Southern Bandiana 
stormwater detention ponds.

3 Implementation period / 
timeframe

4 Potential impacts

Source Area 6 – Current Fire Training Ground [South Bandiana, Jack in the Box Creek Catchment]

Description and risk contribution mechanism
The Current Fire Training area is in the central-western portion of South Bandiana. The facility consists of a large shallow concrete bund, covered with a metal grill forming a platform on which the training activities take place. The water and foam released on the training platform drains to two large in-ground first flush retention tanks, and the remaining water is directed into the facility sediment pond which 
subsequently discharged to surface water, with water flowing north-west towards Jack in the Box Creek. 

An Expenditure Investment Request (EIR) for the replacement of the current fire training ground (Source Area 6) is currently being considered by Defence, and the facility will likely be relocated to elsewhere on the base. The remnant concrete structures and settling pond will continue to leach PFAS despite the facility no long being used. If completed, the relocation of the current fire training ground provides an 
opportunity to demolish the infrastructure and complete the proposed management actions for Source Area 6 with minimal impact on Defence’s capability.

The deep groundwater (>20 mbgs) reported concentrations below or marginally above the detection limit. However, there is some uncertainty around the potential flow direction within the vicinity of Source Area 6. The limited groundwater impacts, and general decrease in soils concentrations with depth suggest, vertical leaching from soil to groundwater is limited within the area.
Very high surface water concentrations in the lined sediment pond of 50.7 µg/L of PFOS + PFHxS, which exceeded the human health drinking water and recreational water guidance values. The very high surface water concentrations observed within the pond indicates the soil and sediment impacts are leaching into surface water. However, the observed surface water concentrations are significant relative to other 
areas of the site with comparable soil and sediment concentrations. Suggesting additional contribution within the area. It is possible that the concrete platforms and concrete infrastructure within the training area is also leaching PFAS and are also contributing to the very high surface water concentrations observed.

Management Option No # Option 1 Option 2 Option 3

Title (functional) Ex-situ Treatment Solids (Soil and Sediment) In-situ Management (Capping) Surface Water - Capture and Treatment

Description

Demolition and disposal of the redundant infrastructure, excavation of PFAS impacted soils and sediments and replacement 
with clean fill.  Excavation of sediments from the settling pond (sample SW336) will require the disposal or treatment and 
discharge of the pond water prior to excavation.
 
The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Demolition and disposal of the redundant infrastructure, and construction of a physical capping layer to reduce infiltration and 
PFAS leaching into surface water. 

Demolition and disposal of the redundant infrastructure, then collection and treatment of surface water runoff from the source 
area. 
Water treatment would occur through either: 
1) Active methods (i.e. water treatment plant) or 
2) Passive methods (i.e. permeable reactive barrier). 

Objective To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. 

How this objective contributes to 
managing the identified risk?

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

Medium term: 1-3 years Medium term: 1-3 years Long term: beyond 3 years.

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

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater.

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. This option will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils (Risk 
ID#5)

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses the source of PFAS in this area. This option addresses the PFAS migration pathway by reducing the leaching of PFAS into surface water. This option addresses the PFAS migration pathway by reducing the PFAS mass within surface water. 

Supplementary / complementary 
options

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent remediation and 
define validation criteria.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Excavation of sediments from the settling pond (sample SW336) will require the disposal or treatment and discharge of the 
pond water 

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success
- Consider the remediation of the large pond (sample location SW338), particularly the excavation of the residual sediments 
(Option 1).  

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the surface water 
requiring capture and treatment.
- Validation of post treatment surface water concentrations will be required to confirm remediation success 
- Re-grading, and drainage swales would be required to minimise the volume of impacted water being generated. 
- Drainage improvements and storage would be required to facilitate the collection of the impacted water.
- Active treatment methods would require a WTP to be installed and operated.
- Passive treatment methods would require maintenance (media replacement) and monitoring. 
- Water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation. 

Cost / effectiveness / impact analysis

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- Capping alone is low cost to implement
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Low effectiveness rating if not completed in conjunction with supplementary options

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Passive treatment have moderate initial costs and low operating costs 
- Active or passive treatment methods will ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils
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5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate this source area of PFAS, however, 
the current risks have been assessed as low and acceptable. Therefore, 
while an overall reduction of PFAS migration will be achieved a change in 
the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and 
cost is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and 
cost is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and 
cost is potentially dis-proportionate.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice
Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, preference 
would be to prioritise source remediation rather than pathway treatment

8 Verification status Technology Verified This management option has been used to successfully teat/manage 
PFAS contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility.  

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or 
external factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria

Option is dependent upon other options or 
external factors

Effectiveness is dependent on the remediation of the water and sediments 
within the large pond and the South Bandiana stormwater detention ponds

Option is dependent upon other options or 
external factors Design and trialling of passive water treatment methods would be required.

12 Defence capability Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect 
on capability is expected while being implemented as the infrastructure is 
scheduled for replacement. 
Onsite containment cell location may have impact on future land use. 

Low risk of affect on capability
Based on the location of the source area on the base, a low risk of affect 
on capability is expected while being implemented as the infrastructure is 
scheduled for replacement. 

Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect 
on capability is expected while being implemented as the infrastructure is 
scheduled for replacement. 
The location of the WTP (if required) may have an impact on future land 
use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified

Risk based analysis

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define capping extent
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
- Passive treatment methods need infrastructure to be designed and installed and require on going waste management
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
- Reliability of passive water treatment would require assessment
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
- Monitoring (surface water / groundwater) will confirm effectiveness
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater
- if completed without supplementary options residual PFAS within sediments within the large pond (sample SW338) and the 
South Bandiana stormwater detention ponds will continue to cause residual discharges to surface water 

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within
the lower Jack in the Box Creek Catchment
- Treatment methods may require on going waste management with transport and disposal risks

Defence implications

Not applicable Not applicable Not applicable

Stakeholder impacts, views and consents

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 
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1 Cost Range Estimate Category 3 > $450,000 < $2,000,000 Cost estimate is based on the excavation of 1216 m3* of soil/sediment. Category 3 > $450,000 < $2,000,000 Cost estimate is based on capping an area of 1290m2*. Category 2 >  $1,500,000 < $15,000,000 Cost estimate is based on capturing surface water from an area of 
1290m2*. 

2 Effectiveness rating High with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the upper soils and sediments 
within the large pone is expected to have a high effect on the migration of 
PFAS into surface water. Particularly if completed in conjunction with the 
remediation of the South Bandiana stormwater detention ponds.  

High with supplementary option

Complete capping of PFAS impacts is unlikely to be achieved. However, 
subject to the outcomes of the flux study, capping of the upper soils in the 
vicinity of Building 298 is expected to have a high effect on the migration of 
PFAS into surface water if completed in conjunction with the remediation of 
the large pond (sample SW338) and the remediation of the Southern 
Bandiana stormwater detention ponds. 

High with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, treatment of surface 
water is expected to have a high effect on the migration of PFAS into 
surface water if completed in conjunction with the remediation of the large 
pond (sample SW338) and the remediation of the Southern Bandiana 
stormwater detention ponds.

3 Implementation period / 
timeframe

4 Potential impacts

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- Capping alone is low cost to implement
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Low effectiveness rating if not completed in conjunction with supplementary options

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Passive treatment have moderate initial costs and low operating costs 
- Active or passive treatment methods will ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils

Medium term: 1-3 years Medium term: 1-3 years Long term: beyond 3 years.

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

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater.

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils and sediments within areas surrounding the source area will continue to leach PFAS into the surface water and 
groundwater. This option will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils (Risk 
ID#5)

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses the source of PFAS in this area, and addresses the preferential pathway for the migration of PFAS mass 
into the groundwater within the immediate vicinity of the source area. 

This option addresses the PFAS migration pathway by reducing the leaching of PFAS into surface water, additionally this option
addresses the preferential pathway for the migration of PFAS mass into the groundwater within the immediate vicinity of the 
source area.  

This option addresses the PFAS migration pathway by reducing the PFAS mass within surface water, additionally this option 
addresses the preferential pathway for the migration of PFAS mass into the groundwater within the immediate vicinity of the 
source area.  . 

Supplementary / complementary 
options

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent remediation and 
define validation criteria.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Decommissioning of the infrastructure may require the disposal or treatment and discharge of the water displaced from the 
well/shaft during decommissioning 

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success 
- Decommissioning of the infrastructure may require the disposal or treatment and discharge of the water displaced from the 
well/shaft during decommissioning

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the surface water requiring 
capture and treatment.
- Validation of post treatment surface water concentrations will be required to confirm remediation success 
- Re-grading, and drainage swales would be required to minimise the volume of impacted water being generated. 
- Drainage improvements and storage would be required to facilitate the collection of the impacted water.
- Active treatment methods would require a WTP to be installed and operated.
- Passive treatment methods would require maintenance (media replacement) and monitoring. 
- Water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation. 
- Decommissioning of the infrastructure may require the disposal or treatment and discharge of the water displaced from the 
well/shaft during decommissioning. 

Cost / effectiveness / impact analysis

Objective

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. Additionally, 
to reduce the mass of PFAS migrating into the Shepparton Colluvium groundwater within the immediate vicinity of the source 
area. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. Additionally, 
to reduce the mass of PFAS migrating into the Shepparton Colluvium groundwater within the immediate vicinity of the source 
area. 

To reduce the mass of PFAS leaching into surface water within the Jack in the Box Creek, and reduce the mass of PFAS 
potentially impacting groundwater (via surface water infiltration) within the lower Jack in the Box Creek Catchment. Additionally, 
to reduce the mass of PFAS migrating into the Shepparton Colluvium groundwater within the immediate vicinity of the source 
area. 

How this objective contributes to 
managing the identified risk?

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

Title (functional) Ex-situ Treatment Solids (Soil and Sediment) In-situ Management (Capping) Surface Water - Capture and Treatment

Description

Decommissioning of the redundant large diameter vertical well / shaft formerly used for testing pumps, and excavation of PFAS 
impacted soils and sediments and replacement with clean fill.

The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Decommissioning of the redundant large diameter vertical well / shaft formerly used for testing pumps, and construction of a 
physical capping layer to reduce infiltration and PFAS leaching into surface water. 

Decommissioning of the redundant large diameter vertical well / shaft formerly used for testing pumps, then collection and 
treatment of surface water runoff from the source area. 
Water treatment would occur through either: 
1) Active methods (i.e. water treatment plant) or 
2) Passive methods (i.e. permeable reactive barrier). 

Source Area 7 – Old Fire Station Building 421 [South Bandiana, Jack in the Box Creek Catchment]

Description and risk contribution mechanism
The old Base Services Fire Station (Building 421) is in the southern, central portion of South Bandiana. Use of the building as a Fire Station ceased in 1993 when the current Fire Station at East Bandiana was constructed (Source Area 13). It was reported that fire training activities were historically undertaken to the west of the compound, and that fire training included demonstrations of ‘foam blankets’ across the ground 
surface to the south and west of the compound. The equipment was also flushed in the same general area where training was undertaken. 
Deep groundwater (>35 mbgs) reported exceedances of drinking water and recreation water guidance values. The general decrease in soils concentrations with depth suggest limited vertical leaching. However, the elevated groundwater concentrations, particularly within MW321 suggest vertical leaching is occurring. The groundwater impacts in Source Area 7, relative to other source areas also located on the 
Shepparton Colluvium geology, are significant. It was noted in the DSI (Golder, 2018), that the former Fire Station included a large diameter vertical well / shaft that was used for testing pumps. There is potential this infrastructure has created a preferential pathway for contaminants to enter the groundwater in this source area. 
Surface water drainage channels throughout the source area were dry and as such no samples were collected. A down-gradient surface water sample reported concentrations exceeding drinking water and recreation water guidance values. PFAS was also reported in sediments collected from drainage lines, indicating soil and sediment impacts are leaching into surface water during rainfall.

Management Option No # Option 1 Option 2 Option 3
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5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate the source area and reduce PFAS 
mass migration, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice
Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, preference 
would be to prioritise source remediation rather than pathway treatment.

8 Verification status Technology Verified This management option has been used to successfully teat/manage PFAS 
contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility.  

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or external 
factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria

Option is dependent upon other options or external 
factors

Effectiveness is dependent on the remediation of the water and sediments 
within the large pond and the South Bandiana stormwater detention ponds

Option is dependent upon other options or external 
factors Design and trialling of passive water treatment methods would be required. 

12 Defence capability Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some 
infrastructure will be unavailable during the works. 
The large diameter well/shaft will no longer be available at the completion 
of the works.  
Onsite containment cell location may have impact on future land use. 

Low risk of affect on capability

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some training 
infrastructure will be unavailable during the works. 
Onsite containment cell location may have impact on future land use. 

Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect 
on capability is expected. 
The location of the WTP (if required) may have an impact on future land 
use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified

Stakeholder impacts, views and consents

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater
- residual PFAS impacts will remain in the groundwater within the vicinity of the source area following implementation of this 
option

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater
- residual PFAS impacts will remain in the groundwater within the vicinity of the source area following implementation of this 
option

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water within Jack in the Box Creek, and potentially continue to impact groundwater within 
the lower Jack in the Box Creek Catchment
- Treatment methods may require on going waste management with transport and disposal risks
- Residual PFAS impacts will remain in the groundwater within the vicinity of the source area following implementation of this 
option

Defence implications

Not applicable Not applicable Not applicable

Risk based analysis

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define capping extent
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
- Passive treatment methods need infrastructure to be designed and installed and require on going waste management
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
- Reliability of passive water treatment would require assessment
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
- Monitoring (surface water / groundwater) will confirm effectiveness
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors
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Source Area 9 – POL Building 490 [South Bandiana, Kiewa River Catchment]

1 Cost Range Estimate Category 3 > $450,000 < $2,000,000
No soil samples were collected during the DSI (Golder, 2018), estimate is 
based on assumed volume of <500m 3. Additional investigations are 
required to define the extent of remediation required.   

Category 2 >  $1,500,000 < $15,000,000
Mass estimates were not calculated as groundwater concentrations were 
<10 mg/L. Additional investigations are required to define the extent of 
remediation required.  

2 Effectiveness rating High with supplementary option
Complete excavation of PFAS impacts is expected to have a high effect, 
and PFAS impacted perched water (and soil) identified in the area will be 
remediated and the need for administrative controls removed.  

Low

Extraction and treatment of PFAS impacted perched water is expected to 
have low effect, as PFAS impacted soils are likely to remain following 
implementation, recontamiantion is likely to occur and the need for 
administrative controls will continue.  

3 Implementation period / 
timeframe

4 Potential impacts

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring

Positive
- Exposure pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Treatment methods will ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Effectiveness of achieving objectives is subject to additional investigations
- Will not remove the need for administrative controls

Medium term: 1-3 years Medium term: 1-3 years

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

This option will removed the PFAS impacted soils and perched water within the source area, however, wide spread low level 
PFAS impacts within soils and sediments within areas surrounding the source area will continue to leach PFAS into the 
surface water and groundwater. 

This option will remove PFAS impacted perched water within the source area. However, as residual soil impacts will remain 
within the source area, the need to implement administrative controls will continue after implementing these works. 

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses the source of PFAS in this area, and addresses the exposure pathway for intrusive workers. This option addresses the PFAS exposure pathway by removing PFAS impacted perched groundwater.  

Supplementary / complementary 
options

- Additional investigations are required to assess the extent PFAS impacted perched water, and soils within the source area, 
and identify the extent remediation required.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Water and / or soil treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation

- Additional investigations are required to assess the extent PFAS impacted perched water, and identify the extent remediation 
/ extraction required.
- Monitoring will be required to confirm remediation success
- Water treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Active treatment methods would require a WTP to be installed and operated.

Cost / effectiveness / impact analysis

Objective To remove the PFAS impacted perched water identified within the immediate vicinity of the source area. To remove the PFAS impacted perched water identified within the immediate vicinity of the source area. 

How this objective contributes to 
managing the identified risk?

The current risks have been assess as low and acceptable if appropriate work health and safety controls are implemented 
during intrusive works within the area. This option will reduce the potential risk for onsite intrusive workers to be potentially 
exposed to PFAS impacted perched water identified within the source area, and remove the need for ongoing implementation 
of administrative controls.

The current risks have been assess as low and acceptable if appropriate work health and safety controls are implemented 
during intrusive works within the area. This option will reduce the potential risk for onsite intrusive workers to be potentially 
exposed to PFAS impacted perched water identified within the source area, and remove the need for ongoing implementation 
of administrative controls.

Title (functional) Ex-situ Treatment Water (Excavation and / or dewatering) Groundwater - Extraction and Ex-situ Treatment (i.e. pump and treat)

Description

Bulk excavation and dewatering (if required) of the PFAS impacted soils, sediments and perched water and replacement with 
clean fill.

The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

If required, water will be either; 
1) Treated and discharge via a temporary water treatment plant (WTP); or
2) Transported and disposed offsite at an appropriately licenced water treatment plant. 

The PFAS impacted perched water is extracted and treated via a water treatment plant (WTP).  

Management Option No # Option 1 Option 2

Description and risk contribution mechanism
The Petroleum, Oils and Lubricants (POL) point is located to the west of the main entrance to South Bandiana. The POL is the main transport refuelling depot for the BMA and contains three self-bunded (double skinned) above ground storage tanks (ASTs) and an in-ground puraceptor 
installed during 2014. A 90 L AFFF fire extinguisher was observed during the site inspection and site personnel indicated that a foam locker may have been present at the POL historically. A foam locker was described as generally containing two to four 20 L drums of AFFF and hoses which 
could be used in the event of a fuel fire. 
Stormwater runoff from the POL Point is captured in stormwater drains or open spoon drains, which drain to the stormwater ponds (wetlands) at the entrance to South Bandiana. While there have been numerous environmental investigations at the POL, there has been no known analysis for 
PFAS in soil or groundwater. 
Soil samples were not collected from the areas during the DSI. 
Moderately deep groundwater (>15 mbgs) with concentrations of PFAS generally below the detection limits. Perched groundwater (<3 mbgs) was identified with concentrations of PFAS exceeding the drinking water and recreation water guidance values. 
The PFAS impacts in the perched groundwater suggest there is a source of PFAS within the soils within the area, and this is leaching into the perched water. The absence of PFAS within the deeper groundwater suggests there is limited vertical migration of the perched groundwater into the 
underlying shallow groundwater in the area. 
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5 Est. Net Environmental 
Benefit Marginal

Marginal as this option will remediate the source area and reduce PFAS 
mass migration, however, the current risks have been assessed as low 
and acceptable if WHS controls are implemented. Therefore, while an 
overall reduction of PFAS migration will be achieved a change in the 
current risk profile is unlikely to be significant. 

Negative

Negative as this option will reduce PFAS mass from the perched 
groundwater within the source area, however, the current risks have been 
assessed as low and acceptable if appropriate WHS controls are 
implemented. Therefore, while an overall reduction of PFAS mass will be 
achieved a change in the current risk profile will not occur, and without 
remediation of the soils (ie the source) re-contamination of the 
groundwater will occur.  

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS masa will be achieved, however the 
change in the site's risk profile will be limited to those involved in controlled 
onsite activities (i.e. onsite excavation works).  

Scale and cost dis-proportionate to risk While an overall reduction of PFAS mass will be achieved a change in the 
current risk profile is unlikely.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. 

8 Verification status Technology Verified This management option has been used to successfully teat/manage 
PFAS contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. 

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or 
external factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria

Option is dependent upon other options or 
external factors

Effectiveness is dependent on the remediation of the water and sediments 
within the large pond and the South Bandiana stormwater detention ponds

12 Defence capability Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some 
infrastructure will be unavailable during the works. 
The large diameter well/shaft will no longer be available at the completion 
of the works.  
Onsite containment cell location may have impact on future land use. 

Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some training 
infrastructure will be unavailable during the works. 
The location of the WTP may have an impact on future land use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified

Stakeholder impacts, views and consents

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and groundwater
- treatment methods may require on going waste management with transport and disposal risks
- Residual PFAS impacts will remain in the soil within the vicinity of the source area following implementation of this option

Defence implications

Not applicable Not applicable

Risk based analysis

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors



PMAP – BANDIANA MILITARY AREA
Appendix E2

1 Cost Range Estimate Category 3 > $450,000 < $2,000,000 Cost estimate is based on the excavation of 960 m3* of soil/sediment.   Category 3 > $450,000 < $2,000,000 Cost estimate is based on capping an area of 480m2*. Category 1 >  $13,000,000 Estimate is based on treatment of a continuous plume extending from the 
source area towards the eastern boundary of East Bandiana Category 2 >  $1,500,000 < $15,000,000

Estimate is based on containment of the continuous plume extending from 
the source area towards the eastern boundary of East Bandiana, including 
the installation of capping and upgradient diversion walls. 

Category 2 >  $1,500,000 < $15,000,000
Estimate is based on containment of the continuous plume extending from 
the source area towards the eastern boundary of East Bandiana, including 
the installation of capping. 

2 Effectiveness rating High with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the upper soils and sediments 
within the source area is expected to have a high effect on the migration of 
PFAS into surface water and groundwater. Particularly if completed in 
conjunction with the management of the groundwater migration pathway 
(Options 3, 4 or 5).  

High with supplementary option

Complete capping of PFAS impacts is unlikely to be achieved. However, 
subject to the outcomes of the flux study, capping of the upper soils in the 
source area is expected to have a high effect on the migration of PFAS into 
surface water and groundwater, particularly if completed in conjunction with 
the groundwater management of the groundwater migration pathway 
(Options 3, 4 or 5).  

High

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, hydraulic containment 
is expected to have a high effect on the migration of PFAS into surface 
water and groundwater on the Kiewa River floodplain east of East 
Bandiana, including the southern pastoral area. Particularly if completed in 
conjunction with source managment (Options 1 or 2)

High with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, hydraulic containment is 
expected to have a high effect on the migration of PFAS into surface water 
and groundwater on the Kiewa River floodplain east of East Bandiana, 
including the southern pastoral area. Particularly if completed in conjunction 
with source managment (Options 1 or 2)

High with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, hydraulic containment is 
expected to have a high effect on the migration of PFAS into surface water 
and groundwater on the Kiewa River floodplain east of East Bandiana, 
including the southern pastoral area. Particularly if completed in conjunction 
with source managment (Options 1 or 2)

3 Implementation period / 
timeframe

4 Potential impacts

5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate the source area and reduce PFAS 
mass migration, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
currently human health risks are low and acceptable hence the costs are 
potentially dis-proportionate. However, if implemented in conjunction with a 
supplementary groundwater pathway option, the risk to unrealised 
beneficial uses  may be reduced.     

Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
currently human health risks are low and acceptable hence the costs are 
potentially dis-proportionate. However, if implemented in conjunction with a 
supplementary groundwater pathway option, the risk to unrealised 
beneficial uses  may be reduced.     

Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
currently human health risks are low and acceptable the scale and costs 
are potentially dis-proportionate. However, if implemented the risk to 
unrealised beneficial uses may be reduced.     

Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
currently human health risks are low and acceptable the scale and costs are 
potentially dis-proportionate. However, if implemented the risk to unrealised 
beneficial uses may be reduced.     

Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
currently human health risks are low and acceptable the scale and costs are 
potentially dis-proportionate. However, if implemented the risk to unrealised 
beneficial uses may be reduced.     

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice

Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, the costs and 
benefits of long term operation of groundwater extract and treatment 
systems needs to be considered. 

Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. 

8 Verification status Technology Verified This management option has been used to successfully teat/manage PFAS 
contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
extraction and treatment methods would be required to prove feasibility.  

Technology Verified
This management option has been used to successfully manage various 
conventional contaminants in Australia.  Detailed design, and pilot testing of 
cut-off methods would be required to prove feasibility. 

Technology Verified
This management option has been used to successfully manage various 
conventional contaminants in Australia.  Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility. 

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- In-situ management is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- PRB and capping (if required) will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils and groundwater
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils

Risk based analysis

Option 5

Groundwater - insitu passive treatment (i.e. Passive Reactive Barrier)

The PFAS impacted groundwater is treated insitu via a permeable reactive barriers (PRB).  

Reduce the mass of PFAS within the surface water and groundwater within the Kiewa River catchment by treating the PFAS 
impacted groundwater prior to it's migration off the base. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#2 Use of groundwater as drinking water;
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Kiewa River catchment. 

Subject to final design, this option will prevent or minimise the migration of PFAS impacted groundwater emanating from the 
source area, and/or prevent or minimise the migration of PFAS impacted groundwater crossing the downgradient site boundary. 
However, PFAS impacts within soils and sediments within areas surrounding the source area (including off base) will continue to
leach PFAS into the surface water and groundwater. Additionally, subject to the final design PFAS impacts remaining within the 
groundwater down gradient of the PRB(s) will also continue discharge into the receiving environment.  

This option addresses the PFAS migration pathway by preventing or minimising the PFAS impacted groundwater migrating from 
within the source area and/or prior to discharge to the Kiewa River floodplain east of East Bandiana.  

- Additional investigations are required to assess the flux of PFAS from the source area, identify the most effective PRB 
locations and develop detailed designs 
- Monitoring will be required to confirm remediation success
- Passive water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- May also require measures to reduce the generation of PFAS impacted groundwater, such as installation of low permeability 
cover to reduce infiltration (i.e. Option 2 Capping)

This option addresses the PFAS migration pathway by preventing or minimising the PFAS impacted groundwater migrating from 
within the source area and/or prior to discharge to the Kiewa River floodplain east of East Bandiana.  

- Additional investigations are required to assess the flux of PFAS from the source area, identify the most effective cut off 
locations and develop detailed designs 
- Monitoring will be required to confirm remediation success
- Implementation will require measures to minimise generation of PFAS impacted groundwater, such as upgradient cut off/ 
diversion walls, and low permeability cover to reduce infiltration (i.e. Option 2 Capping)
- If no measures are implemented to reduce generation, option will likely require ongoing water extraction and treatment (i.e. 
Option 3)

Subject to final design, this option will prevent or minimise the migration of PFAS impacted groundwater emanating from the 
source area, and/or prevent or minimise the migration of PFAS impacted groundwater crossing the downgradient site boundary. 
However, PFAS impacts within soils and sediments within areas surrounding the source area (including off base) will continue to
leach PFAS into the surface water and groundwater. Additionally, subject to the final design PFAS impacts remaining within the 
groundwater down gradient of the cut off wall locations will also continue discharge into the receiving environment.  

Medium term: 1-3 years

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- In-situ management is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils and groundwater
- Low effectiveness rating if not completed in conjunction with capping/ diversion walls or groundwater capture and treatment. 

Positive
- Source area remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring
- Low effectiveness rating if not completed in conjunction with supplementary groundwater migration pathway options

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- Capping alone is low cost to implement
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils
- Low effectiveness rating if not completed in conjunction with supplementary groundwater migration pathway options

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Active treatment methods will ongoing maintenance and monitoring
- PFAS impacts will remain within the source area soils unless completed in conjunction with Option 1
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risks of exposure of terrestrial ecological receptors to on-base impacted soils

Subject to final design, this option will remove PFAS impacted groundwater within the source area, and/or downgradient at the 
site boundary to prevent migration of PFAS impacted groundwater off the base. However, PFAS impacts within soils and 
sediments within areas surrounding the source area (including off base) will continue to leach PFAS into the surface water and 
groundwater. Additionally, subject to the final design PFAS impacts remaining within the groundwater down gradient of the 
extraction locations will continue discharge into the receiving environment.  

This option addresses the PFAS migration pathway by removing PFAS impacted groundwater within the source area and/or 
prior to discharge to the Kiewa River floodplain east of East Bandiana.  

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent of extraction 
required and volume of water requiring treatment and develop detailed designs.
- Monitoring will be required to confirm remediation success
- Water treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Active treatment methods would require a WTP to be installed and operated.

This option will reduce the mass of PFAS leaching into surface water and groundwater, however, PFAS impacts within soils and 
sediments within areas surrounding the source area will continue to leach PFAS into the surface water and groundwater. 
Additionally, PFAS impacts remaining within the groundwater down gradient of the source area will continue migrate off-site and 
discharge in to the receiving environment.  

Objective To reduce the mass of PFAS impacting the groundwater and surface water within the Kiewa River catchment. To reduce the mass of PFAS impacting the groundwater and surface water within the Kiewa River catchment. 

How this objective contributes to 
managing the identified risk?

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#2 Use of groundwater as drinking water
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Kiewa River catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#2 Use of groundwater as drinking water
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#5 Exposure of terrestrial ecological receptors to on-base impacted soils
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Kiewa River catchment. 

Groundwater - hydraulic containment (i.e. cut off wall)

The migration of the PFAS impacted groundwater is reduced / retarded (i.e. cut off) through the installation of vertical 
impermeable barriers.   

Reduce the mass of PFAS within the surface water and groundwater within the Kiewa River catchment by preventing the 
migration of PFAS impacted groundwater off the base. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#2 Use of groundwater as drinking water
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Kiewa River catchment. 

Groundwater - Extraction and Ex-situ Treatment (i.e. pump and treat)

The PFAS impacted groundwater is extracted and treated via a water treatment plant (WTP).  

Reduce the mass of PFAS within the surface water and groundwater within the Kiewa River catchment by capturing and 
treating the PFAS impacted groundwater prior migration off the base. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#2 Use of groundwater as drinking water
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the  Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Kiewa River catchment. 

Medium term: 1-3 years Medium term: 1-3 years

Cost / effectiveness / impact analysis

Long term: beyond 3 years. Medium term: 1-3 years

Supplementary / complementary 
options

- Additional investigations are required to assess the flux of PFAS from the source area, identify the extent remediation and 
define validation criteria.
- Onsite containment of excavated soils will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Soil treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Decommissioning of the infrastructure may require the disposal or treatment PFAS impacted construction materials (i.e. 
concrete)
- Consider implementation in conjunction with groundwater migration pathway treatment options (Options 3, 4 or 5)

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success 
- Decommissioning of the infrastructure may require the disposal or treatment and discharge of the water displaced from the 
well/shaft during decommissioning
- Consider implementation in conjunction with groundwater migration pathway treatment options (Options 3, 4 or 5)

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

This option will reduce the mass of PFAS leaching into surface water and groundwater, however, PFAS impacts within soils and 
sediments within areas surrounding the source area will continue to leach PFAS into the surface water and groundwater. 
Additionally, excavation of all PFAS impacts is impracticable, hence PFAS impacts remaining within the groundwater down 
gradient of the source area will continue migrate off-site and discharge into the receiving environment.  

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses a primary source of PFAS in this area. This option addresses the PFAS migration pathway by reducing the leaching of PFAS into surface water and groundwater.  

Title (functional) Ex-situ Treatment Solids (Soil and Sediment) In-situ Management (Capping)

Description

Demolition (to the extent required), and decommissioning of the fire station infrastructure, and excavation of PFAS impacted 
soils and sediments and replacement with clean fill.

The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Demolition (to the extent required), and decommissioning of the fire station infrastructure and construction of a physical capping 
layer to reduce infiltration and PFAS leaching into surface water and groundwater. 

Option No # Option 1 Option 2

Description and risk contribution mechanism
The Current Fire Station was constructed in 1993 and is part of East Bandiana. The fire station comprises the main building (Building 411) which houses fire trucks and office space, two storage sheds including one to the east (Building 588) and one to the west (Building 956) of the main building, and a vehicle wash point with an associated triple interceptor located to the west of the main building.  Low concentrations of PFAS were detected in the upper soil profile below the adopted human health guidance values. The vertical extent of PFAS impact has not been quantified. 
High concentrations of PFAS were detected in shallow groundwater (<10 mbgs) with concentrations exceeding both drinking water and recreational water guidance values. The general decrease in soil concentrations with depth is not apparent, and the presence of groundwater impacts suggest, vertical leaching from soil to groundwater is occurring within the area. PFAS concentrations in the deep groundwater well installed in the source area were significantly lower. Suggesting the vertical distribution of PFAS within the aquifer is limited to the shallower portions of the aquifer.
The PFAS groundwater plume extends to the eastern boundary of East Bandiana towards the Kiewa River floodplain (used for agricultural purposes). The extent of the plume off-base is unknown. However, based on seepage water samples collected as part of the HHERA (Golder, 2020), it is evident that during selected times of the year groundwater is contributing to offsite surface water impacts on the Kiewa River floodplain, adjacent to East Bandiana. Stormwater runoff from the area generally enters below ground stormwater drains or open swale drains which lead to detention basins and eventually discharge to the Kiewa River floodplain to the east. 
Surface water drainage channels throughout the source area were dry and as such no samples were collected. However, it is likely that the low levels of PFAS identified in the soil and sediment are leaching into surface water during rainfall. As most of the surface water channels were dry at the time of sampling the contribution from this source area via the surface water migration pathway is unclear.

Source Area 13 – Current Fire Station [East Bandiana, Kiewa River Catchment] 

Option 4Option 3



PMAP – BANDIANA MILITARY AREA
Appendix E2

Description and risk contribution mechanism
The Current Fire Station was constructed in 1993 and is part of East Bandiana. The fire station comprises the main building (Building 411) which houses fire trucks and office space, two storage sheds including one to the east (Building 588) and one to the west (Building 956) of the main building, and a vehicle wash point with an associated triple interceptor located to the west of the main building.  Low concentrations of PFAS were detected in the upper soil profile below the adopted human health guidance values. The vertical extent of PFAS impact has not been quantified. 
High concentrations of PFAS were detected in shallow groundwater (<10 mbgs) with concentrations exceeding both drinking water and recreational water guidance values. The general decrease in soil concentrations with depth is not apparent, and the presence of groundwater impacts suggest, vertical leaching from soil to groundwater is occurring within the area. PFAS concentrations in the deep groundwater well installed in the source area were significantly lower. Suggesting the vertical distribution of PFAS within the aquifer is limited to the shallower portions of the aquifer.
The PFAS groundwater plume extends to the eastern boundary of East Bandiana towards the Kiewa River floodplain (used for agricultural purposes). The extent of the plume off-base is unknown. However, based on seepage water samples collected as part of the HHERA (Golder, 2020), it is evident that during selected times of the year groundwater is contributing to offsite surface water impacts on the Kiewa River floodplain, adjacent to East Bandiana. Stormwater runoff from the area generally enters below ground stormwater drains or open swale drains which lead to detention basins and eventually discharge to the Kiewa River floodplain to the east. 
Surface water drainage channels throughout the source area were dry and as such no samples were collected. However, it is likely that the low levels of PFAS identified in the soil and sediment are leaching into surface water during rainfall. As most of the surface water channels were dry at the time of sampling the contribution from this source area via the surface water migration pathway is unclear.

Source Area 13 – Current Fire Station [East Bandiana, Kiewa River Catchment] 

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or external 
factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria
Effectiveness is dependent on the implementation of a groundwater 
migration pathway management option (options 4, 5, or 6)

Option is dependent upon other options or external 
factors

Effectiveness is dependent on the implementation of a groundwater 
migration pathway management option (options 4, 5, or 6)

Option is dependent upon other options or external 
factors

Design and trialling of the water extraction and treatment methods would be 
required. 

Option is dependent upon other options or external 
factors

Design and trialling of cut off methods would be required. 
Effectiveness is dependent on the implementation of measures to prevent 
the generation of impacted groundwater (i.e. capping and diversion walls)
If no measures are implemented to reduce generation of impacted 
groundwater, option will likely require ongoing water extraction and 
treatment (i.e. Option 3)

Option is dependent upon other options or external 
factors

Design and trialling of the inset passive water treatment methods would be 
required. 

12 Defence capability Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some 
infrastructure will be unavailable during the works. 
Additional assessments are required to determine if the current Fire Station 
infrastructure will require decommissioning / demolition
Onsite containment cell location may have impact on future land use. 

Medium risk of affect on capability 

Based on the location of the source area on the base, a medium risk of 
affect on capability is expected while being implemented as some 
infrastructure will be unavailable during the works. 
Additional assessments are required to determine if the current Fire Station 
infrastructure will require decommissioning / demolition. 
Future land use may be limited - subject to final capping design

Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect on 
capability is expected. Some temporary impacts will be expected while 
being implemented as some infrastructure may be unavailable during the 
installation works. 
Onsite WTP locations may have an impact on future land use. 

Low risk of affect on capability

Based on the location of the source area on the base, a low risk of affect on 
capability is expected. Some temporary impacts will be expected while 
being implemented as some infrastructure may be unavailable during the 
installation works. 
Onsite WTP (if required) locations may have an impact on future land use. 

Low risk of affect on capability Based on the location of the source area on the base, a low risk of affect on 
capability is expected. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity of
the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable Option able to be scaled This option is scalable Option able to be scaled This option is scalable

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven for conventional contaminants but passive treatment of PFAS will require bench scale / pilot testing
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define remedial effort required
- Monitoring (surface water / groundwater) will confirm effectiveness of remediation
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water and groundwater
- treatment methods may require on going waste management with transport and disposal risks
- residual PFAS impacts will remain in the groundwater, hence effectiveness of this option is dependent on the implementation 
of effective measure to prevent the generation of impacted groundwater via upgradient diversion walls, and capping to minimise 
infiltration (i.e. capping - Option 2)
- if no measures are implemented to reduce generation, option will likely require ongoing water extraction and treatment (i.e. 
Option 3)

Not applicable

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data points
prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Defence implications

Stakeholder impacts, views and consents

Not applicable

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data points
prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Not applicable

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

Not applicable Not applicable

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven for conventional contaminants
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define extent of containment
- Monitoring (surface water / groundwater) will confirm effectiveness of remediation
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water and groundwater 
- effectiveness of this option is dependent on the implementation of effective measure to prevent the generation of impacted 
groundwater via upgradient diversion walls, and capping to minimise infiltration (i.e. capping - Option 2)
- if no measures are implemented to reduce generation, option will likely require ongoing water extraction and treatment (i.e. 
Option 3)

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water and groundwater
- treatment methods may require on going waste management with transport and disposal risks
- residual PFAS impacts will remain in the soil within the source area, unless implemented in conjunction with option 1
- the risks associated with matrix diffusion need to be considered (i.e. residual PFAS impacts adsorbed to the saturated soils will
continue to leach into the groundwater once the initial mass of PFAS within the aquifer has been removed)

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water and groundwater
- residual PFAS impacts will remain in the groundwater within the vicinity of and downgradient of the source area following 
implementation of this option, hence effectiveness of this option is dependent on the implementation of a groundwater migration 
pathway management option (options 4, 5, or 6)

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water and groundwater
- residual PFAS impacts will remain in the groundwater within the vicinity of and downgradient of the source area following 
implementation of this option, hence effectiveness of this option is dependent on the implementation of a groundwater migration 
pathway management option (options 4, 5, or 6)

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define capping extent
- Monitoring (surface water / groundwater) will confirm effectiveness of capping
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring treatment and capture
- Monitoring (surface water / groundwater) will confirm effectiveness of groundwater capture
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors
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1 Cost Range Estimate Category 2 >  $1,500,000 < $15,000,000
Cost estimate is based on the excavation of sediment from all major 
surface water drains including the South Bandiana stormwater detention 
ponds. 

Category 2 >  $1,500,000 < $15,000,000
Cost estimate is based on the excavation of sediment from all major 
surface water drains including the South Bandiana stormwater detention 
ponds. 

Category 2 >  $1,500,000 < $15,000,000
Cost estimate is based on the collection and treatment from surface water 
discharging into Jack in the Box Creek, and the unnamed creek via the 
South Bandiana stormwater detention ponds. 

2 Effectiveness rating High with supplementary option

Complete excavation of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the sediments within major 
drainage features is expected to have a high effect on the migration of 
PFAS into surface water.  Particularly if completed in conjunction with 
source remediation activities. 

High with supplementary option

Complete capping of PFAS impacts is unlikely. However, subject to the 
outcomes of the flux study, remediation of the sediments within major 
drainage features is expected to have a high effect on the migration of 
PFAS into surface water.  Particularly if completed in conjunction with 
source remediation activities. 

High with supplementary option

Complete capture of PFAS impacted water is unlikely to be achieved. 
However, subject to the outcomes of the flux study, treatment of surface 
water is expected to have a high effect on the migration of PFAS into 
surface water. Particularly if completed in conjunction with source 
remediation activities. 

3 Implementation period / 
timeframe

4 Potential impacts

Positive
- Pathway remediated and associated risk reduction
- No operation and maintenance costs following remedial works for disposal or treatment options
Negative
- Moderate to high costs to implement
- Effectiveness of achieving objectives is subject to additional investigations
- Offsite disposal is considered the lowest option in the NEMP hierarchy
- Onsite containment will require ongoing management and monitoring
- Effectiveness is subject to implementation of supplementary options at various source areas

Positive
- Migration pathway remediated and associated risk reduction
- No operation costs following remedial works
- In-situ management of soils is considered to be high on the PFAS NEMPs hierarchy
- Manages PFAS migration while treatment technologies are developing. 
Negative
- Effectiveness of achieving objectives is subject to additional investigations
- Capping will require ongoing maintenance and monitoring
- PFAS impacts remain within the sediments
- Low effectiveness rating if not completed in conjunction with supplementary options particularly source area remediation

Positive
- Migration pathway controlled and associated risk reduction
Negative
- Active treatment options have moderate initial capital costs but high operating costs
- Passive treatment have moderate initial costs and low operating costs 
- Active or passive treatment methods will ongoing maintenance and monitoring
- PFAS impacts remain within the source area soils and sediments
- Effectiveness of achieving objectives is subject to additional investigations
- Will not reduce risk of exposure of terrestrial ecological receptors to on-base impacted soils
- Will not reduce risk of exposure during On-base Field Training Activities (Risk ID#1)

Medium term: 1-3 years Medium term: 1-3 years Long term: beyond 3 years.

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

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils within areas surrounding the drainage channels will continue to leach PFAS into the surface water. If completed in 
isolation residual PFAS impacts will remain in the various source areas and recontamination of the drain system is likely to 
occur. 

This option will reduce the mass of PFAS leaching into surface water, however, wide spread low level PFAS impacts within 
soils within areas surrounding the drainage channels will continue to leach PFAS into the surface water. If completed in 
isolation residual PFAS impacts will remain in the various source areas and recontamination of the drain system is likely to 
occur. 

This option will reduce the mass of PFAS migrating off the base via the surface water, however, residual low level PFAS 
impacts in the sediments within the off-base drain network will continue to leach PFAS into the surface water. This option will 
not reduce the risk for On-base Field Training Activities (Risk ID#1). 

Whether the option addresses: 
- source, 
- pathway,
- receptor, and / or
- extended implementation period 
requirements

This option addresses a secondary source of PFAS impacts to the surface water. This option addresses a migration pathway from a secondary source (sediments) to the surface water. This option addresses the PFAS migration pathway by reducing the PFAS mass within surface water prior to discharge from 
the base. 

Supplementary / complementary 
options

- Additional investigations are required to assess the flux of PFAS from the drainage channel sediments, identify the extent 
remediation and define validation criteria.
- Onsite containment will need to be designed, constructed and monitored
- Validation of excavation extent to confirm remediation success will be required
- Treatment will likely require bench scale and/or field scale pilot trials prior to full scale implementation
- Excavation of the drainage channel sediment may require the dewatering of the infrastructure, hence may require the disposal 
or treatment and discharge of the water displaced during the works. 
- Source area remediation is required prior to implementation to prevent re-contamination of newly placed materials

- Additional investigations are required to assess the flux of PFAS from the source area, and identify the extent capping 
required.
- Verification of capping installation is required to confirm remediation success
- Validation of surface water concentrations will be required to confirm remediation success 
- Decommissioning of the infrastructure may require the disposal or treatment and discharge of the water displaced during 
decommissioning    
- Source area remediation is required prior to implementation to prevent re-contamination of newly placed materials

- Additional investigations are required to assess the flux of PFAS from base areas, and identify the volume of surface water 
requiring capture and treatment. These investigations will need to consider seasonal variations, and may require hydrograph 
analysis (i.e. modelling) to understand the peak flow and time of contaminant concentration (i.e. first flush duration) during 
various rain events.  
- Validation of post treatment surface water concentrations will be required to confirm remediation success.
- Re-grading, and drainage swales may be required to minimise the volume of impacted water being generated. 
- Drainage infrastructure and storage would be required to facilitate the collection of the impacted water.
- Active treatment methods would require a WTP to be installed and operated.
- Passive treatment methods would require maintenance (media replacement) and monitoring. 
- Water treatment methods will likely require bench scale and/or field scale pilot trials prior to full scale implementation. 

Cost / effectiveness / impact analysis

Objective To reduce the mass of PFAS leaching into surface water. To reduce the mass of PFAS leaching into surface water. To reduce the mass of PFAS migrating off base via surface water. 

How this objective contributes to 
managing the identified risk?

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the Kiewa River
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#1 On-base Field Training Activities; 
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the Kiewa River
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

While the current risks have been assess as low and acceptable, this option will reduce the potential risk to: 
- Risk ID#3 Use of surface water  and groundwater on the Kiewa River floodplain east of East Bandiana, including the southern 
pastoral area
- Risk ID#4 Consumption of carp from the Unnamed Creek and the Kiewa River 
- Risk ID#6 Exposure of ecological receptors in surface water, and exposure of higher order avian and mammalian predators 
within the Jack in the Box Creek catchment. 

Title (functional) Ex-situ Treatment Solids (Soil and Sediment) In-situ Management (Capping) Surface Water - Capture and Treatment

Description

Excavation of PFAS impacted sediments from the various on site drainage channels and replacement with clean fill - including 
the South Bandiana stormwater detention ponds. Where warranted, stormwater management infrastructure may be 
decommissioned and replaced 

The excavated materials will be either:  
1) Contained offsite (i.e. offsite disposal); 
2) Contained onsite (i.e. onsite engineered facility); or
3) Treated (onsite and/or offsite) via adsorption/solidification/immobilisation.  

Construction of a physical capping layer across the various on site drainage channels - including the South Bandiana 
stormwater detention ponds. This may be achieved via the installation of low permeability clay liners, geo-synthetic liners and / 
or concrete liners (including pre-cast or poured). 

Collection and treatment of surface water runoff prior to discharge from the base (i.e. end of pipe treatment). 

Water treatment would occur through either: 
1) Active methods (i.e. water treatment plant) or 
2) Passive methods (i.e. permeable reactive barrier). 

Surface water features across the base including drainage channels, and stormwater ponds [Jack in the Box Creek Catchment and Kiewa River Catchment]

Description and risk contribution mechanism
Surface water exceeded the drinking water, recreational water, and ecological screening guidance values in samples collected from both within the source areas and along drainage lines across the base. There is a potential exposure may occur if people routinely accidently swallow the impacted surface water during training activities. Additionally, the primary migration pathway (or mode of transport) for PFAS off-base is 
through surface water for South Bandiana and North Bandiana. Migration off East Bandiana is occurring through both groundwater and surface water. 

Management Option No # Option 1 Option 2 Option 3
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5 Est. Net Environmental 
Benefit Moderate

Moderate as this option will remediate a secondary source and reduce 
PFAS mass migration, however, the current risks have been assessed as 
low and acceptable. Therefore, while an overall reduction of PFAS 
migration will be achieved a change in the current risk profile is unlikely to 
be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating from the source 
area, however, the current risks have been assessed as low and 
acceptable. Therefore, while an overall reduction of PFAS migration will be 
achieved a change in the current risk profile is unlikely to be significant. 

Moderate

Moderate as this option will reduce PFAS mass migrating off the base, 
however, the current risks have been assessed as low and acceptable. 
Therefore, while an overall reduction of PFAS migration will be achieved a 
change in the current risk profile is unlikely to be significant. 

6 Proportion of action to 
risk Scale and cost dis-proportionate to risk

While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

Scale and cost dis-proportionate to risk
While an overall reduction of PFAS migration will be achieved, as the 
current risks have been assessed as low and acceptable the scale and cost 
is potentially dis-proportionate.  

7 Best practice status Accepted industry practice Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. Accepted industry practice Under the management options currently available under the NEMP, this 

option is considered accepted industry practice. Accepted industry practice
Under the management options currently available under the NEMP, this 
option is considered accepted industry practice. However, preference 
would be to prioritise source remediation rather than pathway treatment.

8 Verification status Technology Verified This management option has been used to successfully teat/manage PFAS 
contaminated soils in Australia. Technology Verified This management option has been used to successfully manage PFAS 

contaminated soils in Australia. Technology Verified
Active water treatment has been used to successfully manage PFAS 
contaminated water in Australia. Detailed design, and pilot testing of 
passive treatment methods would be required to prove feasibility.  

9 Technology assessment

10 Risks and mitigation

11 Key dependencies Option is dependent upon other options or external 
factors

Offsite disposal or treatment of PFAS impacted soils is dependent on 
approval of the EPA Victoria
Source area remediation is required prior to implementation to prevent re-
contamination of newly placed materials

Option is dependent upon other options or external 
factors

Source area remediation is required prior to implementation to prevent re-
contamination of newly placed materials

Option is dependent upon other options or external 
factors Design and trialling of passive water treatment methods would be required. 

12 Defence capability Low risk of affect on capability

Based on the location of the drains on the base, a low risk of affect on 
capability is expected. Some infrastructure / site areas will be unavailable 
during the implementation works. 
Onsite containment cell location may have impact on future land use. 

Low risk of affect on capability
Based on the location of the drains on the base, a low risk of affect on 
capability is expected. Some infrastructure / site areas will be unavailable 
during the implementation works. 

Low risk of affect on capability

Based on the location of the drains on the base, a low risk of affect on 
capability is expected. Some infrastructure / site areas will be unavailable 
during the implementation works. 
The locations of the WTPs (if required) may have an impact on future land 
use. 

13 Project fit

14 Scalability Option able to be scaled This option is scalable, however there may be constraints on the capacity 
of the onsite containment or offsite disposal facility. Option able to be scaled This option is scalable Option able to be scaled This option is scalable however there may be constraints on the water 

storage / treatment capacity. 

15 Jurisdictional regulator/s Cth and State Govt authorisation required
Transport of wastes from Cth to State Govt land will require authorisation, 
and disposal/treatment of PFAS wastes requires approval from EPA 
Victoria. 

No Govt. authorisation required No external Govt. approval required No Govt. authorisation required No external Govt. approval required

16 Owner / occupier 
consents and views Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence Stakeholder comments/ views required Australian Department of Defence

17 Community Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified Community neutral to option Neutral community impacts identified

Stakeholder impacts, views and consents

Notes

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

* Notes: 
1 - Estimates of the area and volume of soil and mass of PFOS + PFHxS have been made for on-property soil source zones 
with concentrations greater than 1 mg/kg, and a nominal 20 m radius has been adopted where an absence of nearby data 
points prevents delineation. The volume was estimates were based on data collected for the DSI (Golder, 2018)
2 - Secondary risks are risks that emerge from implementation of a risk management response
3 - Residual risks comprise that component of the identified risk that is not addressed by the option. 

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater
- if completed in isolation residual PFAS impacts will remain in the various source areas and recontamination is likely to occur

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in soil /sediments remaining outside of the remedial area (i.e. on base and off base) will continue to 
cause residual discharges to surface water, and potentially continue to impact groundwater
- if completed in isolation residual PFAS impacts will remain in the various source areas and recontamination is likely to occur

The secondary2 and residual3 risks of implementation and associated mitigation options, include: 
- low level PFAS impacts in sediments remaining outside of the remedial area (i.e. off base) will continue to cause residual 
discharges to surface water
- Treatment methods may require on going waste management with transport and disposal risks
- If completed in isolation, residual PFAS impacts will remain in the on base source areas, and will remain in groundwater (i.e. 
on base and off base) following implementation of this option

Defence implications

Not applicable Not applicable Not applicable

Risk based analysis

Infrastructure and Energy Requirements
- No energy or ongoing maintenance required following disposal or application of treatment methods
- Onsite containment will require design and construction of engineered containment cell 
Ability to construct and operate technology
- Remediation contractors with the ability to implement this option are readily available. 
- Maintenance / operation following disposal / treatment is not required.
- Management / monitoring required following implementation for onsite containment 
Reliability of technology
- Methodology is proven
Ability to monitor effectiveness
- Additional assessments are required to predict likely effectiveness, identify remedial extent and determine validation criteria
- Validation through sampling (i.e. soil, groundwater and/or surface water) will confirm effectiveness
- Monitoring (surface water / groundwater) will confirm effectiveness of onsite containment
Ability to obtain any necessary approvals
- Offsite disposal or treatment will require EPA Victoria approval
- No external regulatory approvals required for onsite treatment or containment
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- No infrastructure or energy required following implementation
Ability to construct and operate technology
- Specialist remediation/civil contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Methodology is not proven, pilot / trials will be required to prove feasibility
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define extent of remediation
- Monitoring (surface water / groundwater) will confirm effectiveness of remediation
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors

Infrastructure and Energy Requirements
- Water capture and storage infrastructure would be required
- A WTP is required for active treatment, which would include ongoing energy and waste management requirements
- Passive treatment methods need infrastructure to be designed and installed and require on going waste management
Ability to construct and operate technology
- Specialist remediation / water treatment contractors will be required to implement this option
- Monitoring and maintenance will be required following implementation
Reliability of technology
- Active water treatment methods are proven
- Reliability of passive water treatment would require assessment
Ability to monitor effectiveness
- Additional assessments are required to predict effectiveness, and define water volumes requiring capture and treatment
- Monitoring (surface water) will confirm effectiveness
Ability to obtain any necessary approvals
- No external regulatory approvals required
Availability of services and materials
- Services and materials are readily available through Australian remediation contractors
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GLOSSARY  
 
AHD Australian Height Datum 

AS Australian Standard 

ANZECC Australian and New Zealand Environment and Conservation Council 

Base A def ined physical locality or geographical area f rom 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  

Of f -site Of f -Base 

OMP Ongoing Monitoring Plan 

On-site On-Base 

PFAS Per- and polyf luoroalkyl Substances 

PFAS NEMP PFAS National Environmental Management Framework 2018 
developed cooperatively between Australian jurisdictions  

PFOA Perf luorooctanoic acid 

PFOS Perf luorooctane sulfonic acid 

PMAP PFAS Management Area Plan 

Project site A def ined site for construction and maintenance works within a Base 

QA Quality Assurance 

QC Quality Control 
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Remediation Action Plan 
(RAP) 

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

Response actions Actions identif ied as recommended or potential options to address 
potential risks 

SAQP Sampling Analysis and 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 
 
The Management Area subject to this Ongoing Monitoring Plan (OMP) includes the Bandiana Military 
Area (BMA) which is comprised of  three individual properties identif ied as South Bandiana (Gaza 
Ridge Barracks), North Bandiana (Gaza Ridge Barracks) and East Bandiana (Wadsworth Barracks). 
The Management Area also comprises of f -Base areas including Jack in the Box Creek to the north-
west of  South Bandiana to its conf luence with Wodonga Creek, an unnamed creek to the east of  
North Bandiana to its conf luence with the Kiewa River, and the Kiewa River and western Kiewa River 
f loodplain f rom Middle Creek in the south to north of  the unnamed creek. The Management Area is 
shown on Figure 1 (attached). 

1.1 Background  

PFAS are a group of  synthetic (i.e. ‘man-made’) compounds which include perf luorooctane sulfonate 
(PFOS), perf luorohexane sulfonate (PFHxS), and perf luorooctanoic 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 f luid, stain resistant applications for furniture and carpets, packaged 
food containers, waterproof  clothing, personal care products and cleaning products. 

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

Most people living in developed nations will have some level of  PFAS in their body due to their 
widespread use. In June 2019, the Environmental Health Standing Committee (enHealth)1, published 
guidance statements advising that although the scientif ic evidence in humans is limited, reviews and 
scientif ic research to date have provided fairly consistent reports of an association with several health 
ef fects. The health ef fects reported in these associations are generally small and within normal 
ranges for the whole population. There is also limited to no evidence of  human disease or other 
clinically signif icant harm resulting f rom PFAS exposure at this time2. However, due to the 
uncertainties in the current scientif ic evidence and since these chemicals remain in humans and the 
environment for many years, enHealth recommends exposure to PFAS be minimised wherever 
possible. 

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

1.1.1 The nature of PFAS 

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

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

 

 

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

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

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

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

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 identif ied potentially elevated risk to a receptor, or potential future risk to a receptor. 

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

• an evidence base for targeted and ef fective 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 af fected by PFAS. 

1.3 Scope  

The scope of  the monitoring as set out in the OMP is to:  

• evaluate the nature and extent (spatial and temporal) of  PFAS impact in groundwater, 
surface water and sediment associated with site sources of  PFAS derived f rom AFFF;  

• monitor the migration of  PFAS in groundwater and surface water f rom the site; 

• provide conf irmation of  the current understanding of  risk; and  

• provide supporting data for assessment of  management actions, where relevant 

This document provides the following: 

• A description of  the site setting, including the Management Area, to provide context to 
the monitoring program (Section 2.0); 

• Details of  the ongoing monitoring program including data quality objectives, sampling 
locations, sampling f requency and analytical analysis (Section 3.0); 

• Reporting requirements (Section 4.0); and 

• Requirements for monitoring of  management measures and potential future risks, and 
triggers for review of  this OMP (Section 5.0). 
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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 
f indings of  the DSI, risk assessment and strategic management of  risks assessed in the PMAP. 
Defence recognises that there may still be gaps in information that will be progressively addressed 
while impacted sites are being managed. 

This document will be reviewed and updated in accordance with the strategy detailed in Section 5.  

1.5 Constraints and assumptions 

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

• The scope is based on the data collected to date during the Detailed Site Investigation 
(DSI) (Golder 2018) and Human Health and Ecological Risk Assessment (HHERA) 
(Golder 2019). 

• Knowledge of  water uses within the Management Area as outlined in the DSI and 
HHERA. 
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2 SITE SETTING  

2.1 Base Description 

The BMA is located adjacent to the New South Wales (NSW)-Victorian border town of  Wodonga, 
Victoria on approximately 650 hectares (ha) of  land. The BMA is located approximately 3 kilometres 
f rom Wodonga town centre and 250 kilometres north-east of  Melbourne.  

The BMA comprises the following bases: 

• Gaza Ridge Barracks (comprising and referred in this report as North Bandiana and South 
Bandiana). 

• Wadsworth Barracks (comprising and referred in this report as East Bandiana). 

Currently, BMA is primarily used by Defence for administration, accommodation, training, and 
warehousing / logistics, however, other operations such as activities related to the storage and 
maintenance of  vehicles including armoured vehicles also occur at the BMA. In addition, North and 
South Bandiana also include several on-Base residential areas for Defence personnel, a community 
facility on North Bandiana (Bandiana Neighbourhood House), and a Victorian State Government 
Primary School (Bandiana Primary School) on South Bandiana. 

Sheep grazing is licenced in a portion of  South Bandiana along the base of  Bears Hill and a portion of  
North Bandiana to the south-east of  the unnamed creek. The grazing licence is held by one grazier. 

2.2 Site setting 

2.2.1 Climate 

The closest Bureau of  Meteorology (BoM) station is located at the Albury Airport (8.5 km north of  
Wodonga). Between 1995 and 2016, the annual rainfall ranged f rom 297 mm (2006) to 916 mm 
(2010). The rainfall data are characterised by marked f luctuations, however, these f luctuations are not 
necessarily af fected by seasons. 

The 2016 wind data collected f rom the Albury Airport (8.5 km north of  Wodonga) sourced f rom BoM, 
identif ied that the prevailing wind direction was f rom the west, west north-west and south-east with the 
strongest wind speeds recorded f rom the west and west north-west. It is noted that the regional wind 
direction, may be altered on the BMA by the surrounding topographic features such as Bears Hill. 

2.2.2 Topography 

The BMA is situated in a landscape known as the Upper Murray, which forms a network of  low-lying 
and relatively f lat river and creek f loodplains. The plains are scattered by higher rising hills. 

Huon Hill and Bears Hill are the dominant topographic features (Figure 2 - attached). Huon Hill is 
north-east, rising above 400 m AHD, while Bears Hill is located in the south-west, rising above 350 m 
AHD. The BMA is predominantly located in the saddle and plain between the two hills, at an elevation 
ranging between 180 m AHD and 200 m AHD. There is a topographic divide that runs across the 
BMA in a general north to south alignment. This divides the BMA (South Bandiana) into two 
catchments (Figure 2 - attached). West of  the divide, the surface gently slopes in a north-westerly 
direction, towards the Murray River and Wodonga Creek via Jack in the Box Creek. East of  the divide, 
the surface slopes in an easterly and north-easterly direction, towards the Kiewa River. 
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2.2.3 Geology 

The sub-surface conditions encountered across South Bandiana, the upper portion of  Jack in the Box 
Creek, and northern and western portion of  North Bandiana were generally consistent with the 
unconsolidated hill-wash deposits (Quaternary and Tertiary Shepparton Colluvium comprising sands, 
silts, clays and gravels) inferred by the Geological Map Sheet (1979). The Shepparton Colluvium was 
generally observed to comprise f ine grained red brown sediments (clays and silts) with some 
interbedded sands and gravels. Omeo-Metamorphic Complex (OMC) basement rock, in the form of  
granite, was identif ied towards the base of  Bears Hill (South Bandiana). The depth to basement rock 
generally decreased towards Bears Hill as did the thickness of  the overlying Shepparton Colluvium 
and Coonambigdal Colluvium. 

The geological profiles in the southern portion of  North Bandiana, along the unnamed creek where the 
topographic gradient is considerably f latter, and on East Bandiana were various combinations of  
clays, silts and sands, which is ref lective of  the nature of  the depositional environment (i.e. f luvial). 
These soils are representative of  the Shepparton Fluvium. The soils encountered along the Kiewa 
River were generally coarser, predominately comprising sands and gravels, and as such were 
representative of  the Coonambigdal Fluvium. 

2.2.4 Hydrogeology 

The DSI conf irmed that the primary aquifer units of  the Management Area were the Shepparton 
Fluvium and Colluvium and, to a lesser extent, the Coonambigdal Fluvium. The deepest groundwater 
levels were generally observed towards the base of  Bears Hill and Huon Hill, with the shallowest 
groundwater levels along the lower portion of  Jack in the Box Creek, the unnamed creek and the 
Kiewa River. The standing water levels (SWLs) measured in the Shepparton Colluvium generally 
ranged between approximately 12 and 35 metres below ground surface (mbgs). The SWLs measured 
in the Shepparton Fluvium generally ranged between 4 and 8 mbgs, and SWLs measured in the 
Coonambigdal Fluvium were less than 3 mbgs.  

There is a groundwater divide which occurs through central South Bandiana, and appears to be 
generally consistent with topography. West of  the divide (i.e. the western portion of  South Bandiana) 
groundwater f low is generally towards the north-west towards Wodonga Creek, and east of  the divide 
(i.e. the eastern portion of  South Bandiana, North Bandiana and East Bandiana) groundwater f low is 
towards the north-east towards the Kiewa River. The considerably larger area draining towards the 
Kiewa River and the dif ference in groundwater levels f rom the central portion of  South Bandiana to 
East Bandiana indicates that the Kiewa River is likely to act as a regional groundwater discharge 
zone. 

2.2.5 Surface Water and Drainage 

The BMA is located across two catchment areas, one being the Jack in the Box Creek catchment 
(west of  the topographic divide running across the BMA) and the other one being the Middle Creek / 
Kiewa River catchment (east of  the topographic divide) (Figure 2, attached).  

West of the topographic divide: This part of  the BMA includes the western portion of  the South 
Bandiana area, and drains towards Wodonga Creek via Jack in the Box Creek (Figure 2, attached). 
The Jack in the Box Creek runs in a north north-westerly direction, f rom the north-west portion of  the 
BMA to Wodonga Creek (3.5 km away f rom the BMA).    

Jack in the Box Creek is an intermittent surface watercourse, with variable sections being constructed 
along its course before discharging to Wodonga Creek. Further upstream, the creek is connected by 
gullies and shallow drainage channels that are running across the western-most portion of  the BMA. 
The gullies are inferred to ref lect ephemeral drainages originating f rom Bears Hill that have been 
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variably modif ied by human activity. The gullies and drainage channels are typically dry and were 
generally observed to have pools of  surface water during and following heavy rain. 

East of the topographic divide: This part of  the BMA includes the eastern portion of  South 
Bandiana, North Bandiana and East Bandiana, and drains towards the Kiewa River via an unnamed 
creek (Figure 2, attached) that runs north of  Middle Creek and discharging to the Kiewa River about 
2.1 km north of  the conf luence with Middle Creek. The unnamed creek originates in the eastern 
portion of  South Bandiana as a number of  drainage channels which discharge to a series of  
stormwater ponds (wetlands) located at the entry to South Bandiana. Portions of  the unnamed creek 
within North Bandiana have been concreted. The course of  the creek is still being actively modif ied, 
mainly to accommodate new residential development in the portion immediately downstream of  North 
Bandiana.  

The Kiewa River, where the water f rom this part of  the BMA eventually drains, originates on the 
Bogong High Plains and f lows north to its conf luence with the Murray River. The f low regime of  the 
Kiewa River displays considerable seasonal variation, with the months of  August to October generally 
exhibiting the highest f lows following snow melt in the high country. The Kiewa River is a partly 
conf ined meandering river with the f loodplain containing multiple f luvial landforms such as oxbow 
lakes, f lood runners and anabranches. 

2.2.6 BMA Land Uses 

General site operations and site features are presented on Figure 3 (attached) and site area land 
uses on Figure 4 (attached). 

BMA is primarily used by Defence for administration, accommodation, training, and warehousing / 
logistics, however, other operations such as activities related to the storage and maintenance of  
vehicles including armoured vehicles also occur at the BMA. In addition, North and South Bandiana 
also include several on-Base residential areas for Defence personnel, a community facility on North 
Bandiana (Bandiana Neighbourhood House), and a Victorian State Government Primary School 
(Bandiana Primary School) on South Bandiana. The Bandiana Neighbourhood House is a registered 
child care provider including occasional care, kinder and playgroup. Sheep grazing is licenced in a 
portion of  South Bandiana along the base of  Bears Hill and a portion of  North Bandiana to the south-
east of  the unnamed creek.  

2.2.7 Land Uses Surrounding BMA 

The land uses surrounding North, South and East Bandiana are summarised in the table below and 
shown on Figure 4. With the exception of  further residential development to the north and east of  
North Bandiana, and west of  South Bandiana, it is envisaged that future land uses in the Management 
Area will remain relatively constant. 

Area Direction Description 

North 
Bandiana 

North Huon Hill is located to the north, which is currently used for grazing and 
as a recreation space (walking and picnicking).  

East A residential development is located to the east, with the Kiewa River 
f loodplain and Kiewa River beyond. The Unnamed Creek f lows east 
through the residential development. 

South  South Bandiana is located to the south across Anzac Parade and the 
Murray Valley Highway. A concrete pipe manufacturing facility (Rocla), 
and the former Wodonga stockyards are located south of  the northern 
portion of  North Bandiana. Upper Middle Creek is located beyond Rocla 
and the former stockyards. 
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Area Direction Description 

West A residential development is located to the west, with the Wodonga 
township beyond.  

East 
Bandiana 

North A residential development is located to the north. 

East The residential suburb of  Killara is located to the east, as well as pastoral 
grazing land within the Kiewa River f loodplain. The Kiewa River is located 
to the east.  

South  Middle Creek f lows in a west to east direction along the southern 
boundary of  the Base, with Baranduda water treatment plant located 
beyond Middle Creek.   

West The former Wodonga Stockyard are located to the west across Whytes 
Road.  

South 
Bandiana 

North North Bandiana, and a residential development are located to the North 
across Anzac Parade. A small number of  commercial properties are also 
located to the north. 

East A concrete pipe manufacturing facility (Rocla) is located to the east, 
across the Kiewa Valley Highway. With rural grazing properties located to 
the south across Tooles Road 

South  A rural grazing property is located adjacent to the southern boundary.  A 
mix of  rural grazing properties and new residential developments are 
further south beyond Bears Hill.  

West Residential developments are located to the west, with the Jack Perry 
reserve (recreational reserve) adjacent to the north western boundary of  
BMA. Jack in the Box Creek f lows to the north-western boundary towards 
Wodonga Creek.    

 

2.3 Extent of contamination 

2.3.1 PFAS Source Areas 

The PFAS source assessment identif ied a total of  15 potential PFAS source areas across the BMA. 
These areas of  the site were typically used for f ire training activities, with selected areas also used for 
the waste disposal of  AFFF products. Of  these, the DSI (Golder, 2018) concluded that three areas 
(Source Area 3, Source Area 4, and Source Area 8) were not a source of  PFAS impacts. The 
following areas were identif ied, and Figure 5 (attached) provides an overview of  their locations: 

• South Bandiana  

o Source Area 1 (SA1) – Petroleum Platoon – Former Fire Training Ground. 

o Source Area 2 (SA 2) – Base Fire Services (BFS) – Former Fire Training Ground. 

o Source Area 3 (SA 3) – Potential Disposal Burial Ground (not considered a source). 

o Source Area 4 (SA 4) – Former 25 m Firing Range (not considered a source). 

o Source Area 5 (SA 5) – Petroleum Platoon – Fuel Handling Facility. 

o Source Area 6 (SA 6) – Current Fire Training Area, Building 600. 

o Source Area 7 (SA 7) – Old Fire Station, Building 421. 

o Source Area 8 (SA 8) – Original Fire Station – Corner of  Anderson Road and 
Donegon Road (not considered a source). 

o Source Area 9 (SA 9) – Petroleum, Oils and Lubricants (POL), Building 490. 
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• North Bandiana 

o Source Area 10 (SA 10) – Former Unit Training Area, between Warehouse 1 and 2. 

o Source Area 11 (SA 11) – Fire Extinguisher Disposal – Warehouse 13. 

o Source Area 12 (SA 12) – Armoured Vehicle Maintenance Training, Building 100.  

• East Bandiana 

o Source Area 13 (SA 13) – Fire Station – Current. 

o Source Area 14 (SA 14) – Former Unit Training, Building 592. 

o Source Area 15 (SA 15) – Former Unit Training, Football Field. 
 

Highest on-Base concentrations of  PFAS in soils, sediment, surface water and groundwater were 
generally identif ied within and adjacent to source areas. This indicated that while the use of  AFFF 
within each of  these areas has ceased, the soils and sediments within the source areas are 
continuing to act as a source of  PFAS identif ied within the on-Base and of f -Base Jack in the Box 
Creek and Kiewa River catchments.  

The following sections provide an overview of  the nature and extent of  PFAS impacts identif ied during 
the DSI for on-Base, and of f base within the Jack in the Box Creek Catchment and of f -Base within the 
Kiewa River Catchment. The conceptual site model (CSM) is summarised in Section 4.0. 

2.3.2 On-Base Human Health 

Soil and Sediment: The DSI screening assessment indicated the majority of  the reported soil and 
sediment PFOS/PFHxS concentrations were below human health open space and commercial / 
industrial screening guidance values. Exceptions to this were the soil and sediment PFOS/PFHxS 
concentrations in Source Areas 1 (1.04 mg/kg) and 2 (13.3 mg/kg), which is in the Close Training 
Area where f ield training activities occur, which exceeded the adopted human health open space soil 
screening guidance values, but were below the adopted human health commercial / industrial soil 
screening guidance values.  

Surface Water: Surface water PFOS/PFHxS concentrations exceeded adopted drinking water and 
recreational water screening guidance values in samples collected f rom both within the source areas 
and along drainage lines within the Base. A maximum PFOS/PFHxS concentration of  50.7 μg/L was 
reported in Source Area 6. PFOA exceeded drinking water screening guidance values in Source Area 
6, but no other Source Areas or other non-source areas.  

Groundwater: PFAS concentrations exceeding the drinking water and recreational groundwater 
guidance values have been reported in groundwater on-Base. A maximum PFOS/PFHxS 
concentration of  118 μg/L was reported in Source Area 13. PFOA was identif ied to exceed the 
screening guidance values for drinking water and recreation in Source Area 13 (maximum 6.8 μg/L) 
and drinking water in Source Area 14 (maximum 1.09 μg/L), but not in other source or non-source 
areas.  

2.3.3 Off-Base Human Health - Jack in the Box Creek Catchment 

A summary of  the of f -Base Jack in the Box Creek Catchment PFOS/PFHxS results f rom the DSI 
(Golder 2018) in relation to human health screening guidance values is presented in the table below.  

Soil and Sediment: PFAS concentrations in of f -Base soil and sediment samples f rom within the Jack 
in the Box Creek catchment were below the adopted human health soil screening guidance values 
(maximum PFAS/PFHxS concentration 0.016 mg/kg, refer to table below).  
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Surface Water: The surface water f lows exiting the Base via Jack in the Box Creek generally passed 
through commercial / industrial or open space land use zones, however a portion of  the creek passed 
near sensitive land use areas where sensitive receptors could be exposed. A maximum PFOS/PFHxS 
concentrations of  5.1 μg/L was reported (refer to table below). The highest concentrations were 
closest to the Base with samples f rom two locations (SW424 and SW463) immediately downstream of  
the Base, in open space land use areas exceeding human health drinking water and recreational 
guidance values. The remaining samples collected along Jack in the Box Creek exceeded only the 
drinking water guidance values. PFOA concentrations do not exceed any relevant screening guidance 
values within Jack in the Box Creek Catchment.  

Groundwater: Groundwater monitoring in Jack in the Box Creek Catchment focused along the Jack 
in the Box Creek and a maximum PFOS/PFHxS concentrations of  0.296 μg/L was reported (refer to 
table below). PFOA was below human health screening guidance values in all samples. The PFAS 
concentrations in groundwater within upper catchment, i.e. within the stif f clays of the Shepparton 
Colluvium closer to the Base, were below the adopted drinking water screening guidance values. 
However, concentrations of  PFAS in groundwater were above drinking water guidance values, for the 
two groundwater wells installed in the lower Jack in the Box Creek catchment within the sandier 
Shepparton Fluvium. It is also noted that exceedance of  drinking water guidance values, also 
precludes the protected groundwater benef icial use “stock watering”, when conservatively adopting 
drinking water objectives for assessment of  stock watering. 

2.3.4. Off-Base Human Health - Kiewa River Catchment 

Soil and Sediment: Soil and sediment sampling within the Kiewa River Catchment focused on the 
residential estates in proximity to the BMA. A maximum PFOS/PFHxS concentration of  0.0023 mg/kg 
was reported in the dry soils or sediments (refer to table below). PFOA was below human health 
screening guidance values in all samples. PFOS/PFHxS concentrations in of f -Base soil samples f rom 
within the Kiewa River catchment, including samples f rom residential vegetable gardens were below 
the adopted human health soil screening guidance values.  

PFAS concentrations in sediment samples collected f rom the Unnamed Creek f rom the portion which 
f lows through the residential estate, and f rom the f loodplain f rom between the eastern edge of  the 
residential estate and the conf luence of  the Unnamed Creek with the Kiewa River were below human 
health residential soil guidance values (maximum 0.0075 mg/kg, wet sediment). Sediment samples 
f rom the f loodplain features of  the Kiewa River were below the human health open space soil 
guidance value, noting that soil screening guidance values were adopted within the DSI (Golder, 
2018) in absence of  sediment screening values.Surface Water: The concentrations of  PFAS within 
samples f rom in-stream of  the Kiewa River and Middle Creek were below human health drinking 
water guidance values. PFOA was below human health screening guidance values in all samples. 
Concentrations of  PFAS within the Unnamed Creek f lowing f rom Whytes Road along the eastern 
boundary of  North Bandiana and towards the Kiewa River (through a residential estate) were below 
human health guidance values except for seven surface water samples which exceeded the drinking 
water guidance values but were below the recreational water guidance values.  

PFAS concentrations in of f -Base surface water samples f rom oxbow lakes to the east and north-east 
of  East Bandiana located along the western bank of  the Kiewa River f loodplain exceeded the drinking 
water and recreational water screening guidance values (maximum of  12.8 µg/L, refer to table below). 

Groundwater: A summary of  the maximum PFOS/PFHxS concentrations detected in groundwater in 
the Kiewa River Catchment is summarised in the table below. No exceedances of  PFOA were 
detected. Concentrations of  PFAS in groundwater above the drinking water guidance values were 
detected in a groundwater monitoring well on the Kiewa River f loodplain near the conf luence of  the 
Kiewa River and the Unnamed Creek (maximum of  0.111 µg/L for PFOS/PFHxS). Additionally, 
groundwater concentrations along the eastern (down-gradient) boundary of  East Bandiana also 
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reported groundwater concentrations exceeding the adopted drinking water and recreational water 
use screening guidance values. It is also noted that exceedance of  drinking water guidance values, 
also precludes the protected groundwater benef icial use “stock watering”, when conservatively 
adopting drinking water objectives for assessment of  stock watering. 

Groundwater on a property to the east of  the Kiewa River, which is being extracted and used for 
drinking, as well as irrigation of  home grown produce and livestock reported concentrations of  PFAS 
less than drinking water and recreational water screening guidance values. Similarly, groundwater on 
a property to the south of  East Bandiana also using groundwater for garden irrigation including 
watering home grown foods, such as f ruit and vegetables, and livestock, also reported concentrations 
of  PFAS less than drinking water and recreational water screening guidance values (Golder, 2018). 

An additional property was identif ied within the Management Area to be using extracted bore water for 
irrigation of  home grown produce and drinking water for chickens. The concentrations of  PFAS in 
water f rom this bore, were above the drinking water guideline values but below the recreational 
guideline values (Golder, 2020). 

A summary of  the PFOS/PFHxS results f rom the DSI (Golder 2018) in relation to human health 
screening guidance values is presented in the table below. 
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Area 
PFOS + PFHxS in Soil 

(mg/kg) 
PFOS + PFHxS in Sediment 

(mg/kg) 
PFOS + PFHxS in Surface 

Water (μg/L) 
PFOS + PFHxS in 

Groundwater (μg/L) 

Max Exceedance Max Exceedance Max Exceedance Max Exceedance 
On-Base Areas 

Source Area 1 1.04 Open space Dry: 0.549, 
Wet: 0.0028 Open space 1.11 

Drinking and 
recreational 

water 
0.43 Drinking water 

Source Area 2 1.23 Open space Dry: 13.3 Open space 0.0688 None 0.05 None 

Source Area 3 0.0012 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   

No groundwater wells 
installed 

Source Area 4 ND None Sampling not included in DSI 
scope.   

 Sampling not included in 
DSI scope.   

No groundwater wells 
installed 

Source Area 5 12.5 Open space Dry: 0.305, 
Wet: 0.179 None 6.8 

Drinking and 
recreational 

water 
0.02 None 

Source Area 6 0.582 None Dry: 0.0317 None 50.7 
Drinking and 
recreational 

water 
0.03 None 

Source Area 7 1.97 None Dry: 0.0055 None Not sampled (dry) 7.65 
Drinking and 
recreational 

water 

Source Area 8 0.001 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   ND None 

Source Area 9 Sampling not included in 
DSI scope.   

Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   1.71 Drinking 

Source Area 10 0.014 None Dry: 0.001 None Not sampled (dry) ND None 
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Area 
PFOS + PFHxS in Soil 

(mg/kg) 
PFOS + PFHxS in Sediment 

(mg/kg) 
PFOS + PFHxS in Surface 

Water (μg/L) 
PFOS + PFHxS in 

Groundwater (μg/L) 

Max Exceedance Max Exceedance Max Exceedance Max Exceedance 
Source Area 11 0.0041 None Wet: 0.0021 None 0.0895 Drinking water ND None 

Source Area 12 0.0123 None Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   0.09 Drinking water 

Source Area 13 3.3 None Dry: 0.0177 None Not sampled (dry) 118 
Drinking and 
recreational 

water 

Source Area 14 0.0023 None Dry: 0.0027 None Not sampled (dry) 32 
Drinking and 
recreational 

water 

Source Area 15 0.0012 None  Sampling not included in DSI 
scope.   

Sampling not included in 
DSI scope.   0.27 Drinking water 

On-Base, non-source 
areas 0.301 None Dry: 0.0884, 

Wet: 0.0596 None 4.45 
Drinking and 
recreational 

water 
8.98 

Drinking water 
and recreational 

water 
Off Base - Jack in the Box Creek Catchment 

Residential estate 
adjoining South Bandiana Sediment collected only Dry: 0.0003 None Not sampled (dry) 0.0149 None 

Jack in the Box Creek 0.0104 None Dry: 0.001,  
Wet: 0.016 None 5.1 

Drinking and 
recreational 

water 
0.296 Drinking water 

Wodonga Creek Sediment collected only ND None 0.0027 None Surface water collected only 
Off Base – Kiewa River Catchment 

Residential Estate 
northwest of  North 

Bandiana 
0.0023 None Wet: 0.0031 

Dry: 0.0003 None 0.155 Drinking  0.024 None 

Unnamed Creek Sediment collected only Wet: 0.0075 None 0.213 Drinking  Surface Water collected only 
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Area 
PFOS + PFHxS in Soil 

(mg/kg) 
PFOS + PFHxS in Sediment 

(mg/kg) 
PFOS + PFHxS in Surface 

Water (μg/L) 
PFOS + PFHxS in 

Groundwater (μg/L) 

Max Exceedance Max Exceedance Max Exceedance Max Exceedance 
Kiewa River including 

Middle Creek (and 
f loodplains) 

Sediment collected only Wet: 0.0527 None 12.8 
Drinking and 
recreational 

water 
0.111 Drinking water 

Murray River Sediment collected only ND None 0.0026 None Surface Water collected only 
Notes: Areas shown in the table were defined in the DSI (Golder, 2018). Cells highlighted green did not exceed the screening guidance values defined in the DSI (Golder 
2018). Cells highlighted grey had at least one sample which exceeded screening guidance values defined in the DSI (Golder 2018), noting the National Health and Medical 
Research Council (NHMRC) released updated recreational water screening guidance values in August 2019, after the release of the DSI (Golder, 2018). The screening above 
has been adjusted to the 2019 updated recreational water criteria of 2 μg/L. 
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2.3.5 Ecological 

The DSI (Golder, 2018) concluded that concentrations of  PFAS in soil, sediment and surface water, 
on-Base and of f -Base in the Jack in the Box Creek and Kiewa River catchments, were higher than the 
ecological screening guidance values. The table below summarises the areas and media where the 
DSI (Golder, 2018) identif ied exceedances of  the PFOS screening guidance. No exceedances of  the 
PFOA screening guidance values were reported in the DSI. Where PFOA was reported above the 
LOR, this is identif ied in the table below with the statement “including PFOA”. 

Area Soil Sediment Surface Water Groundwater 

On-Base 

Source Area 1 Exceedance 
identif ied 

Exceedance 
identif ied 

Not screened Not screened 

Source Area 2 Exceedance 
identif ied 

Exceedance 
identif ied 

Not screened Not screened 

Source Area 3 No exceedance Not sampled  Not sampled  Not sampled  

Source Area 4 No exceedance Not sampled  Not sampled  Not sampled  

Source Area 5 Exceedance 
identif ied 

Exceedance 
identif ied including 
PFOA 

Not screened Not screened 

Source Area 6 Exceedance 
identif ied 

No exceedance Not screened Not screened 

Source Area 7 Exceedance 
identif ied 

No exceedance Not sampled Not screened 

Source Area 8 No exceedance Not sampled Not sampled Not screened 

Source Area 9 Not sampled Not sampled Not sampled Not screened 

Source Area 10 No exceedance No exceedance 
including PFOA 

Not sampled Not sampled 

Source Area 11 No exceedance No exceedance Not screened Not screened 

Source Area 12 No exceedance Not sampled Not sampled Not screened 

Source Area 13 Exceedance 
identif ied 

No exceedance Not sampled Not screened 

Source Area 14 No exceedance No exceedance Not sampled Exceedance 
identif ied 

Source Area 15 No exceedance Not sampled Not sampled Exceedance 
identif ied 

South 
Bandiana: 
Drainage to 
Jack in the Box 

Exceedance 
identif ied 

Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Not screened 
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Area Soil Sediment Surface Water Groundwater 

Creek 
Catchment 

North and 
South 
Bandiana: 
Kiewa River 
Catchment 

Not sampled Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

East Bandiana: 
Kiewa River 
Catchment 

No exceedance Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

South 
Bandiana: 
Bears Hill 

No exceedance Not sampled No exceedance Not sampled 

Off-Base (within the Management Area) 

Jack in the Box 
Creek   

Exceedance 
identif ied 

Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

Wodonga 
Creek 

 Not sampled No exceedance Exceedance 
identif ied 

 Not sampled 

Residential 
estate 
adjoining South 
Bandiana 

 Not sampled  No exceedance Exceedance 
identif ied 

Not screened 

Residential 
Estate 
adjoining North 
Bandiana 

No exceedance Exceedance 
identif ied 

Exceedance 
identif ied 

Not screened 

Kiewa River 
including 
Middle Creek 

 Not sampled  Exceedance 
identif ied including 
PFOA 

Exceedance 
identif ied 

Exceedance 
identif ied 

Murray River  Not sampled No exceedance Exceedance 
identif ied 

Not sampled 

Notes: Areas shown in the table were defined in the DSI (Golder, 2018). Exceedances relate to the screening 
guidance values adopted in the DSI (Golder, 2018). Cells highlighted grey had at least one sample which 
exceeded screening guidance values defined in the DSI (Golder 2018). Sediment was screened against either 
the LOR or the soil screening guidance values depending on if it was wet or dry. “Not screened” refers to 
locations where samples were obtained but not screened against ecological guidance values. 

2.3.6 Uncertainties 

Following the completion of  the DSI, a number of  areas of  uncertainty were identif ied as part of  the 
DSI including: 

• the nature and extent of  on-Base surface water contamination,  
• representativeness of  groundwater sampling at some locations,  
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• location of  the groundwater f low divide and extent of  groundwater impacts;  
• concentrations in of f-Base surface water during low f low conditions;  
• soil, sediment, surface water and groundwater interactions; and  
• PFAS discharges in sewer 

These uncertainties are discussed further in the PMAP Appendix C, and where possible, these areas 
of  uncertainty are addressed through the implementation of  this OMP  or through additional 
investigations recommended for management option appraisals. 

2.4 Groundwater use 

2.4.1 On-Base 

Water use on the Base conf irmed during the DSI indicated that no water extraction bores were 
currently or historically used on the Base.   

2.4.2 Off-Base 

A search of  the Victorian government bore registration database (Visualising Victoria’s Groundwater 
and Victorian Water Management Information System) identif ied eight domestic stock bores, three 
irrigation bores and one commercial bore as illustrated on Figure 1 (attached). The following is noted:  

• Six of  the domestic stock bores and all three irrigation bores are located to the north-west and 
down-gradient of  South Bandiana, within the Jack in the Box Creek catchment area. The 
closest of  these bores (WRK951070) is located approximately 500 m north-west of  the South 
Bandiana boundary and is 180 m in depth and screened in granite bedrock.   

• The remaining domestic stock bores and the one commercial bore are located to the south to 
south-west of  Bears Hill (upgradient of  South Bandiana). 

Community engagement (including a water use survey) identif ied properties with bores extracting 
water for consumption or produce watering included: 

• One property uses water extracted f rom a shallow bore for domestic use (including drinking), 
watering a f ruit / vegetable garden used solely for household purposes, and occasionally 
watering livestock and poultry, the use of  which is mixed household and commercial. This 
property is not connected to mains water.  

• One property, outside of  the PMAP management area, uses water extracted f rom the bore for 
watering a f ruit / vegetable garden, the grounds and, occasionally, livestock which are raised 
solely for household consumption. 

• One property using extracted bore water for irrigation of  home grown produce and drinking 
water for chickens.  The produce (f ruit, vegetables and eggs) is for home consumption, and is 
not sold commercially.  The concentrations of  PFAS in water f rom the bore, and a swimming 
pool periodically toped up with the bore water, were above the drinking water guideline values 
but below the recreational guideline values. 

2.5 Drivers and constraints 

Key drivers and constraints impacting upon delivery of  the OMP include: 

• Access to private properties and crown land to undertake sampling. 
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• High water f lows in the Kiewa River following heavy rain or during snow melt in spring which 
may limit access to groundwater bores and restrict ability to safety collect surface water 
samples. 

2.6 Communications 

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

• OMP 

• monitoring data collected during the implementation of  the OMP. 

• decisions made in response to the data collected during implementation of  the OMP. 

• changes to the OMP in response to incoming data over the implementation period. 

2.7 Related Management Actions 

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

Action 1:  
Reduce the migration of  PFAS f rom East Bandiana (Source Area 13) via groundwater and surface 
water (if  required). This action will involve the completion of  a Detailed Groundwater Remediation 
Feasibility Study to further ref ine the potential treatment options and inform the development of  a 
Remediation Action Plan (RAP). The investigations will need to include soil investigations to delineate 
the extent of  the source zone, assess leaching potential and assess the groundwater mass f lux, 
including consideration of  long-term matrix dif fusion.  

Action 2: 
Reduce the migration of  PFAS f rom South and North Bandiana via surface water. This action will 
involve the completion of  a Detailed Surface Water Flux Study to further the understanding of  the 
extent and leaching potential of  soil / sediment impacts within and surrounding each on-Base source 
areas, and assess the PFAS f lux f rom the source areas relative to the surrounding areas in dif fering 
surface water discharge scenarios (i.e. rainfall / weather events). The objective of  the investigations 
will be to assess how ef fective the various management options would be and whether the 
implementation costs are proportionate to the risk and net environmental benef it. Where warranted, 
the investigations should also look to address key CSM data gaps and inform the development of  a 
RAP for higher priority source areas or pathways.  

Action 3: 
Subject to the approval of  the EIR for the development of  a new Current Fire Training Area (Source 
Area 6), remedial works may be completed at the existing facility. A RAP will be required to def ine the 
remediation objectives and guide the extent of  the work. The work will likely also involve additional 
investigations to delineate the extent and degree of  PFAS impacts (including impacts to concrete 
inf rastructure), demolition of  the existing inf rastructure followed by the management (excavation / 
treatment or capping) of  PFAS impacted soils and treatment of  PFAS impacted surface water.  

Action 4: 
Off-site receptor management and/or remediation actions considered will be proportionate to the 
level of  risk associated with the zoned land use, and if  proposed at the point of  exposure (i.e. at the 
receptor) will consider the potential for re-contamination to occur. Defence will work with the impacted 
landowners and/or land managers to identify the precluded benef icial uses and minimise potential 
PFAS exposure risks. As these actions are related to of f -Base private properties, these have not been 
presented within the PMAP. These actions will also include provision of  ongoing support regarding the 
obligations under the incoming legislation. 
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Defence, in conjunction with relevant State and Local authorities, are committed to ongoing 
engagement with impacted landowners and /or land managers including through the development 
and implementation of  both Interim precautionary advice, and / or Long-term administrative 
controls. The following precautionary advice / administrative controls are proposed:  

• Precautionary Advice – Consumption of Carp 
As a precaution, and in accordance with health advice f rom Victorian agencies, precautionary 
advice is proposed, informing stakeholders of  the potential risks associated with the 
consumption of  carp f rom the in channel and f loodplain environments of  the Unnamed Creek 
and a section of  the Kiewa River..   
 

• Groundwater Management Area 
Defence will work with the EPA and relevant water authorities in delineating and establishing 
appropriate administrative controls to manage potential future risks associated with the 
identif ied precluded benef icial groundwater uses.  

To support the implementation of  precautionary advice, and / or long-term administrative controls, 
Defence propose to maintain a public information line for questions f rom community members about 
the BMA PFAS Management Area. 

Action 5: 
Implementation of  an Ongoing Monitoring Plan (OMP) to monitor changes in PFAS concentrations at 
BMA, and in the Jack in the Box Creek and Kiewa River catchments.  

PMAP Review and Update 

Ongoing implementation of  the PMAP (including the OMP) will be subject to continuing annual review 
and update, to ensure documentation remains current and relevant, and ref lects the results of  the 
OMP and advances in information and technology (base on ongoing technology performance 
assessment and review). Where changes to the PMAP and/or OMP occur, they will be communicated 
and discussed with the community and other stakeholders, including relevant local, Victorian and 
Commonwealth government authorities. 
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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 f rom the specif ic 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 service provider 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 specif ic SAQP. 

3.2 Data Quality Objectives 

Data Quality Objectives (DQOs) are qualitative and quantitative statements derived f rom the outputs 
of  the f irst six steps of  the seven step DQO process that: 

• Clarif ies the study objective. 
• Def ines the most appropriate collection of  data as relevant to the study objective.  
• Determines the conditions f rom which to collect data;  
• Specif ies tolerable limits on decision errors, which will be used as the basis for establishing 

the quantity and quality of  data, needed to support the decision.  

The DQOs for this investigation have been prepared in line with the DQO process outlined in US 
Environmental Protection Agency (EPA) (2006) and NEPM 2013 (Schedule B2) and are presented in 
the seven-step DQO approach, Section 3.2.1. 

3.2.1 NEPM DQO Seven Step Process 

Process Description 

Step 1: State the problem 

Some protected benef icial uses of  surface water and groundwater within 
some of f -site areas have been precluded. However, the HHERA (Golder, 
2019), concluded that the human health risks to both on-site and of fsite 
receptors, under the current exposure conditions are low and acceptable. 
The only potentially unacceptable human health risks were associated 
with unrealised scenarios, which were assessed as part of  the HHERA to 
inform stakeholders of  potential future risks.  
 
Ongoing monitoring is required to be undertaken as part of  the BMA 
PMAP to assess potential changes in receptor exposure conditions. 
These include the assessment of  changes related to precluded protected 
benef icial uses.   

Step 2: Identify the 
decision/ goal of  the study  

The goal of  the OMP is to monitor the nature and extent of  PFAS impacts, 
and to identify trends and changes to PFAS impacts in the Management 
Area.  
 
This will allow decisions to be made regarding the assessment of  risks to 
human and ecological receptors into the future (i.e. updating the 
conceptual site model), and whether the OMP needs to be amended e.g. 
increasing concentrations may require increased monitoring locations 
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Process Description 

and/or f requencies or decreasing concentrations may warrant a decrease 
in the f requency or number of  locations.  

Step 3: Identify the 
information inputs 

The primary information inputs include observations and data obtained 
through the collection and analysis of  representative samples of  
sediment, surface water and groundwater. 
 
The following additional information inputs will also apply:   

• Updates to national regulations and guideline documentation, 
particularly published assessment criteria (refer Section 4.1); and 

• Information gathered through Stakeholders regarding specif ic 
land use practices within the Management Area. Particularly, 
information pertinent to the exposure conditions assessed within 
the HHERA.   

Step 4: Def ine the 
boundaries of  the study 

Ongoing monitoring will be undertaken within the Management Area as 
presented in Figure 1. This includes on-Base and of f -Base areas. 

Step 5: Develop the 
analytical 
approach/decision rules 

The purpose of  this step is to def ine 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: 

• Has the analytical data collected met the Data Quality Indicators 
(DQI) required by the NEMP (HEPA 2018) and the SAQP?  

• Have stable, increasing or decreasing trends in PFAS 
concentrations been established using appropriate statistical 
methods? 

• Do PFAS concentrations exceed the guidelines and or the trigger 
values established within the HHERA? If  so, does this indicate an 
unacceptable level of  risk? If  so, is a review of  the PMAP 
required? 

 

Step 6: Specify 
performance or 
acceptance criteria 

The key acceptance criteria for the OMP are: 
• The acceptable f ield and laboratory DQIs will be in accordance 

with NEMP (HEPA 2018) and NEPM (2013) and must be detailed 
in the SAQP. A review of  the data quality is to be undertaken and 
documented to minimise the potential for decision errors. 

• The adopted guideline values will be in accordance with the 
NEMP (HEPA 2018) as updated and will be used to screen 
analytical results obtained and to determine whether a revision of  
risk is required. 

• The laboratory limit of  reporting (LOR) should be below the 
adopted guideline values where technically possible.  

 

Step 7: Develop the plan 
for obtaining data 

This OMP provides a list of  the proposed monitoring locations, 
f requencies and analysis. An SAQP is required to be developed prior to 
beginning the monitoring program.  

3.3 Proposed Monitoring Intervals 

The proposed monitoring intervals for surface water, sediment and groundwater are detailed in Table 
1 below. Additionally, it is also expected that each of  the following information sources are reviewed 
on an annual basis:  

• Updates to national regulations and guideline documentation, particularly published 
assessment criteria (refer Section 4.1); and 
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• Information gathered through Stakeholders regarding specif ic land use practices within the 
Management Area, particularly information pertinent to the exposure conditions assessed 
within the HHERA. 

Table 1: Proposed Monitoring Intervals 
Media Locations Frequency 

Surface water 

Permanent water bodies, 
non-permanent water bodies 
and select drainage 
channels 

Biannual given that surface water is the primary pathway for 
PFAS resulting in exposure to human and ecological 
receptors. Establishment of potential trends during low and 
high flow periods would confirm the exposure scenarios 
considered within the HHERA.  
 
High flows are generally exhibited between August and 
October, and low flows are generally exhibited between 
February and May. Using the Kiewa River gauge station 
4022223, high flows would be described as water level 
greater than 1.5 m and discharge greater than 1,500 
ML/day. Low flows would be described as water levels less 
than 1.0 m and discharge less than 1,000 ML/day.  
 
It is noted that numerous on-Base drainage channels were 
observed to be dry during the DSI, therefore consideration 
should be made to completing the surface water sampling 
after a reasonable rain event (i.e. 35 mm of rain over a 4 day 
period). 
 

Sediment All 
Annual to correspond with surface water sampling 
undertaken in low flow conditions (i.e. between February 
and May). 

Groundwater 

OMC and Shepparton 
Colluvium 

Annual sampling during the August to October period for 
groundwater wells installed in the OMC or Shepparton 
Colluvium as groundwater in these units was deep (greater 
than 12 m below ground surface) and low hydraulic 
conductivities were observed. 

Shepparton Fluvium and 
Coonambigdal Fluvium 

Biannual sampling for groundwater wells installed in the 
Shepparton Fluvium and Coonambigdal Fluvium as 
groundwater in these units was shallow and higher hydraulic 
conductivities were observed. These units generally 
exhibited higher concentrations of PFAS and are the primary 
pathway for PFAS from East Bandiana. In addition, these 
units are likely to have a greater interaction with surface 
water than the OMC and Shepparton Colluvium.  

3.4 Monitoring Locations 

The monitoring locations selected within the Management Area are detailed in the sections below. 
The locations are separated into on-Base, of f -Base public and of f-Base private. Of f -site monitoring 
locations will require the agreement of  the landholder/leaseholder. A stakeholder engagement plan 
will be prepared to manage this process. 

3.4.1 Surface Water 

Surface water is a primary pathway for of f-Base migration of  PFAS resulting in exposure to human 
and ecological receptors. The proposed surface water monitoring locations are identif ied in Table 2. 
The biannual sample locations are shown on Figure 6A and 6B.  

 

 

3 Access via https://riverdata.mdba.gov.au/bandi ana 
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3.4.2 Sediment 

Surface water is a primary pathway for of f-Base migration of  PFAS resulting in exposure to human 
and ecological receptors. As such, it is proposed to monitor sediment concentrations in key locations. 
The proposed sediment monitoring locations are identif ied in Table 2 and shown on Figure 6A and 
6B. Sediment is proposed to be monitored annually to correspond with February – May surface water 
sampling. 

3.4.3 Groundwater 

Groundwater is a primary pathway for of f-Base migration of  PFAS resulting in exposure to human and 
ecological receptors f rom East Bandiana. The proposed groundwater monitoring locations are 
identif ied in Table 2 and shown on Figure 7A and 7B. Groundwater is proposed to be monitored 
annually or biannually based on the properties of  the geological unit (refer to Table 1). Groundwater 
monitoring well details are presented on Table A (attached).  
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Table 2: Proposed Monitoring Locations 

Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
    Biannual LOR3 Annual LOR3 Biannual LOR3 Annual LOR3     
On-Base Locations                     
Jack in 
the Box 
Creek 

  SW302 Std         MW315 Std South 
Bandiana, On-
Base, Source 
Area 2 

Locations target surface water and groundwater 
within and downgradient of the source area– all 
surface water locations were dry during DSI, and 
monitoring well MW18 was dry during the DSI  

  
SW307  Std 

    
MW317 Std   

SW310 Std         MW318 Std   
SW311 Std         MW304 Std South 

Bandiana, On-
Base, Source 
Area 1 
  

Locations target surface water and groundwater 
within and downgradient the source area – 
locations SW311, SW313 and SW321 were dry 
during DSI. SW311 and MW304 is also the point 
of discharge off-Base into Jack in the Box Creek.  
  

  
SW313 Std 

    
MW307 Std   

SW316 Std 
    

MW311 Std   
SW321 Std             

  
SW322  Std         MW312 Std South 

Bandiana, On-
Base 

SW322 and MW312 is a point of discharge off-
Base into Jack in the Box Creek and SW322 was 
dry during the DSI. The point is also at the 
confluence of surface water drainage from Source 
Areas 1 and 2 and Source Areas 5, 6 and 7.   

SW323 Std SD323 Std         South 
Bandiana, On-
Base 

This point represents the confluence of drainage 
from Source Areas 5, 6 and 7, and depositional 
environment prior to discharging off-Base.    

SW324 Std         MW04 Std South 
Bandiana, On-
Base, Source 
Area 6 
  

Locations target surface water and groundwater 
discharge from Source Area 6. SW326 was dry 
during the DSI. SW336 is located within the Fire 
Training Area settling pond, SW324 and SW332 
target two different flow paths from the Source 
Area.  
  

  
SW326 Std 

    
MW326 Std   

SW332 Std 
    

MW323 Std   
SW336 Std             

  
SW333 Std         MW329 Std South 

Bandiana, On-
Base, Source 
Area 5 
  

Locations target surface water and groundwater 
discharge from Source Area 6. SW333 targets 
discharge to Jack in the Box Creek, SW338 is the 
large pond within the Source Area. SW340 targets 
discharge to the Kiewa River.  
  

    SW338 Std             
Kiewa 
River 

  SW340 Std             

Jack in 
the Box 
Creek 

  SW448 Std         MW319, Std South 
Bandiana, On-
Base, Source 
Area 7 
  

Location targets surface water and groundwater 
discharge from Source Area 7.  
  

                MW321 Std 
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
    Biannual LOR3 Annual LOR3 Biannual LOR3 Annual LOR3     
Kiewa 
River 

  SW346 Std SD346 Std     BH111 Std South 
Bandiana, On-
Base, Source 
Area 9, and 
Stormwater 
Ponds 
(wetlands) 
  

BH111 targets the perched groundwater identified 
within Source Area 9.  
Surface water locations are targeting discharge 
into, within and discharging from the South 
Bandiana Stormwater Ponds.  
  

  
SW349 Std 

      
  

SW355 Std SD355 Std         

  
SW370  Std     MW345 Std MW342 Std North 

Bandiana, On-
Base, Source 
Areas 10, 11 
and 12 
  

SW370 is within the Unnamed Creek, targeting 
contributions from Source Areas 10, 11 and 12. 
MW342 targets Source Area 12. MW345 is within 
the shallow Fluvium where potential groundwater / 
surface water interactions maybe occurring. 
SW/SD375 and MW346 is the point of discharge 
off the Base.  
  

  
SW374  Std 

  
MW346 Std 

  
  

SW375 Std SD375 Std         

  
SW379 Std     MW06-a Std     East Bandiana, 

On-Base, 
Source Areas 
13, 14 and 15 
  

Locations are targeting surface water discharge 
from Source Area 13. Both surface water locations 
were dry during the DSI. The groundwater 
locations are targeting the East Bandiana Ground 
water plume, which emanating from Source Area 
13 and discharge off-Base across the eastern site 
boundary. 
  

  
SW380 Std 

  
BH1 Std 

  
      

BH2 Std 
  

      
MW350_S Std 

  
      

MW350_D Std 
  

      
MW09 Std 

  
      

MW16 Std 
  

      
MW42 Std 

  
      

MW43 Std 
  

      
MW35 Std 

  
      

MW34 Std 
  

      
MW46 Std 

  
      

MW47 Std 
  

      
MW18 Std 

  
      

MW20 Std 
  

      
MW12 Std 

  
      

MW29 Std 
  

      
MW352 Std 

  
      

MW353 Std 
  

  
        MW354 Std       
SW382 Std SD382 Std MW351 Std     East Bandiana, 

On-Base 
Locations are targeting the points of discharge 
from East Bandiana into the Kiewa River, and 
Kiewa River floodplain. MW351 targets the 
downgradient boundary adjacent to the residential 
properties.  
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
    Biannual LOR3 Annual LOR3 Biannual LOR3 Annual LOR3       

SW387 Std 
        

    SW388 Std                 
Off-Base Locations                     
Jack in 
the Box 
Creek 

  SW424 Std SD424 Std     MW313 Std Upper Jack in 
the Box Creek 
  

Locations are targeting publicly accessible open 
space land use areas where yabby trapping 
occurs. The maximum concentrations within Jack 
in the Box Creek were reported at these locations. 
MW313 targets the residential estate located 
beyond the South Bandiana boundary.  
Historic surface water concentrations > 0.01 ug/L. 
Groundwater monitoring location represents 
potential human health exposure. 
  

  
SW463 Std SD463 Std         

  
SW427 Std     MW360 Std     Lower Jack in 

the Box Creek 
SW427 is located where the creek passes near 
sensitive land use areas where sensitive receptors 
could be exposed. MW360 is located within the 
Fluvium where elevated concentrations and where 
potential groundwater / surface water interactions 
maybe occurring.  Historic surface water and 
groundwater concentrations > 0.01 ug/L.    

SW430 Std     MW361 Std     Lower Jack in 
the Box Creek 

MW361 is located within the Fluvium where 
elevated concentrations were reported. SW430 is 
in proximity to groundwater well (MW361) to allow 
assessment of groundwater / surface water 
interactions. Historic surface water and 
groundwater concentrations > 0.01 ug/L.    

SW431 Std             Lower Jack in 
the Box Creek 

SW431 is located where flood diversion structures 
are located, and if uses may result in the release 
of water into Wodonga Creek upgradient of the 
North East Water abstraction point. Historic 
surface water concentrations > 0.01 ug/L.   

SW432 Std             Lower Jack in 
the Box Creek 

SW432 is located downgradient of several offsite 
sources identified within the DSI.  

    SW434 Std             Jack in the Box 
and Wodonga 
Creek 
confluence 

SW434 is located at the confluence of Jack in the 
Box and Wodonga creek confluence and 
represents the down gradient point of monitoring 
within the Management Area within the Jack in the 
Box Creek catchment. Historic surface water < 
0.01 ug/L. 
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
    Biannual LOR3 Annual LOR3 Biannual LOR3 Annual LOR3     
Kiewa 
River 

  SW409 Std             Unnamed 
Creek 

SW409 is located where the creek passes near 
sensitive land use areas where sensitive 
receptors. Historic surface water > 0.01 ug/L. 

  
                    
SW403  Std     MW357 Std     Unnamed 

Creek and 
Kiewa River 
ox-bows 
  

Locations SW403 and SW405 are ox-bow lakes 
within the Central Pastoral area, and SW412 and 
SW462 are where the creek passes through the 
Northern and Central Pastoral Areas. 
Historic surface water and groundwater 
concentrations > 0.01 ug/L.  
The HHERA identified potential unacceptable 
human health risks associated with the 
consumption of carp from within the Unnamed 
Creek. SW462 and MW357 are at the point where 
the Unnamed Channel discharges into the Kiewa 
River. SD412 is a depositional environment within 
the Unnamed Creek on the Kiewa River 
floodplain. 
Historic surface water and groundwater 
concentrations > 0.01 ug/L.  

  
SW405  Std 

      
  

SW412  Std SD412 Std 
    

  
SW462 Std             

  
SW395 Std SD395 Std OTH0192 Std     Kiewa River 

ox-bows 
  

Locations are ox-bow lakes located on the Kiewa 
River floodplain within the Southern Pastoral Area. 
Groundwater location OTH019 represents point of 
potential human health exposure hence standard 
LOR to be applied.  
SW487 is targeting seepage water, where 
groundwater seeps were identified on the terrace 
separating the upper and lower Kiewa River flood 
plain during the HHERA.  
MW356 targets the assessment of groundwater/ 
surface water interactions at the Kiewa River.  
OTH019 is a point of use sample, where bore 
water is used for irrigation of home grown produce 
and drinking water for chickens. 
Historic surface water concentrations > 0.01 ug/L.  

  
SW3961  Std SD396 Std 

    
  

SW3971  Std SD397 Std 
    

  
SW4001  Std SD400 Std 

    
  

SW4011  Std 
      

  
SW470 Std 

      
  

SW4711 Std 
      

  
SW4871 Std 

      
  

                

  
SW390 Std             Kiewa River – 

main channel 
SW390 is the Kiewa River background location, 
and represents conditions upstream of the 
Baranduda WTP and Middle Creek. Historic 
surface water concentrations < 0.01 ug/L.    

SW393 Std             Middle Creek SW393 is located within Middle Creek and 
represents potential contributions from the Middle 
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Catchment  Surface Water  Sediment  Groundwater  Target Area Justification 
    Biannual LOR3 Annual LOR3 Biannual LOR3 Annual LOR3     

Creek catchment. The HHERA identified potential 
unacceptable human health risks associated with 
the consumption of carp from within the Middle 
Creek. Historic surface water concentrations < 
0.01 ug/L.    

SW398 Std     MW356 Std     Kiewa River – 
main channel 

Locations are located within the Kiewa River main 
channel and represent conditions down gradient 
of the on-Base discharges, and where recreational 
activities commonly occur within the river. MW356 
targets the assessment of groundwater/ surface 
water interactions at the Kiewa River. Historic 
surface water and groundwater concentrations < 
0.01 ug/L.  

  
SW404 Std             

    SW416 Std               SW416 is located within the main Kiewa River 
channel at the point of confluence with the 
Unnamed Creek, is located and where 
recreational activities commonly occur within the 
river and represents the down gradient point of 
monitoring within the Management Area within the 
Kiewa River catchment. Historic surface water 
concentrations < 0.01 ug/L.  

 

Notes: 
1. Indicates private property 
2. Indicates private property point of use. Location not shown on figures 
3. Std = Standard limit of reporting (0.01 microgram per litre [µg/L] for water or 0.005 milligram per kilogram [mg/kg] for soil / sediment) 
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3.5 Sample Analysis  

Samples should be analysed for PFAS in accordance with the PFAS Suite for Defence PFAS 
Investigation and Management as provided in Appendix C. 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. PFAS analysis for on-Base and of f -Base samples should be 
undertaken to standard limits of  reporting as outlined in Table 4 (above) and Table 5 (below). 

Quality control and quality assurances processes will be outlined within the SAQP (refer to Appendix 
B). 

Table 3: Proposed Sample Analysis 
Media Analysis Limit of Reporting 
Soil 
Sediment 

PFAS (28 compounds1) On-Base - 0.005 mg/kg (standard level) 
Off-Base - 0.005 mg/kg (standard level)  

Surface water 
Groundwater 

PFAS (28 compounds1) On-Base groundwater - 0.01 µg/L (standard level) 
On-Base surface water - 0.01 µg/L (standard level) 
 
Off-Base groundwater - 0.01 µg/L (standard level).  
Off-Base surface water - 0.01 µg/L (standard level). 
 

Notes: 
1 Refer to Appendix C for Defence Guidance Document E  
mg/kg milligram per kilogram 
% percent 
meq/100g milliequivalent per 100 grams 
μS/cm micro Siemen per centimetre 
µg/L microgram per litre 
mg/L milligram per litre 
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4 REPORTING REQUIREMENTS  

4.1 Guidance Documents 
Adopted screening criteria references national guidance in the form of  the PFAS National 
Environmental Management Plan (NEMP), Defence estate and environmental strategies, and 
Defence PFAS-specif ic strategies and guidance (refer to Section 1.4 of  the PMAP). 

Further information of  relevant guidance documents is included in Appendix A of  the PMAP and 
includes the following: 

• The Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

• State Environment Protection Policy (Waters) (SEPP Waters) 2018 
• State Environment Protection Policy (Prevention and Management of  Contamination of  Land) 

2002 (Land SEPP) 
• Environment Protection (Industrial Waste Resource) Regulations 2009 

4.1.1 PFAS National Environmental Management Plan 

The PFAS NEMP provides the guiding f ramework for the management of  PFAS. For further 
information, see: http://www.environment.gov.au/protection/publications/pfas-nemp-2. 

The NEMP aims to provide governments with a consistent, practical, risk-based f ramework 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 

Guidance values f rom PFAS National Environmental Management Plan (NEMP) (Heads of  
Environmental Protection Authorities Australia and New Zealand (HEPA), January 2018) have been 
adopted as per Table 5).  

Table 6: Adopted guidance values 
Exposure Scenario PFOS+PFHxS (µg/L) PFOS (µg/L) PFOA (µg/L) 
Drinking Water 0.07 1 - 0.56 1 
Recreational Water 2.0 1 - 5.6 1 
High conservation / ecological value systems  
(99% species protection) 

- 0.00023 1 10 1 

Slightly to moderately disturbed ecosystems  
(95% species protection) 

- 0.13 1 220 1 

Notes: 
1 Guidance / Investigation values from NEMP 2020  
µg/L microgram per litre 
PFAS Per- and Poly- Fluoroalkyl Substances 
PFOS Perflurooctanesulfonic acid 
PFOA Perflurooctanoic acid 
PFHxS Perflurohexane sulfonic acid 

4.3 Reporting 

After each monitoring event, the information and laboratory data collected as part of  the works will be 
documented and reported to Defence.  

http://www.environment.gov.au/protection/publications/pfas-nemp-2
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The data set will be reviewed at the end of  each 12-month monitoring period. An interpretative report 
is to be draf ted, including recommendations for any potential changes in the location and f requency of  
sampling, with consideration to the points contained in section 5.2. 

4.3.1 Interpretative Report 

The annual report should include, as a minimum: 

• Field works completed (including scope unable to be achieved, such as monitoring well 
access 

• Description of  the sampling methodology 
• Compliance with the requirements of  the SAQP and meeting stated objectives of  the OMP 
• Findings of  the review of  information pertinent to the HHERA exposure conditions including, 

but not limited to:  
o Updates to national regulations and guideline documentation, particularly published 

assessment criteria (refer Section 4.1); and. 
o Information gathered through Stakeholders regarding specif ic land use practices 

within the Management Area, particularly information pertinent to the exposure 
conditions assessed within the HHERA. 

• Findings f rom well gauging including any changes with the monitoring well network including 
access and damage issues 

• Relevant f igures depicting sampling locations and site specif ic hydrogeological features; 
• Laboratory results and analysis including comparison with relevant screening criteria 

identif ied in section 4.2 
• Assessment and commentary on appropriate QA/QC procedures; 
• Data interpretation including trends in groundwater concentration, gradient and f low 

directions 
• Assessment of  statistically based trends that may inform decision making (refer to section 

5.3), and 
• Provision, at a minimum, of  groundwater sampling forms, laboratory analytical certif ications 

and calibration certif icates. 

4.3.2 Stakeholder Engagement 

Analytical results f rom each monitoring round will be provided to the relevant State or Territory 
regulator, including the annual interpretative report.  

Where of f -site residential sampling is proposed, a separate letter will be produced to provide to the 
resident with the analytical results of  the monitoring event and assessment against relevant guideline 
values.    
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5 REVIEW AND UPDATE 
This section of  the OMP details uncertainties in investigation, monitoring and management that may 
require consideration of  contingency measures and/or reassessment of  risk with changes in 
conditions including necessity for additional investigations. 

5.1 Monitoring of Management Measures 
The goal of  the OMP is to monitor the nature and extent of  PFAS impacts, and to identify trends and 
changes to PFAS impacts in the Management Area.  
 
This will allow decisions to be made regarding the assessment of  risks to human and ecological 
receptors into the future (i.e. updating the conceptual site model), and whether the PMAP and / or 
OMP needs to be amended.  

The OMP will extend over an initial implementation period of  two years.  

Following the initial implementation period, the OMP will be reviewed based on the data collected and 
specif ic characteristics of  the Management Area to determine the following: 

• The requirement for ongoing monitoring; 
• The number of  monitoring locations and f requency of  monitoring considered suitable to 

continue to assess the nature and extent of  PFAS impacts; and 
• The extended implementation period required. 

Each Remediation Action Plan (if  required) developed for identif ied management options within the 
PMAP will require an individual monitoring plan with appropriate objective and success measures as 
relevant to monitoring of  that action. 

5.2 Triggers for OMP Review  

Updates to the OMP may be required for several reasons. 

Data on changes in the distribution, concentration, transport (pathways and f low rates) and 
transformation of  the contaminants and assessment against appropriate guideline values provides an 
evidence base for targeted and ef fective risk management of  PFAS contamination to protect human 
health and environmental receptors currently impacted by PFAS. 

Changes in our understanding of  these risks, triggered by this data assessment may inform: 

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

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

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

alternate drinking water supplies) 

An update to the OMP may also be triggered by policy changes or through stakeholder engagement 
activities including:  
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• changes to State/Territory advice on types of  exposure-minimisation behaviours (e.g., 
consumption of  home produce or seafood) 

• changes to State/Territory advice on boundaries of  a designated management area and the 
management zones within 

• changes or ref inements to the monitoring network, f requency and parameters 
• feedback and information received as a result of  on-going community consultation; 
• any signif icant changes of  land use which may occur in the area within the Management Area 

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

5.3 Monitoring Potential Future Risks 

Findings f rom the ongoing monitoring will be used to evaluate whether changes have occurred to the 
risk posed by PFAS contaminated groundwater and surface water across the Management Area. This 
may be achieved through: 

• Comparison of  our current understanding of  the nature and extent of  the plume as presented 
in the DSI.  

• This may trigger evaluation of  the monitoring program and an updated scope of  works.  
• Include relevant site-specif ic considerations, such as potential changes in known 

concentrations within receiving environments or ecological receptors.   

5.4 Document Review Frequency 
The OMP will be reviewed regularly. The review f requency will be based on site specif ic 
characteristics and the existing data trend available. The review f requency may be revised during the 
implementation period as more data becomes available. 

Based on the current understanding and existing data, this OMP should be implemented for an initial 
two-year period, and subsequently revised if  the monitoring reports trigger this change.  

5.4.1 Existing Knowledge 

The document has been developed on the basis of  existing knowledge, current government policy 
settings, and available scientif ic methodologies and technology at the time of  publication. PFAS 
management is a f ield that is rapidly evolving.  

Over the primary implementation period of  the PFAS Management Area Plan, Defence will review and 
update (where necessary) the PMAP at intervals of  12 months to ensure that the document is current, 
and its recommendations are valid. 

The OMP should be subsequently updated in light of  the considerations outlined in Section 5 as well 
as reviews and updates to the PMAP to ensure the document is current and its recommendations 
valid. 
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APPENDIX A:  Figures and Tables 
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Bandiana Military Area - Ongoing Monitoring Plan
Table A - Existing Groundwater Well Details

Department of Defence

Monitoring Zone Well ID Date of Gauging Well Depth 
(mbtoc)

Screen Length 
(m)

Bottom of 
screen 
(mAHD)

Top of 
screen 
(mAHD)

Easting Northing Ground Level 
(mAHD)

TOC Elevation 
(mAHD) SWL (mbtoc) Groundwater 

Elevation (mAHD)
Groundwater 
Level (mbgs) Inferred Geological Formation Screened

Inferred 
Catchment

0445S_MW305 6/12/2017 21.96 3.0 155.83 158.83 491273.23 6000414.20 176.96 177.794 20.28 157.514 19.44 Shepparton Colluvium Jack
0445S_MW306 5/12/2017 31.02 3.0 148.82 151.82 491302.29 6000325.44 179.04 179.843 18.96 160.883 18.16 Shepparton Colluvium Jack
0445S_MW307 6/12/2017 27.37 3.0 153.72 156.72 491307.09 6000261.17 180.28 181.086 19.95 161.136 19.15 Shepparton Colluvium Jack
0445S_MW308 5/12/2017 22.01 3.0 158.38 161.38 491349.73 6000306.07 179.48 180.394 19.16 161.234 18.25 Shepparton Colluvium Jack
0445S_MW309 5/12/2017 20.9 3.0 157.40 160.40 491488.88 6000377.31 177.49 178.300 17.49 160.810 16.68 Shepparton Colluvium Jack
0445S_MW310 5/12/2017 22.85 3.0 157.80 160.80 491502.32 6000274.76 179.88 180.653 19.21 161.443 18.44 Shepparton Colluvium Jack
0445S_MW311 5/12/2017 22.71 3.0 159.74 162.74 491514.62 6000214.45 181.69 182.452 20.58 161.872 19.82 Shepparton Colluvium Jack
0445S_MW315 5/12/2017 41.75 4.0 163.13 167.13 491240.92 5999663.58 204.21 204.875 41.24 163.635 40.57 Weathered Omeo-Metamorphic Complex Jack
0445S_MW317 5/12/2017 38.93 4.0 165.43 169.43 491225.82 5999654.87 203.67 204.364 38.03 166.334 37.33 Weathered Omeo-Metamorphic Complex Jack
0445S_MW318 5/12/2017 40.88 3.0 165.09 168.09 491260.17 5999650.55 205.37 205.965 DRY - - Weathered Omeo-Metamorphic Complex Jack
0445S_MW329 4/12/2017 19.65 3.0 161.79 164.79 492187.01 6000243.40 180.81 181.435 17.03 164.405 16.40 Shepparton Colluvium Jack
0445S_MW330 30/11/2017 18.91 3.0 165.17 168.17 492219.24 6000159.84 183.22 184.075 17.59 166.485 16.73 Shepparton Colluvium Jack
0445S_MW331 30/11/2017 20.19 3.0 162.48 165.48 492282.31 6000227.71 181.86 182.674 16.61 166.064 15.79 Shepparton Colluvium Jack
0445S_MW332 30/11/2017 22.73 3.0 163.17 166.17 492302.60 5999981.65 185.06 185.901 20.05 165.851 19.21 Shepparton Colluvium Jack
0445S_MW333 30/11/2017 14.76 3.0 171.80 174.80 492369.20 5999923.55 185.71 186.559 DRY - - Shepparton Colluvium Jack
0445S_MW334 29/11/2017 19.74 3.0 163.46 166.46 492450.53 6000017.20 183.26 183.198 18.41 164.788 18.48 Shepparton Colluvium Jack
0445S_MW338 6/12/2017 19.32 3.0 163.75 166.75 492510.57 6000034.48 182.24 183.065 18.13 164.935 17.30 Shepparton Colluvium Jack

MW01 29/11/2017 21.18 3.0 161.06 164.06 492523.82 6000062.76 181.50 182.243 15.26 166.983 14.52 Shepparton Colluvium Jack
MW02 4/12/2017 21.6 3.0 161.24 164.24 492375.23 6000149.65 181.77 182.839 16.90 165.939 15.83 Shepparton Colluvium Jack
MW03 29/11/2017 21.95 3.0 162.96 165.96 492385.54 5999997.74 184.07 184.911 19.20 165.711 18.36 Shepparton Colluvium Jack

0445S_MW325 4/12/2017 29.04 3.0 158.86 161.86 492151.97 5999888.53 187.11 187.901 25.85 162.051 25.05 Shepparton Colluvium Jack
0445S_MW326 4/12/2017 31.03 3.0 157.79 160.79 492205.98 5999852.77 188.02 188.819 25.17 163.649 24.37 Shepparton Colluvium Jack
0445S_MW327 4/12/2017 29.64 3.0 160.89 163.89 492185.44 5999773.91 189.78 190.530 26.38 164.150 25.63 Shepparton Colluvium Jack
0445S_MW328 4/12/2017 41.99 3.0 147.76 150.76 492273.32 5999803.53 188.94 189.747 25.19 164.557 24.39 Shepparton Colluvium Jack

MW04 4/12/2017 31.17 3.0 157.96 160.96 492170.29 5999844.58 188.02 189.134 26.75 162.384 25.64 Shepparton Colluvium Jack
0445S_MW319 4/12/2017 41.79 3.0 157.73 160.73 491989.43 5999577.38 198.68 199.524 35.55 163.974 34.70 Shepparton Colluvium / Weathered OMC Jack
0445S_MW321 5/12/2017 38.97 3.0 161.85 164.85 492063.58 5999553.64 200.02 200.815 36.74 164.075 35.95 Shepparton Colluvium Jack
0445S_MW322 5/12/2017 41.00 4.0 163.88 167.88 492070.55 5999477.21 204.04 204.879 DRY - - Omeo-Metamorphic Complex Jack
0445S_MW359 5/12/2017 41.83 4.0 159.27 163.27 492120.95 5999523.17 201.20 201.096 36.41 164.686 36.52 Shepparton Colluvium Jack

Source Area 8 0445S_MW336 29/11/2017 46.13 3.0 158.60 161.60 492317.87 5999346.05 204.77 204.731 36.11 168.621 36.15 Omeo-Metamorphic Complex Divide
BH111 29/11/2017 3.88 3.0 179.86 182.86 492586.19 5999891.19 183.80 183.742 2.86 180.882 2.92 Shepparton Colluvium Divide
BH157 29/11/2017 21.09 6.0 162.60 168.60 492587.25 5999890.42 183.81 183.693 17.89 165.803 18.01 Shepparton Colluvium Divide
SMW07 1/12/2017 20.4 6.0 162.29 168.29 492651.04 5999930.26 182.74 182.688 17.87 164.818 17.93 Shepparton Colluvium Divide
SMW08 4/12/2017 20.67 6.0 161.98 167.98 492656.52 5999937.78 182.68 182.646 16.85 165.796 16.88 Shepparton Colluvium Divide

Source Area 10 0445N_MW343 7/12/2017 11.96 3.0 163.75 166.75 493638.90 5999998.16 174.80 175.705 8.35 167.355 7.45 Shepparton Colluvium Kiewa
Source Area 11 0445N_MW344 7/12/2017 11.96 3.0 159.32 162.32 494053.68 5999737.93 170.51 171.282 4.54 166.742 3.77 Shepparton Fluvium Kiewa
Source Area 12 0445N_MW342 7/12/2017 17.42 4.0 163.19 167.19 493648.97 6000184.54 179.89 180.605 13.05 167.555 12.33 Shepparton Colluvium Kiewa

0445E_MW350 (S) 10/12/2017 10.15 3.0 158.08 161.08 495299.33 5999571.28 167.56 168.232 8.10 160.132 7.43 Shepparton Fluvium Kiewa
0445E_MW350 (D) 10/12/2017 20.33 2.0 147.90 149.90 495300.75 5999570.68 167.51 168.229 8.07 160.159 7.35 Shepparton Fluvium Kiewa

MW06-A 11/12/2017 11.06 5.0 157.43 162.43 495251.08 5999549.74 167.67 168.490 7.95 160.540 7.13 Shepparton Fluvium Kiewa
BH01* 10/12/2017 9.98 3.0 156.95 159.95 495312.20 5999591.49 167.01 166.926 6.81 160.116 6.89 Shepparton Fluvium Kiewa
BH02* 10/12/2017 10.03 3.0 156.59 159.59 495269.66 5999632.70 166.73 166.617 6.72 159.897 6.84 Shepparton Fluvium Kiewa

MW09 (shallow)^ 28/11/2017 12.3 3.0 153.98 156.98 495603.37 5999848.02 165.63 166.280 7.25 159.030 6.60 Shepparton Fluvium Kiewa
MW16 (shallow)^ 28/11/2017 10.81 3.0 155.35 158.35 495641.49 5999946.12 165.22 166.160 7.35 158.810 6.41 Shepparton Fluvium Kiewa
MW35 (shallow) 28/11/2017 11.3 3.0 154.92 157.92 495683.72 5999911.25 165.23 166.220 7.46 158.760 6.47 Shepparton Fluvium Kiewa

MW43 (intermediate) 28/11/2017 13.28 2.5 153.27 155.77 495680.27 5999879.94 165.70 166.550 7.68 158.870 6.83 Shepparton Fluvium Kiewa
MW42 (deep) 28/11/2017 17.44 2.0 149.18 151.18 495677.04 5999879.86 165.72 166.620 7.76 158.860 6.86 Shepparton Fluvium Kiewa

Source Area 15 0445E_MW354 11/12/2017 10.93 3.0 155.21 158.21 495767.17 5999625.84 165.25 166.142 7.20 158.942 6.31 Shepparton Fluvium Kiewa
0445S_MW304 6/12/2017 21.78 3.0 154.35 157.35 491289.32 6000521.98 175.43 176.131 15.84 160.291 15.14 Shepparton Colluvium Jack
0445S_MW312 6/12/2017 17.64 3.0 158.20 161.20 491693.36 6000523.77 175.14 175.841 11.35 164.491 10.65 Shepparton Colluvium Jack
0445S_MW316 6/12/2017 37.95 3.0 157.90 160.90 491248.85 5999838.06 195.01 195.853 33.23 162.623 32.39 Shepparton Colluvium Jack
0445S_MW320 - 28.82 3.0 163.56 166.56 492049.59 5999678.15 192.53 192.382 DRY - - Shepparton Colluvium Jack
0445S_MW323 30/11/2017 22.84 3.0 161.63 164.63 492095.26 6000077.46 183.69 184.472 19.54 164.932 18.75 Shepparton Colluvium Jack
0445S_MW324 30/11/2017 26.83 3.0 159.26 162.26 492172.90 5999981.25 185.26 186.093 21.85 164.243 21.02 Shepparton Colluvium Jack
0445S_MW362 6/12/2017 22.2 3.0 196.23 199.23 491343.89 5999358.58 217.71 218.429 6.11 212.319 5.39 Omeo-Metamorphic Complex Jack
0445S_MW335 4/12/2017 22.56 3.0 162.70 165.70 492441.19 6000281.63 184.71 185.262 18.44 166.822 17.89 Shepparton Colluvium Jack
0445S_MW337 29/11/2017 28.05 3.0 158.23 161.23 492574.21 5999719.26 186.35 186.276 20.34 165.936 20.42 Shepparton Colluvium Kiewa
0445S_MW341 29/11/2017 18.37 3.0 161.99 164.99 492877.69 5999975.12 179.55 180.364 13.27 167.094 12.45 Shepparton Colluvium Kiewa
0445N_MW339 8/12/2017 22.98 3.0 167.44 170.44 492892.34 6000410.48 189.62 190.422 15.48 174.942 14.68 Shepparton Colluvium Kiewa
0445N_MW340 8/12/2017 16.94 4.0 164.65 168.65 492946.53 6000107.99 180.73 181.586 14.29 167.296 13.43 Shepparton Colluvium Kiewa
0445N_MW345 7/12/2017 7.48 3.0 160.84 163.84 494538.44 6000004.10 167.40 168.316 4.27 164.046 3.36 Shepparton Fluvium Kiewa
0445N_MW346 7/12/2017 9.8 3.0 157.14 160.14 494625.99 6000223.43 166.17 166.944 2.56 164.384 1.78 Shepparton Fluvium Kiewa
0445N_MW363 7/12/2017 10.11 3.0 161.40 164.40 494453.71 6000505.77 170.68 171.512 3.92 167.592 3.08 Shepparton Colluvium Kiewa

Source Area 9

Source Area 1

Source Area 2

Source Area 5

Source Area 6

Source Area 7

Source Area 13

Source Area 14

South Bandiana: Jack in the Box 
Creek Catchment Area

South Bandiana: Kiewa Catchment

North Bandiana: Kiewa Catchment
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Bandiana Military Area - Ongoing Monitoring Plan
Table A - Existing Groundwater Well Details

Department of Defence

Monitoring Zone Well ID Date of Gauging Well Depth 
(mbtoc)

Screen Length 
(m)

Bottom of 
screen 
(mAHD)

Top of 
screen 
(mAHD)

Easting Northing Ground Level 
(mAHD)

TOC Elevation 
(mAHD) SWL (mbtoc) Groundwater 

Elevation (mAHD)
Groundwater 
Level (mbgs) Inferred Geological Formation Screened

Inferred 
Catchment

  

0445E_MW351 11/12/2017 8.82 3.0 155.97 158.97 495383.70 6000174.59 164.00 164.790 5.54 159.250 4.75 Shepparton Fluvium Kiewa
0445E_MW352 11/12/2017 9.78 3.0 154.71 157.71 495496.08 6000075.42 163.71 164.493 5.47 159.023 4.68 Shepparton Fluvium Kiewa
0445E_MW353 11/12/2017 9.8 3.0 156.83 159.83 495462.27 5999813.05 165.80 166.625 7.34 159.285 6.51 Shepparton Fluvium Kiewa
MW34 (shallow) 28/11/2017 11.13 3.0 155.50 158.50 495753.66 5999858.29 165.63 166.630 7.95 158.680 6.95 Shepparton Fluvium Kiewa

MW47 (intermediate) 28/11/2017 14.41 2.4 152.07 154.47 495752.45 5999855.99 165.64 166.480 7.80 158.680 6.96 Shepparton Fluvium Kiewa
MW46 (deep) 28/11/2017 22.02 3.0 144.47 147.47 495752.45 5999855.99 165.64 166.490 8.31 158.180 7.46 Shepparton Fluvium Kiewa

MW20 (shallow) 28/11/2017 7.17 3.0 158.24 161.24 495826.29 5999801.50 164.57 165.410 6.80 158.610 5.96 Shepparton Fluvium Kiewa
MW21 (deep) 28/11/2017 20.51 3.0 145.13 148.13 495823.79 5999804.42 164.54 165.640 7.67 157.970 6.57 Shepparton Fluvium Kiewa

MW18 (shallow) 28/11/2017 10.42 3.0 155.01 158.01 495834.70 5999717.39 164.55 165.430 6.76 158.670 5.88 Shepparton Fluvium Kiewa
MW12 (shallow)^ 28/11/2017 10.54 3.0 156.82 159.82 495534.14 5999634.04 166.95 167.360 8.13 159.235 7.71 Shepparton Fluvium Kiewa
MW29 (shallow) 11/12/2017 11.09 3.0 157.02 160.02 495426.45 5999463.69 167.26 168.110 8.11 160.000 7.26 Shepparton Fluvium Kiewa

MW30 (deep) 11/12/2017 17.13 3.0 151.12 154.12 495427.23 5999461.59 167.18 168.250 8.42 159.830 7.35 Shepparton Fluvium Kiewa
0445_MW301 9/12/2017 20.94 3.0 150.36 153.36 491182.19 6000738.53 171.41 171.295 12.66 158.635 12.78 Shepparton Colluvium Jack
0445_MW302 8/12/2017 20.83 3.0 153.05 156.05 491239.56 6000606.77 174.04 173.881 14.18 159.701 14.34 Shepparton Colluvium Jack
0445_MW360 9/12/2017 12.9 3.0 151.99 154.99 490936.64 6001498.75 165.01 164.89 7.92 156.970 8.04 Shepparton Fluvium Jack
0445_MW361 9/12/2017 6.3 3.0 147.42 150.42 490943.84 6003056.80 153.91 153.716 2.23 151.486 2.42 Shepparton Fluvium Jack
0445_MW303 9/12/2017 23.41 3.0 153.41 156.41 491137.80 6000454.67 177.01 176.823 17.89 158.933 18.08 Shepparton Colluvium Jack
0445_MW313 9/12/2017 33.89 3.0 159.24 162.24 491109.26 5999857.37 193.16 193.128 30.46 162.668 30.50 Shepparton Colluvium Jack
0445_MW314 9/12/2017 31.03 3.0 154.35 157.35 491135.10 6000054.86 185.58 185.384 24.06 161.324 24.25 Shepparton Colluvium Jack
0445_MW356 9/12/2017 3.75 3.0 153.13 156.13 496059.83 6000518.44 156.13 156.882 1.17 155.712 0.42 Coonambigdal Fluvium Kiewa
0445_MW357 9/12/2017 5.29 3.0 150.95 153.95 495793.41 6001682.22 155.51 156.243 2.05 154.193 1.31 Coonambigdal Fluvium Kiewa
0445_MW358 9/12/2017 4.8 3.0 150.12 153.12 495872.77 6002937.29 154.10 154.916 2.93 151.986 2.11 Coonambigdal Fluvium Kiewa

Residential Estate (North Bandiana 
boundary)

0445_MW347 15/02/2018 8.79 3.0 154.44 157.44 495037.05 6000852.971 163.324 163.231 4.17 159.061 4.26 Shepparton Fluvium Kiewa

Notes:
TOC = Top of casing
SWL = Standing water level
mAHD = metres in Australian Height Datum
mbgs = metres below ground surface
* Original monitoring well was destroyed during the construction of the carpark. Well construction information for the replacement well is not available; however, it is inferred that the construction of the replacement well is similar to the original.
^ Original well construction information not available. Screen length assumed to be 3 metres.

Off-Base Jack in the Box Creek 

Residential Estate (South Bandiana 
boundary)

Kiewa River (incl Middle Creek)

East Bandiana: Kiewa Catchment
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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 draf ting site specif ic SAQPs. 

Other standard information may be included within the development stage of  the SAQP rather than 
within this OMP, such as decontamination procedures, sample identif ication, 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 f rom 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 def ined as PFAS and referenced in 
Guidance Document E – Standard PFAS Analytical Suite for Detailed Site Investigations (Department 
of  Defence, 2018a).  

Other contaminants of  potential concern are def ined 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 certif ied 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 f low direction.  

Groundwater samples will be collected f rom 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 f low 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 f ield sheets. 

Surface Water Sampling 

Surface water samples should be collected in accordance with PFAS NEMP (2018) guidelines.  

Surface water samples should be collected f rom 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 f ilm.   

Quality Control and Quality Assurance Processes 

Both f ield 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 
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The following is the standard PFAS Suite for Defence PFAS investigations and 
management; 

 

 
Group Acronym Chemical Compound CAS No 
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PFBS Perfluorobutane sulfonic acid 375-73-5 

PFPeS Perfluoropentane sulfonic acid 2706-91-4 

PFHxS Perfluorohexane sulfonic acid 355-46-4 

PFHpS Perfluoroheptane sulfonic acid 375-92-8 

PFOS Perfluorooctane sulfonic acid 1763-23-1 

PFDS Perfluorodecane sulfonic acid  335-77-3 
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PFBA Perfluorobutanoic acid  375-22-4 

PFPeA Perfluoropentanoic acid 2706-90-3 

PFHxA Perfluorohexanoic acid  307-24-4 

(PFHpA) Perfluoroheptanoic acid  375-85-9 

PFOA Perfluorooctanoic acid 335-67-1 

PFNA Perfluorononanoic acid  375-95-1 

PFDA Perfluorodecanoic acid  335-76-2 

PFUnDA Perfluoroundecanoic acid  2058-94-8 

PFDoDA Perfluorododecanoic acid  307-55-1 

PFTrDA Perfluorotridecanoic acid  72629-94-8 

PFTeDA Perfluorotetradecanoic acid  376-06-7 
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FOSA Perfluorooctane sulfonamide  754-91-6 

MeFOSA N-Methyl perfluorooctane sulfonamide  31506-32-8 

EtFOSA N-Ethyl perfluorooctane sulfonamide  4151-50-2 

MeFOSE N-methyl perfluorooctane sulfonamidoethanol  24448-09-7 

EtFOSE N-Ethyl perfluorooctane sulfonamidoethanol 1691-99-2 

MeFOSA
A N-methyl perfluorooctane sulfonamidoacetic acid 2355-31-9 

EtFOSAA N-ethyl perfluorooctane sulfonamidoacetic acid 2991-50-6 

(n
:2

) 
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s 4:2 FTS 4:2 Fluorotelomer sulfonic acid  757124-72-4 

6:2 FTS 6:2 Fluorotelomer sulfonic acid 27619-97-2 

8:2 FTS 8:2 Fluorotelomer sulfonic acid 39108-34-4 

10:2 FTS 10:2 Fluorotelomer sulfonic acid 120226-60-0 
 

 

 

 
 



 

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.  
 

• Current capabilities of analytical laboratories in Australia. 

The laboratory is required to use NATA accredited methods based on NEPM, US EPA, Table B15 of 
US Department of Defence/Department of Energy (US DoD/DoE) 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. 
 
 
 
END OF TEXT  
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