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GLOSSARY  

 

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

related activities, operations, training or force preparations are 

managed, conducted, commanded or controlled.  

DSI Detailed site investigation as identified in Section 1.1.1 

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 

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 2 

Off-site Off-Base 

On-site On-Base 

PFAS NEMP PFAS National Environmental Management Framework 2018 

developed cooperatively between Australian jurisdictions  

Primary implementation 

period 

The period for completion of PMAP response actions characterised as 

primary implementation response actions. 

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

PWC Public works committee 

Remediation Action Plan 

(RAP) 

Defines the purpose and objectives of the remediation, evaluates and 

determines the remediation options, and sets out performance 

measures. 

Response actions Actions identified as recommended or potential options to address 

potential risks 

Response Management 

Strategy (RMS) 

The Defence PFAS Response Management Strategy [date] 

Risk assessment(s) The HHERA, HHRA and/or ERA described in Section 1.1.1 

Source area An area within the Management Area that is, or has the potential to be, 

a source of contamination 
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1 INTRODUCTION 

 

1.1 Purpose 

This PFAS Management Area Plan (PMAP) provides a roadmap for response management by 

Defence of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) contamination 

associated with RAAF Base Pearce (‘the Site’) and surrounding areas, consistent with the PFAS 

National Environmental Management Plan (NEMP). 

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

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

prioritises the following combination of measures: 

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

Defence property boundary through: 

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

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

receptor 

2. Working to protect the community from exposure while management actions addressing source 

areas and/or migration pathways are underway. 

1.2 Application 

This document will be used by Defence (including contractors) managing or carrying out the response 

actions set out in this PMAP. 

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

 By Defence environmental staff responsible for approving Environmental Clearance 

Certificates (ECCs) 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. 

1.3 Background 

1.3.1 PFAS and its use 

PFAS is a group of synthetic (i.e. ‘man-made’) compounds which include perfluorooctane sulfonate 

(PFOS), perfluorohexane sulfanate (PFHxS), and perfluorooctanoic acid (PFOA). PFAS have been 

widely used around the world since the 1950s to make products that resist heat, stains, grease and 

water. These include hydraulic fluid, stain resistant applications for furniture and carpets, packaged 

food containers, waterproof clothing, personal care products and cleaning products. 

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

aqueous film forming foam (AFFF) used extensively worldwide by both civilian and military authorities 
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from about the 1970s. Older formulations of AFFF contained a number of PFAS now known to be 

persistent in the environment and in humans. 

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

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

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

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

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

PFAS be minimised. 

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

historic use of AFFF for training purposes or incident control. 

1.3.2 The nature of PFAS 

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

remediating PFAS contamination: 

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

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

 PFAS is highly soluble and mobile and can rapidly leach through soils or disperse in 

waterways, travelling long distances. This may sometimes reduce the level of 

contamination of the original source material. 

 PFAS can permeate some solid surfaces. This includes concrete and other building 

materials, particularly used in storage tanks, fire training grounds and other large surface 

areas. 

 PFAS is very chemically and biologically stable and has a low vapour pressure, so it is 

resistant to breakdown and evaporation.  

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

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

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

The same process applies to some animals and fish. 

1.4 Policy context  

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

Environmental Management Plan, Defence estate and environmental strategies, and Defence PFAS-

specific strategies and guidance. 

1.4.1 PFAS National Environmental Management Plan 

The NEMP aims to provide governments with a consistent, practical, risk-based framework for the 

environmental regulation of PFAS-contaminated materials and sites. The NEMP has been developed 

                                                      

 

1 EnHealth is a subcommittee of the Australian Health Protection Principal Committee, and is responsible for providing agreed 
environmental health policy advice. Its membership includes representatives from the Health portfolios of Australian and New 
Zealand governments. 

2 http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-publicat-environ.htm 



PFAS Management Area Plan – RAAF Base Pearce 
 

 

 3 July 2019 

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.  

1.4.2 Defence estate and environmental management 

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

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

Under the Defence Estate Strategy 2016-2036, sustainability is one of five strategic aims for the 

management of the Defence estate.3 Under this strategy, the environment and its ongoing sustainable 

management is viewed as a critical enabler to Defence capability. For legacy contamination, including 

emerging contaminants such as PFAS, Defence is committed to minimising the impacts of the use of 

the estate on surrounding communities, proactively investigating and responding to contamination, 

and working with affected communities and State/Territory authorities. 

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

aims are: 

Strategic Aim 1: Defence will deliver a sustainable estate. 

Strategic Aim 2: Defence will understand and manage its environmental impacts. 

Strategic Aim 3: Defence will minimise future pollution risks and manage existing contamination 

risks. 

1.4.3 PFAS Response Management Strategy 

The PFAS Response Management Strategy (RMS) is a high level strategy document that sets out the 

approach and principles to be applied to PFAS response management. Under the RMS 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, on the outcomes of the Detailed Site Investigations and the risk 

assessments. 

PFAS Interim 

Response 

Management (IRM 

Guidelines) 

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

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

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

in place to avoid or mitigate a significant risk to human health or the 

environment, the IRM guidelines provide a process for developing, 

assessing and recommending options, scalable from community-level 

actions through to PWC referral actions. 

PFAS Construction 

and Maintenance 

Framework 

Guidance on the management of PFAS risks when carrying out 

constructions and maintenance projects on the Defence estate for a site 

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

                                                      

 

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

1.5 Scope 

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

Management Area. 

 GHD Pty Ltd (July 2018) RAAF Base Pearce Consolidated Detailed Site Investigation 

Report (GHD 2018a).  

 GHD Pty Ltd (July 2018) RAAF Base Pearce PFAS Investigation Human Health Risk 

Assessment Consolidated Report (GHD 2018b). 

 GHD Pty Ltd (July 2018) RAAF Base Pearce PFAS Investigation Groundwater Modelling 

Report (GHD 2018c) 

 GHD Pty Ltd (December 2018) RAAF Base Pearce PFAS Investigation Ecological Risk 

Assessment (GHD 2018d)  

 GHD Pty Ltd (April 2019) RAAF Base Pearce PFAS Investigation Off-Site Bore Sampling 

Factual Report (GHD 2019) 

The key parameters for the PMAP are set out below. 

Management Area The Management Area is presented on Figure A and includes 

RAAF Base Pearce (‘the Site’) and surrounding waterways and 

private properties, including: 
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 Private properties to the south and west of the Site, some 

of which have groundwater bores that are impacted by 

PFAS. 

 Land to the north of the Base, which features Source Area 

R (the RAAF Pearce landfill).  

 Ellen Brook, which runs parallel to the western Base 

boundary and extends to the south of the Base. A portion 

of Ki-it Monger Brook is also within the Management Area, 

as it traverses the south-eastern corner of the Base before 

merging with Ellen Brook. PFAS has been identified within 

surface water of the Ellen Brook and Ki-it Monger Brook at 

concentrations exceeding the FSANZ (2017) recreational 

guideline levels and the ANZECC (2000) ecology based 

guideline levels.   

Issue/risk identification Exposure pathways that present an elevated risk of PFAS exposure 

to receptors were identified in the HHRA (GHD 2018b) and ERA 

(GHD 2018d).  

The HHRA identified the following PFAS exposure pathways 

presenting a potentially elevated risk to receptors and thereby 

requiring management to reduce exposure: 

 Drinking groundwater from off-Site bores that contain PFAS 

at concentrations above the drinking water guidelines.  

 Exposure of base workers and intrusive maintenance 

workers to PFAS in soil within Source Area D (the grounds 

maintenance area). 

 Exposure of intrusive maintenance workers to PFAS in 

perched groundwater. 

 Exposure of Base workers to surface water in the Base 

drainage channels.  

The ERA identified a potentially elevated risk to certain higher order 

consumers that forage on the ground within Source Area A (fire 

training area) and Source Area B (former fire training areas). It is 

noted that the ERA concluded that while there may be risks to local 

fauna populations (i.e. those living on the base), the risks are 

considered to be of low significance in terms of their broader 

population, given that the species identified as being at an elevated 

risk are common and widespread. 

Issue/risk range Unrestricted: incudes health, environmental and community issues 

Management timeframe Short, medium and long-term response actions (ref Section 7.2): 

comprehensive response document extending beyond primary 

implementation period to an extended implementation period, where 

appropriate 

Remediation technology 

status 

The response options in this PMAP consider only proven 

technologies at the appropriate scale, unless otherwise agreed by 

Defence. 
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1.6 Guiding principles 

When developing and recommending appropriate response actions, the principles considered (in 

accordance with the Defence PFAS Response Management Strategy and the NEMP) include: 

 whether an option is proportional to risks 

 the sustainability and longevity of an option 

(environmental, economic and social) in 

achieving an appropriate balance between 

benefits and effects 

 views of the affected community and the 

jurisdictional regulator 

 availability of best-practice management 

systems, treatments and technologies 

 site specific issues (including transference, 

cross-contamination, and remobilisation) 

 effectiveness and validation status of 

technology 

 success measures for the treatment or 

remediation outcomes 

 the need for ongoing operations, 

management, maintenance or monitoring 

 the net environmental benefit, after taking 

into account the environmental costs of the 

solution 

Defence prioritises source management as 

preferable to pathway management and pathway 

management as preferable to receptor management 

but these components may be progressed 

concurrently. 

1.7 Implementation process 

Defence will undertake project management of the overall PMAP, including monitoring of 

implementation and progressive evaluation (six-monthly intervals in the first year, then annually) of 

the implementation.  

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

Some interim response actions will be in progress or in the mid-point of approval processes at the 

commencement of this PMAP, having been transitioned from IRM actions (see Section 2.7).  

Response management actions under the PMAP will be subject to Defence approval and 

procurement processes, including where relevant, the processes of the Parliamentary Standing 

Committee on Public Works Committee (PWC) processes. 

Source / Pathway / Receptor: categories 

of risk management for contamination 

A risk occurs when a source of 

contamination (such as soil contaminated 

with PFAS) is linked to a sensitive receptor 

(such as a person) via an exposure pathway 

(such as stormwater flow to a local water 

supply). 

Response to a risk may involve one or more 

of the following three principal components: 

a) source management by removal, 

destruction, treatment, disposal 

and/or other methods leading to the 

source no longer being present. 

b) pathway management by capping, 

containing, stabilisation, diversion, 

and/or other methods where the 

source remains in place but pathways 

are managed. 

c) receptor management by relocation, 

institutional controls, behaviour 

management, point-of-use treatment 

and/or other methods focussed on 

the receptor. 
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1.7.1 Approvals 

a) Higher value public works 

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

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

 urgency 

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

 for projects of a repetitive nature. 

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

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

 approval to proceed 

 approval to proceed, subject to specific conditions or requirements 

 Committee deliberation postponed, pending further information, or 

 Committee resolution to seek a referral. 

For higher value public works, a timeframe of up to 12-24 months may apply from 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 (SSB) is required to determine the location of 

response actions and any supporting infrastructure (for example, containment areas or water 

treatment plants). 

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

Defence Estate Quality Management System (DEQMS) guidance5 

1.7.2 Procurement phase 

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

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

accordance with the Commonwealth Procurement Rules and standard Defence procurement 

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

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

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

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

the short to medium term (up to three years. Ref Section 7.2). 

                                                      

 

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
5 http://www.defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 
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2. The extended implementation period commences once the primary implementation period 

has completed. It applies to response actions required beyond the primary implementation 

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

 monitoring, leachate management, and maintenance of stockpiles 

 monitoring of the Management Area for PFAS 

 ongoing operation of remediation technologies (e.g. a water treatment plant), as required 

 assessment of developments and technologies for application to stockpiled PFAS 

impacted soils and materials. 

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

a) the primary implementation period 

b) the extended implementation period, or 

c) both the primary and extended implementation periods (e.g., monitoring of the Management 

Area for PFAS). 

1.7.4 A living document 

The science of understanding PFAS impacts and ways of managing PFAS contamination are 

constantly evolving. There is still a lot that is not established about the impacts of PFAS 

contamination on human health and the environment. Similarly, remediation technologies, and of the 

required scale, are at various stages of research and development. 

This PMAP has been prepared based on information available at the time of writing and relies on the 

findings of the DSI and the Risk Assessments (refer to Section 1.5). 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 every six months for the first year, then annually (or 

earlier if required). As implementation of the PMAP progresses, detailed plans supplementary to this 

PMAP will be prepared (as required) to address the individual management actions that have been 

identified in this PMAP. 

1.8 Roles and responsibilities 

Roles PFAS Management Responsibilities 

Capital Facilities Infrastructure 
(CFI) 

 Deliver Defence construction projects. PFAS management of 
construction projects under the Construction and 
Maintenance Framework is to be aligned with the PMAP. 

Defence Environmental and 
Sustainability Officers including 
ADES, RESO, REO 

 

 Oversight of environmental and heritage issues for a 
specified base/s. 

 Review relevant Construction Environmental Management 
Plans. 

 Approve Environmental Clearance Certificates & 
Remediation Action Plans. 

Environment and Engineering 
Branch 

 Defence SME and policy owner for environment, 
engineering, heritage, contamination management, pollution 
prevention, energy, water and waste management within 
Defence. 

 Approve construction and maintenance project specific 
documentation.  
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Roles PFAS Management Responsibilities 

Environmental Consultant  Contracted by Defence or on behalf of Defence to undertake 
environmental testing, provide technical advice (including 
site auditing) or develop proposals/plans/certificates. 

Lead Consultant  Contracted to Defence to prepare the PMAP  

PFAS Investigations 
Management Branch (PFASIM) 

 Project manages detailed PFAS environmental investigation 
and response programs at a specified base. 

 Provision of Defence and whole of government PFAS related 
policies. 

 Coordinate resolution of enquires within PFASIM Branch. 
Develop & promote PFAS guidance and management 
resources within Defence, including CFI & SDD 
stakeholders. 

Project Manager/Contract 
Administrator (PMCA) 

 Contracted to Defence to provide project/contract 
management oversight of specific response actions. 

 Holds pertinent project and contract documentation. 

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). 

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

Service Delivery Division and its 
contactors (SDD) 

 Maintenance projects delivered by base service EMOS 
contractors. 

 PFAS management of maintenance projects under the 
Construction and Maintenance Framework is to be aligned 
with the PMAP. 

 Deliver some medium works projects 

State environmental regulator  Approve licences for transportation of waste and 
storage/disposal of waste at licenced waste disposal 
facilities. 

 Sets limits or guidance values for soil and liquid waste 
disposal or discharge. 

 Consultation or inform on remediation activities within state 
jurisdictions. 

 

1.9 Constraints and assumptions 

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

 The findings from the PFAS investigation completed to date, including the DSI (GHD 2018a), 
HHRA (GHD 2018b), groundwater modelling report (GHD 2018c), ERA (GHD 2018d) and off-Site 
bore sampling factual report (GHD 2019), have been used to develop the PMAP.  

 There is currently limited availability of proven technologies suitable for the remediation of PFAS. 
The treatment techniques discussed in this PMAP were current at the time of writing this 
document.  
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Figure 2: Defence PFAS management process and indicative timeline 
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2 PROFILE OF THE MANAGEMENT AREA  

2.1 Management Area description 

The Management Area is presented on Figure A and includes RAAF Base Pearce (‘the Site’) and 

surrounding waterways and private properties, including: 

 Private properties to the south and west of the Site, some of which have groundwater bores 

that contain PFAS at concentrations above the FSANZ (2017) drinking water guideline levels. 

 Land to the north of the Base, which features Source Area R (the RAAF Pearce landfill), 

where PFAS has been detected in groundwater above the FSANZ (2017) recreational 

guideline levels.  

 Ellen Brook, which runs parallel to the western Base boundary and extends to the south of the 

Base. A portion of Ki-it Monger Brook is also within the Management Area, as it traverses the 

south-eastern corner of the Base before merging with Ellen Brook. PFAS has been identified 

within surface water of the Ellen Brook and Ki-it Monger Brook at concentrations exceeding 

the FSANZ (2017) recreational guideline levels and the ANZECC (2000) ecology based 

guideline levels.   

Key Site identification details for the Base are provided in Table 1. To protect the privacy of property 

owners, deposited plan information relating to the private properties surrounding the Base within the 

Management Area have not been provided. 

The Management Area has been established by refining the Investigation Area, which was 

established for the purposes of the DSI based upon the CSM and the extent of sampling conducted.  

The Management Area excludes portions of the Investigation Area that were not found to be impacted 

by PFAS or were not found to present an elevated risk of PFAS exposure to receptors (e.g. land to 

the south of the Site and Twin Swamps Nature Reserve).   

Table 1 Site Identification Details 

Attribute Details 

Street address: Great Northern Highway, Bullsbrook, WA, 6084 

Land description: RAAF Base Pearce 

Owner: Commonwealth of Australia 

Certificate of Title: Up to 26 individual Certificates of Title exist for the Site.  

Zoning: Public Purposes – Commonwealth Government 

Contaminated sites:  As documented in Department of Defence internal 
Contaminated Site Register (refer to GHD 2016e)  

Local government area: City of Swan 

Area: Approximately 963 ha 

Boundary corner coordinates 
(eastings and northings in 
GDA94, Zone 50) 

North-west corner: 406,047 mE, 6,498,106 mN 
North-east corner: 406,878 mE, 6,498,096 mN 
South-west corner: 406,525 mE, 6,493,433 mN 
South-east corner: 407,158 mE, 6,493,440 mN 
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2.2 Management Area setting 

Meteorology 

The area has a Mediterranean climate with hot dry summers and cool, wet winters. There is a 

meteorological monitoring station on the Site (Bureau of Meteorology station number 009053) and 

climatic data recorded at this station are summarised in Table 2. 

The highest volume of rainfall typically occurs during the month of July with a mean monthly rainfall 

amount of 134.2 mm. 

Table 2 Climatic data 

Element Details (Station 009053, BoM 2018) 

Mean annual minimum temperature range (˚C) 8.2 (August) – 17.6 (February) 

Mean annual maximum temperature range (˚C) 17.9 (July) – 33.5 (January) 

Mean annual rainfall (mm) 654.6 

 

Topography 

The Site slopes gently in a general westerly direction towards Ellen Brook with elevation ranging from 

approximately 30 m relative to Australian Height Datum (m AHD) at the western boundary, adjacent to 

Ellen Brook, to 55 m AHD at the eastern Site boundary, adjacent to Great Northern Highway. To the 

west of Ellen Brook (i.e. in West Bullsbrook), the land slopes gently in a general easterly direction 

towards Ellen Brook, with an elevation of approximately 35 m AHD. South of the Site, the land is 

generally flat, with an elevation of approximately 30 m AHD.  

Geology  

During the DSI (GHD 2018a), the geology of the Management Area was generally dominated by a 

succession of brown silty clays over a sandier basal unit. Within the upper clay rich unit, various 

lenses of gravelly clay and silty sand were also identified. The distribution of these lenses was 

variable between the drilling locations and could not be correlated to represent a single widespread 

lateral unit. Iron cemented silts and clays were found at various locations that are colloquially referred 

to as “coffee rock” and are associated with the existing/historic water table.  

The sand rich layer underlying the clays was intersected in the majority of monitoring well locations. 

The sand was found to be silty to clayey and generally grey to mottled brown. Drilling ceased within 

this unit in the majority of locations and as such, its total depth is unknown. The basal sand-dominant 

unit is likely part of the lower Guilford Clay formation where the Guilford Clay is described as 

containing lenses of fine to coarse grained sand towards its base in the area of the Swan Valley 

(Davidson 1995). However, nearby DWER drilling logs (WIN bore 20083199) describe a similar unit 

as being Bassendean Sand.   

It is noted that in the majority of drilling locations, the upper clay-dominant units were found to be dry 

to moist, whereas the basal sand-dominant unit that forms the superficial regional aquifer was found 

to be saturated. Following first water strike in this unit, groundwater levels were noted to rise several 

metres, indicating confined/partly confined conditions. This is consistent with the anticipated low 

permeability of the overlying clay unit. 
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Hydrogeology  

The hydrogeology of the Management Area consists of a discontinuous, seasonal perched aquifer 

within the upper clay rich layer, underlain by the superficial regional aquifer that occurs within the 

sandier basal unit.  

Beneath the majority of the Site, groundwater is generally moving in a south-westerly direction 

towards Ellen Brook. Within the south-eastern portion of the Site, around Ki-it Monger Brook 

groundwater appears to flow in a more southerly direction. In the vicinity Source Area B (former fire 

training areas) and Potential Source Area S (police dog training site), groundwater appears to flow in 

a south-easterly direction towards Ki-it Monger Brook. Beneath the West Bullsbrook area, 

groundwater is generally flowing in an easterly direction, towards Ellen Brook. North of the Site, in the 

vicinity of Potential Source Area R (the RAAF Pearce landfill), groundwater flow is more westerly.  

The groundwater and surface water level data obtained during the investigation suggests that Ellen 

Brook is both receiving from and discharging to groundwater depending on factors such as location 

along the course of Ellen Brook, the intensity and the duration of recent rainfall events, the duration of 

dry periods and the time of year. No surface water was observed in Ellen Brook at the March 2018 

gauging event and groundwater levels measured at the monitoring wells adjacent to the Brook were 

generally lower than the minimum elevation of the Brook base. This suggests that during post-

summer conditions, there is potential for groundwater to flow beneath Ellen Brook.  

The monitoring data also indicated that groundwater could flow beneath Ki-it Monger Brook during 

both post-winter and post-summer conditions and it is also possible that surface water discharge to 

groundwater occurs beneath Ki-it Monger Brook.   

Ecology 

Portions of the Site, including the vegetated areas to the north, south-east and south-west of the 

airfield, are Bush Forever areas (Bush Forever Site 294: Pearce aerodrome and adjacent bushland, 

Bullsbrook). Bush Forever is a Government initiative aimed to retain and protect regionally significant 

bushland on the Swan Coastal Plain within the Perth Metropolitan Region. Bush Forever sites 

constitute ESAs under Section 51B of the EP Act. 

In October 2017, following the identification of PFAS in soil at concentrations exceeding the ecology 

based assessment levels (that were available at the time) within Source Area B (former fire training 

area) and Source Area A (fire training ground); GHD completed an ecological survey to obtain data to 

inform the ERA. The results of the ecological survey identified no Environment Protection and 

Biodiversity Conservation Act (EPBC Act) or Wildlife Conservation Act listed flora. Additionally, no 

Priority flora as listed by the DBCA or other significant flora (EPA 2016a) were recorded during the 

field survey in the areas assessed. 

Wetlands 

A search using the Perth Groundwater Atlas (DoW 2016a) indicates that there are a number of 

multiple use, resource enhancement and conservation category geomorphic wetlands situated on the 

Site and within the Management Area. 

The majority of the off-Site portion of the Management Area is classified as a multiple-use wetland. 

Multiple-use wetlands are defined as having few important ecological attributes and functions 

remaining (Waters and Rivers Commission 2001), which is consistent with the highly modified nature 

of the area (which includes land used for commercial/industrial, medium-density residential, rural-

residential and grazing purposes).   
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There are two resource-enhancement wetlands within the Management Area. Resource 

enhancement wetlands are defined as those which have been partially modified though still support 

ecological functions and attributes (Waters and Rivers Commission 2001). One of these wetlands is 

associated with the bushland adjacent to the eastern Site boundary (i.e. hydraulically up-gradient from 

the Site). The other is associated with the creek that traverses Lot 200 (the paddocks to the west of 

the Site, north of West Bullsbrook, refer to Figure A), which was sampled as part of the DSI (GHD 

2018a) and was found to contain PFAS in surface water at concentrations below the relevant 

assessment levels.   

Within the Management Area, there are a number of conservation category wetlands. Conservation 

category wetlands are defined as supporting a high level of ecological attributes and functions 

(Waters and Rivers Commission 2001). The majority of these wetlands are either areas of bushland 

on the Site, such as those within Source Area B (former fire training area), or are associated with 

Ellen Brook and Ki-it Monger Brook.  

Management Area Drainage  

Surface water run-off from the Site is directed towards Ellen and Ki-it Monger Brooks. Ellen Brook 

flows in a general southerly direction along the western boundary of the Site. Ki-it Monger Brook also 

flows south along the southern portion of the eastern Site boundary before merging with Ellen Brook 

approximately 200 m beyond the southern Site boundary. 

The Site comprises three principal drainage catchments:  

 Catchment 1: Rainfall within the northern portion of the Site flows in a north-westerly 

direction towards an open drain which discharges into Ellen Brook.  

 Catchment 2: Rainfall within the eastern portion of the Site is directed towards open drains 

which extend in a general south-easterly direction and discharges into Ki-it Monger Brook.  

 Catchment 3: Rainfall within the western portion of the Site is directed to open drains that 

mostly extend in south-westerly direction and discharge into Ellen Brook. One drain extends 

in a south south-easterly direction and discharges into Ki-it Monger Brook. 

Current and projected land uses (off-Base) 

Current land uses surrounding the Site include the following: 

 North: vacant Commonwealth land, the RAAF Base Pearce landfill (Source Area R) and a golf 

course. 

 East: vacant Commonwealth land and Commonwealth land leased to the Water Corporation 

for use as a Waste Water Treatment Plant (WWTP), the Bullsbrook town centre, residential, 

rural properties and commercial/industrial properties, a sporting oval and the Bullsbrook Fire 

Station. 

 South: rural residential including paddocks. Ellen Brook extends southward from the Site and 

Twin Swamps Nature Reserve is present approximately 2.7 km south of the Site. 

 West: residential properties (West Bullsbrook), rural residential including paddocks and 

Commonwealth Land currently leased as pastoral land (referred to as Lot 200).   

 

2.3 Management Area scale 

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



PFAS Management Area Plan – RAAF Base Pearce 
 

 

 15 July 2019 

 Characteristics Consequences 

Very 
Large 

 High number of identified risks 

 Multiple areas of contamination, both on-
Base and off-Base 

 hydrogeological profile facilitates rapid 
migration of contamination 

 large impacted community 

 PMAP complex 

 Development / implementation 
timeframe: highly extended 

Large  Medium number of identified risks 

 Multiple areas of contamination, both on-
Base and off-Base 

 Medium-sized impacted community 

 PMAP moderately complex 

 Development / implementation 
timeframe: extended 

Medium  Small-medium number of identified risks 

 Localised areas of contamination both on-
Base and off-Base 

 PMAP simplified 

 Development / implementation 
timeframe: medium 

Small  Small number of identified risks 

 Contamination currently confined to 
isolated locations on-Base 

 Potential risk of contamination to a small 
number of sensitive receptors 

 Basic PMAP 

 Development / implementation 
timeframe: medium 

2.4 Extent of contamination 

The extent of PFAS contamination is described below, based upon the findings of the DSI (GHD 

2018a) and additional off-Site private bore sampling completed up until May 2019.  

Source Areas 

 There are six Source Areas where PFAS was detected in soil or groundwater at 

concentrations exceeding the relevant adopted assessment levels. These comprise: 

 Source Area A – Fire training area (refer to Figure B); 

 Source Area B – Former fire training areas (refer to Figure C); 

 Source Area C – Hangar 93 and foam disposal pit (refer to Figure D); 

 Source Area D – Grounds maintenance area (refer to Figure E); 

 Source Area J – Former fuel farm (refer to Figure F); and 

 Source Area R – RAAF Pearce landfill (refer to Figure G). 

 These six Source Areas are considered to be the most significant source areas in terms of 

contribution to the overall flux of PFAS from the Site and presentation of elevated levels of 

exposure to receptors.  

 The highest PFAS soil concentrations were recorded in Source Areas A, B and D. The extent 

of PFAS in soil within these areas was delineated and found to be relatively localised. The 

results of total organic carbon (TOC), cation exchange capacity (CEC), pH and leachability 

analysis indicate that PFAS in soil is unlikely to bind to organic matter, is leachable and is 

therefore likely to mobilise to surface water and groundwater. Therefore, PFAS in soil could 

be acting as a secondary source of PFAS impact to surface water and groundwater.   

 PFAS concentrations within other Potential Source Areas (i.e. Potential Source Areas E to I, 

K to Q and S as shown on Figure A) were not found to contain PFAS in the media sampled at 

concentrations above the relevant assessment levels. These areas are therefore not 

considered to be significant in terms of their relative contribution to PFAS flux from the Site 

and associated risks to receptors from PFAS exposure.  
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Surface water and sediment 

 PFOS, PFHxS and PFOA were detected in surface waters of the on-Site drainage channels 

and the receiving Ellen Brook and Ki-it Monger Brook at concentrations exceeding the 

adopted assessment levels (refer to Figure H).    

 PFAS concentrations in surface water decreased with distance downstream of the Site.  

Within Ellen Brook, PFOS plus PFHxS concentrations exceeded the health based 

assessment level up to approximately 900 m downstream of the Site. PFOS concentrations 

exceeded the ecology based assessment level up to approximately 3.2 km downstream of the 

Site. 

 PFAS sediment concentrations within the portions of the Brooks that are adjacent or within 

the Site boundary were low (i.e. a maximum PFOS plus PFHxS concentration of 0.0792 

mg/kg) and reduced further in the southern reaches of Ellen Brook.   

 PFAS concentrations in surface water samples collected from the drainage channel that 

traverses the West Bullsbrook residential area and the creek that traverses Lot 200 in West 

Bullsbrook were relatively low (i.e. a maximum PFOS plus PFHxS concentration of 0.035 µg/L 

compared to a maximum of 11.3 µg/L recorded in Ki-it Monger Brook). Migration of PFAS 

through surface water in this part of the Management Area is not considered a significant 

pathway from the Site given the surface water flow direction (i.e. easterly towards Ellen 

Brook). 

 Groundwater modelling of the Site and Management Area suggests that Source Area A is 

contributing the highest flux of PFAS to surface water.  

Groundwater on-Site 

 The highest PFAS concentrations were recorded in groundwater of Source Areas A, B, C, D, 

J and R. Potential Source Areas F (fitter’s workshop), K (BroadSpectrum compound), N (fire 

event) and S (police dog training site) also had detectable concentrations of PFOS plus 

PFHxS in groundwater, though these concentrations were below the adopted health based 

assessment levels for the Site (FSANZ non-potable and recreational – 0.7 µg/L). 

Groundwater sampling locations and results are presented on Figure I. 

 Where seasonal perched groundwater was identified, PFAS concentrations in the perched 

groundwater were higher than in the underlying regional aquifer. This is evident in particular 

within Source Area A (fire training area).  

 PFAS was not detected in groundwater within any of the wells that targeted the deeper 

portions of the regional aquifer including the deeper wells installed along the down-gradient 

Site boundary adjacent to Ellen Brook. Similarly, PFAS was not detected above the limit of 

reporting (LOR, 0.01 µg/L for the sum of PFAS) within the deeper wells installed in the West 

Bullsbook area. This indicates that it is unlikely that PFAS is migrating across the Site and 

beyond the Site boundary to West Bullsbrook within the deeper portion of the regional aquifer.   

Groundwater off-Site 

 Groundwater has been sampled and analysed from 166 private off-Site bores over a period 

spanning 2016 to May 2019. The majority of these bores have been sampled at least twice, 

with some being sampled on up to four separate occasions over the monitoring period. 

 As of May 2019, PFAS had been detected above the LOR in groundwater collected from 25 

out of 166 private bores sampled. Concentrations of PFOS plus PFHxS exceeded the 

drinking water assessment level (0.07 ug/L) in 11 bores, with one of these exceeding the 

recreational assessment level (0.7 ug/L). In addition, a decommissioned abstraction well 

located in West Bullsbrook was also tested and reported a PFOS plus PFHxS concentration 

in excess of the drinking water assessment level. The private bore sampling locations and 
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results are presented on Figure I. It must be noted that not all bores are shown on Figure I at 

the request of the landowners.  

 The majority of private bores in which groundwater was reported with PFAS concentrations 

above the LOR were located in West Bullsbrook. These bores can be further divided into two 

separate groupings:  

o Those within the southern portion of West Bullsbrook (i.e. the area bound by Turner 

Road to the north, Greenhead Street to the east, Deanhead Street to the south and 

Almeria Parade to the west). These detections are most likely attributed to discharge 

of surface water from Ellen Brook to the underlying groundwater. Discharge of 

surface water from Ellen Brook would occur particularly during backwater flooding 

events, likely to also be carried through the West Bullsbrook stormwater drainage 

network. This conclusion is supported by a number of lines of evidence that include 

measured surface water and groundwater elevations, PFAS concentrations recorded 

in surface water of Ellen Brook and groundwater adjacent to the West Bullsbrook 

residential area and the physicochemical profile of the surface water of Ellen Brook 

compared to groundwater in bores which recorded PFAS above the LOR (as 

described in the DSI report [GHD 2018a]).  

o The hydrogeological modelling (GHD 2018c) further supports the above point, 

suggesting that surface water run-off is a key pathway for migration of PFAS from the 

Site and that migration of PFAS through groundwater is generally limited by the low 

hydraulic gradients and hydraulic conductivities of the aquifer. 

o The second grouping consists of the private bores at the northern end of Almeria 

Parade, west of the Defence-owned property referred to as Lot 200. It is noted that 

the monitoring wells installed by GHD between this area and the Site did not record 

the presence of PFAS in groundwater and therefore, the source of PFAS 

concentrations within these bores remains unknown (as described in the DSI report 

[GHD 2018a]).  

 PFAS concentrations recorded in groundwater collected from two off-Site private bores to the 

south and east of the Site (refer to Figure I) are considered likely to be the result of 

groundwater migration from the Site. The interpreted groundwater contours indicate potential 

for impacted groundwater to migrate off-Site, beneath Ki-it Monger Brook, towards these 

bores from on-Site PFAS source areas, namely Source Area B (former fire training areas) and 

Potential Source Area J (former fuel farm). This is further supported by the physiochemical 

profile of groundwater (particularly the pH) around the south-eastern Site boundary and in the 

private bores to the south and east of the Site (as described in the DSI report [GHD 2018a]). 

 Of the 15 off-Site groundwater monitoring wells installed by GHD as part of the DSI, 

groundwater in only one recorded a PFAS concentration above the LOR (0.03 ug/L recorded 

at well GM_MW37). This well was located at the southern end of Almeria Parade in West 

Bullsbrook.  

 The monitoring has demonstrated that there is spatial and temporal variability in PFAS 

detections, with little clear correlation to rainfall or other seasonal influences over the 

monitoring period, or factors such as bore depth, screen depth/interval or extraction rates. 

Further trends may become more evident in the longer-term dataset that will be established 

through implementation of the Ongoing Monitoring Plan (refer to Section 5). 

Biota 

 PFAS were detected within the aquatic biota samples (fish and crustaceans) collected from 

Ellen and Ki-it Monger Brooks. PFOS plus PFHxS concentrations exceeded the adopted 

health based assessment levels in the fish samples though not within crustacean samples. 

PFOS concentrations were below the adopted ecology based assessment level in both fish 

and crustacean samples. 
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 PFAS including PFOS, PFHxS and PFOA were detected in the majority of the terrestrial biota 

samples (vegetation, invertebrate and animal scat samples) collected from Source Area A 

(fire training area) and Source Area B (former fire training areas). There are currently no 

Australian regulatory endorsed assessment levels for PFAS in terrestrial biota.   

 PFAS were not detected above the LOR in any of the produce samples collected from private 

properties (fruit, vegetable and egg samples), with the exception of two egg samples which 

contained PFOS plus PFHxS at concentrations below the adopted health based assessment 

level.   

Uncertainties 

The sampling design of the DSI was considered sufficient to meet the objectives of the DSI and 

overall, the nature and extent of PFAS contamination throughout the Investigation Area is well 

understood. However, there are some uncertainties which may be relevant to the implementation of 

management measures such as the understanding of the relative contribution of PFAS mass flux from 

certain source areas or migration pathways. These uncertainties are summarised as follows:  

 Groundwater monitoring wells down-gradient of Source Area A (fire training area) – 

The installation of additional monitoring wells down-gradient (especially to the west south-

west) may assist in understanding the attenuation of PFOS plus PFHxS concentrations 

across this portion of the Site and may aid in evaluating the effectiveness of future 

management actions. 

 Source Area R (RAAF Pearce Landfill) – Assessment of this area was limited to the 

sampling of two pre-existing groundwater monitoring wells. The extent of groundwater impact 

appears to be relatively localised to the landfill area and exposure to PFAS within the Source 

Area is likely to be limited given the restricted nature of this Defence controlled area.  

Notwithstanding, further assessment of groundwater and surface water in the adjoining 

drainage channel would improve understanding with respect to the extent of PFAS impact 

associated with the area.  

 Site Drainage channels – Investigation of Site drainage channels as part of the DSI was 

generally focussed on the main north-south drains that traverse the airfield and the discharge 

points to Ellen and Ki-it Monger Brook (refer to Figure H). Some drains in the northern portion 

and western portion of the airfield were not investigated. Collection of surface water and 

sediment samples from these drains may improve understanding with respect to the relative 

contribution of various drains to off-Site impacts. 

 Source of PFAS concentrations at private bores on Almeria Parade - The source of 

PFAS recorded at the two private bores located further north of the West Bullsbrook 

residential area, between Lot 200 and Almeria Parade, is not known (refer to Figure I). The 

data obtained during the DSI did not indicate the presence of a complete pathway for 

migration of PFAS from the Site or associated Defence owned land parcels within the 

Investigation Area to these bores. Additional investigation in the vicinity of these two private 

bores may reduce uncertainty with respect to the source of the recorded concentrations.  

 Temporal variation in surface water and groundwater interactions in Ellen and Ki-it 

Monger Brooks - Gauging of surface water levels in Ellen and Ki-it Monger Brooks and the 

adjacent monitoring wells was limited to two monitoring events, conducted post-winter and 

post-summer respectively. The extent of potential temporal variation in surface water and 

groundwater interactions is therefore not fully understood. Ongoing multi-seasonal monitoring 

of surface water levels in the Brooks and the adjacent groundwater levels will provide an 

improved understanding of temporal variations in groundwater-surface water interactions and 

PFAS concentrations in the surface water bodies. 
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2.5 Groundwater use 

GHD understands that scheme water supplies the Site and that groundwater is no longer abstracted 

for any purpose. Bottled water is supplied to the Site for drinking purposes owing to the ageing 

scheme water infrastructure and associated bacterial contamination within the scheme water.   

The properties to the west of the Site, within West Bullsbrook, currently do not have a scheme water 

connection. In May 2016, GHD completed a water use survey of properties within the Management 

Area (GHD 2016b). The purpose of the survey was to obtain information from local Bullsbrook 

residents about bore water use at their properties, particularly in relation to household water use. The 

survey indicated that almost all residents within the Management Area used groundwater bore water 

for domestic purposes (45 out of 47 respondents) and the majority used bore water for drinking (30 of 

our 47 respondents). 

Further detail on the findings of the water use survey can be found in the Consolidated DSI report 

(GHD 2018). 

2.6 Relevant legislation and government policy 

The PFAS National Environmental Management Plan (NEMP) aims to provide governments in 

Australia with a consistent, practical, risk-based framework for the environmental regulation of PFAS-

contaminated materials and sites. It is framed as an adaptive plan, able to respond to emerging 

research and knowledge. 

The PFAS NEMP provides the guiding framework for the management of PFAS. For further 

information, see: http://www.epa.vic.gov.au/PFAS_NMP. 

Legislation and policy instruments relevant to the development of options for PFAS management in 

the Management Area are set out and discussed in Appendix A. Other key drivers and constraints 

impacting upon response management include the limited availability of treatment facilities that can 

destroy or stabilise PFAS, especially within Western Australia (WA). While Red Hill Waste 

Management Facility, located approximately 17 km south-east of the Site, is licenced to accept and 

dispose PFAS impacted waste, disposal to landfill is typically the least-preferred management option 

from a sustainability perspective, though the community may have a strong preference for off-Site 

removal of the impacted material as opposed to on-Site management options. 

2.7 Interim response management actions 

Interim response management (IRM) actions are actions in accordance with the Interim Response 

Management (IRM) Guideline, or preceding that guideline, to provide for necessary avoidance or 

mitigation of risks prior to the completion of the DSI and/or risk assessments. While some actions 

have concluded, others are current and have been assessed for continued implementation and 

transition to this PMAP. 

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

The following IRM actions have been assessed for continued implementation and a recommendation 

has been made to continue or terminate those actions: 

IRM ACTION 
RECOMMENDATION 

Continue / Terminate 
REASON 

IRM Action 1: Provision of 
alternative water at properties 
that are located within the 
Management Area and use 

As a precautionary 
approach, continue for 
properties that have bores 
with PFAS concentrations 

The HHRA (GHD 2018b) 
determined that exposure to the 
maximum concentration of PFAS 
observed at the off-Site bores 

http://www.epa.vic.gov.au/PFAS_NMP
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IRM ACTION 
RECOMMENDATION 

Continue / Terminate 
REASON 

bore water as their primary 
source of drinking water. 

in excess of the LOR (0.01 
ug/L). This has been 
assessed further as part of 
the detailed options 
analysis (option RMO 12 – 
alternative water supply), 
as discussed in Section 6 
and Appendix D. 

 

Terminate for properties 
that have not recorded (and 
do not record) a PFAS 
detection above the LOR in 
their bore.  

through drinking bore water is 
within acceptable levels, based 
upon typical water consumption 
habits. 

 

As a precautionary approach 
however, it is recommended that 
all bores with PFAS 
concentrations in excess of the 
LOR are managed, for example, 
through the provision of an 
alternative drinking water supply.  

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

2.8 Stakeholders 

The following stakeholders have been identified as potentially impacted by or interested in the 

investigation (Table 3). 

Table 3: Bullsbrook Community Stakeholders 

Stakeholder category Stakeholder issue and potential impact/interest 

RAAF Pearce 
personnel 

RAAF personnel and their families regardless of the whether they live in 
Bullsbrook and surrounding areas.  Personnel who live within close 
proximity of the air base will potentially be included in multiple 
stakeholder categories such as property owners/residents and local 
community groups.  

Defence Housing 
Australia (DHA) 

DHA role in housing Defence personnel and potential impact on 
development opportunities suggests that results of the investigation and 
public reaction would be of interest. 

Local elected 
members (Federal) 

Federally elected government and opposition members.  In particular, 
those with a responsibility for the Defence portfolio. This category will be 
in any potential political issues related to major projects and initiatives of 
common interest 

Local elected 
members (State) 

State elected government and opposition members.  MPs and shadow 
ministers for electorate of Swan Hills and immediate surrounding areas. 
Interest in stakeholder and community issues regarding major projects 
and initiatives of common interest 

State Government 
regulators 

Stakeholders in this category would typically include Department of 
Water and Environmental Regulation, Department of Transport, 
Department of State Development, Department of Health and 
Department of Primary Industries and Regional Development and would 
be interested in decisions and plans that may impact upon areas of 
common interest. 

State Government 
departments (non-
regulatory) 

Stakeholders in this category would typically include the delivery arms of 
government such as the Water Corporation, Main Roads, Environment 
Protection Authority, Police, LandCorp and would be interested in 
decisions and plans that may impact upon areas of common interest. 

Local Council / Local 
Government 

City of Swan employees and elected members, West Australian Local 
Government Association (WALGA). This category of stakeholders would 
be interested in any potential political issues and decisions that may 
impact upon areas of common interest. 
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Stakeholder category Stakeholder issue and potential impact/interest 

Property 
owners/residents – 
directly impacted 

Property owners and residents living in the Management Area that are 
directly impacted will have a stake in the project as it may impact on 
their living conditions and property values. This stakeholder category 
has the potential to influence broader community, elected officials and 
media. 

Property 
owners/residents – 
near to site 

Property owners and residents living in the Management Area, though 
are not directly impacted, will have an interest in the project as is may 
impact on their living conditions and property values.  

Local community 
groups & interest 
groups 

Community groups e.g. Bullsbrook Residents & Ratepayers Association; 
Bullsbrook RSL; Bullsbrook Volunteer Fire Service, Pearce, Toy Library 
and Social Group Inc.; Bullsbrook Neighbourhood Centre.  Members of 
this stakeholder group are invested in the area and would be interested 
in any potential impacts. 

Local media Print and broadcast media: The West Australian, The Echo Newspaper; 
Northern Valley News; ABC radio; Online / social media: Bullsbrook 
Residents and Ratepayers Association Facebook page; Alliance for a 
Clean Environment Facebook page; Interest in anything that may be 
deemed newsworthy or may have an impact upon areas of common 
interest. 

Consultants / 
contractors 

Typical stakeholders would include Estate Management and Operations 
Services contractors (e.g. BroadSpectrum) security patrols, 
environmental consultants, event managers and suppliers.  

Local Business Local businesses that operate near the site and in the surrounding 
Bullsbrook area. 

 

GHD prepared a Stakeholder and Community Engagement Plan (refer to GHD 2016 RAAF Pearce – 

Bullsbrook WA, Stakeholder and Community Engagement Plan) for Defence to support the 

investigation. In order to keep the community and other stakeholders informed throughout the 

investigation, six community information sessions have been held as follows:  

 Community Information Session 1, 23 June 2016; information on the general contamination 

investigation process and progress of the PSI investigation. 

 Community Information Session 2, 22 September 2016; information on the key outcomes of 

the PSI and progress of the DSI investigation. 

 Community Information Session 3, 5 December 2016; update on the progress of the DSI and 

the key findings at the time.  

 Community Information Session 4, 18 May 2017; information on key outcomes of the Phase I 

DSI and the fieldwork planned as part of the Phase II DSI. 

 Community Information Session 5, 28 November 2017; information on the preliminary 

outcomes of the DSI (Phase I and II) and next steps (i.e. HHRA, ERA and hydrogeological 

modelling). 

 Community Information Session 6, 24 July 2018; information on the key outcomes of the DSI 

and the HHRA and an overview of the PMAP.  

GHD’s approach to community and stakeholder engagement follows the ASC NEPM Schedule B8 

Guideline on Community Engagement and Risk Communication (NEPC 2013). A Final Stakeholder 

and Community Consultation Activities Report will be produced at the completion of the investigation. 

Regular project meetings and workshops were also held with Project Observers including relevant 

WA State Agencies; the Department of Premier and Cabinet (DPC), DWER, Department of Health 

(DoH), Department of Biodiversity Conservation and Attractions (DBCA) and Department of Primary 

Industries and Regional Development (DPIRD) as well as ChemCentre and the City of Swan.  Key 

reports prepared to date have been provided to these Project Observers for comment.      
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS National Environmental Management Plan. Western Australian 

Government Agencies have been consulted in the development of the PMAP. 

Stakeholder engagement associated with specific response actions recommended through the 

development of the PMAP will be addressed as relevant in the detailed implementation documents for 

those actions. 

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

3.2 Identify risks and consequences (Chapter 4) 

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

risk assessments. A source / pathways / receptor analysis based on the conceptual site model (CSM) 

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

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

identified. 

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

An ongoing monitoring plan (OMP) forms a mandatory part of the PMAP and is therefore provided 

separately and has not been subject to the options analysis. 

3.4 Develop risk management options (Section 6.1) 

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

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

the Management Area. Management Area-specific information including:  

 Risk assessments, CSM and DSI; 

 Relevant Commonwealth and State/Territory legislation 

 Feedback from stakeholder consultation (impacted community and jurisdictional regulator) 

 IRM actions undertaken or continuing in the Management Area 

 IRM or PMAP actions undertaken or considered by Defence on other properties 

The management options include  

 the ‘do-nothing’ option. It provides the ‘base case’ against which other options are assessed, 

and may at times be the best available option when assessed against the criteria of ‘net 

environmental benefit’. It does not get assessed through this process but the potential 

impacts are described in the Chapter 4 analysis. 

 IRM actions recommended under Section 2.7 for continued implementation are included as 

options for further assessment. 

 Additional investigations required to address uncertainties and data gaps as identified through 

completion of the DSI. 

Community-level options for further assessment. Identifying information for each option includes the 

objective and a description of how the objective contributes to managing the identified risk. 

3.5 Detailed options analysis (Section 6.2) 

For each risk, the following analysis was undertaken: 
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A. Cost / effectiveness / impact analysis 

1 Cost range estimate 

2 Effectiveness rating 

3 Implementation period / timeframe 

4 Potential impacts 

5 Estimated net environmental benefit 

B. Risk-based analysis 

6 Proportion of action to risk 

7 Best-practice status 

8 Verification status 

9 Technology assessment 

10 Risks and mitigation 

11 Key dependencies 

C. Defence implications 

12 Defence capability 

13 Project fit 

14 Scalability 

D. Stakeholder impacts, views and consents 

15 Jurisdictional regulator/s 

16 Owner / occupier consents and views 

17 Community 

E. Comparative analysis 

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

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

3.6 Integrated options analysis (Section 6.3) 

Cost savings and efficiencies may be found by looking for synergies that optimise outcomes, in 

particular 

 analysing the outcomes of the comparative analysis for each identified risk for synergies in 

the Management Area, and 

 assessing extended implementation actions for suitability in a Base’s existing maintenance 

framework (consultations with Defence) 

Where these synergies have been found, they are presented as an integrated package addressing 

the relevant sets of risks.  

3.7 Recommendations Analysis 

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

analysis and the integrated analysis from Parts C and D of the methodology. They are supported by a 

comparison of PMAP response action implementation timeframes.  

A recommended sequential implementation schedule was then developed, taking into account: 

 the nature, immediacy, severity, and extent of the consequences identified in the Part A of the 

methodology 
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 the comparative options analysis; and 

 the integrated options analysis. 
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

The source areas and extent of PFAS contamination as identified by the DSI (GHD 2018a) is 

discussed in Section 2.4. 

A tabular summary of the CSM including a qualitative risk assessment and outcomes of the HHERA 

risk characterisation (based upon the DSI, HHRA and ERA reports), is presented in Appendix C, 

along with graphical representations of the CSM for both human and ecological receptors.   

Based on the CSM and qualitative risk assessment, the following pathways were considered to be 

complete and were further assessed as part of the HHRA and ERA: 

 Human health exposure pathways: 

o Incidental ingestion of soil by base workers within Source Area A (fire training area) and 

Source Area D (grounds maintenance area). 

o Incidental ingestion of sediment and surface water by base workers within the on-Site 

drainage channels.  

o Incidental ingestion of sediment and surface water by recreational users of Ellen and Ki-it 

Monger Brooks.  

o Incidental ingestion of soil by users of the on-Site childcare centre.  

o Direct consumption of crustaceans caught from Ellen and Ki-it Monger Brooks. 

o Incidental ingestion of groundwater by base workers (limited to workers conducting 

intrusive maintenance works who may encounter shallow perched groundwater). 

o Direct consumption of groundwater by off-Site groundwater users. 

o Infants consuming breast milk from mothers and potential placental transfer to foetuses 

from mothers who may have directly consumed impacted groundwater at off-Site private 

properties.   

o Direct consumption of produce watered with groundwater containing PFAS.    

 

 Ecological exposure pathways: 

o Direct contact and uptake of soil by terrestrial biota within Source Area A (fire training 

area), Source Area B (former fire training areas, including Police dogs using Source Area 

B for recreation), Potential Source Area I (crash site B) and Potential Source Area S 

(police dog training site). 

o Ingestion or direct uptake of sediment and surface water by aquatic biota within Ellen and 

Ki-it Monger Brooks.  

o Ingestion or direct uptake of sediment and surface water by terrestrial biota adjacent to 

Ellen and Ki-it Monger Brooks that may occur following heavy rainfall events. 

o Incidental ingestion of sediment and surface water by Police dogs using Ki-it Monger 

Brook for recreation.  

o Ingestion of soil or surface water by livestock within Lot 200.  

4.2 Elevated risk identification  

The HHRA and ERA evaluated the potentially complete exposure pathways listed in Section 4.1 in 

more detail to identify which pathways presented an elevated risk to the exposed receptors.  

For each complete human health exposure pathway, the HHRA assessed a ‘typical’ exposure 

scenario and ‘upper’ exposure scenario. The typical exposure scenario represented the most likely, or 
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average, level of exposure whereas the upper exposure scenario represented the ‘worst case’ level of 

exposure.  

The HHRA identified an elevated risk associated with the following exposure scenarios: 

 Drinking groundwater from bores with PFAS concentrations above drinking water guidelines 

 Incidental ingestion of perched groundwater by sub-surface maintenance workers on-Site 

 Incidental ingestion of surface water by personnel working in the on-Site drainage channels 

 Base workers exposed to soil within Source Area D (grounds maintenance area). 

 Sub-surface maintenance workers exposed to soil within Source Area D. 

The ERA identified an elevated risk associated with the following exposure scenarios: 

 Some sensitive fish, insects and crustaceans exposed to PFAS in surface water and 

sediment of Ellen Brook and Ki-it Monger Brook. 

 Sensitive plants and soil dwelling invertebrates exposed to PFAS in soil in Source Areas A 

and B. 

 Certain higher order ecological consumers, particularly insectivorous birds and the Clicking 

Frog, exposed to PFAS in soil, sediment, surface water and lower order biota in Source Areas 

A and B. 

These elevated risks are summarised in Table 4.   

Table 4 Elevated risk identification 

Risk 
Identification 

Title Description Report 
Reference 

HHRA 01 Drinking 
groundwater 
from off-Site 
bores with 
PFAS above 
drinking water 
guidelines 

Based upon the highest reported concentration at the off-site private 
bores (0.56 ug/L PFOS plus PFHxS), the HHRA concluded that exposure 
to PFAS through drinking bore water is within acceptable levels, based 
upon typical water consumption habits. Even under an upper exposure 
scenario, which assumed daily consumption of water from the same source 
for 29 years, adverse health effects may not necessarily occur, as the 
calculated exposure level is not significantly higher than acceptable levels.   
 
However, as a precautionary approach and consistent with Defence’s 
policy for risk management, it is recommended that all bores with PFAS 
concentrations in excess of the NEMP (2018) drinking water guidelines are 
managed (e.g. through provision of alternative water).  

HHRA 
Section 9 

HHRA 02 Incidental 
ingestion of on-
Site perched 
groundwater 
by sub-surface 
maintenance 
workers 

The HHRA concluded that there is an elevated risk from exposure to on-
Site perched groundwater by sub-surface maintenance workers, under the 
both the typical and upper exposure scenarios. The assessment is 
conservatively based on the highest recorded on-Site groundwater PFAS 
concentration, which was recorded in perched groundwater of Source 
Area A (fire training area), and assumes that workers accidentally ingest 
half a mouthful of water (10 mL) each time they conduct sub-surface work.  

HHRA 
Section 9 

HHRA 03 Base workers 
exposed to 
surface water 
from working in 
the on-Site 
drainage 
channels 

The HHRA concluded that, under the upper exposure scenario, there is an 
elevated risk from exposure to surface water in the on-Site drainage 
channels by base workers. The level of exposure only marginally 
exceeded the acceptable level.  This is based on the highest recorded 
surface water concentration in the on-Site drainage channels and assumes 
that a worker accidentally swallows water from the drains each day for 60 
days per year, for 30 years, which is highly conservative.  

HHRA 
Section 9 

HHRA 04 Base workers 
exposed to soil 
within Source 
Area D 
(grounds 
maintenance 
area). 

The HHRA concluded that, under the upper exposure scenario, there is an 
elevated risk from exposure to soil within Source Area D by base workers. 
The level of exposure only marginally exceeded the acceptable level.  This 
calculated level of risk is based on the highest recorded soil concentration 
in Source Area D (grounds maintenance area) and assumes that a worker 
is exposed to these soils daily for 30 years, which is considered 
conservative.   

HHRA 
Section 9 

HHRA 05 Sub-surface 
maintenance 
workers 
exposed to soil 

The HHRA concluded that there is an elevated risk from exposure to soil in 
Source Area D by sub-surface maintenance workers. Exposure levels are 
elevated under both the typical and upper exposure scenarios, though only 

HHRA 
Section 9 
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Risk 
Identification 

Title Description Report 
Reference 

within Source 
Area D 
(grounds 
maintenance 
area). 

marginally exceed the acceptable level under the typical exposure 
scenario.  
 
This calculated level of risk is based on the highest recorded soil 
concentration in Source Area D (grounds maintenance area) and assumes 
that a worker is exposed to these soils daily for 30 years, which is 
considered conservative.   

ERA 01 Certain 
ecological 
species 
exposed to 
PFAS in soil, 
sediment, 
surface water 
and lower 
order biota in 
Source Areas 
A and B and 
Ellen and Ki-it 
Monger 
Brooks. 

The ERA concluded that there is an elevated exposure risk to some 
higher-order terrestrial ecological species that reside within areas 
impacted by PFAS, particularly insectivorous birds within Source Area A, 
and Source Area B and Ellen and Ki-it Monger Brooks and the clicking 
frog in Source Area A. It is noted that all species identified as being at an 
elevated risk and common and widespread and therefore, the elevated 
risks are only of relevance to the local populations residing within these 
areas and are not relevant to broader populations of the species.   
 
Published ecotoxicity studies suggest that the PFAS concentrations 
recorded in the surface water in Ellen and Ki-it Monger Brooks are unlikely 
to adversely affect macroinvertebrate and plant populations. The potential 
exists however for impacts on some sensitive fish, insect and crustaceans, 
for which the reported toxicity endpoints are of a similar order of 
magnitude to the reported literature concentrations. PFAS concentrations 
in soils from Source Area A and Source Area B could also result in 
adverse effects to sensitive plants and soil dwelling invertebrates.  

ERA 
Section 6 

 

4.3 Risk listing and consequences 

Table 5 lists the risks that were identified during the DSI (GHD 2018a), HHRA (GHD 2018b) and ERA 

(GHD 2018d), as ‘elevated’ and the potential consequences if the risk was to be realised.   

The table also identifies the primary and secondary PFAS sources and the main migration pathways 

or exposure routes associated with each risk that could be targeted for remediation or management in 

order to reduce the risk.   
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Table 5 Elevated risk potential consequences 

Risk 
Identification 
and Title 

Nature of 
risk 
(receptor) 

Potential 
consequences 
if risk is 
realised 

Source and extent of risk 

Primary source area Secondary source areas Migration pathways / exposure routes 

HHRA 01 - 
Drinking 
groundwater 
from off-Site 
bores with 
PFAS above 
drinking water 
guidelines 

Human - 
Elevated 
risk via long 
term 
exposure 

Potential impact 
to human health 
from drinking 
PFAS-impacted 
groundwater. 

Source Area A (fire training area), based on 
the following: 

 Surface water modelling suggests that the 
highest mass discharge of PFAS is coming 
from the Central Catchment (C3) in which 
Source Area A is located (a PFOS mass 
flux of 11 g/day and 8 g/day calculated for 
September 2016 and August 2017 
respectively). 

 Elevated PFAS concentrations were 
recorded in soil. A PFOS plus PFHxS 95% 
UCL of 12.1 mg/kg was calculated and a 
maximum of 81.5 mg/kg recorded.  

 The lateral extent of soil impact in this area 
is the greatest identified on Base, with 
multiple ‘hot spots’ (PFOS plus PFHxS 
concentrations greater than 10 mg/kg) 
identified (refer to Figure B). The lateral 
extent of these impacted areas has been 
well delineated.  The impacted areas 
correlate to areas in which GHD 
understands AFFF was historically 
discharged during training activities.  

 The highest surface water concentration 
was recorded in a sample collected from a 
drainage channel within Source Area A (a 
PFOS plus PFHxS concentration of 424 
ug/L in sample PD_SW07).   

 The highest groundwater concentration 
recorded was in Source Area A (a PFOS 
plus PFHxS concentration of 12,300 ug/L 
from monitoring well WA0067-MW053).  

 

Source Area D (grounds maintenance 
area), elevated PFAS concentrations were 
recorded in soil, including a maximum PFOS 
plus PFHxS concentration of 315 mg/kg. The 
lateral extent of impact has been estimated to 
cover an area of approximately 40 m2 in the 
north-western corner of the area. A maximum 
PFOS plus PFHxS groundwater 
concentration of 1.26 ug/L was recorded at 
monitoring well SD_MW13 (refer to Figure E) 
 
Source Area B (former fire training areas), 
localised PFAS soil impacts were identified in 
the southern portion of the area, with a 
maximum PFOS plus PFHxS concentration of 
30.1 mg/kg recorded. A maximum PFOS plus 
PFHxS groundwater concentration of 276 
ug/L was recorded at monitoring well 
SB_MW04 (refer to Figure C) 
 
Source Area J (former fuel farm),  
groundwater impacts were identified, 
including a PFOS plus PFHxS concentration 
of 15.8 ug/L at monitoring well SJ_MW44. A 
maximum soil PFOS plus PFHxS 
concentration of 0.86 mg/kg was recorded 
(refer to Figure F). The DSI identified some 
uncertainty with respect to the extent of PFAS 
impacted groundwater beneath this Source 
Area and the groundwater flow direction. 
 
Source Area R (RAAF Pearce landfill), 
elevated groundwater concentrations of 
PFAS were recorded (a maximum PFOS plus 
PFHxS concentration of 96.6 ug/L), however, 
the extent of groundwater impact appears to 
be localised to the landfill area (Refer to 
Figure G). Notwithstanding, the DSI identified 
that additional investigation of this area could 
be undertaken to improve understanding with 
respect to the extent of groundwater impact. 
 

The DSI concluded that the most likely 
mechanisms by which the PFAS has 
migrated to the private bores in the West 
Bullsbrook residential area are primarily 
the discharge of impacted surface 
water from Ellen Brook to the 
underlying groundwater, particularly 
following flood events or sustained 
rainfall and secondarily, groundwater 
migration from the Site. Ellen Brook 
receives surface water run-off via the on-
Site drainage channel network.  
 
The PFAS concentrations recorded in 
groundwater at the two off-site private 
bores to the south and east of the Site 
are considered likely to be the result of 
groundwater migration from the Site, 
possibly from Source Area B and Source 
Area J.  
 
The main contributing surface water 
drainage channels identified include the 
north-south drains associated with 
Source Area A and Source Area B 
respectively (refer to Figure J).  The main 
contributing discharge points to Ellen 
Brook are considered to be points E1, 
E4 and E5 (which are located adjacent to 
the West Bullsbrook residential area and 
recorded PFOS plus PFHxS surface 
water concentrations up to. 4.46 ug/L – 
recorded near E5). The main contributing 
discharge points to Ki-it Monger 
Brook are considered to be M4 and M5 
(e.g. a PFOS plus PFHxS concentrations 
of 11.3 ug/L was recorded near point 
M5). Further investigation could be 
conducted to improve understanding with 
respect to the relative contribution of 
various drains to PFAS release off site. 
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Risk 
Identification 
and Title 

Nature of 
risk 
(receptor) 

Potential 
consequences 
if risk is 
realised 

Source and extent of risk 

Primary source area Secondary source areas Migration pathways / exposure routes 

Source Area C (Hangar 93 and foam 
disposal pit) is less likely to be contributing 
to this elevated risk given that groundwater 
concentrations in the Area were relatively 
low, with a maximum PFOS plus PFHxS soil 
concentration of 0.2 mg/kg and groundwater 
concentration of 1.4 ug/L (refer to Figure D). 
However, it is noted that the area is concrete 
sealed and adjacent to a drainage channel 
(refer to Figure J) that directs surface water to 
the south. The contribution from potentially 
impacted concrete is unknown, as sampling 
of concrete was not undertaken as part of the 
DSI. 
 
Sediment within the on-Site drainage 
channels, particularly the drainage channel 
discharging to the south from Source Area A, 
where a maximum PFOS plus PFHxS 
sediment concentration of 4 mg/kg was 
recorded at location PD_SS06 (refer to 
Figure H). Across the remainder of the 
drainage network, the average PFOS plus 
PFHxS sediment concentration was 0.4 
mg/kg.  

 
 

HHRA 02 - 
Incidental 
ingestion of 
on-Site 
perched 
groundwater 
by sub-surface 
maintenance 
workers 

Human - 
Elevated 
risk via long 
term 
exposure 

Potential impact 
to human health 
from ingestion of 
PFAS-impacted 
perched 
groundwater. 

Source Area A (fire training area), based on 
the following: 

 Perched groundwater was identified within 
Source Area A and the highest 
groundwater concentration recorded was in 
a monitoring well that targets this aquifer 
(i.e. a PFOS plus PFHxS concentration of 
12,300 ug/L from monitoring well WA0067-
MW053).  This concentration was used to 
inform the risk assessment, which resulted 
in the elevated exposure risk being 
identified.  

 Elevated PFAS concentrations were 
recorded in soil, including a PFOS plus 
PFHxS 95% UCL of 12.1 mg/kg and a 
maximum of 81.5 mg/kg.  Leachability 
analysis indicates that the impacted soil 
could be acting as an ongoing source of 
groundwater impact, with samples 

It is noted that perched groundwater was only 
identified within Source Area A (fire training 
area), as the investigation predominantly 
targeted the regional superficial aquifer (the 
aquifer from which water is drawn for 
beneficial uses). Nevertheless, the presence 
of perched groundwater across the remainder 
of the Site cannot be entirely precluded.   
 
While it is not expected that sub-surface 
workers would come into contact with the 
regional superficial aquifer (based on its 
depth below ground level), it should be noted 
that elevated PFAS concentrations were 
recorded in the upper portion of the regional 
superficial aquifer as follows:  

 Source Area B (former fire training 
areas) – a PFOS plus PFHxS 

Sub-surface maintenance workers may 
be exposed to PFAS in perched 
groundwater through incidental ingestion 
of groundwater.  
 
As previously stated, while perched 
groundwater was only identified within 
Source Area A as part of the DSI, the 
presence of perched groundwater across 
the remainder of the Site cannot be 
precluded.   
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Risk 
Identification 
and Title 

Nature of 
risk 
(receptor) 

Potential 
consequences 
if risk is 
realised 

Source and extent of risk 

Primary source area Secondary source areas Migration pathways / exposure routes 

collected from the area recording leachable 
PFOS plus PFHxS percentages of between 
2.17% and 8.18%.  

 The lateral extent of soil impact in this area 
is the greatest identified, with multiple ‘hot 
spots’ (PFOS plus PFHxS concentrations 
greater than 10 mg/kg) identified (refer to 
Figure B). The lateral extent of these 
impacted areas has been well delineated.  
The impacted areas correlate to areas in 
which GHD understands AFFF was 
historically discharged during training 
activities.  

concentration of 276 ug/L at monitoring 
well SB_MW04 

 Source Area J (former fuel farm) - a 
PFOS plus PFHxS concentration of 15.8 
ug/L at monitoring well SJ_MW44. The DSI 
identified some uncertainty with respect to 
the extent of PFAS impacted groundwater 
beneath this Source Area and the 
groundwater flow direction. 

 Source Area R (RAAF Pearce landfill) - a 
PFOS plus PFHxS concentration of 96.6 
ug/L at monitoring well PMW02. The DSI 
identified that additional investigation of 
this area could be undertaken to improve 
understanding with respect to the extent of 
groundwater impact. 

 
PFAS groundwater concentrations recorded 
at the remaining Source Areas were relatively 
low (i.e. PFOS plus PFHxS concentrations 
less than 1.5 ug/L) compared to Source Area 
A and are therefore not considered to 
significantly contribute to this risk, especially 
considering that this type of exposure is likely 
to be of limited frequency and duration. 

HHRA 03 - 
Base workers 
exposed to 
surface water 
from working 
in the on-Site 
drainage 
channels 

Human - 
Elevated 
risk via long 
term 
exposure 

Potential impact 
to human health 
from ingestion of 
PFAS-impacted 
surface water. 

Source Area A (fire training area), based on 
the following: 

 Surface water modelling suggests that the 
highest mass discharge of PFAS is coming 
from the Central Catchment (C3) in which 
Source Area A is located (a PFOS mass 
flux of 11 g/day and 8 g/day calculated for 
September 2016 and August 2017 
respectively). 

 The highest surface water concentration 
was recorded in a sample collected from a 
drainage channel within Source Area A (a 
PFOS plus PFHxS concentration of 424 
ug/L in sample PD_SW07).  This 
concentration was used to inform the risk 
assessment, which resulted in the elevated 
exposure risk being identified. 

 Elevated PFAS concentrations were 
recorded in soil, including a PFOS plus 

Source Area B (former fire training areas) 
and Source Area D (grounds maintenance 
area), soil impacts in these areas are likely to 
be acting as an ongoing sources of surface 
water impact. 
 
Within Source Area D (grounds maintenance 
area), elevated PFAS concentrations were 
recorded in soil, including a maximum PFOS 
plus PFHxS concentration of 315 mg/kg. The 
lateral extent of impact appears to be 
relatively localised, covering an estimated 
area of approximately 40 m2 in the north-
western corner of the area.  
 
Within Source Area B (former fire training 
areas), localised PFAS soil impacts were 
identified in the southern portion of the area, 

Base workers may be exposed to PFAS 
in surface water through incidental 
ingestion if work is required within the 
drainage channels.   
 
The majority of surface water samples 
collected from the on-Site drainage 
channels reported concentrations in 
excess of the FSANZ recreational water 
quality assessment level (0.7 µg/L).  
 
Investigation of Site drainage channels 
as part of the DSI was generally focussed 
on the main north-south drains that 
traverse the airfield and the discharge 
points to Ellen and Ki-it Monger Brook 
(refer to Figure H). Some drains in the 
northern portion and western portion of 
the airfield were not investigated. 
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Risk 
Identification 
and Title 

Nature of 
risk 
(receptor) 

Potential 
consequences 
if risk is 
realised 

Source and extent of risk 

Primary source area Secondary source areas Migration pathways / exposure routes 

PFHxS 95% UCL of 12.1 mg/kg and a 
maximum of 81.5 mg/kg.  

 The lateral extent of soil impact in this area 
is the greatest identified, with multiple ‘hot 
spots’ (PFOS plus PFHxS concentrations 
greater than 10 mg/kg) identified. The 
lateral extent of these impacted areas has 
been well delineated.  The impacted areas 
correlate to areas in which GHD 
understands AFFF was historically 
discharged during training activities.  

 The impacted soil is likely to be acting as 
an ongoing source of surface water impact.  

with a maximum PFOS plus PFHxS 
concentration of 30.1 mg/kg recorded.  
 
Sediment within the on-Site drainage 
channels, particularly the drainage channel 
discharging from Source Area A, where a 
maximum PFOS plus PFHxS sediment 
concentration of 4 mg/kg was recorded.  
Across the remainder of the drainage 
network, the average PFOS plus PFHxS 
sediment concentration was 0.4 mg/kg. 

Collection of surface water and sediment 
samples from these drains may improve 
understanding with respect to risks posed 
to workers in these specific drainage 
channels. 
 
 
 

HHRA 04 - 
Base workers 
exposed to soil 
within Source 
Area D 
(grounds 
maintenance 
area). 

Human - 
Elevated 
risk via long 
term 
exposure 

Potential impact 
to human health 
from ingestion of 
PFAS-impacted 
soil. 

Source Area D (grounds maintenance 
area), given that the HHRA (GHD 2018b) 
identified an elevated risk of exposure to 
PFAS in soil by base workers in this area.  
 
The highest PFAS soil concentrations were 
recorded within this area (a maximum PFOS 
plus PFHxS concentration of 315 mg/kg). The 
lateral extent of impact appears to be 
relatively localised, covering an area of 
approximately 40 m2 in the north-western 
corner of the area (refer to Figure E). 

None, as the HHRA concluded that base 
worker exposure to PFAS in soil within the 
other Source Areas is within acceptable 
levels.  

 

Base workers may be exposed to PFAS 
impacted soil, particularly surface soils, 
through incidental ingestion. 

HHRA 05 - 
Sub-surface 
maintenance 
workers 
exposed to soil 
within Source 
Area D. 

Human - 
Elevated 
risk via long 
term 
exposure 

Potential impact 
to human health 
from ingestion of 
PFAS-impacted 
soil. 

Source Area D (grounds maintenance 
area), given that the HHRA (GHD 2018b) 
identified an elevated risk of exposure to 
PFAS in soil by sub-surface maintenance 
workers in this area.  
 
The highest PFAS soil concentrations were 
recorded within this area (a maximum PFOS 
plus PFHxS concentration of 315 mg/kg). The 
lateral extent of impact appears to be 
relatively localised, covering an area of 
approximately 40 m2 in the north-western 
corner of the area (refer to Figure E).  

None, as the HHRA concluded that sub-
surface maintenance worker exposure to 
PFAS in soil within the other Source Areas is 
within acceptable levels.  
 

 

Sub-surface maintenance workers could 
be exposed to PFAS in surface and sub-
surface soils (generally down to 1.5 m 
bgl) during activities that involve shallow 
excavations within Source Area A.  
Exposure may occur through incidental 
ingestion.  
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Risk 
Identification 
and Title 

Nature of 
risk 
(receptor) 

Potential 
consequences 
if risk is 
realised 

Source and extent of risk 

Primary source area Secondary source areas Migration pathways / exposure routes 

ERA 01 - 
Certain 
ecological 
species 
exposed to 
PFAS in soil, 
sediment, 
surface water 
and lower 
order biota in 
Source Areas 
A and B and 
Ellen and Ki-it 
Monger 
Brooks. 

Ecological - 
Elevated 
risk via long 
term 
exposure 

Potential impact 
to local 
populations of 
birds and 
clicking frogs 
from ingestion of 
PFAS-impacted 
soil, sediment, 
surface water 
and biota.  
 

 

Source Area A (fire training area) and 
Source Area B (former fire training areas), 
based on the following: 

 PFAS was recorded within soil, surface 
water and lower order biota within these 
areas at concentrations exceeding the 
relevant ecology based assessment levels 
(i.e. NEMP 2018, draft ANZECC values 
and Canadian wildlife dietary values). 

 Both of these areas feature sensitive 
ecological receptors, as detailed within the 
DSI and ERA reports.  

 The ERA concluded that local populations 
of several bird species and the clicking frog 
are an elevated risk of exposure to PFAS 
from foraging within these areas.  

 PFAS concentrations in soils from Source 
Area A and Source Area B could also result 
in adverse effects to sensitive plants and 
soil dwelling invertebrates. 

Ellen and Ki-it Monger Brook, as 

 These waterways receive PFAS impacted 
surface water run-off from the Site. 

 The ERA concluded that there may be 
elevated risks of chronic effects to the 
great egret, the Australian white ibis and 
the white-faced heron 

 The ERA concluded that the PFAS 
concentrations recorded in the surface 
water in Ellen and Ki-it Monger Brooks are 
unlikely to adversely affect macro-
invertebrate and plant populations. The 
potential exists however for impacts on 
some sensitive fish, insect and 
crustaceans, for which the reported toxicity 
endpoints are of a similar order of 
magnitude to the reported literature 
concentrations. 

The species identified as being at an 
elevated risk can be exposed to PFAS 
through uptake of lower order biota (e.g. 
flora, invertebrates, fish and 
crustaceans), surface water, soil and 
sediment within Source Area A, Source 
Area B and Ellen and Ki-it Monger 
Brooks.   
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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.  

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

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

The ongoing monitoring plan (OMP) for the Management Area is set out in Appendix F. An OMP 

forms a standard component of all PMAPs.  

5.1.1 Objective and purpose 

The objective of the OMP is to provide information on changes in PFAS contamination originating 

from a Defence Base to inform risk management decisions by Defence and State/Territory 

agencies  to protect human health and the environment. 

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 

transformation of the contaminants and assessment against appropriate guideline values provides: 

 an evidence base for targeted and effective risk management of PFAS contamination to 

protect human health and environmental receptors currently impacted by PFAS. 

 an early warning that additional management of PFAS contamination may be warranted 

in areas not currently affected by PFAS. 

5.1.2 Impacted decisions 

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

decisions including: 

 additional investigations 

 re-assessment of one or more remediation or containment actions 

 additional remediation or containment actions 

 changing risk management actions at receptor level (e.g.  provision or cessation of 

alternate drinking water supplies) 

 changes to State/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 refinements to the monitoring network, frequency and parameters 

5.1.3 Related documentation 

One or more specific remediation action plans (RAPs) may be developed for the Management Area. 

The RAPs will be required to articulate the protocols that need to be implemented to achieve 

successful remediation for the options selected for managing each identified risk and will contain, as a 

minimum: 

 clear delineation (vertical and horizontal) of the area to be remediated; 

 consideration of geotechnical constraints for options such as on site landfill encapsulation 

including preliminary design; 
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 the methods to be used for the preferred remedial option; 

 where relevant, estimated volumes of soil/sediment or water requiring treatment/management 

(and the hydrogeological and/or hydrogeochemical characteristics that have to be taken into 

account for the preferred option); and 

 Specific validation end points and on-going monitoring actions.   

5.2 OMP communications 

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

 OMP 

 monitoring data collected during the implementation of the OMP 

 decisions made in response to the data collected during implementation of the OMP 

 changes to the OMP in response to incoming data over the implementation period 

5.3 OMP summary 

Primary features of the OMP include: 

 A description of the Management Area. 

 A summary of the findings of the DSI (GHD 2018a) and additional private bore sampling 

completed up until May 2019 (GHD 2019). 

 A Sampling Analysis Quality Plan (SAQP) for ongoing monitoring of groundwater and surface 

water within the Management Area. 

 Reporting requirements. 

The OMP will cover: 

 the primary implementation period of the PMAP. 

 the extended implementation period to the extent required by specific characteristics of the 

Management Area and the behaviour of the PFAS plume, measured against specific data 

trends. 

5.4 OMP review 

The OMP will be reviewed regularly. The review frequency will be based on site specific 

characteristics and the existing trend data available. The review frequency may be revised during the 

implementation period as more data becomes available. 
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6 OPTIONS IDENTIFICATION AND ANALYSIS 

6.1 Options identification and analysis 

This Section identifies and analyses potential management option for each of the ‘elevated’ risks 

identified in Section 4. For each risk, a set of options informed by a range of information and research, 

both general and specific to the Management Area, are considered.  

Appendix C of the NEMP (2018) provides a summary of the PFAS treatment technologies currently 

available in Australia.  This information has been summarised in Table 6 below. 

Table 6– Treatment technologies available in Australia (adapted from NEMP 2018) 

Technology Media Description  Use in 
Australia 

Considered 
in PMAP? 

Adsorption 
(stabilisation/ 
immobilisation)  

Water and 
waste water 

Adhesion of PFAS to the 
surface of an adsorbent e.g. 
activated carbon, resins 

Yes – 
activated 
carbon, resins 
etc. currently 
in use. 

Yes – Option 
RMO 10 

Soil stabilisation/ 
immobilisation 

Soil Addition of a binding agent to 
soil to reduce the mobility of 
PFAS 

Yes – 
activated 
carbon, resins 
etc. currently 
in use. 

Yes – Option 
RMO 05 

Reverse osmosis 
and nanofiltration 

Water and 
waste water 

Removal of PFAS from water 
using semi-permeable 
membranes 

Yes – currently 
in use for 
waste water. 

Yes – Option 
RMO 09 

Thermal 
destruction or 
desorption 

Soil Using high temperature to 
alter chemical composition of 
PFAS or separate PFAS 
from solids.  

Yes – 
treatment 
facilities 
available. 

Yes – Option 
RMO 02 

In-situ oxidation 
or reduction 

Soil and 
groundwater 

Application of chemicals and 
often heat to break down the 
PFAS into more 
environmentally friendly 
forms 

Currently 
undergoing 
trial  

No 

Foam 
fractionation/ 
separation 

Water and 
waste water 

Separation of PFAS from 
groundwater and wastewater 
into a foam 

Currently 
undergoing 
trial 

No 

Ultrasonication/ 
sonochemistry 

Water and 
waste water 

Treatment using intense 
ultrasonicwave energy to 
change the PFAS 
compounds into more 
environmentally friendly 
forms. 

Currently 
undergoing 
trial 

No 

Electrochemical 
oxidation/reductio
n 

Water and 
waste water 

Defluorination of PFAS using 
electrodes 

Currently 
undergoing 
trial 

No 

Table 7 presents the options that have been considered further as part of this PMAP.  These options 

have been developed with reference to the technologies currently available in Australia (refer to Table 

6 above) and with consideration of a number of more conventional remediation solutions applied at 

contaminated sites in Australia, such as excavation and off-site disposal (RMO 01), excavation and 

on-site containment (RMO 02 and RMO 03) and surface water capture (RMO 08) etc. Soil washing 

(RMO 06) has also been considered, as this option is currently being trialled at other Defence sites. 
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It is important to note that many of the options would require studies to be conducted to assess their 

validity or optimise implementation, for example: 

 Geotechnical studies may be required to inform the location of a potential containment cell. 

 Hydrological studies may be required to inform the potential diversion of drainage channels 

and appropriate locations for construction of evaporation basins. 

 Hydrogeological studies may be required to optimise groundwater treatment (‘pump and 

treat’) systems. 

 Further investigation may be required to inform the total volume and/or complete extent of 

impacted soil, sediment and groundwater, or classify material for off-Site disposal. 

 Soil studies may be required to assess the most appropriate potential stabilisation product.   

Table 7 Options considered in the PMAP 

Option type Option ID Option Description  

Source 
management 

RMO 01 Excavation and 
off-site disposal  

Excavation of impacted solids using standard 
construction equipment (i.e. backhoes, 
bulldozers, and front-end loaders). Sampling and 
analysis of soils for waste classification and 
disposal directly to a facility licenced to accept 
the material. 

 RMO 02 Excavation and 
off-site treatment 
(e.g. thermal 
destruction)  

Excavation of impacted solids using standard 
construction equipment (i.e. backhoes, 
bulldozers, and front-end loaders). Transportation 
of soil to an off-site facility for treatment via 
methods such as thermal desorption or thermal 
destruction. 

 RMO 03 Excavation and 
on-Site stockpiling 

Excavation of impacted solids using standard 
construction equipment (i.e. backhoes, 
bulldozers, and front-end loaders). Excavated 
soils would be placed in purpose-built stockpiles 
to prevent access to the soils from human activity 
and the elements, notably infiltration, leaching 
and run-off. Storage would be temporary to allow 
for removal of source and planning for treatment 
at a later date. 

Studies may be required to assess the suitability 
of potential stockpiling locations and assess 
capacity of nominated areas to store the 
excavated material.  

 RMO 04 Excavation and 
on-Site ex-situ 
containment  

Excavated soils are placed in a purpose-built 
engineered containment cell/facility to prevent 
access to the soils from human activity and the 
elements, notably infiltration, leaching and run-
off. 

Studies may be required to assess the suitability 
of potential containment cell locations and assess 
capacity of nominated areas to contain the 
excavated material. 

 RMO 05 Soil stabilisation / 
immobilisation 

Excavation of soil from Source Areas and 
chemical treatment to stabilise/immobilise PFAS. 
Treated material could then be placed back into 
the excavations. In-situ stabilisation could also be 
considered if excavation was not practical. 
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Option type Option ID Option Description  

 RMO 06 Soil washing Excavation and washing or ‘aggressively 
leaching’ of soil to capture PFAS leachate. The 
leachate then requires treatment or off-Site 
disposal.  

 RMO 07 Surface capping  Capping of impacted soils in Source Areas with 
impervious material and construction of 
associated drainage controls. This reduces or 
prevents mobilisation of PFAS compounds by 
infiltration of surface waters to underlying soil and 
groundwater and reduces or prevents 
mobilisation of PFAS through surface water run-
off.   
 

Studies may be required to assess the potential 
increase in the volume of surface water run-off 
following capping, and the adequacy of the 
existing drainage network to cope with this 
change in hydrology.  

Pathway 
management 

RMO 08 Surface water 
capture and 
treatment 

Capture of surface water run-off to minimise 
discharge to Ellen Brook (and subsequent 
discharge to groundwater beneath West 
Bullsbrook and/or overland flow to West 
Bullsbrook) and Ki-it Monger Brook. Surface 
water could be captured in a lined basin and 
allowed to evaporate or be treated (by similar 
methods as the groundwater treatment option, 
RMO 09) 

Studies would be required to inform suitable 
locations/paths for alternative drainage channels 
and infiltration basins etc.   

 RMO 09 Groundwater 
interception  

Interception of groundwater through the 
installation of a permeable reactive barrier (PRB), 
impermeable slurry wall or similar across the flow 
path of groundwater impacts.   

 RMO 10 Groundwater 
treatment (e.g. 
adsorption) 

Abstraction of groundwater at Source Areas, or 
across the impacted groundwater flow path, and 
subsequent treatment (such as by granular 
activated carbon or resins) and re-injection. 

 RMO 11 Drainage channel 
improvement 

Excavation of sediment from on-Site drainage 
channels where elevated concentrations were 
recorded. Lining of unlined drainage channels 
and cleaning of concrete lined drainage channels 
could also be undertaken. Excavated sediments 
would require management as per the soil 
management options described above. 

Receptor 
management 

RMO 12 Alternative water 
supply 

Provision of alternative water supply to properties 
that have groundwater bores with PFAS 
concentrations exceeding the LOR (0.01 ug/L). 
This is currently being undertaken through 
provision of bottled water (IRM Action 1), though 
alternative, more permanent methods such as 
provision of rainwater tanks (or additional or 
larger tanks where properties already have 
tanks), installation of deeper bores that draw 
water from an unaffected portion of the aquifer, or 
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Option type Option ID Option Description  

point-of-entry treatment (POET) systems could 
be considered.   

RMO 13 Institutional 
Controls - Access 
and Use 
Restrictions 

Where future use of the impacted area is required 
for operational purposes that may result in 
elevated exposure to PFAS, activities could be 
controlled by an SMP or similar document and 
system stipulating requirements for use of 
personal protective equipment (PPE) or other 
exposure management measures. 

The detailed identification and analysis of an option or set of options for each risk is set out in 

Appendix E, using the criteria set out in Appendix D.  

As described in the DSI (GHD 2018a), a number of uncertainties were identified with respect to the 

extent of PFAS impact in some Source Areas, or the specific migration pathways by which PFAS has 

migrated to some off-Site properties. While these uncertainties are not considered to be significantly 

limiting on development of the PMAP and evaluation of potential management options, further 

assessment could be conducted to improve understanding and confidence in the selection of 

management options.  

6.2 Comparative analysis 

Based on the results of the detailed analysis conducted in Appendix E, the preferred management 

options for each elevated risk are presented in Table 8.  
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Table 8 Comparative analysis 

Response type Area Preferred options to reduce risk 

Source 
management 

Source Area A 
Source Area B 
 

The preferred source management option for Source Areas A and B is excavation and off-site disposal (RMO 
01), primarily based on the following: 

 There is a landfill facility that is licenced to accept and dispose PFAS impacted waste located 
approximately 17 km south-east of the Site (Red Hill Waste Management Facility).  

 Off-site disposal is a verified, low-complexity remedial option. 

 The community is likely to have a strong preference to removal of the source material from the-Site, 
compared to options that involve the material remaining on-Site or in-situ (e.g. RMO 03 on-Site 
stockpiling, RMO 04 on-site containment or RMO 05 soil stabilisation). These alternative options may 
generate concern over the potential for leaching and ongoing off-Site migration of PFAS. 

 The ongoing management requirements associated with this option are minimal (likely limited to 
ongoing monitoring to demonstrate changes to surface water and groundwater quality) when compared 
to source management options such as  RMO 03 on-Site stockpiling or RMO 04 on-site containment.  

 This option has already been implemented on the Site to facilitate construction projects, including 
construction of a new air traffic control tower within Source Area A. It is understood that PFAS impacted 
soils excavated as part of these works are currently temporarily stockpiled on the Site with a view to 
disposing off-Site in the future.   

 
Implementation of excavation and off-site disposal (RMO 01) would be subject to additional analysis of the soil 
data with respect to landfill disposal criteria, possibly including further sampling and analysis and statistical 
evaluation of the waste mass that is proposed for disposal. Noting that the leachability analysis undertaken as 
part of the DSI recorded leachable PFOS plus PFHxS concentrations above the landfill acceptance criteria 
outlined in the NEMP (2018), the outcomes of such analysis may mean that some of the contaminated soil (e.g. 
more heavily impacted or more leachable portions) may require supplementary management such as 
stabilisation/immobilisation (RMO 05) prior to off-Site disposal.   
 
If factors such as the presence of infrastructure (either above or below the ground) or impact on Defence 
capability prevent the complete excavation of impacted soils from these areas, then surface capping (RMO 07) 
should be implemented, to minimise mobilisation of PFAS to surface water, leaching to groundwater and 
exposure to workers from these residual or non-removable impacted soils.  

Source Area C As discussed in Section 4.3, Source Area C is less likely to be contributing to the identified elevated risks 
compared to areas such as Source Area A given that soil and groundwater concentrations in the Area were 
relatively low. However, it is noted that the area is concrete sealed and adjacent to a drainage channel (refer to 
Figure J). The contribution from potentially impacted concrete is unknown, as sampling of concrete was not 
undertaken as part of the DSI. The preferred management option is therefore to undertake further 
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Response type Area Preferred options to reduce risk 

investigation to assess the contribution of PFAS to surface water impact from potentially contaminated 
concrete.  

Source Area D The preferred source management option for Source Area D is surface capping (RMO 07), for the following 
reasons: 

 The impacted area is relatively localised (refer to Figure E) compared to the primary risk area, Source 
Area A.  

 Surface capping is a verified, low-complexity remediation option, with an anticipated low impacted on 
Defence operations.  

Source Area J 
Source Area R 

As discussed in Section 4, no elevated risks were identified associated with Source Areas J or R. However, 
elevated groundwater concentrations were recorded in these areas during the DSI and some uncertainty was 
identified in relation to the complete extent of impacts. It is therefore recommended that further investigation 
of groundwater and surface water impacts be undertaken in these areas to further assess the potential 
requirement for remediation or management within these areas.  

Pathway 
Management 

Refer to Figure J: 
 
Drainage channels draining 
from Source Area A and 
Source Area B. 
 
Surface water discharge 
points E1, E4, E5, M4 and 
M5.  

The preferred pathway management approach is a combination of surface water capture and treatment 
(RMO 08) and drainage improvement (RMO 11) at these areas, for the following reasons: 

 These options are expected to reduce off-site migration via the surface water pathway, which was 
assessed as being the primary mechanism by which PFAS is leaving the Site and the primary means 
that PFAS is impacting upon private bores in West Bullsbrook.   

 Surface water modelling suggests that the highest mass discharge of PFAS is coming from the Central 
Catchment (C3) in which Source Area A is located (a PFOS mass flux of 11 g/day and 8 g/day 
calculated for September 2016 and August 2017 respectively). 

 The main surface water drainage channels considered to be contributing to the identified elevated risks 
include the north-south drains associated with Source Area A and Source Area B respectively (refer to 
Figure J). The main contributing discharge points to Ellen Brook include points E1, E4 and E5 (which 
are located adjacent to the West Bullsbrook residential area and recorded elevated PFOS plus PFHxS 
surface water concentrations nearby e.g. 4.46 ug/L recorded near E5). The main contributing discharge 
points to Ki-it Monger Brook are M4 and M5 (e.g. a PFOS plus PFHxS concentrations of 11.3 ug/L was 
recorded near point M5). These discharge points are presented on Figure J. 

 Surface water capture and treatment (assuming captured water is allowed to evaporate or can be used 
to irrigate the Site) is a low complexity, verified remedial approach, with a relatively low cost. 

 Drainage improvement is a low complexity, well established remedial option, with a relatively low cost. 

 This approach compliments that implemented at other Defence sites. 
 
As noted in Section 2.4, investigation of Site drainage channels as part of the DSI generally focussed on the 
main north-south drains that traverse the airfield and the discharge points to Ellen and Ki-it Monger Brook (refer 
to Figure H). Some drains in the northern portion and western portion of the airfield were not investigated. It is 



PFAS Management Area Plan – RAAF Base Pearce 
 

 

 41 July 2019 

Response type Area Preferred options to reduce risk 

therefore also recommended that further investigation involving the collection of surface water and sediment 
samples from these drains be conducted to improve understanding with respect to the relative contribution of 
various drains to off-Site impacts and the drains or discharge locations that should be targeted for remediation 
or management.   

Receptor 
management 

Off-Site residential 
properties  

The preferred approach to manage risks to users of groundwater at off-Site residential properties is alternative 
water supply (RMO 12), for the following reasons: 

 Alternative water supply is a low complexity, verified remedial option with a low impact to Defence 
operations. 

A relatively low number of affected properties have been identified to date. 

Site and other Defence 
owned land (e.g. Source 
Area R) 

The preferred approach to manage risks to Site workers is institutional controls and access and use 
restrictions (RMO 13), on the basis that this is a low complexity, verified management option with a relatively 
low cost and low impact to Defence operations.  
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6.3 Integrated options analysis outcomes 

Table 9 identifies the elevated risks that can be managed through implementation of the preferred risk 

management options, and demonstrates how some of the preferred management options can could 

concurrently reduce multiple elevated risks.  It is important to note that the implementation of risk 

management options will not immediately negate some risks (i.e. following implementation of source 

or pathway management options, it is likely to take some time until off-Site PFAS concentrations 

reduce to acceptable levels).  

Additionally, there may be opportunities to integrate other RAAF Base Pearce projects with the 

management strategy, for example: 

 If development or infrastructure upgrades were proposed or nearby any of the identified risk 

source areas, this may present an opportunity to utilise the development works to conduct 

remedial works such as excavation or surface capping of impacted soils. GHD understands 

that this practice has been recently implemented, whereby soil containing PFAS has been 

excavated from a portion of Source Area A (fire training area) as part of construction of a new 

Air Traffic Control Tower. GHD understands the excavated material is currently stored on-Site 

as a series of purpose built stockpiles (similar to RMO 03).  

 Similarly, if upgrade or amendment to the existing Site drainage channel network was 

required for other reasons, this may present an opportunity to utilise these works to reduce 

the off-Site migration of surface water containing PFAS.     
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Table 9 Integrated options analysis 

Management 
type 

Area and preferred risk 
management option (excluding 
further investigation) 

Risks potentially reduced Risks not reduced 

Source 
management 

Source Area A and B - excavation 
and off-site disposal (RMO 01) 
supplemented with (if required) soil 
stabilisation/immobilisation (RMO 
05) and/or surface capping (RMO 
07). 
 
Source Area D –surface capping 
(RMO 07) 
 
 

Expected to make significant progress towards 
reducing the following risks:  
 
HHRA 01 - Drinking groundwater from off-Site bores 
with PFAS above drinking water guidelines 
 
HHRA 02 - Incidental ingestion of on-Site perched 
groundwater by sub-surface maintenance workers 
 
HHRA 03 - Base workers exposed to surface water 
from working in the on-Site drainage channels 
 
HHRA 04 - Base workers exposed to soil within Source 
Area D (grounds maintenance area). 
 
ERA 01 - Certain ecological species exposed to PFAS 
in soil, sediment, surface water and lower order biota 
in Source Areas A and B and Ellen and Ki-it Monger 
Brooks. 

HHRA 05 - Sub-surface maintenance 
workers exposed to soil within Source 
Area D. 
 

Pathway 
management 

Drainage channels draining from 
Source Area A and Source Area B 
and surface water discharge 
points E1, E4, E5, M4 and M5 
(refer to Figure J).- a combination 
of surface water capture and 
treatment (RMO 08) and drainage 
improvement (RMO 11) 

Expected to make significant progress towards 
reducing the following risks:  
 
HHRA 01 - Drinking groundwater from off-Site bores 
with PFAS above drinking water guidelines 
 
HHRA 02 - Incidental ingestion of on-Site perched 
groundwater by sub-surface maintenance workers 
 
HHRA 03 - Base workers exposed to surface water 
from working in the on-Site drainage channels 
 
ERA 01 - Certain ecological species exposed to PFAS 
in soil, sediment, surface water and lower order biota 

HHRA 04 - Base workers exposed to 
soil within Source Area D (grounds 
maintenance area) 
 
HHRA 05 - Sub-surface maintenance 
workers exposed to soil within Source 
Area D. 
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Management 
type 

Area and preferred risk 
management option (excluding 
further investigation) 

Risks potentially reduced Risks not reduced 

in Source Areas A and B and Ellen and Ki-it Monger 
Brooks. 

Receptor 
management 

Off-Site residential properties - 
alternative water supply (RMO 12) 
 
Site and other Defence owned 
land (e.g. Source Area R) - 
institutional controls and access and 
use restrictions (RMO 13) 

Expected to make significant progress towards 
reducing the following risks:  
 
HHRA 01 - Drinking groundwater from off-Site bores 
with PFAS above drinking water guidelines 
 
HHRA 02 - Incidental ingestion of on-Site perched 
groundwater by sub-surface maintenance workers 
 
HHRA 03 - Base workers exposed to surface water 
from working in the on-Site drainage channels 
 
HHRA 04 - Base workers exposed to soil within Source 
Area D (grounds maintenance area). 
 
HHRA 05 - Sub-surface maintenance workers exposed 
to soil within Source Area D. 

ERA 01 - Certain ecological species 
exposed to PFAS in soil, sediment, 
surface water and lower order biota in 
Source Areas A and B and Ellen and Ki-
it Monger Brooks. 
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7 RECOMMENDED PMAP RESPONSE ACTIONS 

7.1 List of recommended PMAP response actions  

Based on the comparative analysis and the integrated analysis, the recommended actions are set out 

below (Table 10): 

Table 10 Recommended response actions and comparative timeframes 

Response 
type 

Area (refer to Figure J) Key response action 

Source 
Management 

Source Area A Excavation and off-site disposal (RMO 01) with 
supplementary soil stabilisation/immobilisation (RMO 05) 
where required.  

Source Area B Excavation and off-site disposal (RMO 01) with 
supplementary soil stabilisation/immobilisation (RMO 05) 
where required. 

Source Area C Conduct further investigation to assess PFAS contribution 
from potentially impacted concrete. 

Source Area D Surface capping (RMO 07) 

Source Area J Conduct further investigation to reduce uncertainty with 
respect to extent of groundwater impacts and 
groundwater flow direction beneath this Source Area and 
further assess the requirement for remediation or 
management.  

Source Area R Conduct further investigation to reduce uncertainty with 
respect to extent of groundwater and surface water 
impacts and further assess the requirement for 
remediation or management. 

Pathway 
management 

Drainage channels 
draining from Source Area 
A and Source Area B and 
surface water discharge 
points E1, E4, E5, M4 and 
M5 (refer to Figure J) 

Surface water capture and treatment (RMO 08) and 
drainage improvement (RMO 11).  
 
Conduct further investigation to improve understanding 
with respect to the relative contribution of various drains to 
off-Site impacts and the drains or discharge locations that 
should be targeted for remediation or management.   

Receptor 
management 

Off-Site residential 
properties 

Alternative water supply (RMO 12) 

Site and other Defence 
owned land (e.g. Source 
Area R) 

Institutional controls and access and use restrictions 
(RMO 13) 

 

7.2 Comparative PMAP implementation timeframes 

Table 11 summarises the implementation timeframes for each of the preferred response actions that 

have been identified, as discussed in Section 6.2 and Section 6.3. 
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Table 11 Comparative implementation timeframes 

Response type Preferred response action  Implementation timeframe 

Source management Excavation and off-Site disposal 
(RMO 01) with supplementary 
soil stabilisation/immobilisation 
(RMO 05) where required. 

Short term: 1-12 months 

Surface capping (RMO 07) Short term: 1-12 months 

Pathway management Surface water capture and 
treatment (RMO 08) 

Medium term: 1-3 years 

Drainage channel improvement 
(RMO 11) 

Medium term: 1-3 years 

Receptor management Alternative water supply (RMO 
12) 

Initial implementation:  
Short term: 1-12 months 
 
Ongoing implementation: 
Long term: beyond 3 years 

Institutional Controls - Access 
and Use Restrictions (RMO 13) 

Initial implementation:  
Short term: 1-12 months 
 
Ongoing implementation: 
Long term: beyond 3 years 

7.3 Sequential implementation timeframes 

Table 12 summarises the potential implementation timeframe of the preferred response actions, 

taking into account the outcomes of the comparative and integrated options analyses.  
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Table 12 Summary of implementation timeframes 

Timeframe Response action 

Short term: 1-12 months Implement source management via excavation and off-site disposal 
(RMO 01), with supplementary soil stabilisation/immobilisation (RMO 
05) where required, at Source Area A and Source Area B. 
 
Implement surface capping (RMO 07) at Source Area D. 
 
Implement receptor management via alternative water supply (RMO 
11), access restrictions and institutional controls (RMO 12). 
 
Implement the OMP. 
 
Conduct further investigation of Source Area C, Source area J and 
Source Area R and the Site drainage channels that were not assessed 
as part of the DSI.  

Medium term: 1-3 years Implement pathway management via a combination of surface water 
capture and treatment (RMO 08) and drainage improvement (RMO 
11) at the drainage channels associated with Source Area A and 
Source Area B and discharge points E1, E4, E5, M4 and M5 (refer to 
Figure J). 
 
Continue to supply alternative water (RMO 12) as needed. 
 
Continue to implement access restrictions and institutional controls 
(RMO 13). 
 
Continue to monitor as per provisions of the OMP. 

Long term: beyond 3 
years. 

Continue to supply alternative water (RMO 12) as needed. 
 
Continue to implement access restrictions and institutional controls 
(RMO 13).  
 
Continue to monitor as per provisions of the OMP. 

Note that estimated timeframes are indicative only at this stage and that priority of these actions 

needs to be revisited in later versions of this PMAP. Priority of management actions may change 

based on a range of variables including: 

 the outcomes of earlier PMAP response actions 

 the development of relevant legislation, policy and guidelines 

 changes in land use surrounding the site 

 feedback received from the local community and stakeholders 

 the availability of new relevant science and technology 

 timeframes for approvals (e.g. PWC) and procurement processes.  
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8 REVIEW AND UPDATE 

This PMAP has been developed on the basis of existing knowledge, current government policy 

settings, and available scientific methodologies and technology. PFAS management is a field that is 

rapidly evolving.  

Over the primary implementation period, Defence will review and update (where necessary) the 

PMAP at intervals of 12 months to ensure that the document is current and its recommendations are 

valid. 

Performance measures for individual response actions under this PMAP will be contained in the 

relevant approval or procurement documentation. 

Over the extended implementation period, the Defence branch responsible for the remaining 

response management actions, will review/update the PMAP (or its successor document) at intervals 

of 12 months to ensure that the document is current and its recommendations are valid. 

An earlier review/update may be triggered where circumstances demand it. Examples of 

circumstances that may trigger a review/update include: 

 a performance evaluation of specific PMAP response actions that recommends changes or 

advises that its objectives are not being met. 

 updated information obtained from PMAP response actions involving further investigations or 

monitoring outcomes. 

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

consultation. 

 any significant changes of land use which may occur in the area within the Management Area 

or adjoining land. 

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

project. 

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

 on-going research and development of management/remediation technologies to address 

PFAS impacted soil and groundwater. 

 changes to water supply options available to land owners and residents in the area 

surrounding the site. 

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

further calibration. 

 new scientific findings that update the knowledge or assumptions underlying the PMAP or 

specific PMAP response actions. 

 any other new information that has the potential to positively or negatively impact the 

objectives of the PMAP. 

Any proposed changes to this PMAP will be communicated and discussed with the community and 

key stakeholders including Federal and State/Territory government agencies and the local Council.  
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Management area

PFAS Source Area
investigated as part of
the Detailed Site
Investigation

Site boundary
The Investigation Area is an inferred boundary only
based on the current data and may be subject to
change as further information becomes available

Source area Description 

Source Area A Fire training area 
Source Area B Former fire training areas  
Source Area C Hangar 93 and foam disposal pit 
Source Area D Grounds maintenance area 
Potential Source Area E Main runway strip 
Potential Source Area F Fitters workshop (Building 86) 
Potential Source Area G Former fire training area 
Potential Source Area H Crash site A  
Potential Source Area I Crash site B  
Source Area J Former fuel farm 
Potential Source Area K BroadSpectrum compound 
Potential Source Area L 3TU telecommunications area 
Potential Source Area M Crash site C (Twin Swamps) 
Potential Source Area N Fire event (loader) 
Potential Source Area O Lot 1990 Neaves Road 
Potential Source Area P Fire event (semi-low loader)  
Potential Source Area Q Wastewater treatment plant  
Source Area R RAAF Pearce landfill 
Potential Source Area S Police dog training site 
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Location
ID Analyte

SA_BH83 PFOS +
PFHxS1.5 44.5

Depth (m
bgl) Concentration (mg/kg)Location

ID Analyte

SA_BH73 PFOS +
PFHxS

SA_BH73 PFOS +
PFHxS

Depth (m
bgl) Concentration (mg/kg)

0.1 20.5

1.5 24

^ Result from duplicate sample adopted as a conservative
measure

Location
ID Analyte

SA_HA17 PFOS +
PFHxS

SA_HA17 PFOS +
PFHxS

0.1

Depth (m bgl) Concentration (mg/kg)

81.5

0.5 41.6

Location
ID Analyte

SA_BH88 PFOS +
PFHxS

Depth (m bgl) Concentration (mg/kg)

0.1 24.9^

20

100

Soil

PFOS plus PFHxS

PFOA

Orange shading indicates concentration exceeds the human health
based assessment level - NEMP (2017) soil assessment level for
commercial/industrial land use

Location
ID

Sampling
date Analyte Concentration

(µg/L)
PFOS + PFHxS 47.6

PFOA 0.12

PFOS + PFHxS 3.35

PFOA 0.09

PFOS + PFHxS 292

PFOA 3.46

SA_MW01

28/09/2016

1/11/2016

20/09/2017

Location
ID

Sampling
date Analyte Concentration

(µg/L)
PFOS + PFHxS 32.6

PFOA 0.11

PFOS + PFHxS 2.45

PFOA 0.06

PFOS + PFHxS 5.64^

PFOA 0.19^

SA_MW02

27/09/2016

1/11/2016

19/09/2017

Location
ID

Sampling
date Analyte Concentration

(µg/L)
PFOS + PFHxS 491.9

PFOA 2.58

PFOS + PFHxS 491

PFOA 5.6

WA0067-
MW15

1/11/2016

20/09/2017

Location
ID

Sampling
date Analyte Concentration

(µg/L)
PFOS + PFHxS 2,758

PFOS 17.8

PFOS + PFHxS 12,300

PFOS 17.8

WA0067-
MW052

1/11/2016

19/09/2017
Location ID Sampling date Analyte Concentration

(µg/L)

PFOS + PFHxS 131.7

PFOA 1.3

PFOS + PFHxS 79.7

PFOA 1.05^

WA0067-MW053

1/11/2016

19/09/2017

Location ID Sampling date Analyte Concentration
(µg/L)

PFOS + PFHxS 30.9

PFOA 0.44

PFOS + PFHxS 18.5

PFOA 0.53

WA0067-MW055

1/11/2016

19/09/2017

!A Groundwater sample

!( Sediment/surface water sample

#* Soil sample

Below LOR

PFAS detect below relevant guideline

PFAS detect above relevant guideline

PFOS +
PFHxS

0.7

PFOA 5.6

Groundwater

Orange shading indicates concentration
exceeds the human health based assessment
level  - NEMP 2017 recreational water quality

Figure B1
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Source Area A extent of soil impact
at 0.5 m - 1.5 m bgl Figure B3
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Location ID Analyte
Concentration
(mg/kg)

SB_HA38 0.1PFOS + PFHxS 30.1

Depth (m bgl)

 ̂Result from duplicate sample adopted as a conservative
measure

20

100

Soil

PFOS plus PFHxS

PFOA

Orange shading indicates concentration exceeds the human health
based assessment level - NEMP (2017) soil assessment level for
commercial/industrial land use

!A Groundwater sample

!( Sediment/surface water sample

#* Soil sample

Below LOR

PFAS detect below relevant guideline

PFAS detect above relevant guideline

PFOS +
PFHxS

0.7

PFOA 5.6

Groundwater

Orange shading indicates concentration
exceeds the human health based assessment
level  - NEMP 2017 recreational water quality

Location
ID

Sampling
date

Analyte
Concentration
(µg/L)

PFOS + PFHxS 276̂

PFOA 4.12

PFOS + PFHxS 20.59

PFOA 0.4

PFOS + PFHxS 3.22

PFOA 0.08

SB_MW04

28/09/2016

31/10/2016

18/09/2017

Figure C1
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Location
ID

Sampling
date

Analyte
Concentration
(µg/L)

PFOS + PFHxS 1.02

PFOA 0.04

PFOS + PFHxS 1.4

PFOA 0.05

SC_MW08

31/10/2016

19/09/2017

Location ID
Sampling
date

Analyte
Concentration
(µg/L)

PFOS + PFHxS 0.92

PFOA 0.05

PFOS + PFHxS 0.32

PFOA 0.02

31/10/2016

19/09/2017

SC_MW09

Location IDSampling dateAnalyte Concentration (µg/L)

31/10/2016PFOS + PFHxS 0.2

19/09/2017PFOS + PFHxS 0.15
SC_MW07

Location ID
Sampling
date

Analyte
Concentration
(µg/L)

SC_MW10 20/09/2017PFOS + PFHxS 0.21

Location ID
Sampling
date

Analyte
Concentration
(µg/L)

PD_SW02 Sep-16
PFOS +
PFHxS

4.82

Orange shading indicates concentration exceeds
the human health based assessment level  -
NEMP 2017 recreational water quality

Green text indicates the concentration exceeds
the ecological based assessment level – NEMP
2017 95% fresh water species protection

100

100

Surface Water

20
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Soil

PFOS plus PFHxS
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Orange shading indicates concentration exceeds the human health
based assessment level - NEMP (2017) soil assessment level for
commercial/industrial land use
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PFHxS

0.7

PFOA 5.6

Groundwater

Orange shading indicates concentration
exceeds the human health based assessment
level  - NEMP 2017 recreational water quality
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Source Area D sampling locations and results Figure E1
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Location ID Depth (m 
bgl) Analyte Concentration 

(mg/kg)

SD_HA58 0.1 PFOS + 
PFHxS 59.7

SD_HA58 0.5 PFOS + 
PFHxS 315^

Location 
ID

Sampling 
date Analyte Concentration 

(µg/L)

SD_MW12 1/11/2016 PFOS + PFHxS 0.73

^ Result from duplicate sample adopted as a conservative
measure

20

100

Soil
PFOS plus PFHxS
PFOA

Orange shading indicates concentration exceeds the human health 
based assessment level - NEMP (2017) soil assessment level for 
commercial/industrial land use

PFOS + 
PFHxS 0.7
PFOA 5.6

Groundwater
Orange shading indicates concentration 
exceeds the human health based assessment 
level  - NEMP 2017 recreational water quality

!A Groundwater sample
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Source Area D extent of soil impact
at 0.1 m bgl Figure E2
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Location
ID
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date Analyte Concentration

(µg/L)
PFOS + PFHxS 15.8

PFOA 0.42
SJ_MW44 4/10/2017
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Groundwater
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exceeds the human health based assessment
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Location
ID

Sampling
date Analyte Concentration

(µg/L)
PFOS + PFHxS 96.6

PFOA 2.67
PMW02 11/10/2017

Location
ID

Sampling
date Analyte Concentration

(µg/L)
PMW05 11/10/2017 PFOS + PFHxS 0.03
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APPENDIX A: Regulatory and policy analysis 

This Appendix identifies relevant legislation, policy and standards applicable to the development and 

prioritisation of management options for the Management Area. It further identifies key drivers and 

constraints affecting that development and/or prioritisation. 

A1 Commonwealth legislation, policy and standards 

A1.1 Outline 

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

Management Area: 

Commonwealth legislation 

 Environment Protection and Biodiversity Conservation Act 1999 

 Work Health and Safety Act 2011 

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

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

 Defence Environmental Policy 

 Defence Estate Strategy 2016-2036 

 Defence Environmental Strategy 2016-2036 

 Defence Construction and Maintenance Framework 2018 

 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 

 PFAS National Environmental Management Plan 2018 (NEMP) 

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

 Final Health Based Guidance Values (HBGV) for PFAS for use in site investigations in 

Australia, FSANZ February 2017 

 

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

The NEPM preferences remediation or management options that involve the on-Site treatment or 

containment of contamination over off-site treatment options. This position has been adopted when 

selecting the preferred management options, for example, source management via on-Site 

containment has been prioritised over off-Site disposal to landfill or off-Site treatment.   
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A2 State Legislation and Policy 

A2.1 Outline 

The following legislation is relevant to the management of contaminated sites in WA: 

 Contaminated Sites Act 2003. 

 Contaminated Sites Regulations 2006. 

The following legislation may also be relevant, depending on the management options that are 
implemented: 

 Environmental Protection Act 1986 

 Environmental Protection (Controlled Waste) Regulations 2004 

The WA contaminated sites regulator is the Department of Water and Environmental Regulation 
(DWER). The following DWER guidelines are relevant to the assessment and management of PFAS 
contaminated sites in WA: 

 DWER (2018) Landfill waste classification and waste definitions 1996 (as amended 2018). 
This document provides guidance and criteria to inform the classification of wastes for 
acceptance to licenced landfills. The document also provides criteria for assessment of waste 
for re-use as ‘uncontaminated fill’.  

 DWER (2017) Interim guideline on the assessment and management of perfluoroalkyl and 
polyfluoroalkyl substances (PFAS). This interim guideline provides guidance on the 
assessment and management of PFAS within the legislative framework provided by the 
Contaminated Sites Act 2003, the Contaminated Sites Regulations 2006 and the NEPM. The 
document outlines PFAS-specific requirements that must be considered when assessing, 
managing or remediating PFAS contaminated sites in WA.  

 DWER (2017) Identification, reporting and classification of contaminated sites in Western 
Australia. This document provides guidance on the identification, reporting and classification 
of contaminated sites in WA, within the legislative framework provided by the Contaminated 
Sites Act 2003, the Contaminated Sites Regulations 2006 and the NEPM. The guideline aims 
to assist contaminated sites practitioners and the wider community in understanding the 
operation of the Contaminated Sites Act 2003 and the Contaminated Sites Regulations 2006.  

 DWER (2014) Assessment and management of contaminated sites. This document provides 
guidance on the assessment and management of contaminated sites in WA, within the 
legislative framework provided by the Contaminated Sites Act 2003, the Contaminated Sites 
Regulations 2006 and the NEPM. 

The WA State Government has released a statement outlining work underway to identify and manage 
per and poly-fluoroalkyl substances (PFAS) in Western Australia entitled Government Statement on 
Per- and Poly-fluoroalkyl substances.  

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

options 

The DWER (2014) guidelines state that “the evaluation of remedial options should include 

consideration of the preferred hierarchy for site clean-up and/or management as described in 

Principle 16 of the NEPM”.  As described in Section A1.2, the NEPM preferences remediation or 

management options that involve the on-Site treatment or containment of contamination over off-site 

treatment options. This position has been considered when selecting the preferred management 

options.   
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A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

Management options that cause emissions and discharge to air, land or water (e.g. water treatment 

options where treated water is subsequently discharged to the environment) require approval and 

licencing and regulation under Part V of the Environmental Protection Act 1986. Given that the Site 

comprises Federal land, works conducted within the Site boundary may be exempt from such 

licencing and regulation however, any off-Site discharge (e.g. into Ellen Brook) may trigger this 

requirement. 

The DWER (2018) Landfill waste classification and waste definitions 1996 (as amended 2018) 

guidelines provide guidance on the characterisation of waste for on-Site re-use (as ‘uncontaminated 

fill’) and off-Site disposal to licenced landfill facilities in WA. These guidelines will require 

consideration if off-Site disposal or re-use on another site is being considered.   

Red Hill Waste Management Facility, located approximately 17 km south-east of the Site, is licenced 

to accept and dispose PFAS impacted waste. Approval from the landfill is required ahead of 

transportation of material to the facility. Assessment criteria used to inform the type of landfill cell that 

PFAS containing material can be disposed to are documented in the NEMP (2018). Noting that 

leachability analysis undertaken as part of the DSI (GHD 2018a) recorded leachable PFOS plus 

PFHxS concentrations above the landfill acceptance criteria outlined in the NEMP (2018), the 

outcomes of such analysis may mean that some contaminated soil (e.g. more heavily impacted or 

more leachable portions) may require supplementary management such as 

stabilisation/immobilisation (RMO 05) prior to off-Site disposal.   

Transportation of waste within Western Australia is regulated by the DWER via the provisions of the 

Environmental Protection (Controlled Waste) Regulations 2004 under the Environmental Protection 

Act 1986. 

Management options that involve the abstraction of groundwater such as groundwater treatment 

systems (i.e. RMO 09) will likely require a Licence to construct a bore and draw groundwater from the 

DWER.   

Source Area B (former fire training areas) is located within an area classified as Bush Forever, which 

is a Western Australian conservation initiative. The area features a Threatened Ecological Community 

(TEC) which is regulated under the Environment Protection and Biodiversity Conservation Act 1999.  

Completion of remedial works within Source Area B will require approval through the Defence 

Environmental Planning Assessment and Compliance branch. It is noted that the area that has been 

identified as impacted by PFAS comprises a relatively small portion of the Bush Forever area and has 

already been disturbed to a degree as a result of the former fire training practices. 

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

Licences such as those granted under the Environmental Protection Act 1986 or a DWER Licence to 

draw groundwater may come with specific conditions such as those that limiting the volume of water 

that can be discharged to the environment or the rate at which water that can be abstracted from the 

aquifer. 
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APPENDIX B: Interim response management analysis 

This Appendix sets out Interim Response Management (IRM) actions relevant to the Management 

Area, determines whether the actions address an identified risk (in whole or part), and applies the 

assessment of the relevant project director on whether the action has been effective in meeting its 

objective. As a result of that assessment, IRM actions may be recommended for continued 

implementation and progressed for inclusion in the PMAP options analysis. 

IRM Action 1 

Description 

 

Provision of alternative water at properties that are located 
within the Investigation Area of the DSI and use bore water 
as their primary source of drinking water. 

Objective Minimise exposure to PFAS in groundwater abstracted from 
bores at off-Site private properties.  

Describe the risk that is being 
managed 

The HHRA (GHD 2018b) determined that exposure to the 
maximum concentration of PFAS observed at the off-Site 
bores through drinking bore water is within acceptable 
levels, based upon typical water consumption habits. 

 

As a precautionary approach however, it is recommended 
that all bores with PFAS concentrations in excess of the 
LOR are managed, for example, through the provision of an 
alternative drinking water supply. 

The extent to which this option 
met the objective 

Breaks the exposure pathway, minimising exposure to 
affected off-Site groundwater users (i.e. manages the 
receptor).  However, the option does not address the PFAS 
source or the migration pathway.  

Supplementary / 
complementary options 

The following supplementary options have been assessed 
as part of the detailed options analysis (Appendix D): 
 
RMO 01 - Excavation and off-site disposal  
RMO 02 - Excavation and off-site treatment (e.g. thermal 
destruction)  
RMO 03 - Excavation and on-Site stockpiling 
RMO 04 - Excavation and on-Site containment  
RMO 05 - Soil stabilisation  
RMO 06 – Soil washing 
RMO 07 - Surface capping  
RMO 08 - Surface water capture and treatment 
RMO 09 - Groundwater interception  
RMO 10 - Groundwater treatment (e.g. pump and treat) 
RMO 11 - Drainage channel improvement 
RMO 13 - Institutional Controls - Access and Use 
Restrictions  
 

Effectiveness / sustainability 
assessment  

The IRM action has met the objective. 

Continued implementation 
recommendation 

As a precautionary approach, continue for properties that 
have bores with PFAS groundwater concentrations in 
excess of the LOR (0.01 ug/L).  This has been assessed 
further as part of the detailed options analysis (option RMO 
12 – alternative water supply), as discussed in Section 6 
and Appendix D. 
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Terminate for properties that have not recorded (and do not 
record) a PFAS detection above the LOR in their bore.  
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APPENDIX C Source – pathway – receptor analysis 

The table below presents the identified potentially complete exposure pathways for each 

media. The table includes a qualitative assessment of the level of risk posed to the receptors 

associated with each potentially complete exposure pathway and a conclusion on whether or 

not the exposure pathway is complete (i.e. if exposure is actually expected to occur) based 

upon the qualitative risk assessment. For the complete exposure pathways, the results of the 

HHERA risk characterisation are summarised in the table.  

For further detail, reference should be made to the Consolidated DSI report (GHD 2018a), 

HHRA report (GHD 2018b), ERA report (GHD 2018d) and off-Site bore sampling factual 

report (GHD 2019).  
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Table C1 – Source-pathway-receptor analysis 

Impacted 
media 

Exposure 
Route 

Potential 
Receptor(s) 

Qualitative Risk Assessment Pathway  

Complete?  

HHERA Risk Characterisation  

(refer to GHD 2018b and 2018d) 

Soil 
 

Incidental 
ingestion of 
impacted soil 
 

Human - Base 
workers 

Source Area A (fire training area) – PFOS plus PFHxS concentrations exceeded the health based assessment 
level in the near-surface soils.  The impacted areas are currently unsealed and easily accessible and therefore, 
this pathway was considered to present a potentially increased risk of exposure to base workers in this area and 
was assessed further as part of the HHERA. 

Yes Low and acceptable  

Source Area B (former fire training areas) – PFOS plus PFHxS concentrations exceed the health based 
assessment level in the near-surface soils. However, the area is located within a fenced portion of bushland. It is 
understood that the area is no longer used for fire training. The area is currently a conservation reserve and 
therefore, future development of the area is considered unlikely. On this basis, this pathway was considered to 
be incomplete and therefore present a low risk of exposure to base workers in this area.   

No Low and acceptable 

Source Area D (grounds maintenance area) – PFOS plus PFHxS concentrations exceed the health based 
assessment level in the near-surface soils. The impacted area is currently unsealed and easily accessible and 
therefore, this pathway was considered to present a potentially increased risk of exposure to base workers in 
this area and was assessed further as part of the HHERA.    

Yes Elevated risk 

Source Area R (RAAF Pearce landfill)– GHD understands that Source Area R, the landfill site, features a capping 
layer. The capping layer, along with the landfill being a Defence controlled site with restricted access, is 
considered to restrict exposure of the waste material to receptors. On this basis, this pathway was considered to 
be incomplete and therefore present a low risk of exposure to base workers in this area.      

No Not assessed (incomplete 
exposure pathway) 

Source Area C, Potential Source Areas E, F, G, H, I, J, K, S – Soil samples collected from these areas did not 
contain PFAS at concentrations above the adopted health based assessment levels.  Additionally, Source Area C 
(hangar 93 and foam disposal pit) and Potential Source Area F (fitter’s workshop) feature hardstand that limits 
exposure to workers conducting non-intrusive activities.  While the pathway is complete with respect to Source 
Areas E, G, H, I, J, K and S, the concentrations recorded indicate that there is a low risk of exposure to PFAS via 
this pathway. 

Yes Low and acceptable 

Human – 
residents at 
off-site private 
properties 

Soil samples collected from Lot 200 and the private properties did not detect PFAS at concentrations above the 
adopted health based assessment levels.  While the pathway is complete, the low concentrations recorded 
indicate that there is a low risk of exposure to PFAS via this pathway.  
  

Yes Low and acceptable 

Human - users 
of the 
childcare 
centre 

PFOS plus PFHxS was detected in one soil sample collected from the on-Site childcare centre at a 
concentration exceeding the adopted health based assessment level.  The area is unsealed and easily accessible 
by users of the centre. It is noted that the adopted assessment level applies to residential land use and assumes 
consumption of home-grown produce and subsequent bioaccumulation. Growth and consumption of produce is 
unlikely to occur at a childcare centre and therefore, the exceedance is unlikely to present an elevated risk to 
users of the centre. This exposure pathway was assessed further as part of the HHERA.  . 

Yes Low and acceptable 

Direct contact 
and uptake of 
impacted soil  

Ecological – 
terrestrial 
biota  
 

Source Areas A (fire training area) and B (former fire training areas) feature sensitive terrestrial ecology. 
PFAS has been detected in the near-surface soils of these areas at concentrations exceeding the NEMP (2018) 
ecology based assessment levels.. The impacted areas are unsealed and easily accessible to terrestrial ecology 
and terrestrial biota samples collected from Source Areas A (fire training area) and B (former fire training areas) 
had detectable concentrations of PFAS. The biota sampled included lower order species (i.e. invertebrates and 
plants) that may be consumed by higher order species resulting in PFAS bioaccumulation. On this basis, it was 
considered that this exposure pathway is complete and it was therefore assessed further as part of the HHERA. 

Yes Elevated risk for some higher 
order species 
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Impacted 
media 

Exposure 
Route 

Potential 
Receptor(s) 

Qualitative Risk Assessment Pathway  

Complete?  

HHERA Risk Characterisation  

(refer to GHD 2018b and 2018d) 

Potential Source Areas I (crash site B) and S (police dog training site) feature sensitive terrestrial ecology 
however, PFAS concentrations in the near-surface soils of these areas were below the NEMP (2018) ecology 
based assessment levels. On this basis, it was considered that this exposure pathway is incomplete and 
presents a low risk to terrestrial biota in these areas. 

No Low and acceptable 

Ecological - 
Livestock 

Lot 200 – Lot 200 is used for pasture and features livestock (bulls and horses).  PFAS has been detected in the 
near-surface soil of Lot 200 however, the concentrations were below the NEMP (2018) ecology based 
assessment levels. While the pathway is complete, the low concentrations recorded indicate that there is a low 
risk of livestock exposure to PFAS via this pathway. 
. 

Yes Low and acceptable 

Surface 
water and 
sediment 

Incidental 
ingestion of 
impacted 
sediments and 
surface water 

Human - Base 
workers 

On-site drainage channels – Surface water samples collected from the on-Site drainage channels had PFOS 
plus PFHxS and PFOA concentrations in excess of the adopted health based assessment levels.  There are no 
Australian regulatory endorsed assessment levels currently available for PFAS in sediment, though PFAS were 
detected in the sediments of the on-Site drainage channels.   
There is potential for Base workers to be exposed to impacted sediments during maintenance activities such as 
clearing of obstructed drainage channels. On this basis, this pathway was considered to present a potentially 
increased risk of exposure to base workers and was assessed further as part of the HHERA.    

Yes Low and acceptable 

Potential Source Area Q (WWTP)- PFAS concentrations within the water samples collected from Potential 
Source Area Q (the on-Site WWTP) exceeded the adopted health based assessment levels. However, given the 
nature of the WWTP, whereby the impacted water is retained within ponds and evaporates, exposure to base 
workers is considered unlikely to occur. On this basis, this pathway is considered to be incomplete and therefore 
present a low risk of exposure to base workers. 

No Not assessed (incomplete 
exposure pathway) 

 Human - 
recreational 
users of 
waterbodies 

Ellen and Ki-it Monger Brooks - Surface water samples collected from Ellen and Ki-it Monger Brooks had PFOS 
plus PFHxS and PFOA concentrations in excess of the adopted health based assessment levels.  There are no 
Australian regulatory endorsed assessment levels currently available for PFAS in sediment, though PFAS were 
detected in the sediments of Ellen and Ki-it Monger Brooks. GHD understands that the Brooks are used for 
recreational activities such as swimming and fishing. On this basis, this pathway was considered to present a 
potentially increased risk of exposure to recreational users of the Brooks was assessed further as part of the 
HHERA.    

Yes Low and acceptable 

Human – 
recreational 
users and off-
Site workers 

West Bullsbrook drainage channels – PFAS concentrations within the surface water samples collected from the 
creek traversing Lot 200 and the drain traversing the West Bullsbrook residential area were below the adopted 
health based assessment levels.  PFAS detections within sediment samples collected from the West Bullsbrook 
drainage channels were equal to or marginally above the LOR (i.e. PFOS plus PFHxS was detected at a 
maximum of 0.0003 mg/kg). Given the location and nature of these waterbodies (i.e. Lot 200 being private 
property) it is not expected that regular recreational use would occur. Maintenance workers may occasionally be 
exposed to surface water and sediments in the drain in the residential area however, as stated, the detected 
PFAS concentrations were very low. While the pathway may be complete with respect to maintenance workers, 
the low concentrations recorded indicate that there is a low risk of exposure to PFAS via this pathway. 

Yes Low and acceptable 

 Direct 
consumption 
of crustaceans 
that have been 
exposed to 
impacted 

Human – 
consumers of 
fish and 
crustaceans  

Ellen and Ki-it Monger Brooks – GHD understands that residents within the Investigation Area may consume 
crustaceans caught in Ellen and Ki-it Monger Brooks. PFOS plus PFHxS was detected in the fish samples 
analysed at concentrations exceeding the adopted health based assessment level. PFAS was not recorded at 
concentrations above the assessment level in the crustacean samples. Subsequent consultation with the 
community undertaken by GHD found that fishing activities appear to be limited to the occasional catching and 

Yes Low and acceptable 
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Impacted 
media 

Exposure 
Route 

Potential 
Receptor(s) 

Qualitative Risk Assessment Pathway  

Complete?  

HHERA Risk Characterisation  

(refer to GHD 2018b and 2018d) 

surface water 
and/or 
sediment 

consumption of crustaceans by only a few community members. Notwithstanding, a conservative estimate of 
exposure to PFAS through consumption of crustaceans was included in the HHERA.   

 Ingestion or 
direct uptake 
of impacted 
surface water 
and sediment 

Ecological – 
aquatic biota 

Ellen and Ki-it Monger Brooks – Ellen and Ki-it Monger Brooks are sensitive ecological receptors. Surface water 
samples collected from Ellen and Ki-it Monger Brooks had PFOS concentrations in excess of the adopted 
ecological based assessment levels. PFAS were detected within the aquatic biota samples (fish and crustaceans) 
collected from the Brooks, though at concentrations below the adopted ecological based assessment levels. The 
biota sampled included lower order species (i.e. small fish and crustaceans) that may be consumed by higher 
order species resulting in PFAS bioaccumulation. On this basis, this pathway was considered to present a 
potentially increased risk of exposure to the aquatic ecology of the Brooks and was assessed further as part of 
the HHERA. 

Yes Low and acceptable 

Ecological - 
Terrestrial 
biota 

Ellen and Ki-it Monger Brooks -- Ellen and Ki-it Monger Brooks are sensitive ecological receptors.  Surface 
water samples collected from Ellen and Ki-it Monger Brooks had PFOS concentrations in excess of the adopted 
ecological based assessment levels. Following heavy rainfall events, there is potential for overland flow from the 
Brooks to occur resulting in exposure to the terrestrial ecology adjacent to the brooks.  On this basis, this pathway 
was considered to present a potentially increased risk of exposure to the terrestrial ecology adjacent to the 
Brooks and was assessed further as part of the HHERA.    

Yes Elevated risk for some higher 
order species 

Ecological – 
Police dogs  

GHD understands that the police dogs swim in Ki-it Monger Brook and the nearby drainage channels for 
recreation. PFOS concentrations within Ki-it Monger Brook exceed the adopted ecological based assessment 
level. On this basis, this pathway was considered to present a potentially increased risk of exposure to the 
police dogs and was assessed further as part of the HHERA.    

Yes Low and acceptable 

Ecological - 
Livestock  

Lot 200 – Lot 200 is used for pasture and features livestock (bulls and horses) that may consume surface water 
from the creek that traverses the Lot or from Ellen Brook. PFAS has been detected at concentrations above the 
LOR within the surface water of Ellen Brook. While there are no Australian regulatory endorsed assessment levels 
currently available for assessment of risk posed to livestock by PFAS exposure, it was considered that this 
exposure pathway is complete and it was therefore assessed further as part of the HHERA. 

Yes Low and acceptable 

Groundwater Incidental 
ingestion of 
impacted 
groundwater 

Human - Base 
workers 

PFOS plus PFHxS and PFOA has been detected in groundwater beneath the Site at concentrations exceeding 
the adopted health based (recreational and non-potable) assessment level. GHD understands that scheme water 
supplies the Site and that groundwater is no longer abstracted for any purpose. However, there is potential for 
Base personnel or contractors to encounter seasonal perched groundwater when conducting ground-intrusive 
maintenance activities. On this basis, this pathway was considered to present a potentially increased risk of 
exposure to Base workers, particularly maintenance workers conducting intrusive works, and was therefore 
assessed further as part of the HHERA.    

Yes Elevated risk 

 Human - Off-
Site 
groundwater 
users (non-
potable) 

A significant portion of residents within the Investigation Area use groundwater for non-potable purposes such as 
showering, washing and gardening. As at May 2019, one private bore had recorded a PFOS plus PFHxS 
concentration in excess of the health based assessment criterion for non-potable groundwater use. While this 
concentration was recorded following completion of the HHERA, this exposure pathwaywas assessed as part of 
the HHERA using the maximum concentrations recorded in private bores during the DSI and the HHERA 
concluded that risks were low and acceptable.  

Yes Low and acceptable based on the 
maximum concentration recorded 
at the time of the HHERA.  
 
 

 Direct 
consumption 
of impacted 
groundwater 

Human – 
consumers of 
groundwater 
at private 
properties 

A significant portion of residents within the Investigation Area use groundwater for drinking purposes.  As at May 
2019, PFOS plus PFHxS has been detected in groundwater samples collected from private bores at 25 off-Site 
properties. The concentrations in 11 of these bores exceeded the adopted health based (drinking water) 
assessment level. On this basis, this pathway was considered to present a potentially increased risk of 
exposure to off-Site groundwater users and was assessed further as part of the HHERA.    

Yes Low and acceptable at typical 
water consumption levels. 
 
Elevated risk at upper water 
consumption levels (for bores 
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Impacted 
media 

Exposure 
Route 

Potential 
Receptor(s) 

Qualitative Risk Assessment Pathway 

Complete? 

HHERA Risk Characterisation 

(refer to GHD 2018b and 2018d) 

with PFAS concentrations above 
the drinking water guideline 
level). 

Human – 
infants 
consuming 
breast  milk 
and potential 
placental 
transfer from 
mothers who 
have been 
consumers of 
impacted 
groundwater. 

A significant portion of residents within the Investigation Area use groundwater for drinking purposes.  PFOS plus 
PFHxS has been detected in groundwater samples collected from private bores at 16 off-Site properties.  The 
concentrations in six of these bores exceeded the adopted health based (drinking water) assessment level.  On 
this basis, there is potential for mothers who may have consumed impacted groundwater to pass PFAS onto 
infants via breast milk and potentially to foetuses via placental transfer. Therefore, this pathway was considered to 
present a potentially increased risk of exposure to off-Site infants and was assessed further as part of the 
HHERA.   

Yes Low and acceptable based on 
available information 
(Department of Health 2017, 
ToxConsult 2016). 

Ecological – 
Livestock 

Lot 200 – Lot 200 is used for pasture and features livestock (bulls and horses) that may consume groundwater 
abstracted from the regional aquifer.  PFAS was not detected above the LOR in any of the groundwater samples 
collected within Lot 200.  Additionally, PFAS was not detected above the LOR within the surface water sample 
collected from a spring in Lot 200.  While the pathway is complete, the concentrations recorded indicate that there 
is a low risk of livestock exposure to PFAS via this pathway. 

Yes Low and acceptable. 

Direct 
consumption 
of produce 
watered with 
impacted 
groundwater 

Human - off-
Site 
consumers of 
produce 

A number of residents within the Investigation Area use groundwater to produce fruit, vegetables and eggs. PFAS 
was not detected above the LOR in any of the produce samples analysed, with the exception of two egg samples 
which contained PFOS plus PFHxS at concentrations below the adopted health based assessment level.  On this 
basis, this pathway is considered to present a low risk to off-Site consumers of produce. Nonetheless, noting that 
the LOR for PFOS in produce samples (0.001 mg/kg) is greater than the FSANZ assessment level for fruit 
(0.0006 mg/kg), this pathway was assessed further as part of the HHERA. 

Yes Low and acceptable 
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APPENDIX D Options analysis criteria 

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

Cost / effectiveness / impact analysis 

1 Cost range 

estimate 

Estimate a cost range for implementation of the option, accompanied by 

an explanation of the basis of that estimate.  

The cost ranges below have overlapping values: this is to avoid a 

scenario where a borderline cost may distort the analysis. Where a cost 

estimate falls into an overlapping range, but effectiveness of the option in 

1.2 is assessed as ‘high’, use the lower cost range to adjust the margin of 

error in favour of the ‘effectiveness’ criterion. 

Category 1 PWC approval required 

above $15 million.6 

>  $13,000,000 

Category 2 Medium works notification 

to PWC required above 

$2 million 

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

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

Category 4 Community level actions7 < $500,000 

Cost ranges should include direct, indirect, recurrent costs and the costs 

of mitigating any secondary risks identified in 2.5 below.  

Where there will be a need for ongoing operations, management, 

maintenance and monitoring beyond the Primary Implementation Period, 

a separate risk should be identified and a separate options analysis 

applied. 

2 Effectiveness 

rating 

Assign an effectiveness rating in accordance with the following criteria: 

High The option is projected to meet all its objectives or 

meet a ‘best available’ standard 

High with 

supplementary 

option 

The option, together with a supplementary option, 

is projected to meet all its objectives or meet a 

‘best available’ standard 

Medium The option is projected to make significant 

progress towards meeting its objectives. 

Medium with 

supplementary 

option 

The option, together with a supplementary option, 

is projected to make significant progress towards 

meeting its objectives 

Low The option cannot reliably be projected to make 

significant progress towards meeting its 

objectives or may only do so in a timeframe that is 

                                                      

 

6 http://www.defence.gov.au/estatemanagement/governance/Committees/pwc/Default.asp 

7 Accommodates a range of community level response actions such as arranging alternative grazing for impacted agricultural businesses or providing fencing. The value 
of community-level actions may also exceed $500,000. 
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not aligned with effective management of the 

identified risk. 
 

3 Implementation 

period / 

timeframe 

Designate an indicative timeframe for implementation: 

Primary implementation period 

 Short term: 1-12 months from the date of the PMAP 

 Medium term: 1-3 years 

Extended implementation period 

 Long term: beyond 3 years. 

Where an action extends across both the primary and extended 

implementation period, both should be designated. Different procurement 

actions may apply. 

4 Potential 

impacts 

List any potential environmental and socio-economic impacts (positive 

and negative). 

Negative impacts should be further analysed and addressed in Section 

10 below. 

5 Estimated net 

environmental 

benefit 

Whether the impacted environment as a whole would experience a net 

benefit. Rate as negative / marginal / moderate / significant 

Risk-based analysis 

6 Proportion of 

action to risk 

Assess the scale (timing/implementation logistics/impact on Defence 

capability) and cost of the action in comparison to the likelihood and scale 

of the risk. 

7 Best-practice 

status 

Consider whether there is a recognised ‘best-practice’ standard available 

for the category of the proposed solution and whether the solution meets a 

relevant standard. 

8 Verification 

status 

Where an action involves a remediation technology, provide information on 

the verification status. 

9 Technology 

assessment 

Where an option involves a remediation technology: 

 infrastructure and energy requirements 

 ability to construct and operating technology 

 reliability of technology 

 ability to monitor effectiveness 

 ability to obtain any necessary approvals 

 availability of services and materials 

10 Risks and 

mitigation 

List primary, secondary8 and residual9 risks of implementation and 

associated mitigation options, such as: 

 potential environmental impacts, including PFAS transference, 

cross-contamination, and remobilisation; and presence of 

contaminants other than PFAS 

                                                      

 

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

9 Residual risks comprise  that component of the identified risk that is not addressed by the option. 
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 the availability of treatment/storage management options to 

manage waste streams 

 impact on existing infrastructure (including bores) 

 potential social and economic impacts (e.g. land use or 

employment.) 

Specify whether mitigation options form a part the same option or whether 

they are developed separately (provide option identification number). 

11 Key 

Dependencies 
List any key dependencies, including the implementation of any other 

options, and any external factors. 

Defence implications 

12 Defence 

capability 

The extent to which an aspect of Defence capability will be impacted by 

the process or outcome of implementation of the option and the availability 

and cost of alternatives (consultations with Defence) 

13 Project fit Whether the project outcomes complement the outcomes of response 

management actions for the same or other sites (consultations with 

Defence) 

14 Scalability Whether the outcomes of the project can be scaled up or down to address 

similar needs in the same or other Bases. 

Stakeholder impacts, views and consents 

15 Jurisdictional 

regulator/s 

List jurisdictional authorisations required to implement the option. Note the 

views of any relevant jurisdictional regulator  

16 Owner / 

occupier 

consents and 

views 

List any owner / occupier consents required to implement the option. 

Note the views of any relevant landowner or occupier. 

17 Community Defence’s understanding of the views of the impacted community. 
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APPENDIX E Options listing and analysis 

This Appendix provides the analysis of the management options identified as available to address the 

range of risks identified in the DSI and risk assessments. 

Options listing 

The table below presents the options that have been considered further as part of the PMAP.  These 

options have been developed with reference to the technologies currently available in Australia (refer 

to Table 6 in Section 6.1) and with consideration to a number of more conventional remediation 

solutions applied at contaminated sites in Australia.  

It is important to note that many of the options would require studies to be conducted to assess their 

validity or optimise implementation, for example: 

 Geotechnical studies may be required to inform the location of a potential containment cell. 

 Hydrological studies may be required to inform the potential diversion of drainage channels 

and appropriate locations for construction of evaporation basins. 

 Hydrogeological studies may be required to optimise groundwater treatment (‘pump and 

treat’) systems. 

 Further investigation may be required to inform the total volume and/or complete extent of 

impacted soil, sediment and groundwater, or classify solid material for off-Site disposal. 

 Soil studies may be required to assess the most appropriate potential stabilisation product.   

Options considered in the PMAP 

Option type Option ID Option Description  

Source 
management 

RMO 01 Excavation and 
off-site disposal  

Excavation of impacted solids using standard 
construction equipment (i.e. backhoes, 
bulldozers, and front-end loaders). Sampling and 
analysis of soils for waste classification and 
disposal directly to a facility licenced to accept 
the material. 

 RMO 02 Excavation and 
off-site treatment 
(e.g. thermal 
destruction)  

Excavation of impacted solids using standard 
construction equipment (i.e. backhoes, 
bulldozers, and front-end loaders). Transportation 
of soil to an off-site facility for treatment via 
methods such as thermal desorption or thermal 
destruction. 

 RMO 03 Excavation and 
on-Site stockpiling 

Excavation of impacted solids using standard 
construction equipment (i.e. backhoes, 
bulldozers, and front-end loaders). Excavated 
soils are placed in purpose-built stockpiles to 
prevent access to the soils from human activity 
and the elements, notably infiltration, leaching 
and run-off. Storage would be temporary to allow 
for removal of source and planning for treatment 
at a later date. 

 

Studies may be required to assess the suitability 
of potential stockpiling locations and assess 
capacity of nominated areas to store the 
excavated material.  
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Option type Option ID Option Description  

 RMO 04 Excavation and 
on-Site 
containment  

Excavated soils are placed in a purpose-built 
engineered containment cell/facility to prevent 
access to the soils from human activity and the 
elements, notably infiltration, leaching and run-
off. 

 

Studies may be required to assess the suitability 
of potential containment cell locations and assess 
capacity of nominated areas to contain the 
excavated material. 

 RMO 05 Soil stabilisation / 
immobilisation 

Excavation of soil from Source Areas and 
chemical treatment to stabilise/immobilise PFAS. 
Treated material could then be re-used at the 
Site. 

RMO 06 Soil washing Excavation and washing or ‘aggressively 
leaching’ of soil to capture PFAS leachate. The 
leachate then requires treatment or off-Site 
disposal. 

RMO 07 Surface capping  Capping of impacted soils in Source Areas with 
impervious material and construction of 
associated drainage controls. This reduces or 
prevents mobilisation of PFAS compounds by 
infiltration of surface waters to underlying soil and 
groundwater and reduces or prevents 
mobilisation of PFAS through surface water run-
off.   
 

Studies may be required to assess the potential 
increase in the volume of surface water run-off 
following capping, and the adequacy of the 
existing drainage network to cope with this.  

Pathway 
management 

RMO 08 Surface water 
capture and 
treatment 

Capture of surface water run-off to minimise 
discharge to Ellen Brook (and subsequent 
discharge to groundwater beneath West 
Bullsbrook and/or overland flow to West 
Bullsbrook) and Ki-it Monger Brook. Surface 
water could be captured in a lined basin and 
allowed to evaporate or be treated (by similar 
methods as the groundwater treatment option, 
RMO 09) 

 

Studies would be required to inform suitable 
locations/paths for alternative drainage channels 
and infiltration basins etc.   

 RMO 09 Groundwater 
interception  

Interception of groundwater through the 
installation of a permeable reactive barrier (PRB), 
impermeable slurry wall or similar across the flow 
path of groundwater impacts.   

 RMO 10 Groundwater 
treatment (e.g. 
adsorption) 

Abstraction of groundwater at Source Areas, or 
across the impacted groundwater flow path, and 
subsequent treatment (such as by granular 
activated carbon or resins) and re-injection. 

 RMO 11 Drainage channel 
improvement 

Excavation of sediment from on-Site drainage 
channels where elevated concentrations were 
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Option type Option ID Option Description 

recorded. Lining of unlined drainage channels 
and cleaning of concrete lined drainage channels 
could also be undertaken. Excavated sediments 
would require management as per the soil 
management options described above. 

Receptor 
management 

RMO 12 Alternative water 
supply 

Provision of alternative water supply to properties 
that have groundwater bores with PFAS 
concentrations exceeding the LOR (0.01 ug/L). 
This currently being undertaken through provision 
of bottled water (IRM Action 1), though 
alternative, more permanent methods such as 
provision of rainwater tanks (or additional or 
larger tanks where properties already have 
tanks), installation of deeper bores that draw 
water from an unaffected portion of the aquifer or 
point-of-entry treatment (POET) systems could 
be considered.   

RMO 13 Institutional 
Controls - Access 
and Use 
Restrictions 

Where future use of the impacted area is required 
for operational purposes that may result in 
elevated exposure to PFAS, activities could be 
controlled by an SMP or similar document and 
system stipulating requirements for use of 
personal protective equipment (PPE) or other 
exposure management measures. 

Detailed analysis 

A detailed analysis of each option is provided in Table E-1 to Table E-12 in Appendix E, utilising

the following criteria: 

 The objective of the option.

 How the objective contributes to managing the identified risk.

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

 Whether the option addresses the sources, pathway or receptor.

 Extended implementation requirements.

 Supplementary / complimentary options.

 The detailed analysis criteria set out in Appendix D.
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Table E-1 Options listing for Risk Management Option RMO 01 – Soil excavation and off-Site disposal 
No # / Title & Description RMO 01 / Soil excavation and off-site disposal. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Sampling and analysis of soils 

for waste classification and disposal directly to a facility licenced to accept the material. 
Risk ID HHRA 01: Drinking 

groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source Area 
B and via discharge points E1, 
E4 and E5 to Ellen Brook and 
M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the Site 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To remove PFAS impacted soil at Source Areas 
How this objective contributes 
to managing the identified risk 

Removes PFAS source thereby 
reducing further migration of 
PFAS to off-site bores and 
subsequent exposure.  

Removes PFAS source thereby 
reducing further migration of 
PFAS perched groundwater and 
subsequent exposure.  

Removes PFAS source thereby 
reducing further migration of 
PFAS to the on-Site drainage 
channel and subsequent 
exposure.  

Removes PFAS source thereby 
minimising exposure of soil to 
workers. 

Removes PFAS source 
thereby minimising exposure 
of soil to workers. 

Removes PFAS source thereby 
reducing exposure of ecology to 
PFAS impacted soil. Reduces 
ongoing exposure of ecology to 
impacted surface water 
following run-off from Source 
Areas. 

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

Removes PFAS source and therefore achieves objective. The extent to which this can be achieved 
will depend on the volume of PFAS impacted soil that can practicably be removed. Implementation 
would be subject to additional analysis of the soil data with respect to landfill disposal criteria, 
possibly including further sampling and analysis and statistical evaluation of the waste mass that is 
proposed to be disposed. 

The option aligns with the remediation hierarchy i.e. remediation or management or source areas is 
preferred over management of pathways or receptors.  

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface 
maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to be at acceptable levels.  

The extent to which this can be achieved will depend on the 
volume of PFAS impacted soil that can practicably be removed. 
Implementation would be subject to additional analysis of the soil 
data with respect to landfill disposal criteria, possibly including 
further sampling and analysis and statistical evaluation of the 
waste mass that is proposed to be disposed. 

The option aligns with Defence’s remediation hierarchy i.e. 
remediation or management or source areas is preferred over 
management of pathways or receptors. 

Removes PFAS source and 
therefore achieves objective by 
minimising exposure. The 
extent to which this can be 
achieved will depend on the 
volume of PFAS impacted soil 
that can practicably be 
removed. Implementation would 
be subject to additional analysis 
of the soil data with respect to 
landfill disposal criteria, 
possibly including further 
sampling and analysis and 
statistical evaluation of the 
waste mass that is proposed to 
be disposed. 

The option aligns with the 
remediation hierarchy i.e. 
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No # / Title & Description RMO 01 / Soil excavation and off-site disposal. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Sampling and analysis of soils 
for waste classification and disposal directly to a facility licenced to accept the material. 

remediation or management or 
source areas is preferred over 
management of pathways or 
receptors.  

Ongoing monitoring of the 
Brooks may be required until 
concentrations are confirmed to 
be at acceptable levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the source. 

Supplementary / 
complementary options 

RMO 05 – Soil stabilisation/immobilisation - Noting that leachability analysis undertaken as part of the DSI recorded leachable PFOS plus PFHxS concentrations above the landfill acceptance criteria 
outlined in the NEMP (2018), some portions of the contaminated soil (e.g. more heavily impacted or more leachable portions) may require supplementary management via stabilisation/ immobilisation 
(RMO 05) prior to off-Site disposal.   
RMO 06 - Soil washing – soil washing could compliment off-Site disposal by reducing concentrations of PFAS in the soil enabling a broader range of off-Site disposal options to be considered.  
RMO 07 - Surface capping – If excavation of the complete extent of soil impact is not practical, surface capping could be installed over impacted soils that remain in-situ. 
RMO 08 - Surface water capture and treatment – Could compliment soil excavation by also managing residual impacted surface water originating from more diffuse impacts or lesser contributing source 
areas. 
RMO 09 - Groundwater interception – Could complement soil excavation by minimising off-site migration of impacted groundwater until source management via soil excavation is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement soil excavation by reducing groundwater impacts until source management via soil excavation is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 11 - Drainage channel improvement - Could compliment source management by soil excavation by also minimising off-site migration of PFAS from the on-site drainage channels.  Plant and 
vehicles used during soil excavation could also be utilised to conduct sediment excavation from drainage channels.  
RMO 12 - Alternative water supply – Could compliment soil excavation by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have reduced 
to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions If excavation of the complete extent of soil impact is not practical, potential worker exposure to PFAS in soil could be managed via the 
complementary implementation of institutional controls and access restrictions. This RMO can also manage worker exposure to impacted surface water and groundwater following source management via 
soil excavation.   

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 3 – >$450,000 to <2,000,000 – Project actions 

Effectiveness 
rating 

High with supplementary option - expected to meet objectives when combined with a supplementary receptor management option, such as RMO 12 Alternative Water Supply, to manage exposure at 
receptor level until off-site groundwater and surface water concentrations are confirmed to be at acceptable levels. 

Implementation 
period / 
timeframe 

Short term: 1 - 12 months  
Early implementation and rapid risk management is possible 

Potential 
impacts 

General 
Environmental 

• Positive: reduces migration of PFAS into the environment
• Negative: disposal to landfill is a non-sustainable remediation method.
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.)

Socio-economic: 
• Positive: greater community and stakeholder confidence in outcomes as source is removed from the Site.
• Positive: rapid risk management will be supported by community and stakeholders
• Positive: low ongoing costs following implementation.
• Negative: community may view landfill disposal in a negative light.
• Negative: community may have concerns about contaminated material being transported through local public streets and roads.

Area specific considerations 
• Source Area A:

o Negative: Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air
Traffic Control Tower and the high density of underground services.
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No # / Title & Description RMO 01 / Soil excavation and off-site disposal. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Sampling and analysis of soils 
for waste classification and disposal directly to a facility licenced to accept the material. 

• Source Area B:
o Negative: may impact sensitive ecology in Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while removal of the PFAS sources will be of benefit to the environment of the Management Area, there may localised impacts to ecology in Source Area B (former fire training area) and 
disposal to landfill is a non-sustainable remediation method.  

Risk based 
analysis 

Proportion of 
action to risk 

The action is considered to be proportionate to the level of risk, on the following basis: 
• The RMO will make progress towards managing all identified elevated risks.
• The cost is relatively low when compared to other options.
• The RMO is of relatively low complexity and is a verified, well established remediation option. .

Best practice 
status 

While the option aligns with Defence’s remediation hierarchy (i.e. remediation or management of source areas is preferred over management of pathways or receptors), disposal to landfill is generally 
considered the least desirable remediation practice in the industry, from a sustainability perspective. 

Verification 
status 

Verified remedial option. 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity - plant and vehicles required during excavation and transportation works.

Ability to construct and operate technology 
• Low complexity technology
• Earthworks and logistics contractors widely available.
• Landfill licenced to accept and dispose PFAS impacted waste located approximately 17 km south-east of the Site (Red Hill Waste Management Facility).

Reliability of technology 
• Reliable - excavation and disposal to landfill is a reliable method of source removal to the extent practical.

Ability to monitor effectiveness 
• Validation soil sampling and ongoing groundwater and surface water monitoring can assess effectiveness of source removal.

Ability to obtain any necessary approvals 
• Base permits and approvals required.
• State regulator permits to transport waste likely to be required.
• Landfill operator approval to dispose required.
• Disposal would be subject to additional analysis of the soil data with respect to landfill disposal criteria, possibly including further sampling and analysis and statistical evaluation of the waste mass

that is proposed to be disposed. Noting that leachability analysis undertaken as part of the DSI recorded leachable PFOS plus PFHxS concentrations above the landfill acceptance criteria outlined
in the NEMP (2018), the outcomes of such analysis may mean that some portions of the contaminated soil (e.g. more heavily impacted or more leachable portions) may require supplementary
management such as stabilisation/immobilisation (RMO 05) prior to off-Site disposal.

Availability of services and materials 
• Earthworks and logistics contractors widely available.
• Landfill licenced to accept and dispose PFAS impacted waste located approximately 17 km south-east of the Site (Red Hill Waste Management Facility).

Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during excavation works (short term).
• Potential environmental impact from excavating in Source Area B (former fire training areas) which features sensitive ecology.

Secondary risks: 
• Operational controls required to manage dust, exposure of workers to impacted soils, spillage of material from trucks etc. during works.
• Existing groundwater monitoring wells may be destroyed and will need to be replaced.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels.
Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Defence 
implications 

Defence 
capability 

Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air Traffic Control Tower and the 
high density of underground services. 

Project fit Not likely to complement approaches at other sites. 
Scalability Impacted soil can be excavated from multiple source areas at the same time.  Sediment could also be excavated from drainage channels (i.e. RMO 11) at the same time. 

Stakeholder 
impacts, 

Jurisdictional 
regulator/s 

WA DWER. 
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No # / Title & Description RMO 01 / Soil excavation and off-site disposal. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Sampling and analysis of soils 
for waste classification and disposal directly to a facility licenced to accept the material. 

views and 
constraints 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive given the source is removed from the Site. 
Overall assessment of option Noting the relatively close proximity to the Site of a landfill facility licenced to accept PFAS impacted material and noting that the community is likely to have a strong preference for off-Site removal of the 

impacted material, further consideration to the implementation of this option is recommended.   
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Table E-2 Options listing for Risk Management Option RMO 02 – Soil excavation and off-Site treatment 
No # / Title & Description RMO 02 / Soil excavation and off-site treatment. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Transportation of soil to an off-

site facility for treatment via methods such as thermal desorption or thermal destruction. 
Risk ID HHRA 01: Drinking 

groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source Area 
B and via discharge points E1, 
E4 and E5 to Ellen Brook and 
M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the Site 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To remove PFAS impacted soil at Source Areas 
How this objective contributes 
to managing the identified risk 

Removes PFAS source thereby 
reducing further migration of 
PFAS to off-site bores and 
subsequent exposure.  

Removes PFAS source thereby 
reducing further migration of 
PFAS perched groundwater and 
subsequent exposure.  

Removes PFAS source thereby 
reducing further migration of 
PFAS to the on-Site drainage 
channel and subsequent 
exposure.  

Removes PFAS source thereby 
minimising exposure of soil to 
workers. 

Removes PFAS source 
thereby minimising exposure 
of soil to workers. 

Removes PFAS source thereby 
reducing exposure of ecology to 
PFAS impacted soil. Reduces 
ongoing exposure of ecology to 
impacted surface water 
following run-off from Source 
Areas. 

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

Removes PFAS source and therefore achieves objective. The extent to which this can be achieved 
will depend on the volume of PFAS impacted soil that can practicably be removed. The option aligns 
with the remediation hierarchy i.e. remediation or management or source areas is preferred over 
management of pathways or receptors.  

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface 
maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to be at acceptable levels.  

The extent to which this can be achieved will depend on the 
volume of PFAS impacted soil that can practicably be removed. 
The option aligns with Defence’s remediation hierarchy i.e. 
remediation or management or source areas is preferred over 
management of pathways or receptors. 

Removes PFAS source and 
therefore achieves objective by 
minimising exposure. The 
extent to which this can be 
achieved will depend on the 
volume of PFAS impacted soil 
that can practicably be 
removed. The option aligns with 
the remediation hierarchy i.e. 
remediation or management or 
source areas is preferred over 
management of pathways or 
receptors.  

Ongoing monitoring of the 
Brooks may be required until 
concentrations are confirmed to 
be at acceptable levels.  
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No # / Title & Description RMO 02 / Soil excavation and off-site treatment. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Transportation of soil to an off-
site facility for treatment via methods such as thermal desorption or thermal destruction. 

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the source. 

Supplementary / 
complementary options 

RMO 06 - Soil washing – soil washing could compliment excavation and off-site treatment by reducing PFAS soil concentrations thereby reducing the level of off-Site treatment required or the quantity of 
soil requiring treatment.  
RMO 07 - Surface capping – If excavation of the complete extent of soil impact is not practical, surface capping could be installed over impacted soils that remain in-situ. 
RMO 08 - Surface water capture and treatment – Could compliment soil excavation by also managing residual impacted surface water originating from more diffuse impacts or lesser contributing source 
areas. 
RMO 09 - Groundwater interception – Could complement soil excavation by minimising off-site migration of impacted groundwater until source management via soil excavation is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement soil excavation by reducing groundwater impacts until source management via soil excavation is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 11 - Drainage channel improvement - Could compliment source management by soil excavation by also minimising off-site migration of PFAS from the on-site drainage channels.  
RMO 12 - Alternative water supply – Could compliment soil excavation by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have reduced 
to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions If excavation of the complete extent of soil impact is not practical, potential worker exposure to PFAS in soil could be managed via the 
complementary implementation of institutional controls and access restrictions.  This RMO can also manage worker exposure to impacted surface water and groundwater following source management via 
soil excavation.   

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 2 – >$1,500,000 to <15,000,000 – Medium works notification to PWC required above $2 million. 

Effectiveness 
rating 

High with supplementary option - expected to meet objectives when combined with a supplementary receptor management option, such as RMO 12 Alternative Water Supply, to manage exposure at 
receptor level until off-site groundwater and surface water concentrations are confirmed to be at acceptable levels. 

Implementation 
period / 
timeframe 

Short term: 1 - 12 months  
Early implementation and rapid risk management is possible 

Potential 
impacts 

General 
Environmental: 

• Positive: reduces migration of PFAS into the environment
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.), particularly as transport over long distances to a suitable treatment facility may be

required.

Socio-economic: 
• Positive: greater community and stakeholder confidence in outcomes as source is removed from the Site.
• Positive: rapid risk management will be supported by community and stakeholders
• Positive: low ongoing costs following implementation.
• Negative: community may have concerns about contaminated material being transported along public roads.

Area specific considerations 
• Source Area A:

o Negative: Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air
Traffic Control Tower and the high density of underground services.

• Source Area B:
o Negative: may impact sensitive ecology in Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while removal of the PFAS sources will be of benefit to the environment of the Management Area, there may localised impacts to ecology in Source Area B (former fire training area). 

Risk based 
analysis 

Proportion of 
action to risk 

The level of action is considered to be disproportionate to the level of risk, given the following: 
• The onerous logistical considerations (requirement to transport material over long distances to a suitable facility).
• The high complexity of treatment technologies and the current limited demonstration of full-scale application.
• The potentially high cost involved.

Best practice 
status 

The option aligns with Defence’s remediation hierarchy (i.e. remediation or management of source areas is preferred over management of pathways or receptors).  Furthermore, off-site treatment of 
contaminated material is generally considered preferred in comparison with off-site disposal to landfill.   
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No # / Title & Description RMO 02 / Soil excavation and off-site treatment. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Transportation of soil to an off-
site facility for treatment via methods such as thermal desorption or thermal destruction. 

Verification 
status 

Potentially feasible option although no full-scale application has been implemented for PFAS (Ross et al 2018). 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity, although significant energy levels will be required to transport over material over long distances to a suitable treatment facility

Ability to construct and operate technology 
• Earthworks and logistics contractors widely available.
• Treatment technologies are highly complex.
• Limited availability of off-site treatment facilities.

Reliability of technology 
• Excavation is a reliable method of source removal to the extent practical.
• Off-site treatment technology is in early phases of development.  No full-scale application has been implemented for PFAS (Ross et al 2018).

Ability to monitor effectiveness 
• Validation soil sampling and ongoing groundwater and surface water monitoring can assess effectiveness of source removal.

Ability to obtain any necessary approvals 
• Base permits and approvals required
• State regulator permits to transport waste likely to be required.
• Treatment facility operator approval to accept and treat material is required.

Availability of services and materials 
• Earthworks and logistics contractors widely available.
• Limited availability of off-site treatment facilities.
• Off-site treatment technology is in early phases of development.

Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during excavation works (short term).
• Potential environmental impact from excavating in Source Area B (former fire training areas) which features sensitive ecology.
• Potential limited availability of receiving facilities for treatment of material.

Secondary risks: 
• Operational controls required to manage dust, exposure of workers to impacted soils, spillage of material from trucks etc. during works.
• Existing groundwater monitoring wells may be destroyed and will need to be replaced.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels.
Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Defence 
implications 

Defence 
capability 

Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air Traffic Control Tower and the 
high density of underground services. 

Project fit Not likely to complement approaches at other sites. 
Scalability Impacted soil can be excavated from multiple source areas at the same time.  Sediment could also be excavated from drainage channels (i.e. RMO 11) at the same time. 

Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER. 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive given the source is removed from the Site 
Overall assessment of option The potentially high costs and the limited availability of off-site treatment facilities limit the implementation of this option. It is therefore not recommended for further consideration. 
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Table E-3 Options listing for Risk Management Option RMO 03 – Soil excavation and on-Site stockpiling or RMO 04 – Soil excavation and on-Site containment 
No # / Title & Description RMO 03 / Soil excavation and on-site stockpiling. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Excavated soils are placed in 

purpose-built stockpiles (including the user of liners etc.) to prevent access to the soils from human activity and the elements, notably infiltration, leaching and run-off. Storage would be temporary to allow 
for removal of source and planning for treatment at a later date. 

OR 

RMO 04 / Soil excavation and on-site containment. Excavated soils are placed in a purpose-built engineered containment cell/facility to prevent access to the soils from human activity and the elements, 
notably infiltration, leaching and run-off. 

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota in 
Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source 
Area B and via discharge 
points E1, E4 and E5 to Ellen 
Brook and M4 and M5 to Ki-it 
Monger Brook (refer to Figure 
J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment.  

Objective To remove PFAS impacted soil from Source Areas and stockpile or contain on-Site. 
How this objective contributes 
to managing the identified risk 

Removes PFAS source 
thereby preventing further 
migration of PFAS to off-site 
bores. 

Removes PFAS source thereby 
preventing further migration of 
PFAS to perched groundwater. 

Removes PFAS source thereby 
preventing further migration of 
PFAS to the on-Site drainage 
channels. 

Removes PFAS source thereby 
negating exposure of soil to 
workers. 

Removes PFAS source 
thereby negating exposure of 
soil to workers. 

Removes PFAS source thereby 
negating exposure of ecology to 
soil.  Reduces ongoing 
exposure of ecology to 
impacted surface water 
following run-off from Source 
Areas. 

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

Removes PFAS source and therefore achieves objective. Receptor management (e.g. provision of 
alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage 
channel maintenance workers) would still be required until groundwater and surface water 
concentrations are confirmed to have reduced to acceptable levels.  

Removes PFAS source and 
therefore achieves objective by 
negating exposure. 

Removes PFAS source and 
therefore achieves objective by 
negating exposure. 

Removes PFAS source and 
therefore achieves objective by 
negating exposure. Ongoing 
monitoring of the Brooks may 
be required until concentrations 
are confirmed to have reduced 
to acceptable levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the source. 
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No # / Title & Description RMO 03 / Soil excavation and on-site stockpiling. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Excavated soils are placed in 
purpose-built stockpiles (including the user of liners etc.) to prevent access to the soils from human activity and the elements, notably infiltration, leaching and run-off. Storage would be temporary to allow 
for removal of source and planning for treatment at a later date. 

OR 

RMO 04 / Soil excavation and on-site containment. Excavated soils are placed in a purpose-built engineered containment cell/facility to prevent access to the soils from human activity and the elements, 
notably infiltration, leaching and run-off. 

Supplementary / 
complementary options 

RMO 05 – Soil stabilisation – Excavated soil could be stabilised prior to placement in an engineered containment cell or stockpiles. This would serve to minimise the potential for future leaching of PFAS 
from stockpiled or contained material.  
RMO 06 - Soil washing – soil washing could compliment excavation and on-site containment or stockpiling by reducing PFAS soil concentrations thereby reducing the potential for PFAS to leach from 
contained material or by reducing the volume of soil requiring on-Site containment.   
RMO 07 - Surface capping – If excavation and containment/stockpiling of the complete extent of soil impact is not practical, surface capping could be installed over impacted soils that remain in-situ. 
RMO 08 - Surface water capture and treatment – Could compliment soil excavation and containment/stockpiling by also managing residual impacted surface water originating from more diffuse impacts 
or lesser contributing source areas. 
RMO 09 - Groundwater interception – Could complement soil excavation and containment/stockpiling by minimising off-site migration of impacted groundwater until source management is assessed as 
having resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement soil excavation and containment/stockpiling by reducing groundwater impacts until source management via soil excavation 
is assessed as having resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in 
groundwater impacts). 
RMO 11 - Drainage channel improvement - Could compliment source management by soil excavation and containment/stockpiling by also minimising off-site migration of PFAS from the on-site drainage 
channels.  Plant and vehicles used during soil excavation could also be utilised to conduct sediment excavation from drainage channels.  
RMO 12 - Alternative water supply – Could compliment soil excavation and containment/stockpiling by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are 
observed to have reduced to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions If excavation and containment/stockpiling of the complete extent of soil impact is not practical, potential worker exposure to PFAS in soil 
could be managed via the complementary implementation of institutional controls and access restrictions. This RMO can also manage worker exposure to impacted surface water and groundwater 
following source management via soil excavation.   

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 3 – > $450,000 < $2,000,000 – Project actions 

Effectiveness 
rating 

High with supplementary option - expected to meet objectives when combined with a supplementary receptor management option, such as RMO 12 Alternative Water Supply, to manage exposure at 
receptor level until off-site groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

GHD understands that excavation and on-site stockpiling has been recently implemented on the Site, whereby soil containing PFAS has been excavated from a portion of Source Area A (fire training area) 
as part of construction of a new Air Traffic Control Tower.  GHD understands the excavated material is currently stored as a series of purpose built stockpiles within the cleared area located to the north of 
the airfield, east of the waste water treatment ponds.  

Implementation 
period / 
timeframe 

Medium term: 1-3 years. 

Potential 
impacts 

Environmental 
• Positive: reduces migration of PFAS into the environment
• Positive: no transport of material off-Site
• Negative: disposal to stockpile/containment area is a non-sustainable remediation method.
• Negative: PFAS is not treated/destroyed and could be released to the environment if stockpiling/containment areas are not suitably constructed/managed
• Negative: requires a large on-Site designated area for the construction of a stockpiling area/containment cell.  Clearing of vegetation may be required to establish this area.
• Negative: on-Site stockpiling is an interim measure.
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.)

Socio-economic: 
• Positive: greater community and stakeholder confidence in outcomes as source is relocated to a controlled area.
• Positive: rapid risk management will be supported by community and stakeholders
• Negative: community may view on-Site ‘landfill’ in a negative light and may have concerns about the integrity of containment controls (i.e. potential for contained material to leach PFAS in future)
• Negative: Some ongoing costs following implementation (e.g. maintenance of containment cell or stockpiles).

Area specific considerations 
• Source Area A:

o Negative: Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air
Traffic Control Tower and the high density of underground services.
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No # / Title & Description RMO 03 / Soil excavation and on-site stockpiling. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Excavated soils are placed in 
purpose-built stockpiles (including the user of liners etc.) to prevent access to the soils from human activity and the elements, notably infiltration, leaching and run-off. Storage would be temporary to allow 
for removal of source and planning for treatment at a later date. 

OR 

RMO 04 / Soil excavation and on-site containment. Excavated soils are placed in a purpose-built engineered containment cell/facility to prevent access to the soils from human activity and the elements, 
notably infiltration, leaching and run-off. 

• Source Area B:
o Negative: may impact sensitive ecology in Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while removal of the PFAS sources to a contained area will be of benefit to the environment of the Management Area, there may localised impacts to ecology in Source Area B (former fire 
training area) and the stockpiling/containment area. Disposal to an on-Site stockpile/containment area is a non-sustainable remediation method, unless a supplementary treatment option is implemented in 
future, such as soil stabilisation allowing re-use of the material on the Site. 

Risk based 
analysis 

Proportion of 
action to risk 

The level of action is considered to be disproportionate to the level of risk, given the following: 
• The requirement for ongoing maintenance of a containment cell or stockpiles.
• The requirement to have a long-term designated on-Site area for a containment cell or stockpiling area,
• The potential lack of community confidence that PFAS will be adequately contained. .

Best practice 
status 

Containment is one of the most commonly applied risk management remedies in Australia. 

Verification 
status 

Verified remedial option. 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity infrastructure and energy requirements - plant and vehicles required during construction of stockpiling/containment facility, and soil excavation and transportation works.

Ability to construct and operate technology 
• Low to moderate complexity technology.
• Earthworks and logistics contractors widely available.
• Ongoing management of stockpiling/containment facility will be required.
• Studies required to assess suitability of nominated areas for construction of a containment cell.
• Quantity surveys required to assess whether nominated containment/stockpiling areas have sufficient capacity to store the impacted material.

Reliability of technology 
• Excavation and disposal to stockpile/containment area is a reliable method of source and pathway removal to the extent practical.
• Requires ongoing maintenance of stockpile/containment area to maintain integrity and prevent future leaching of PFAS.

Ability to monitor effectiveness 
• Validation soil sampling and ongoing groundwater and surface water monitoring can assess effectiveness of source removal.
• Ongoing groundwater monitoring can assess effectiveness of stockpiling/containment facility

Ability to obtain any necessary approvals 
• Base permits and approvals required
• No regulatory permits required

Availability of services and materials 
• Earthworks and logistics contractors widely available.

There may be limited availability on-Site for a designated stockpiling/containment area.
Risks and 
mitigation 

Primary risks: 
• PFAS is not destroyed and could be released to the environment if stockpiling/containment areas are not suitably constructed/managed. This could be mitigated if a supplementary treatment option

is implemented, such as soil stabilisation.
• Potential impact on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during excavation works (short term). Potential long term

impact on operations due to the area occupied by the containment cell or stockpiles.
• Potential environmental impact from excavating in Source Area B (former fire training areas) which features sensitive ecology.
• Potential limited availability of on-Site area for stockpiling/containment of material.

Secondary risks: 
• Operational controls required to manage dust, exposure of workers to impacted soils, spillage of material from trucks etc. during works.
• Existing groundwater monitoring wells may be destroyed and will need to be replaced.
• Ongoing groundwater monitoring at stockpiling/containment area will be required

Residual risks: 
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No # / Title & Description RMO 03 / Soil excavation and on-site stockpiling. Excavation of impacted solids using standard construction equipment (i.e. backhoes, bulldozers, and front-end loaders). Excavated soils are placed in 
purpose-built stockpiles (including the user of liners etc.) to prevent access to the soils from human activity and the elements, notably infiltration, leaching and run-off. Storage would be temporary to allow 
for removal of source and planning for treatment at a later date. 

OR 

RMO 04 / Soil excavation and on-site containment. Excavated soils are placed in a purpose-built engineered containment cell/facility to prevent access to the soils from human activity and the elements, 
notably infiltration, leaching and run-off. 

• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are
confirmed to have reduced to acceptable levels.

Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 
Additional source management (e.g. soil stabilisation) would be required to treat/destroy PFAS. 

Defence 
implications 

Defence 
capability 

Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air Traffic Control Tower and the 
high density of underground services. 

Project fit Likely to complement approaches at other sites.  Consistent with soil management approach currently being implemented on the Site as part of recent construction works (i.e. new Air Traffic Control Tower 
in Source Area A).   

Scalability Impacted soil can be excavated from multiple source areas at the same time.  Sediment could also be excavated from drainage channels (i.e. RMO 11) at the same time. 

Potential to be scalable to other Defence sites. 
Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community May view an on-Site ‘landfill’ in a negative light and may have concerns about the integrity of containment controls (i.e. potential for contained material to leach PFAS in future). 
Overall assessment of option On the basis that the community may have a strong preference for off-Site removal of the contamination source, the ongoing management requirements and the potential impact on Defence operations, 

further consideration to this option is only recommended in the event that off-Site disposal to landfill is not possible.   
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Table E-4 Options listing for Risk Management Option RMO 05 – Soil stabilisation 
No # / Title & Description RMO 05 / Soil stabilisation. Excavation of soil from Source Areas and chemical treatment to stabilise/immobilise PFAS.  Treated material could then be placed back into the excavations. In-situ 

stabilisation could also be considered if excavation was not practical. 
Risk ID HHRA 01: Drinking 

groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source Area 
B and via discharge points E1, 
E4 and E5 to Ellen Brook and 
M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site. 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To remove, treat and re-use PFAS impacted soil at Source Areas. 
How this objective contributes 
to managing the identified risk 

Treats PFAS source thereby 
minimising further migration of 
PFAS to off-site bores. 

Treats PFAS source thereby 
minimising further migration of 
PFAS to perched groundwater. 

Treats PFAS source thereby 
minimising further migration of 
PFAS to the on-Site drainage 
channels. 

Treats PFAS impacted soil 
thereby minimising exposure of 
soil to workers. 

Treats PFAS impacted soil 
thereby minimising exposure 
of soil to workers. 

Treats PFAS impacted soil 
thereby minimising exposure of 
ecology to soil.  Reduces 
ongoing exposure of ecology to 
impacted surface water 
following run-off from Source 
Areas. 

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

Treats PFAS source and therefore achieves objective. Receptor management (e.g. provision of 
alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage 
channel maintenance workers) would still be required until groundwater and surface water 
concentrations are confirmed to have reduced to acceptable levels.  

Treats PFAS source and 
therefore achieves objective by 
reducing exposure. 

Treats PFAS source and 
therefore achieves objective 
by reducing exposure. 

Treats PFAS source and 
therefore achieves objective by 
reducing exposure. Ongoing 
monitoring of the Brooks may 
be required until concentrations 
are confirmed to have reduced 
to acceptable levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the source. 

Supplementary / 
complementary options 

RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – as an alternative to re-use of stabilised material in source excavations, stabilised material could be placed into 
an engineered containment cell or purpose-built stockpiles to further minimise the potential for future leaching of PFAS.  
RMO 06 - Soil washing – soil washing could compliment soil stabilisation by reducing PFAS soil concentrations and reducing the quantity of stabilisation product required to immobilise any residual PFAS 
that is not removed through washing.  
RMO 07 - Surface capping – If excavation and stabilisation of the complete extent of soil impact is not practical, surface capping could be installed over impacted soils that remain in-situ. 
RMO 08 - Surface water capture and treatment – Could compliment soil stabilisation by also managing residual impacted surface water originating from more diffuse impacts or lesser contributing source 
areas. 
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No # / Title & Description RMO 05 / Soil stabilisation. Excavation of soil from Source Areas and chemical treatment to stabilise/immobilise PFAS.  Treated material could then be placed back into the excavations. In-situ 
stabilisation could also be considered if excavation was not practical. 
RMO 09 - Groundwater interception – Could complement soil stabilisation by minimising off-site migration of impacted groundwater until source management via soil stabilisation is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement soil stabilisation by reducing groundwater impacts until source management via soil stabilisation is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 11 - Drainage channel improvement - Could compliment source management by soil stabilisation by also minimising off-site migration of PFAS from the on-site drainage channels. Plant and 
vehicles used during soil stabilisation could also be utilised to conduct drainage channel improvement.  
RMO 12 - Alternative water supply – Could compliment soil stabilisation by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have reduced 
to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions If excavation and stabilisation of the complete extent of soil impact is not practical, potential worker exposure to PFAS in soil could be 
managed via the complementary implementation of institutional controls and access restrictions. This RMO can also manage worker exposure to impacted surface water and groundwater following source 
management via soil stabilisation. 

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 2 – >$1,500,000 to <15,000,000 – Medium works notification to PWC required above $2 million. 

Effectiveness 
rating 

Medium with supplementary option - expected to make progress towards meeting objectives when combined with a supplementary receptor management option, such as RMO 12 Alternative Water Supply, 
to manage exposure at receptor level until off-site groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

The long-term success rate of soil stabilisation is unconfirmed and may result in release of PFAS to the environment in the long-term. This could be mitigated through soil stabilisation trials prior to 
implementation, or implementation of additional controls such as RMO 04 (on-Site containment) and/or pathway management such as surface water diversion and treatment (RMO 08).  

Implementation 
period / 
timeframe 

Medium term: 1-3 years 

Potential 
impacts 

General  
Environmental: 

• Positive: reduces migration of PFAS into the environment
• Positive: no transport of material off-Site
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.)

Socio-economic: 
• Negative: community may have concerns over the effectiveness of the stabilisation product and may not support leaving the source material in-situ.
• Negative: requires a large on-Site designated area for the construction of a soil treatment area

Area specific considerations 
• Source Area A:

o Negative: Excavation of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air
Traffic Control Tower and the high density of underground services.

• Source Area B:
o Negative: may impact sensitive ecology in Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while removal of the PFAS sources will be of benefit to the environment of the Management Area, there may localised impacts to ecology in Source Area B (former fire training area). 

Risk based 
analysis 

Proportion of 
action to risk 

The level of action is considered to be disproportionate to the level of risk, given the following: 
• The limited demonstration of full-scale field application to date. Significant field trials would be required ahead of implementation.
• The potential lack of community confidence that PFAS will be adequately stabilised.
• The relatively high cost.

Best practice 
status 

Soil stabilisation/immobilisation can be an accepted treatment option for management of PFAS impacted soils, although the long-term success rate is unconfirmed. 

Verification 
status 

A number of stabilisation products are commercially available (e.g. activated carbon, organo-modified clays etc.) with others under development (e.g. iron oxides and graphene derivatives etc.) however, 
long-term performance is yet to be demonstrated in the field (Ross et al 2018).  

Technology 
assessment 

Infrastructure and energy requirements 
• High complexity in terms of understanding PFAS absorption mechanisms and identification of the most effective stabilisation product – a number of trials would be required ahead of full-scale

application.
• The clayey nature of the soils that would require stabilisation may warrant an interim step to facilitate effective delivery of this method
• Low to moderate complexity in terms of implementation - plant, vehicles and a treatment pad or location required during excavation and treatment works.
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No # / Title & Description RMO 05 / Soil stabilisation. Excavation of soil from Source Areas and chemical treatment to stabilise/immobilise PFAS.  Treated material could then be placed back into the excavations. In-situ 
stabilisation could also be considered if excavation was not practical. 

Ability to construct and operate technology 
• Earthworks contractors widely available, however there is limited availability of soil treatment/remediation contractors with proven large scale success in stabilising PFAS contaminated soils.

Reliability of technology 
• Long-term performance is yet to be demonstrated in the field (Ross et al 2018).
• May require repeat treatment to maintain long-term stabilisation/immobilisation of PFAS in soil.
• Soil stabilisation trials may be required to determine the reliability of the technology with site soils.

Ability to monitor effectiveness 
• Leachate testing and ongoing groundwater and surface water monitoring can assess effectiveness.

Ability to obtain any necessary approvals 
• Base permits and approvals required
• No regulatory permits required

Availability of services and materials 
• Earthworks contractors widely available, however there is limited availability of soil treatment/remediation contractors with proven large scale success in stabilising PFAS contaminated soils.
• A number of stabilisation products are commercially available (e.g. activated carbon, organo-modified clays etc.) with others under development (e.g. iron oxides and graphene derivatives etc.)

although their long-term performance is yet to be demonstrated in the field (Ross et al 2018).
• There may be limited availability on-Site for a designated soil treatment area.

Risks and 
mitigation 

Primary risks: 
• Potential effect on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during excavation works (short term).
• Potential environmental impact from excavating in Source Area B (former fire training areas) which features sensitive ecology.
• Potential limited availability of on-Site area for treatment of excavated soil.

Secondary risks: 
• Operational controls required to manage dust, exposure of workers to impacted soils, spillage of material from trucks etc. during works.
• Existing groundwater monitoring wells may be destroyed and will need to be replaced.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels. Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Defence 
implications 

Defence 
capability 

Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air Traffic Control Tower and the 
high density of underground services. 

Project fit Likely to complement approaches at other sites. 
Scalability Impacted soil can be excavated from multiple source areas at the same time.  Sediment could also be excavated from drainage channels (i.e. RMO 11) at the same time. 

Potential to be scalable to other Defence sites.  
Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Unlikely to be supported by the community as the source material remains in-situ and there may be concerns over the effectiveness of the stabilisation product. 
Overall assessment of option On the basis of the limited demonstration of full-scale field application to date and the possible lack of support from the community, further consideration to the implementation of this option is not 

warranted.  
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Table E-5 Options listing for Risk Management Option RMO 06 – Soil washing 
No # / Title & Description RMO 06 / Soil washing – Excavation and washing or ‘aggressively leaching’ of soil to capture PFAS leachate. The leachate then requires treatment or off-Site disposal. 
Risk ID HHRA 01: Drinking 

groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source Area 
B and via discharge points E1, 
E4 and E5 to Ellen Brook and 
M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site. 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To remove PFAS from impacted soils at Source Areas. 
How this objective contributes 
to managing the identified risk 

Treats PFAS source thereby 
minimising further migration of 
PFAS to off-site bores. 

Treats PFAS source thereby 
minimising further migration of 
PFAS to perched groundwater. 

Treats PFAS source thereby 
minimising further migration of 
PFAS to the on-Site drainage 
channels. 

Treats PFAS impacted soil 
thereby minimising exposure of 
soil to workers. 

Treats PFAS impacted soil 
thereby minimising exposure 
of soil to workers. 

Treats PFAS impacted soil 
thereby minimising exposure of 
ecology to soil.  Reduces 
ongoing exposure of ecology to 
impacted surface water 
following run-off from Source 
Areas. 

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

Treats PFAS source and therefore achieves objective. Receptor management (e.g. provision of 
alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage 
channel maintenance workers) would still be required until groundwater and surface water 
concentrations are confirmed to have reduced to acceptable levels.  

Treats PFAS source and 
therefore achieves objective by 
reducing exposure. 

Treats PFAS source and 
therefore achieves objective 
by reducing exposure. 

Treats PFAS source and 
therefore achieves objective by 
reducing exposure. Ongoing 
monitoring of the Brooks may 
be required until concentrations 
are confirmed to have reduced 
to acceptable levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the source. 

Supplementary / 
complementary options 

RMO 01 – excavation and off-Site disposal, RMO 02 – excavation and off-Site treatment, RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – these options 
could be used to supplement soil washing in the event that PFAS cannot be removed from soil to the desired level, to minimise the potential for ongoing leaching to groundwater or mobilisation to surface 
water following washing.    
RMO 05 - Soil stabilisation – Following soil washing, soil stabilisation could be used to stabilise any residual PFAS not removed from soil through washing.  
RMO 07 - Surface capping – If excavation and washing of the complete extent of soil impact is not practical, surface capping could be installed over impacted soils that remain in-situ. 
RMO 08 - Surface water capture and treatment – Could compliment soil washing by also managing residual impacted surface water originating from more diffuse impacts or lesser contributing source 
areas. 
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No # / Title & Description RMO 06 / Soil washing – Excavation and washing or ‘aggressively leaching’ of soil to capture PFAS leachate. The leachate then requires treatment or off-Site disposal. 
RMO 09 - Groundwater interception – Could complement soil washing by minimising off-site migration of impacted groundwater until source management via soil washing is assessed as having resulted 
in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement soil washing by reducing groundwater impacts until source management via soil washing is assessed as having resulted in a 
reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 11 - Drainage channel improvement - Could compliment source management by soil washing by also minimising off-site migration of PFAS from the on-site drainage channels. Plant and vehicles 
used during soil washing could also be utilised to conduct drainage channel improvement.  
RMO 12 - Alternative water supply – Could compliment soil washing by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have reduced to 
acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions If excavation and washing of the complete extent of soil impact is not practical, potential worker exposure to PFAS in soil could be 
managed via the complementary implementation of institutional controls and access restrictions. This RMO can also manage worker exposure to impacted surface water and groundwater following source 
management via soil washing. 

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 2 – >$1,500,000 to <15,000,000 – Medium works notification to PWC required above $2 million. 

Effectiveness 
rating 

Low – the elevated clay content of the impacted soil at the Site is likely to limit the effectiveness of this option. 

Implementation 
period / 
timeframe 

Short term: 1-12 months 

Potential 
impacts 

General  
Environmental: 

• Positive: reduces migration of PFAS into the environment.
• Negative: leachate requires management.
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.)

Socio-economic: 
• Negative: community may have concerns over the effectiveness of the option and the potential for PFAS to not be completely removed and continue to contribute to surface water and groundwater

impacts.
• Negative: requires a large on-Site designated area for the construction of a soil washing and leachate management area.

Area specific considerations 
• Source Area A:

o Negative: Excavation of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works (short term), given its location adjacent to the Air
Traffic Control Tower and the high density of underground services.

• Source Area B:
o Negative: may impact sensitive ecology in Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while removal of the PFAS sources will be of benefit to the environment of the Management Area, there may localised impacts to ecology in Source Area B (former fire training area) and 
disposal or treatment of a significant quantity of PFAS leachate will be required.   

Risk based 
analysis 

Proportion of 
action to risk 

The level of action is considered to be disproportionate to the level of risk, given the following: 
• The likely low effectiveness of the option given the elevated clay content of the impacted soils.
• The potential lack of community confidence that PFAS will be adequately removed.
• The requirement to subsequently manage PFAS leachate.

Best practice 
status 

Soil washing is an on-Site treatment option which is generally preferred to off-Site treatment or on-Site containment methods however, PFAS leachate may need to be managed off-Site which is less 
preferable.  

Verification 
status 

Soil washing is a feasible PFAS soil remediation option though is in a relatively early stage of development (Ross et al 2018). 

Technology 
assessment 

Infrastructure and energy requirements 
• Low to moderate complexity in terms of implementation - plant, vehicles and a washing pad or location required during excavation and washing works.
• Leachate management or disposal can be highly complex.

Ability to construct and operate technology 
• Remediation contractors available however, the technology is still in a relatively early stage of development (Ross et al 2018).

Reliability of technology 
• Technology is feasible, though is still in a relatively early stage of development (Ross et al 2018).
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No # / Title & Description RMO 06 / Soil washing – Excavation and washing or ‘aggressively leaching’ of soil to capture PFAS leachate. The leachate then requires treatment or off-Site disposal. 
• Trials may be required to determine the reliability of the technology with site soils.
• The clayey nature of the soils may warrant an interim step to facilitate effective delivery of this method

Ability to monitor effectiveness 
• Leachate testing, soil validation testing and ongoing groundwater and surface water monitoring can assess effectiveness.

Ability to obtain any necessary approvals 
• Base permits and approvals required
• No regulatory permits required
• Permit to transport and dispose of leachate off-Site may be required

Availability of services and materials 
• Remediation contractors available however, the technology is still in a relatively early stage of development (Ross et al 2018).
• There may be limited availability on-Site for a designated soil washing area.

Risks and 
mitigation 

Primary risks: 
• Potential effect on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during excavation and requirement to establish a dedicated

washing pad or area.
• Potential environmental impact from excavating in Source Area B (former fire training areas) which features sensitive ecology.
• Potential limited availability of on-Site area for washing of excavated soil.

Secondary risks: 
• Requirement to manage PFAS-rich leachate.
• Operational controls required to manage dust, exposure of workers to impacted soils, spillage of material from trucks etc. during works.
• Existing groundwater monitoring wells may be destroyed and will need to be replaced.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels. Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Defence 
implications 

Defence 
capability 

Removal of impacted soil from Source Area A (fire training area) may impact on Defence capabilities during excavation works, given its location adjacent to the Air Traffic Control Tower and the high 
density of underground services. 

Project fit Will complement approaches at other sites as soil washing is currently being implemented elsewhere. 
Scalability Impacted soil can be excavated from multiple source areas at the same time.  Sediment could also be excavated from drainage channels (i.e. RMO 11) at the same time. 

Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Unlikely to be supported by the community as there may be concerns over the ability of soil washing to remove PFAS to an acceptable level. 
Overall assessment of option On the basis of the likely low effectiveness of the technology, the requirement to manage PFAS-rich leachate following washing and the possible lack of support from the community, further consideration 

to the implementation of this option is not recommended.  
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Table E-6 Options listing for Risk Management Option RMO 07 - Surface capping 
No # / Title & Description RMO 07 / Surface capping. Capping of impacted soils in Source Areas with impervious material and construction of associated drainage controls. This reduces or prevents mobilisation of PFAS 

compounds by infiltration of surface waters to underlying soil and groundwater and reduces or prevents mobilisation of PFAS through surface water run-off. 

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental 
ingestion of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds 
maintenance area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within Source 
Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source 
Area J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source 
Area B and via discharge points 
E1, E4 and E5 to Ellen Brook 
and M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the Site 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin 
contact and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective Reduce PFAS mobilisation to surface water and groundwater. 
How this objective contributes 
to managing the identified risk 

This option would serve to: 
• reduce infiltration of

surface waters to
underlying soil and
groundwater resulting
in impact.

• reduce mobilisation of
PFAS through surface
water run-off resulting
in off-site migration.

This option may serve to 
reduce the infiltration of surface 
water to groundwater, thereby 
reducing ongoing impact to 
groundwater and thus, reducing 
the level of PFAS exposure to 
sub-surface maintenance 
workers.   

This option may reduce 
mobilisation of PFAS from 
Source Areas into the surface 
water of the on-Site drainage 
channels and therefore, reduce 
the level of PFAS exposure to 
workers in the drainage 
channels.  

This option provides a physical 
barrier preventing exposure of 
workers to the impacted soil.  

This option may reduce 
infiltration of surface water 
causing impact to deeper soil 
profiles and thus, reduce the 
level of PFAS exposure to sub-
surface maintenance workers.  

This option provides a physical 
barrier preventing exposure to 
impacted soil. It also may 
reduce mobilisation of PFAS 
from Source Areas into the 
surface water of the on-Site 
drainage channels from which 
some consumers may forage.  

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

Although more diffuse sources may also be contributing to the observed surface water and 
groundwater impacts, the surface water modelling and the results of the DSI suggest that Source 
Area A is likely to be the greatest contributor to these risks (a PFOS mass flux of 11 g/day and 8 
g/day calculated for September 2016 and August 2017 respectively). Capping at Source Area A will 
therefore likely provide the greatest reduction to off-site PFAS concentrations. 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface 
maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Capping of the impacted soil in 
Source Area D would meet the 
objective. Exposure to workers 
would be negated via the 
presence of a physical barrier. 

Capping of the impacted soil in 
Source Area D would meet the 
objective, although ongoing 
controls (e.g. use of PPE) 
would be required to minimise 
exposure to workers during 
sub-surface works.  

PFAS exposure to ecology 
within Source Areas A and B 
would be prevented.  
Although more diffuse sources 
may be contributing to the 
observed impacts in Ellen and 
Ki-it Monger Brooks, the 
surface water modelling and the 
results of the DSI suggest that 
Source Area A is likely to be the 
greatest contributor to risk in 
the Brooks. Capping at Source 
Area A will therefore likely 
provide the greatest reduction 
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No # / Title & Description RMO 07 / Surface capping. Capping of impacted soils in Source Areas with impervious material and construction of associated drainage controls. This reduces or prevents mobilisation of PFAS 
compounds by infiltration of surface waters to underlying soil and groundwater and reduces or prevents mobilisation of PFAS through surface water run-off. 

to PFAS concentrations 
observed in the Brooks. 

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements? 

This option addresses the source. 

Supplementary / 
complementary options 

RMO 01 – Soil excavation and off-Site disposal – Surface capping could be implemented following an initial effort to excavate and dispose of impacted soil off-Site, to manage any impacted soil that is 
not practically able to be excavated.  
RMO 02 – Soil excavation and off-Site treatment – Surface capping could be implemented following an initial effort to excavate and treat impacted soil off-Site, to manage any impacted soil that is not 
practically able to be excavated. 
RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – Surface capping could be implemented following an initial effort to excavate and contain or stockpile impacted 
soil on-Site, to manage any impacted soil that is not practically able to be excavated and contained.  
RMO 05 – Soil stabilisation - Could compliment surface capping by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas following stabilisation.  
RMO 06 – Soil washing – Surface capping could be implemented following an initial soil washing effort, to manage any impacted soil that is not practically able to be excavated or to manage any residual 
PFAS not able to be removed from soil via washing.  
RMO 08 - Surface water capture and treatment – Could compliment surface capping by also managing residual impacted surface water originating from more diffuse impacts or lesser contributing 
source areas. 
RMO 09 - Groundwater interception – Could complement surface capping by minimising off-Site migration of impacted groundwater until source management via surface capping is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement surface capping by reducing groundwater impacts until source management via surface capping is assessed as having 
resulted in a reduction in groundwater concentrations to acceptable levels (noting that there will be a ‘lag time’ between source management and observable reduction in groundwater impacts). 
RMO 11 - Drainage channel improvement - Could compliment source management by surface capping by also minimising off-site migration of PFAS from the on-site drainage channels.  
RMO 12 - Alternative water supply – Could compliment surface capping by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have reduced 
to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions Could complement surface capping by managing potential worker exposure to PFAS in soil in the event that sub-surface works below 
capped areas are required in the future.  

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 3 – > $450,000 < $2,000,000 – Project actions 

Effectiveness 
rating 

High with supplementary option – The option is expected to reduce off-site migration via the surface water pathway, which was assessed as being the primary mechanism by which PFAS is leaving the Site 
and the primary means that PFAS is impacting upon private bores in West Bullsbrook.  A supplementary receptor management option, such as RMO 12 Alternative Water Supply, would be required to 
manage exposure at receptor level until off-site groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Implementation 
period / 
timeframe 

Short term: 1 - 12 months 

Potential 
impacts 

General 
Environmental 

• Positive: no transport of material off-Site.
• Negative: may increase the volume of surface water discharging from the Site, as infiltration to the sub-surface would become restricted within the capped areas.
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.)

Socio-economic: 
• Positive: rapid risk management will be supported by the community and stakeholders.
• Positive: low ongoing costs following implementation.
• Negative: may be less community and stakeholder confidence in outcomes, as the source is not removed from the Site.

Other: 
• Negative: may require installation of additional drains or other infrastructure to manage potential changes to the surface water flow regime.

Area specific considerations 
• Source Area A:

o Negative: Capping within Source Area A (fire training area) may impact on Defence capabilities in the short-term given its location adjacent to the Air Traffic Control Tower and the high
density of underground services.  It is noted the level of impact would be relatively minor when compared to that of options involving excavation of impacted soil.

• Source Area B:
o Negative: likely to require clearing of localised areas within Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.
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No # / Title & Description RMO 07 / Surface capping. Capping of impacted soils in Source Areas with impervious material and construction of associated drainage controls. This reduces or prevents mobilisation of PFAS 
compounds by infiltration of surface waters to underlying soil and groundwater and reduces or prevents mobilisation of PFAS through surface water run-off. 

Estimated net 
environmental 
benefits 

Moderate – while capping of the source areas is expected to reduce off-site migration of PFAS to the surrounding environment, some disturbance to bushland within Source Area B (former fire training 
areas) is likely to be required.  The volume of surface water discharging from the Site is also likely to increase as surface water infiltration to the sub-surface will be restricted within the capped areas.  

Risk based 
analysis 

Proportion of 
action to risk 

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is likely to be low compared to the likelihood and scale of the risk. 

Best practice 
status 

This option has been applied on other PFAS impacted sites in Australia. The option addresses the migration pathway, which is preferred over management of receptors, though is less preferred than 
management of the source.  

Verification 
status 

Verified remedial option. 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity - plant and vehicles required during capping works.

Ability to construct and operate technology 
• Construction contractors widely available.

Reliability of technology 
• Option is well established in reducing leaching and run-off of contaminants.
• Has been applied on other PFAS impacted sites in Australia.

Ability to monitor effectiveness 
• Validation groundwater and surface water monitoring can assess effectiveness of capping.

Ability to obtain any necessary approvals 
• Base permits and approvals required

Availability of services and materials 
• Construction contractors widely available.

Capping materials widely available. 
Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during capping works (short term). It is noted the level of

impact would be relatively minor when compared to that of options involving excavation of impacted soil.
• Potential environmental impact from capping in Source Area B (former fire training areas) which features sensitive ecology.

Secondary risks: 
• Operational controls required to manage exposure of workers to impacted soils during works.
• May result in increased volume of surface water run-off, which will need to be managed.
• Existing groundwater monitoring wells may be destroyed and will need to be replaced.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels. Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
• The PFAS sources are not removed.  Source management (e.g. RMO 01 to RMO 06 prior to undertaking surface capping works) could be implemented to mitigate this risk.
• Requires ongoing maintenance of the capping integrity. There is a risk that other activities may disturb the capping.

Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Management of the groundwater migration pathway may also be required, as groundwater migration has also been shown to be contributing to the off-Site migration of PFAS. 
Defence 
implications 

Defence 
capability 

Potential short-term impact on Defence capability given proximity of impacted soils to infrastructure (especially Source Area A, fire training area) during capping works. 

Project fit Likely to complement approaches at other sites. 
Scalability Impacted soil can be capped at multiple source areas at the same time. 

Potential to be scalable to other Defence sites.  
Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 

Defence owned land 
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No # / Title & Description RMO 07 / Surface capping. Capping of impacted soils in Source Areas with impervious material and construction of associated drainage controls. This reduces or prevents mobilisation of PFAS 
compounds by infiltration of surface waters to underlying soil and groundwater and reduces or prevents mobilisation of PFAS through surface water run-off.   

consents and 
views 
Community Likely to be supportive if implemented with supplementary source, pathway or receptor management options. May have concerns if some or all of the source material is not removed prior to capping.  

Overall assessment of option On the basis of the low complexity, relatively low potential for impact to Defence operations and relatively low cost, further consideration to the implementation of this option is recommended.  
 



Appendix E Options listing 

Table E-7 Options listing for Risk Management Option RMO 08 – Surface water capture and treatment 
No # / Title & Description RMO 08 / Surface water capture and treatment. Capture of surface water run-off to minimise discharge to Ellen Brook (and subsequent discharge to groundwater beneath West Bullsbrook and/or 

overland flow to West Bullsbrook) and Ki-it Monger Brook.  Surface water could be captured in a lined basin and allowed to evaporate or be treated (by similar methods as the groundwater treatment 
option). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source Area 
B and via discharge points E1, 
E4 and E5 to Ellen Brook and 
M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site. 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To minimise off-site migration of PFAS through surface water. 
How this objective contributes 
to managing the identified risk 

The DSI concluded that the 
most likely mechanisms by 
which the PFAS has migrated to 
the private bores in the West 
Bullsbrook residential area are 
considered to be primarily the 
discharge of impacted surface 
water from Ellen Brook to the 
underlying groundwater, 
particularly following flood 
events or sustained rainfall.  
Preventing surface water 
discharge to Ellen Brook may 
reduce migration of PFAS to the 
private bores of West 
Bullsbrook.  

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

Reduces exposure of ecology 
within Ellen and Ki-it Monger 
Brooks to impacted surface 
water following run-off from 
Source Areas. 

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

Breaks the migration pathway 
and therefore reduces off-Site 
PFAS migration.  

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

Breaks the migration pathway 
and therefore reduces off-Site 
PFAS migration.  
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No # / Title & Description RMO 08 / Surface water capture and treatment. Capture of surface water run-off to minimise discharge to Ellen Brook (and subsequent discharge to groundwater beneath West Bullsbrook and/or 
overland flow to West Bullsbrook) and Ki-it Monger Brook.  Surface water could be captured in a lined basin and allowed to evaporate or be treated (by similar methods as the groundwater treatment 
option). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 
This option does not address 
the source of contamination nor 
the groundwater migration 
pathway. 

Receptor management (e.g. 
provision of alternative water to 
bore users) would still be 
required until off-Site 
groundwater and surface water 
concentrations are confirmed to 
have reduced to acceptable 
levels. 

This option does not address 
the source of contamination nor 
the groundwater migration 
pathway. 

Ongoing monitoring of the 
Brooks may be required until 
concentrations are confirmed to 
have reduced to acceptable 
levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the pathway. 

Supplementary / 
complementary options 

RMO 01 – Soil excavation and off-Site disposal – Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to surface water and groundwater from the source 
areas.   
RMO 02 – Soil excavation and off-Site treatment – Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to surface water and groundwater from the source 
areas.   
RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to surface 
water and groundwater from the source areas.   
RMO 05 – Soil stabilisation - Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 06 – Soil washing – Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 07 – Surface capping - Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 09 - Groundwater interception – Could complement surface water capture and treatment by simultaneously minimising off-Site migration of impacted groundwater. 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement surface water capture and treatment by simultaneously minimising off-Site migration of impacted groundwater. 
RMO 11 - Drainage channel improvement - Could compliment surface water capture and treatment by reducing the mass of PFAS mobilising to surface water from sediment in the on-Site drainage 
channels. 
RMO 12 - Alternative water supply – Could compliment surface water capture and treatment by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are 
observed to have reduced to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions Could complement surface water capture and treatment by managing potential worker exposure to PFAS in surface water, sediment, soil 
and groundwater as part of future sub-surface and drainage channel maintenance works.  

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 2 – >$1,500,000 to <15,000,000 – Medium works notification to PWC required above $2 million. 

Effectiveness 
rating 

Medium with supplementary option – expected to meet objectives when combined with a supplementary source management option (e.g. RMO 01 to RMO 07) or pathway management option (e.g. 
groundwater management options RMO 09 or RMO 10). Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel 
maintenance workers) would still be required until groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Additional studies (e.g. geotechnical, hydrological, environmental) may be required to inform the potential diversion of drainage channels, construction of basins and management requirements for the soil 
excavated during creation of new drainage channels and/or basins.  

Implementation 
period / 
timeframe 

Medium term: 1-3 years. 

Potential 
impacts 

General 
Environmental: 

• Positive: reduces migration of PFAS into the environment
• Negative: short-term environmental impact associated with plant and vehicle operations (emissions, dust generation etc.)
• Negative: materials excavated to form new drainage channels and/or basins will require management including potential off-Site disposal.
• Negative: potential ongoing management requirements for treated/captured water and sediment.
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No # / Title & Description RMO 08 / Surface water capture and treatment. Capture of surface water run-off to minimise discharge to Ellen Brook (and subsequent discharge to groundwater beneath West Bullsbrook and/or 
overland flow to West Bullsbrook) and Ki-it Monger Brook.  Surface water could be captured in a lined basin and allowed to evaporate or be treated (by similar methods as the groundwater treatment 
option). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 

Socio-economic: 
• Positive: risk management will be supported by the community and stakeholders.
• Negative: may be less community and stakeholder confidence in outcomes, as the sources are not removed from the Site.

Other: 
• Negative: may impact on Defence capabilities given earthworks may be required within the airfield and close to key infrastructure (e.g. the Air Traffic Control Tower in Source Area A).
• Negative: additional studies (e.g. geotechnical, hydrological, environmental) may be required to inform the potential diversion of drainage channels, construction of basins and management

requirements for the soil excavated during creation of new drainage channels and/or basins.

Area specific considerations 
• Source Area A:

o Negative: Drainage earthworks in the vicinity of Source Area A (fire training area) may impact on Defence capabilities (short term), given its location adjacent to the Air Traffic Control
Tower and the high density of underground services.

• Source Area B:
o Negative: may impact sensitive ecology in Source Area B (former fire training areas) which is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while this option is expected to reduce the mass of PFAS being released to the environment surrounding the Site, management of excavated spoil and potential impacts to on-Site ecology will 
require consideration.   

Risk based 
analysis 

Proportion of 
action to risk 

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is considered comparative to the likelihood and scale of the risk, especially when noting that surface water 
migration has been identified as the primary mechanism for off-Site migration of PFAS. 

Best practice 
status 

Surface water diversion is an established practice for reducing off-site migration of impacted surface water. This option has been applied on other PFAS impacted sites in Australia. The option addresses 
the migration pathway, which is preferred over management of receptors, though is less preferred than management of the source. 

Verification 
status 

Verified remedial option. 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity if captured water is allowed to evaporate. High complexity if a treatment system (e.g. adsorption) is required.
• Plant and vehicles required to create new drains or divert existing drains.
• Ongoing maintenance of drainage channels required.
• Ongoing energy expenditure if a treatment system (e.g. adsorption) is required.

Ability to construct and operate technology 
• Earthworks and construction contractors widely available.
• May require geotechnical and hydrological studies to inform potential new drainage channel alignments and infiltration basin locations.

Reliability of technology 
• Established practice for reducing off-site migration of impacted surface water.
• Has been applied on other PFAS impacted sites in Australia.

Ability to monitor effectiveness 
• Validation groundwater and surface water monitoring can assess effectiveness of surface water diversion.

Ability to obtain any necessary approvals 
• Base permits and approvals required
• Works Approval under the Environmental Protection Act 1986 may be required to manage discharge of treated water to the environment.

Availability of services and materials 
• Earthworks and construction contractors widely available.
• Drainage materials (liners, conduits etc.) widely available.

Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability during drainage diversion works (medium term) given proximity of existing drainage channels to infrastructure (especially Source Area A, fire training area)

and location within the airfield.
• Potential environmental impact from diversion works, especially in in Source Area B (former fire training areas) which features sensitive ecology.
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No # / Title & Description RMO 08 / Surface water capture and treatment. Capture of surface water run-off to minimise discharge to Ellen Brook (and subsequent discharge to groundwater beneath West Bullsbrook and/or 
overland flow to West Bullsbrook) and Ki-it Monger Brook.  Surface water could be captured in a lined basin and allowed to evaporate or be treated (by similar methods as the groundwater treatment 
option). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 
Secondary risks: 

• Operational controls required to manage exposure of workers to impacted soils, sediment and surface water during works.
• Management of excavated soil and sediment required.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels.  Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
• The PFAS sources are not removed.  Source management (e.g. RMO 01 or RMO 07) could be implemented to mitigate this risk.

Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Management of the groundwater migration pathway may also be required, as groundwater migration has also been shown to be contributing to the off-Site migration of PFAS. 
Defence 
implications 

Defence 
capability 

Potential impact on Defence capability during drainage diversion works (medium term) given proximity of existing drainage channels to infrastructure (especially Source Area A, fire training area) and 
location within the airfield. 

Project fit Likely to complement approaches at other sites. 
Scalability Can be completed at a number of areas across the Site at the site time. 

Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive if implemented with a supplementary source and/or receptor management option. 
Overall assessment of option On the basis of the low complexity, the likely reliability and the relatively low cost, further consideration to the implementation of this option is recommended. 
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Table E-8 Options listing for Risk Management Option RMO 09 – Groundwater interception     
No # / Title & Description RMO 09 / Groundwater interception. Interception of groundwater through the installation of a permeable reactive barrier (PRB) or similar across the flow path of groundwater impacts.   

 
Groundwater interception could be implemented immediately down-gradient of the primary and secondary risk sources described below or at the down-gradient Site boundaries, such as at the western Site 
boundary adjacent to the West Bullsbrook residential area, or at the south-eastern boundary adjacent to the impacted residential properties to the south and east of the Site.  

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota in 
Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J 
(former fuel farm), Source 
Area R (RAAF Pearce 
landfill) and sediment within 
on-Site drainage channels 
(particularly the drainage 
channel discharging to the 
south from Source Area A).  

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None.  None.  Ellen and Ki-it Monger Brook.  

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source 
Area B and via discharge 
points E1, E4 and E5 to Ellen 
Brook and M4 and M5 to Ki-it 
Monger Brook (refer to Figure 
J).  
 
Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site. 

Incidental ingestion.  Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment.  

Objective To minimise off-Site migration of groundwater.   
How this objective contributes 
to managing the identified risk  

PFAS concentrations 
recorded at the two off-site 
private bores to the south 
and east of the Site are 
considered likely to be the 
result of groundwater 
migration from the Site, 
possibly from Source Area B 
and Source Area J.  
 
Migration of groundwater 
from Source Area A beneath 
Ellen Brook may also be 
contributing to the impacts 
observed in the bores of 
West Bullsbrook.  
 
Preventing migration of 
groundwater from the Source 
Areas may reduce PFAS 
exposure at off-Site private 
bores. 

The option does not address this 
risk. 

The option does not address 
this risk. 

The option does not address this 
risk. 

The option does not address 
this risk. 

The DSI identified that 
groundwater discharges to Ellen 
Brook during certain times of 
the year.  Preventing the 
migration of impacted 
groundwater from Source Area 
A to Ellen Brook would reduce 
PFAS exposure to the ecology 
of Ellen Brook.  



Appendix E Options listing 

No # / Title & Description RMO 09 / Groundwater interception. Interception of groundwater through the installation of a permeable reactive barrier (PRB) or similar across the flow path of groundwater impacts. 

Groundwater interception could be implemented immediately down-gradient of the primary and secondary risk sources described below or at the down-gradient Site boundaries, such as at the western Site 
boundary adjacent to the West Bullsbrook residential area, or at the south-eastern boundary adjacent to the impacted residential properties to the south and east of the Site. 

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

Breaks the migration 
pathway and therefore 
reduces off-Site PFAS 
migration.  

This option does not address 
the source of contamination 
nor the surface water 
migration pathway. 

Receptor management (e.g. 
provision of alternative water 
to bore users) would still be 
required until off-Site 
groundwater concentrations 
are confirmed to have 
reduced to acceptable levels. 

The option does not address this 
risk. 

The option does not address 
this risk. 

The option does not address this 
risk. 

The option does not address 
this risk. 

Breaks the migration pathway 
and therefore reduces off-Site 
PFAS migration.  

This option does not address 
the source of contamination nor 
the surface water migration 
pathway. 

Ongoing monitoring of the 
Brooks may be required until 
concentrations are confirmed to 
have reduced to acceptable 
levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the pathway. 

Supplementary / 
complementary options 

RMO 01 – Soil excavation and off-Site disposal – Could compliment groundwater interception by reducing the mass of PFAS mobilising to groundwater and surface water from soil in source areas.   
RMO 02 – Soil excavation and off-Site treatment – Could compliment groundwater interception by reducing the mass of PFAS mobilising to groundwater and surface water from soil in source areas.   
RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – Could compliment groundwater interception by reducing the mass of PFAS mobilising to groundwater and 
surface water from soil in source areas.   
RMO 05 – Soil stabilisation - Could compliment groundwater interception by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 06 – Soil washing - Could compliment groundwater interception by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 07 – Surface capping - Could compliment groundwater interception by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 08- Surface water capture and treatment – Could compliment groundwater interception by simultaneously reducing off-Site migration of PFAS within surface water.  
RMO 09 - Groundwater treatment (e.g. pump and treat) - Could compliment groundwater interception by reducing the mass of PFAS in groundwater at the source areas.  
RMO 11 - Drainage channel improvement - Could compliment groundwater interception by simultaneously reducing off-Site migration of PFAS within surface water as a result of PFAS mobilisation from 
drainage channel sediments.  
RMO 12 - Alternative water supply – Could compliment groundwater interception by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have 
reduced to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions Could complement groundwater interception by managing potential worker exposure to PFAS in surface water, sediment, soil and 
groundwater during future sub-surface or drainage channel maintenance works.  

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 2 – >$1,500,000 to <15,000,000 – Medium works notification to PWC required above $2 million. 

Effectiveness 
rating 

Medium with supplementary option - expected to meet objectives when combined with a supplementary source management option (e.g. RMO 01 to RMO 07), and/or supplementary surface water pathway 
management (e.g. RMO 8 surface water diversion and treatment).  

Receptor management such as Alternative Water Supply (RMO 12) would be required until off-site groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Additional groundwater investigations, possibly including modelling, may also be required to optimise placement of a barrier system.  Multiple barrier systems may be required given the identified potential 
for groundwater to be migrating off the Site in multiple directions (i.e. to the west, south and south-east) and given that a single barrier system may only be effective within a localised area.  Low 
permeability of the aquifer may limit effectiveness of a barrier system.  

Implementation 
period / 
timeframe 

Long term: beyond 3 years. 

Potential 
impacts 

Environmental: 
• Positive: reduces migration of PFAS into the environment
• Negative: environmental impact associated with plant and vehicle operations (emissions, dust generation etc.) during installation of the system.
• Negative: materials excavated to install the system will require management including potential off-Site disposal.
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No # / Title & Description RMO 09 / Groundwater interception. Interception of groundwater through the installation of a permeable reactive barrier (PRB) or similar across the flow path of groundwater impacts. 

Groundwater interception could be implemented immediately down-gradient of the primary and secondary risk sources described below or at the down-gradient Site boundaries, such as at the western Site 
boundary adjacent to the West Bullsbrook residential area, or at the south-eastern boundary adjacent to the impacted residential properties to the south and east of the Site. 

• Negative: reactive media requires management and replacement.

Socio-economic: 
• Positive: risk management will be supported by the community and stakeholders.
• Negative: May be less community and stakeholder confidence in outcomes, as the sources are not removed from the Site.

Estimated net 
environmental 
benefits 

Moderate – reduction of PFAS migration into the environment surrounding the Site, though generates some waste material requiring management (excavated spoil from barrier installation, reactive media 
that needs to be replaced).  

Risk based 
analysis 

Proportion of 
action to risk 

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is disproportionate to the likelihood and scale of the risk, given the following: 
• The likely high cost involved.
• The high complexity of the technology.
• The requirement for ongoing maintenance and periodic replacement of the barrier system
• The potential low level of effectiveness of a barrier, given the low permeability of the aquifer.
• The likely requirement for multiple barrier systems in different parts of the Site.
• The relatively low number of off-Site groundwater users affected and the outcomes of the HHRA, which concludes that risks from drinking groundwater containing PFAS at the concentrations

recorded are low and acceptable, based on typical water consumption habits.
Best practice 
status 

Groundwater interception is an established practice for reducing off-site migration of impacted groundwater.  The option addresses the migration pathway, which is preferred over management of receptors, 
though is less preferred than management of the source. 

Verification 
status 

Currently in use in Australia for treatment of waste water (NEMP 2018). No full scale operation has been developed for treatment of PFAS in groundwater in Australia. 

Technology 
assessment 

Infrastructure and energy requirements 
• Highly complex infrastructure and energy requirements.

Ability to construct and operate technology 
• Complex technology.
• Remediation and earthworks contractors available.

Reliability of technology 
• No full scale application has been demonstrated for management of PFAS in groundwater in Australia.

Ability to monitor effectiveness 
• Barrier system can be monitored for effectiveness.
• Validation groundwater monitoring can assess effectiveness of the barrier.

Ability to obtain any necessary approvals 
• Base permits and approvals required

Availability of services and materials 
• Remediation and earthworks contractors available.
• Reactive media available.

Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability during barrier installation works (short term).
• Potential environmental impact installation of barrier system, especially in Source Area B (former fire training areas) which features sensitive ecology.

Secondary risks: 
• Additional groundwater investigations, possibly including modelling, may also be required to optimise placement of a barrier system/s.
• Operational controls required to manage exposure of workers to impacted soils and groundwater during barrier installation works.
• Management and replacement of reactive media required.
• Low permeability of the aquifer may limit effectiveness of the barrier system.
• The barrier system has a finite lifespan and may require replacement.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater until concentrations are confirmed to have

reduced to acceptable levels.  Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
• The PFAS sources are not removed.  Source management (e.g. RMO 01 to RMO 07) could be implemented to mitigate this risk.

The surface water migration pathway is not managed.  This could be mitigated through implementation of surface water diversion and treatment (RMO 08). 
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No # / Title & Description RMO 09 / Groundwater interception. Interception of groundwater through the installation of a permeable reactive barrier (PRB) or similar across the flow path of groundwater impacts. 

Groundwater interception could be implemented immediately down-gradient of the primary and secondary risk sources described below or at the down-gradient Site boundaries, such as at the western Site 
boundary adjacent to the West Bullsbrook residential area, or at the south-eastern boundary adjacent to the impacted residential properties to the south and east of the Site. 

Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers) would still be required until groundwater and concentrations are confirmed to 
have reduced to acceptable levels. 

Management of the surface water migration pathway would also be required, as well as possible management of the PFAS sources. 
Defence 
implications 

Defence 
capability 

This option has the potential to impact on Defence capability during barrier installation works (short term). 

Project fit Not likely to complement approaches at other Defence sites. 
Scalability Can be scaled up to treat more than one area of impacted groundwater. 

Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive if implemented with a supplementary source removal option. 
Overall assessment of option Based on the limiting criteria identified above such as the requirement to manage treatment media, the potential limitations of the low permeability ground conditions at the Site, ongoing barrier 

maintenance and potential barrier replacement requirements, further consideration to the implementation of this option is not recommended.    
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Table E-9 Options listing for Risk Management Option RMO 10 – Groundwater treatment 
No # / Title & Description RMO 10 / Groundwater treatment (e.g. adsorption). Abstraction of groundwater at Source Areas, or across the impacted groundwater flow path, and subsequent treatment (such as by granular activated 

carbon or resins) and re-injection. 

Groundwater treatment could target the primary and secondary risk sources described below or target the impacted off-Site areas such as the West Bullsbrook residential area or residential properties to 
the south and east of the Site. 

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota in 
Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J 
(former fuel farm), Source 
Area R (RAAF Pearce 
landfill) and sediment within 
on-Site drainage channels 
(particularly the drainage 
channel discharging to the 
south from Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source 
Area B and via discharge 
points E1, E4 and E5 to Ellen 
Brook and M4 and M5 to Ki-it 
Monger Brook (refer to Figure 
J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To minimise on- and off-Site exposure to PFAS in groundwater. 
How this objective contributes 
to managing the identified risk 

The DSI identified that 
groundwater migration is 
contributing to the PFAS 
impacts observed at off-Site 
private bores.  

Treating impacted 
groundwater at the Source 
Areas may reduce off-Site 
migration PFAS impacted 
groundwater and therefore, 
reduce exposure. 

Treating impacted groundwater 
at the Source Areas may reduce 
PFAS concentrations in perched 
groundwater and therefore, 
reduce the level of PFAS 
exposure to sub-surface 
maintenance workers. 

Perched groundwater may 
interact with surface water in 
the on-Site drainage channels. 

Treating impacted groundwater 
at the Source Areas may 
reduce PFAS concentrations 
discharging to the drainage 
channels and therefore, reduce 
the level of PFAS exposure to 
workers in these drains. 

The option does not address this 
risk. 

The option does not address 
this risk. 

The DSI identified that 
groundwater discharges to Ellen 
Brook during certain times of 
the year.  Treating impacted 
groundwater at the Source 
Areas may reduce PFAS 
concentrations discharging to 
Ellen Brook and therefore, 
reduce the level of PFAS 
exposure to the ecology using 
the Brook.  

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

Breaks the groundwater 
migration pathway and 
therefore reduces off-Site 
PFAS migration.  

This option does not address 
the surface water migration 
pathway. 

Reduces PFAS concentrations 
within perched groundwater and 
therefore level of exposure that 
can occur to sub-surface 
maintenance workers.  

May result in reduced PFAS 
concentrations within the 
drainage channels and 
therefore level of exposure that 
can occur to sub-surface 
maintenance workers.  

This option does not manage 
exposure to impacted surface 

The option does not address this 
risk. 

The option does not address 
this risk. 

Breaks the groundwater 
migration pathway and therefore 
reduces off-Site PFAS 
migration.  

This option does not manage 
exposure to impacted surface 
water run-off from Source 
Areas. 
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No # / Title & Description RMO 10 / Groundwater treatment (e.g. adsorption). Abstraction of groundwater at Source Areas, or across the impacted groundwater flow path, and subsequent treatment (such as by granular activated 
carbon or resins) and re-injection. 

Groundwater treatment could target the primary and secondary risk sources described below or target the impacted off-Site areas such as the West Bullsbrook residential area or residential properties to 
the south and east of the Site. 
Receptor management (e.g. 
provision of alternative water 
to bore users) would still be 
required until off-Site 
groundwater concentrations 
are confirmed to have 
reduced to acceptable levels. 

water run-off from Source 
Areas. Ongoing monitoring of the 

Brooks may be required until 
concentrations are confirmed to 
have reduced to acceptable 
levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the pathway. 

Supplementary / 
complementary options 

RMO 01 - Excavation and off-site disposal  
RMO 02 - Excavation and off-site treatment (e.g. thermal destruction)  
RMO 01 – Soil excavation and off-Site disposal – Could compliment groundwater treatment by reducing the mass of PFAS mobilising to groundwater and surface water from soil in source areas.   
RMO 02 – Soil excavation and off-Site treatment – Could compliment groundwater treatment by reducing the mass of PFAS mobilising to groundwater and surface water from soil in source areas.   
RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – Could compliment groundwater treatment by reducing the mass of PFAS mobilising to groundwater and 
surface water from soil in source areas.   
RMO 05 – Soil stabilisation - Could compliment groundwater treatment by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 06 – Soil washing - Could compliment groundwater treatment by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas. 
RMO 07 – Surface capping - Could compliment groundwater treatment by reducing the mass of PFAS mobilising to groundwater and surface water from the source areas.  
RMO 08- Surface water capture and treatment – Could compliment groundwater treatment by simultaneously reducing off-Site migration of PFAS within surface water.  
RMO 09 - Groundwater interception - Could compliment groundwater treatment by minimising the off-Site migration of any residual PFAS impact in groundwater following treatment, or could be used as 
an alternative to a treatment plant in other areas of the Site.   
RMO 11 - Drainage channel improvement - Could compliment groundwater treatment by simultaneously reducing off-Site migration of PFAS within surface water as a result of PFAS mobilisation from 
drainage channel sediments.  
RMO 12 - Alternative water supply – Could compliment groundwater treatment by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to have 
reduced to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions Could complement groundwater treatment by managing potential worker exposure to PFAS in surface water, sediment, soil and 
groundwater as part of future sub-surface or drainage channel maintenance works.  

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 2 – >$1,500,000 to <15,000,000 – Medium works notification to PWC required above $2 million. 

Effectiveness 
rating 

Medium with supplementary option - expected to make progress towards meeting objectives when combined with a supplementary source management option (e.g. RMO 01 to RMO 07), and/or 
supplementary surface water pathway management (e.g. RMO 08 surface water diversion).  

Receptor management such as Alternative Water Supply (RMO 12) would be required until off-site groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

May require additional groundwater investigations to optimise placement of the treatment plant/s.  May require additional soil characterisation to confirm suitability of the local ground conditions for re-
injection/infiltration of treated water. Low permeability of the aquifer may limit effectiveness of a treatment system.  

Implementation 
period / 
timeframe 

Long term: beyond 3 years. 

Potential 
impacts 

Environmental: 
• Positive: option would reduce PFAS in the environment (although it is rarely possible to completely remove all PFAS from groundwater as the treatment facility cannot affect all of the contamination

in the in situ ground environment).
• Negative: option involves treatment of the plume (pathway) and not the source.
• Negative: short-term environmental impact associated with plant and vehicle operations (emissions, dust generation etc.) during the construction of a groundwater treatment facility
• Negative: ongoing energy consumption to operate treatment facility.
• Negative: treatment media needs to be managed and replaced.
• Negative: abstraction of groundwater may impact groundwater chemistry (e.g. lowering of water table causing acidification etc.). Treated water requires reinjection to the aquifer.

Socio-economic: 
• Positive: risk management will be supported by the community and stakeholders.
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No # / Title & Description RMO 10 / Groundwater treatment (e.g. adsorption). Abstraction of groundwater at Source Areas, or across the impacted groundwater flow path, and subsequent treatment (such as by granular activated 
carbon or resins) and re-injection. 

Groundwater treatment could target the primary and secondary risk sources described below or target the impacted off-Site areas such as the West Bullsbrook residential area or residential properties to 
the south and east of the Site. 

• Negative: may be less community and stakeholder confidence in outcomes, as the sources are not removed from the Site.
• Negative: long-term operating costs for potentially low PFAS recovery.

Other: 
• Positive: likely to have low impact on Defence capabilities compared to options that involve excavation of the impacted soil (e.g. RMO 01 to RM0 07).

Estimated net 
environmental 
benefits 

Moderate – reduction of PFAS migration into the environment surrounding the Site, though generates some waste material requiring management (treatment media that needs to be replaced) and has 
ongoing energy consumption.  

Risk based 
analysis 

Proportion of 
action to risk 

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is disproportionate to the likelihood and scale of the risk, given the following: 
• The likely high cost involved.
• The high complexity of the technology and infrastructure.
• The ongoing energy and maintenance requirements of the technology.
• The requirement to manage treated water.
• The potential low level of effectiveness of a treatment system, given the low permeability of the aquifer.
• The likely requirement for multiple treatment systems in different areas of the Site.
• The relatively low number of off-Site groundwater users affected and the outcomes of the HHRA, which concludes that risks from drinking groundwater containing PFAS at the concentrations

recorded are low and acceptable, based on typical water consumption habits.
Best practice 
status 

Groundwater treatment by adsorption methods is an established practice for treatment of PFAS impacted groundwater.  The option addresses the migration pathway, which is preferred over management 
of receptors, though is less preferred than management of the source. 

Verification 
status 

Verified remedial option. Is currently being applied at other Defence sites in Australia. 

Technology 
assessment 

Infrastructure and energy requirements 
• Highly complex infrastructure.
• Ongoing energy consumption for operation of treatment facility.
• Ongoing maintenance of groundwater treatment facility required.
• Infrastructure require to manage treated water (e.g. re-injection wells, basins etc.)
• Plant and vehicles required to construct groundwater treatment facility.

Ability to construct and operate technology 
• Highly complex technology.
• Good availability of groundwater treatment remediation contractors.

Reliability of technology 
• Established practice for reducing off-site migration of impacted groundwater, although long implementation times are required and complete recovery of PFAS may not be achieved.
• Has been applied on other PFAS impacted sites in Australia.

Ability to monitor effectiveness 
• Treated groundwater can be monitored to test effectiveness.
• Validation groundwater monitoring can assess effectiveness of groundwater treatment.

Ability to obtain any necessary approvals 
• Base permits and approvals required.
• Licence to abstract groundwater may be required.
• Works Approval under the Environmental Protection Act 1986 may be required to manage discharge of treated water to the environment.

Availability of services and materials. 
• Good availability of groundwater treatment remediation contractors.
• Remediation plant materials widely available.
• Various treatment media available.

Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability during construction of groundwater treatment plant (short term) and potentially ongoing impact depending on the location of the treatment plant (long term).
• Potential environmental impact during installation of treatment plant, especially if installed in Source Area B (former fire training areas) which features sensitive ecology.
• Potential impact on local groundwater chemistry (e.g. lowering of water table causing acidification etc.). This could be assessed through soil and groundwater investigations.
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No # / Title & Description RMO 10 / Groundwater treatment (e.g. adsorption). Abstraction of groundwater at Source Areas, or across the impacted groundwater flow path, and subsequent treatment (such as by granular activated 
carbon or resins) and re-injection. 

Groundwater treatment could target the primary and secondary risk sources described below or target the impacted off-Site areas such as the West Bullsbrook residential area or residential properties to 
the south and east of the Site. 
Secondary risks: 

• Additional groundwater investigations, possibly including modelling, may also be required to optimise placement of a treatment plant/s.
• Operational controls required to manage exposure of workers to impacted soils and groundwater during treatment plant installation and maintenance works.
• Management and replacement of treatment media required.
• Management of treated water required.
• Ongoing maintenance of the treatment plant required.
• Low permeability of the aquifer may limit effectiveness of a barrier system.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to groundwater etc.) will continue to be exposed to PFAS impacted groundwater until concentrations are confirmed to have

reduced to acceptable levels.  Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
• The PFAS sources are not removed and thus, direct exposure risks are not managed. Source management (e.g. RMO 01 to RMO 07) could be implemented to mitigate this risk.
• The surface water migration pathway is not managed.

Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers) would still be required until groundwater concentrations are confirmed to have 
reduced to acceptable levels. 

Management of the surface water migration pathway would also be required, as well as possible management of the PFAS sources. 
Defence 
implications 

Defence 
capability 

This option has the potential to impact on Defence capability during construction of the groundwater treatment facility (short term) and potentially ongoing impact depending on the location of the treatment 
plant (long term). 

Project fit Likely to complement approaches at other sites. 
Scalability Groundwater treatment plants can be installed at multiple source areas at the same time. 

Potential to be scalable to other Defence sites. 
Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive if implemented with a supplementary source removal option, though may not support the long timeframes. 
Overall assessment of option Based on the limiting criteria identified above such as the requirement to manage treatment media, the challenges of managing treated water and waste stream, the potential limitations of the low 

permeability ground conditions at the Site and the ongoing energy use, further consideration to the implementation of this option is not recommended.   
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Table E-10 Options listing for Risk Management Option RMO 11 – Drainage channel improvement 
No # / Title & Description RMO 11 / Drainage channel improvement. Excavation of sediment from on-Site drainage channels where elevated concentrations were recorded. Lining of unlined drainage channels and cleaning of 

concrete lined drainage channels could also be undertaken. Excavated sediments would require management as per the soil management options described above (e.g. RMO 01 to RMO 06). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental ingestion 
of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota in 
Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J 
(former fuel farm), Source 
Area R (RAAF Pearce 
landfill) and sediment within 
on-Site drainage channels 
(particularly the drainage 
channel discharging to the 
south from Source Area A). 

Source Area B (former fire 
training areas) and Source Area 
J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source 
Area B and via discharge 
points E1, E4 and E5 to Ellen 
Brook and M4 and M5 to Ki-it 
Monger Brook (refer to Figure 
J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the 
Site. 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To minimise off-site migration of PFAS through surface water discharge. 
How this objective contributes 
to managing the identified risk 

Sediment removal would 
reduce ongoing surface water 
impact and subsequently, 
reduce exposure to PFAS 
impacted surface water off-
Site.  

N/A Sediment removal would reduce 
ongoing surface water impact 
and subsequently, reduce 
exposure to PFAS impacted 
surface water in the drainage 
channels by base workers.  

The option does not address this 
risk. 

The option does not address 
this risk. 

Sediment removal would reduce 
exposure of ecology to 
sediment and reduce ongoing 
surface water impact and 
exposure in Ellen and Ki-it 
Monger Brooks.  

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

Reduces the contribution of 
PFAS impact to surface 
water from sediment.  Does 
not address contribution from 
impacted soil in Source 
Areas.   

This option does not address 
the source of contamination 
or the groundwater migration 
pathway  

Receptor management (e.g. 
provision of alternative water 

Reduces PFAS concentrations 
within perched groundwater and 
therefore level of exposure that 
can occur to sub-surface 
maintenance workers.  

May result in reduced PFAS 
concentrations within the 
drainage channels and 
therefore level of exposure that 
can occur to sub-surface 
maintenance workers.  

This option does not manage 
exposure to impacted surface 
water run-off from Source 
Areas. 

The option does not address this 
risk. 

The option does not address 
this risk. 

Breaks the groundwater 
migration pathway and therefore 
reduces off-Site PFAS 
migration.  

This option does not manage 
exposure to impacted surface 
water run-off from Source 
Areas. 

Ongoing monitoring of the 
Brooks may be required until 
concentrations are confirmed to 
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No # / Title & Description RMO 11 / Drainage channel improvement. Excavation of sediment from on-Site drainage channels where elevated concentrations were recorded. Lining of unlined drainage channels and cleaning of 
concrete lined drainage channels could also be undertaken. Excavated sediments would require management as per the soil management options described above (e.g. RMO 01 to RMO 06). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 
to bore users) would still be 
required until off-Site 
groundwater concentrations 
are confirmed to have 
reduced to acceptable levels. 

have reduced to acceptable 
levels.  

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the pathway. 

Supplementary / 
complementary options 

RMO 01 – Soil excavation and off-Site disposal – Could compliment drainage channel improvement by reducing the mass of PFAS mobilising to the drainage channels and to groundwater from the 
source areas. The same plant used to conduct drainage improvement (e.g. removal of sediments) could be used to conduct soil excavation.  
RMO 02 – Soil excavation and off-Site treatment – Could compliment drainage channel improvement by reducing the mass of PFAS mobilising to the drainage channels and to groundwater from the 
source areas. The same plant used to conduct drainage improvement (e.g. removal of sediments) could be used to conduct soil excavation.  
RMO 03 and RMO 04 – soil excavation and on-Site stockpiling or on-Site containment – Could compliment drainage channel improvement by reducing the mass of PFAS mobilising to the drainage 
channels and to groundwater from the source areas. The same plant used to conduct drainage improvement (e.g. removal of sediments) could be used to conduct soil excavation. 
RMO 05 – Soil stabilisation - Could compliment drainage channel improvement by reducing the mass of PFAS mobilising to the drainage channels and to groundwater from the source areas.  
RMO 06 – Soil washing – could complement drainage channel improvement by reducing the mass of PFAS mobilising to the drainage channels and to groundwater from the source areas. 
RMO 07 – Surface capping - Could compliment drainage channel improvement by reducing the mass of PFAS mobilising to the drainage channels and to groundwater from the source areas. 
RMO 08 – Surface water capture and treatment – Could compliment drainage channel improvement by simultaneously reducing the mass of PFAS migrating off-Site via surface water discharge.  
RMO 09 - Groundwater interception – Could complement drainage channel improvement by simultaneously minimising off-Site migration of impacted groundwater. 
RMO 10 - Groundwater treatment (e.g. pump and treat) - Could complement drainage channel improvement by simultaneously minimising off-Site migration of impacted groundwater. 
RMO 12 - Alternative water supply – Could compliment drainage channel improvement by managing receptors (i.e. off-site users of groundwater) until off-site groundwater concentrations are observed to 
have reduced to acceptable levels.  
RMO 13 - Institutional Controls - Access and Use Restrictions Could complement drainage channel improvement by managing potential worker exposure to PFAS in soil, surface water, and 
groundwater during future sub-surface or drainage channel maintenance works.  

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 3 – > $450,000 < $2,000,000 – Project actions 

Effectiveness 
rating 

Medium with supplementary option - expected to make progress towards meeting objectives when combined with a supplementary source management option (e.g. RMO 01 to RMO 07). 

Receptor management such as alternative water supply (RMO 12) would be required until off-site groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

May require additional sediment sampling to completely characterise the drainage channel network and prioritise drains for improvement. 
Implementation 
period / 
timeframe 

Medium term: 1-3 years 

Potential 
impacts 

Environmental: 
• Positive: reduces migration of PFAS into the environment
• Negative: materials excavated from drainage channels will require management including potential off-Site disposal.
• Negative: may increase the volume of surface water discharging from the Site, as infiltration to the sub-surface would become restricted due to lining of unlined drainage channels.
• Negative: short-term environmental impact associated with plant and vehicle operations (emissions, dust generation etc.) during implementation.

Socio-economic: 
• Positive: rapid risk management will be supported by the community and stakeholders.
• Positive: low ongoing costs following implementation.
• Negative: may be less community and stakeholder confidence in outcomes, as the source is not removed from the Site.

Other: 
• Negative: possible impact on Defence capabilities noting that several drainage channels traverse the airfield and are located in close proximity to key infrastructure (e.g. the Air Traffic Control

Tower in Source Area A).

Area specific considerations 
• Source Area A:
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No # / Title & Description RMO 11 / Drainage channel improvement. Excavation of sediment from on-Site drainage channels where elevated concentrations were recorded. Lining of unlined drainage channels and cleaning of 
concrete lined drainage channels could also be undertaken. Excavated sediments would require management as per the soil management options described above (e.g. RMO 01 to RMO 06). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 

o Negative: Drainage earthworks in the vicinity of Source Area A (fire training area) may impact on Defence capabilities (short term), given its location adjacent to the Air Traffic Control
Tower and the high density of underground services.

• Source Area B:
o Negative: Drainage earthworks in Source Area B (former fire training areas) may as impact sensitive ecology, as this area is within a conservation (Bush Forever) area.

Estimated net 
environmental 
benefits 

Moderate – while this option is expected to reduce the mass of PFAS being released to the environment surrounding the Site, management of excavated sediment will require consideration. The volume of 
surface water discharging from the Site is also likely to increase as surface water infiltration to the sub-surface will be restricted if drainage channels are lined.  

Risk based 
analysis 

Proportion of 
action to risk 

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is considered comparative to the likelihood and scale of the risk, especially when noting that surface water 
migration has been identified as the primary mechanism for off-Site migration of PFAS. 

Best practice 
status 

This option has been applied on other PFAS impacted sites in Australia. The option addresses the migration pathway, which is preferred over management of receptors, though is less preferred than 
management of the source. 

Verification 
status 

Verified remedial option. 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity infrastructure
• Plant and vehicles required to excavate sediment from drainage channels and to line unlined drains.
• Ongoing maintenance of drainage channels required.

Ability to construct and operate technology 
• Low complexity technology.
• Earthworks and construction contractors widely available.

Reliability of technology 
• Established practice for reducing off-site migration of impacted surface water.
• Has been applied on other PFAS impacted sites in Australia.

Ability to monitor effectiveness 
• Validation groundwater and surface water monitoring can assess effectiveness of drainage channel improvement.

Ability to obtain any necessary approvals 
• Base permits and approvals required

Availability of services and materials 
• Earthworks and construction contractors widely available.
• Drainage materials (liners, conduits etc.) widely available.

Risks and 
mitigation 

Primary risks: 
• Potential impact on Defence capability during drainage improvement works (short term) given proximity of existing drainage channels to infrastructure (especially Source Area A, fire training area)

and location within the airfield.

Secondary risks: 
• Operational controls required to manage exposure of workers to impacted soils, sediment and surface water during works.
• Management of excavated sediment required.
• Potential management of increased volume of surface water run-off required, if drainage channels are lined.

Residual risks: 
• Some receptors (e.g. off-site groundwater users, workers exposure to surface water etc.) will continue to be exposed to PFAS impacted groundwater and surface water until concentrations are

confirmed to have reduced to acceptable levels. Receptor management (e.g. RMO 12 and RMO 13) could be implemented to mitigate this risk.
• The PFAS sources are not removed.  Source management (e.g. RMO 01 to RMO 07) could be implemented to mitigate this risk.

Key 
dependencies 

Receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers and drainage channel maintenance workers) would still be required until 
groundwater and surface water concentrations are confirmed to have reduced to acceptable levels. 

Management of the groundwater migration pathway may also be required, as groundwater migration has also been shown to be contributing to the off-Site migration of PFAS. 
Defence 
implications 

Defence 
capability 

Potential impact on Defence capability during drainage improvement works (short term) given proximity of existing drainage channels to infrastructure (especially Source Area A, fire training area) and 
location within the airfield. 

Project fit Likely to complement approaches at other sites. 
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No # / Title & Description RMO 11 / Drainage channel improvement. Excavation of sediment from on-Site drainage channels where elevated concentrations were recorded. Lining of unlined drainage channels and cleaning of 
concrete lined drainage channels could also be undertaken. Excavated sediments would require management as per the soil management options described above (e.g. RMO 01 to RMO 06). 

The specific parts of the drainage network that could be targeted include the drainage channels draining from Source Area A and Source Area B and the surface water discharge points E1, E4, E5 (which 
discharge to Ellen Brook), M4 and M5 (which discharge to Ki-it Monger Brook), as shown on Figure J. 

Scalability Multiple drainage channels can be improved as part of the same package of works. 

Potential to be scalable to other Defence sites. 
Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive if implemented with a supplementary source removal option. 
Overall assessment of option On the basis of the low complexity and the relatively low cost, further consideration to the implementation of this option is recommended. 
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Table E-11 Options listing for Risk Management Option RMO 12 – Alternative water supply 
No # / Title & Description RMO 12 / Alternative water supply. Provision of alternative water to properties that have groundwater bores with PFAS concentrations exceeding the LOR (0.01 ug/L). This currently being undertaken 

through provision of bottled water (IRM Action 1), though alternative, more permanent methods such as provision of rainwater tanks (or additional or larger tanks where properties already have tanks), 
installation of deeper bores that draw water from an unaffected portion of the aquifer or point-of-entry treatment (POET) systems could be considered. 

Risk ID HHRA 01: Drinking 
groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental 
ingestion of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds maintenance 
area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within 
Source Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source Area 
B (former fire training areas), 
Source Area J (former fuel farm), 
Source Area R (RAAF Pearce 
landfill) and sediment within on-
Site drainage channels 
(particularly the drainage 
channel discharging to the south 
from Source Area A). 

Source Area B (former fire 
training areas) and Source 
Area J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water migration 
through the north-south drains 
associated with Source Area A 
and Source Area B and via 
discharge points E1, E4 and E5 
to Ellen Brook and M4 and M5 to 
Ki-it Monger Brook (refer to 
Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the Site. 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin contact 
and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To provide alternative water to properties that have groundwater bores with PFAS concentrations exceeding the LOR. 
How this objective contributes 
to managing the identified risk 

Provides an alternative source of 
drinking water to affected 
properties, thereby minimising 
exposure to PFAS from drinking 
impacted groundwater.  

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

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

Minimises exposure to PFAS 
from drinking impacted 
groundwater. 

This option does not address the 
contamination source nor the 
pathways.  

If the chosen option was to 
install deeper bores, ongoing 
monitoring of those bores would 
be required to confirm the 
absence of PFAS.  

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

The option does not address 
this risk. 

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

This option addresses the receptor. 

Supplementary / 
complementary options 

RMO 01 - Excavation and off-site disposal, RMO 02 - Excavation and off-site treatment (e.g. thermal destruction). RMO 03 - Excavation and on-Site stockpiling, RMO 04 - Excavation and on-
Site containment, RMO 05 - Soil stabilisation, RMO 06 – Soil washing, RMO 07 - Surface capping – These source management options could complement alternative water supply by reducing the 
mass of PFAS mobilising to surface water and groundwater and therefore reducing off-Site migration of PFAS. These options may minimise the number of off-Site properties requiring alternative water 
supply in future or minimise the timeframe for which supply of water is required.  
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No # / Title & Description RMO 12 / Alternative water supply. Provision of alternative water to properties that have groundwater bores with PFAS concentrations exceeding the LOR (0.01 ug/L). This currently being undertaken 
through provision of bottled water (IRM Action 1), though alternative, more permanent methods such as provision of rainwater tanks (or additional or larger tanks where properties already have tanks), 
installation of deeper bores that draw water from an unaffected portion of the aquifer or point-of-entry treatment (POET) systems could be considered. 
RMO 08 - Surface water capture and treatment, RMO 09 - Groundwater interception, RMO 10 - Groundwater treatment (e.g. pump and treat), RMO 11 - Drainage channel improvement 
– These pathway management options could complement alternative water supply by reducing off-Site migration of PFAS through surface water and groundwater.  These options may minimise the number
of off-Site properties requiring alternative water supply in future or minimise the timeframe for which supply of water is required.
RMO 13 - Institutional Controls - Access and Use Restrictions - Could complement alternative water supply by managing potential worker exposure to PFAS in soil, surface water, and groundwater
during future sub-surface or drainage channel maintenance works on-Site.

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 3 – > $450,000 < $2,000,000 – Project actions 

Effectiveness 
rating 

High - expected to meet objectives with respect to receptor management of risk HHRA 01.  However, this option does not address the PFAS sources or migration pathways, which will continue to 
contribute to the presence of PFAS in the Management Area environment, unless supplementary options are implemented.   

Implementation 
period / 
timeframe 

Alternative water provision could be implemented in the short term (1 – 12 months).  Early implementation and rapid risk management is possible. 

Depending on the chosen means of water provision, ongoing maintenance (e.g. cleaning of rainwater tanks) and monitoring (i.e. of deeper bores to confirm that PFAS has not been drawn into the bore) 
may be required for the long term (beyond 3 years).  

Potential 
impacts 

Environmental: 
• Positive: minimal disturbance to local environment.
• Negative: waste generation if bottled water supply is the chosen means of alternative water supply.
• Negative: short-term environmental impact associated with plant and vehicle operations (emissions, dust generation etc.) during rainwater tank construction or deeper bore installation.
• Negative: bore installation produces a relatively small quantity of waste soil and water that requires management.  Ongoing maintenance of bores required.

Socio-economic: 
• Positive: greater community and stakeholder confidence as risk to receptor is immediately addressed (for provision of bottled water - IRM Action 1).
• Positive: costs following implementation limited to ongoing maintenance and/or monitoring of rainwater tanks/bores.
• Negative: may be less community and stakeholder confidence in outcomes, as the source and pathways are not addressed. May be community concerns about potential for PFAS impact to

expand or increase in magnitude.
• Negative: installation of rainwater tanks may be viewed as an unwanted intrusion by some community members.  Some community members may have concerns about potential contamination of

rainwater tanks from other sources (e.g. debris, bird droppings, aviation etc.).

Other: 
• Ongoing community engagement required to monitor satisfaction with alternative water supply.

Estimated net 
environmental 
benefits 

Negative estimated environmental benefit as PFAS in environment is not addressed. 

Risk based 
analysis 

Proportion of 
action to risk 

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is comparative to the likelihood and scale of the risk. 

Best practice 
status 

Although the option does not address the sources or pathways, it is considered to be a best practice method due to the immediate nature of risk management. This option has been applied on other PFAS 
impacted sites in Australia. 

Verification 
status 

Verified remedial option. 

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity infrastructure.
• Vehicles required for delivery of bottled water to private properties.
• Plant and vehicles required for rainwater tank/deeper bore installation.
• Energy required to operate deeper groundwater bores.

Ability to construct and operate technology 
• Low complexity technology.
• Borehole installation contractors and rainwater tank installation contractors widely available.

Reliability of technology 
• Alternative water supply is a reliable method of receptor management.  Ongoing monitoring of deeper bores would be required to assess whether PFAS impacted water has been drawn into the

bore.

Ability to monitor effectiveness 
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No # / Title & Description RMO 12 / Alternative water supply. Provision of alternative water to properties that have groundwater bores with PFAS concentrations exceeding the LOR (0.01 ug/L). This currently being undertaken 
through provision of bottled water (IRM Action 1), though alternative, more permanent methods such as provision of rainwater tanks (or additional or larger tanks where properties already have tanks), 
installation of deeper bores that draw water from an unaffected portion of the aquifer or point-of-entry treatment (POET) systems could be considered. 

• Ongoing groundwater monitoring can assess effectiveness of alternative water supply (for installation of deeper boreholes)
• Continued community engagement will assess community satisfaction with alternative water supply.

Ability to obtain any necessary approvals 
• Licences to extract water may and registration of bores may be required for installation of deeper bores.

Availability of services and materials 
• Bore installation contractors and rainwater tank installation contractors widely available.
• Delivery services for bottled water supply widely available.
• Environmental consultants widely available for ongoing bore monitoring.

Risks and 
mitigation 

Primary risks: 
• Potential property damage (e.g. damage to underground services) and health and safety risks at private properties during installation of rainwater tanks/deeper bores. Development and

implementation of health, safety and environment plans could be undertaken to mitigate this risk.

Secondary risks: 
• Potential for deeper bores to affected groundwater dynamics and eventually draw PFAS impacted groundwater into the bore.  Ongoing monitoring would be required to assess this.
• Potential for rainwater tank contamination from other sources (e.g. debris, bird droppings, aviation etc.).  Ongoing maintenance or monitoring of tanks may be required to assess this.

Residual risks: 
• The PFAS sources and pathways are not removed or managed.  Source management (e.g. RMO 01 to RMO 07) or pathway management (e.g. RMO 08 to RMO 11) could be implemented to

mitigate this risk.
Key 
dependencies 

To reduce ongoing maintenance and/or monitoring costs and minimise the number of properties requiring management beyond those currently known to be affected, management of the PFAS sources 
(e.g. RMO 01 to RMO 07) and/or pathways (e.g. RMO 08 to RMO 11) would also be required.   

Defence 
implications 

Defence 
capability 

Low impact to on-Site activities. 

Project fit Already implemented (IRM Action 1) and consistent with actions undertaken at other Defence sites. 
Scalability Can be implemented at multiple off-site properties as part of the same package of work. 

Stakeholder 
impacts, 
views and 
constraints 

Jurisdictional 
regulator/s 

WA DWER 
Possibly Water Corporation 

Owner / 
occupier 
consents and 
views 

Private property. 

Community Not likely to be supportive if the source and/or pathways are not managed. 

Likely to be supportive of alternative supply via rainwater tanks and deeper bores, though unlikely to support the long-term provision of bottled water. 
Overall assessment of option On the basis of the low complexity and the relatively low cost, further consideration to the implementation of this option is recommended. 
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Table E-12 Options listing for Risk Management Option RMO 13 - Institutional Controls - Access and Use Restrictions 
No # / Title & Description RMO 13 – On-Site Institutional Controls - Access and Use Restrictions.  Where future use of the impacted area is required for operational purposes that may result in elevated exposure to PFAS, 

activities could be controlled by an SMP or similar document and system stipulating requirements for use of personal protective equipment (PPE) or other exposure management measures. 
Risk ID HHRA 01: Drinking 

groundwater from off-Site 
bores with PFAS above 
drinking water guidelines 

HHRA 02: Incidental 
ingestion of on-Site perched 
groundwater by sub-surface 
maintenance workers 

HHRA 03: Base workers 
exposed to surface water 
from working in the on-Site 
drainage channels 

HHRA 04: Base workers 
exposed to soil within Source 
Area D (grounds 
maintenance area). 

HHRA 05: Sub-surface 
maintenance workers 
exposed to soil within Source 
Area D. 

ERA 01: Certain higher order 
consumers exposed to PFAS 
in soil, sediment, surface 
water and lower order biota 
in Source Areas A and B. 

Primary risk sources Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area A (fire training 
area) 

Source Area D (grounds 
maintenance area) 

Source Area D (grounds 
maintenance area) 

Source Area A (fire training 
area) and Source Area B 
(former fire training areas) 

Secondary risk sources Source Area D (grounds 
maintenance area), Source 
Area B (former fire training 
areas), Source Area J (former 
fuel farm), Source Area R 
(RAAF Pearce landfill) and 
sediment within on-Site 
drainage channels (particularly 
the drainage channel 
discharging to the south from 
Source Area A). 

Source Area B (former fire 
training areas) and Source 
Area J (former fuel farm). 

Source Area B (former fire 
training areas), Source Area D 
(grounds maintenance area), 
and sediment within on-Site 
drainage channels. 

None. None. Ellen and Ki-it Monger Brook. 

Migration pathways / exposure 
routes 

Primarily surface water 
migration through the north-
south drains associated with 
Source Area A and Source 
Area B and via discharge points 
E1, E4 and E5 to Ellen Brook 
and M4 and M5 to Ki-it Monger 
Brook (refer to Figure J). 

Secondarily, groundwater 
migration, particularly to the 
south and south-east of the Site 

Incidental ingestion. Incidental ingestion. Incidental ingestion, skin 
contact and/or dust inhalation. 

Incidental ingestion, skin 
contact and/or dust inhalation. 

Uptake of lower order biota, 
exposure to surface water, soil 
and sediment. 

Objective To reduce PFAS exposure to base workers. 
How this objective contributes 
to managing the identified risk 

The option does not address 
this risk. 

Reduced risk of human ingestion of PFAS compounds due to controlled access and/or working behaviours (e.g. use of PPE). The option does not address 
this risk. 

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

The option does not address 
this risk. 

Reduces exposure to receptors (i.e. workers), though does not manage the contamination source or migration pathways. The option does not address 
this risk. 

Does option address the 
source, pathway or receptor 
and extended implementation 
period requirements 

The option manages the receptor. 

Supplementary / 
complementary options 

RMO 01 - Excavation and off-site disposal, RMO 02 - Excavation and off-site treatment (e.g. thermal destruction), RMO 03 - Excavation and on-Site stockpiling, RMO 04 - Excavation and on-
Site containment, RMO 05 - Soil stabilisation, RMO 06 - Soil washing, RMO 07 - Surface capping, RMO 08 - Surface water capture and treatment, RMO 09 - Groundwater interception, RMO 10 - 
Groundwater treatment (e.g. pump and treat), RMO 11 - Drainage channel improvement – These options could supplement RMO 13 by reducing the extent and magnitude of PFAS impact in soil, 
sediment, surface water and groundwater thereby reducing the need for onerous worker controls, reducing the Site area of which controls are applied to and reducing the timeframe that the controls are 
required to implemented for. 
RMO 12 - Alternative water supply - Could compliment RMO 13 by managing off-Site receptors (i.e. off-site users of groundwater) at private properties where Defence may have influence over the 
implementation of access restrictions and controls regarding the use of groundwater. 

Detailed Option Analysis 

Criterion Analysis 
Cost / 
effectiveness/ 
impact 
analysis 

Cost range 
estimate 

Estimated to be Category 4 – < $500,000 

Effectiveness 
rating 

High - expected to meet objectives with respect to receptor management of risk HHRA 02 to HHRA 05.  However, this option does not address the PFAS sources or migration pathways, which will continue 
to contribute to the presence of PFAS in the Management Area environment, unless supplementary options are implemented.   
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No # / Title & Description RMO 13 – On-Site Institutional Controls - Access and Use Restrictions.  Where future use of the impacted area is required for operational purposes that may result in elevated exposure to PFAS, 
activities could be controlled by an SMP or similar document and system stipulating requirements for use of personal protective equipment (PPE) or other exposure management measures. 

Implementation 
period / 
timeframe 

Could be implemented in the short term (1 – 12 months).  Early implementation and rapid risk management is possible. 
 
If source and/or pathway management options are not also implemented, then implementation of on-Site controls (RMO 13) will be required in the long term (beyond 3 years).  

Potential 
impacts 

Environmental: 
• Positive: no environmental impact due to non-intrusive nature of this option.  
• Negative: no reduction of PFAS in the environment. 
• Negative: ongoing use of PPE to prevent exposure results in waste generation.  

Socio-economic: 
• Positive: minimal ongoing costs following the development of a Site Management Plan or procedures.  
• Negative: low receptor confidence in outcomes, as the source and pathways are not addressed.  

Estimated net 
environmental 
benefits 

Negative estimated environmental benefit as PFAS in environment is not addressed.  

Risk based 
analysis 

Proportion of 
action to risk  

The scale (timing/implementation logistics/impact on Defence capability) and cost of the action is comparative to the likelihood and scale of the risk. 

Best practice 
status 

Although the option does not address the sources or pathways, it is considered to be a realistic alternative method due to the immediate nature of risk management.  
This option has been applied on other PFAS impacted sites in Australia. 

Verification 
status 

Verified management option.  

Technology 
assessment 

Infrastructure and energy requirements 
• Low complexity. 
• If part of the strategy was to use fencing to restrict access to impacted areas, plant and vehicles required to construct security fencing and ongoing maintenance of fencing would be required.  

 
Ability to construct and operate technology/ 

• Low complexity.  
 
Reliability of technology 

• Reliable provided that all stakeholders are made aware of and adhere to the necessary controls and restrictions.  
 
Ability to monitor effectiveness 

• Auditing of the SMP and permitting system can assess the effectiveness.  
 
Ability to obtain any necessary approvals 

• Site auditor approval of the SMP could be obtained.  
 
Availability of services and materials 

• Consultants widely available for production of an SMP or similar. 
• PPE providers widely available.  

Risks and 
mitigation 

Primary risks: 
• None identified. 

 
Secondary risks: 

• Potential PFAS exposure to workers if procedures of the SMP or similar are not followed.  
 
Residual risks: 

• The PFAS sources and pathways are not removed or managed.  Source management (e.g. RMO 01 to RMO 07) or pathway management (e.g. RMO 08 to RMO 11) could be implemented to 
mitigate this risk. 

Key 
dependencies 

Source and pathway management options would need to be implemented to address PFAS impacts to soil, groundwater and surface water and off-Site receptors 
 
Ongoing receptor management (e.g. provision of alternative water to bore users, use of PPE by sub-surface maintenance workers) would still be required until groundwater and surface water 
concentrations are confirmed to have reduced to acceptable levels via implementation of other remediation options. 

Defence 
implications 

Defence 
capability 

Unlikely to impact upon Defence capability.  

Project fit Likely to complement approaches at other sites. 
Scalability Potential to be scalable to other Defence sites through the preparation of a Defence-wide procedure for working in PFAS impacted areas.   

Stakeholder 
impacts, 

Jurisdictional 
regulator/s 

WA DWER 



Appendix E Options listing 
 
 

No # / Title & Description RMO 13 – On-Site Institutional Controls - Access and Use Restrictions.  Where future use of the impacted area is required for operational purposes that may result in elevated exposure to PFAS, 
activities could be controlled by an SMP or similar document and system stipulating requirements for use of personal protective equipment (PPE) or other exposure management measures. 

views and 
constraints 

Owner / 
occupier 
consents and 
views 

Defence owned land 

Community Likely to be supportive with respect to receptor management of risk HHRA 02 to HHRA 05, though may not be supportive if source and/or pathway management options are not also implemented.  
Overall assessment of option On the basis of the low complexity, the relatively low cost and the proportion of action to risk, further consideration to the implementation of this option is recommended. 
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1. Introduction 

The Australian Department of Defence (Defence) commissioned GHD Pty Ltd (GHD) to prepare 

an Ongoing Monitoring Plan (OMP) for per- and poly-fluoroalkyl substances (PFAS) impacts 

identified on and around RAAF Base Pearce in Bullsbrook, Western Australia (Figure 1).  

The OMP applies to not only RAAF Base Pearce, but also the surrounding areas that, together 

with the Base, make up the “Management Area”. For the purposes of this OMP: 

 “the Site” was defined as RAAF Base Pearce. 

 “the Management Area” was defined as comprising the Site, plus a number of 

surrounding (off-Site) waterways and privately owned and leased properties; including 

residential premises (refer to Figure 1). The rationale for the establishment of the 

Management Area is described further in Section 2.4. 

The Site is located on Commonwealth Land and is regulated under the Commonwealth 

environmental legislation. 

1.1 Background 

PFAS are a class of manufactured chemicals that have been used since the 1950s to make 

products that resist heat, stains, grease and water. Until recently, this group of chemicals was 

known as perfluorinated chemicals (PFCs). However, as the term PFCs is more commonly used 

to mean perfluorocarbons, which are greenhouse gases, Defence, and the industry in general, 

is now using the term PFAS. 

PFAS have been used in Australia and around the world in many common household products 

and specialty applications including: 

 Non-stick cookware, 

 Fabric, furniture and carpet stain protection applications, 

 Food packaging, and 

 Commercial and industrial applications such as mist suppressants, insecticide 

formulations, mining and oil well surfactant, aviation hydraulic fluids, floor polishes and 

cleaning products.  

PFAS are known to be present in legacy formulations of aqueous film forming foam (AFFF). 

AFFF is a fire-fighting foam that has been used extensively worldwide, and within Australia, 

from about the 1970s by both civilian and military authorities due to its effectiveness in 

extinguishing liquid fuel fires. Legacy formulations of AFFF contained a number of PFAS that 

are now known to be persistent in the environment and in humans.  

Most people living in developed nations have some PFAS in their body as a result of their 

widespread use. The effects of PFAS substances are largely unknown, but it is understood that 

they persist in the environment (water and soil) for an extended period without breaking down.  

There is currently no consistent evidence that exposure to PFAS causes adverse human health 

effects. As these chemicals persist in humans and the environment, enHealth recommends that 

human exposure to these chemicals is minimised as a precaution.  

The key PFAS of interest for this project included perfluorooctane sulfonate (PFOS); 

perfluorooctanoic acid (PFOA); and perfluorohexane sulfonate (PFHxS). These are the PFAS 

for which regulatory endorsed assessment levels are available.  
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From 2004, Defence commenced phasing out its use of legacy AFFF containing PFOS and 

PFOA as active ingredients. The AFFF now used by Defence is a more environmentally safe 

product. Further, Defence has also made changes to the way it uses AFFF to ensure that the 

risk of releasing AFFF into the environment is minimised.  

1.2 Objective 

The objective of the OMP is to present the rationale and scope for the monitoring of the 

concentrations and extent of PFAS in groundwater, surface water and sediment originating from 

the Site. These findings will inform risk management decisions by Defence and the Western 

Australian Government to protect human health and the environment. 

1.3 Purpose 

The purpose of undertaking the monitoring specified within the OMP is to: 

 Evaluate the nature and extent (spatial and temporal) of PFAS impact in groundwater and 

surface water pathways associated with Site sources of PFAS derived from AFFF;  

 Monitor the migration of PFAS in groundwater and surface water from the Site; 

 Provide confirmation of the current understanding of risk; and 

 Provide supporting data for assessment of management actions, where relevant. 

1.4 Previous reports 

The following key reports prepared in relation to the RAAF Base Pearce PFAS Investigation 

have been used as a basis to develop this OMP: 

 GHD Pty Ltd (July 2018) RAAF Base Pearce Consolidated Detailed Site Investigation 

Report (GHD 2018a).  

 GHD Pty Ltd (July 2018) RAAF Base Pearce PFAS Investigation Human Health Risk 

Assessment Consolidated Report (GHD 2018b). 

 GHD Pty Ltd (July 2018) RAAF Base Pearce PFAS Investigation Groundwater Modelling 

Report (GHD 2018c) 

 GHD Pty Ltd (December 2018) RAAF Base Pearce PFAS Investigation Ecological Risk 

Assessment (GHD 2018d)  

 GHD Pty Ltd (April 2019) RAAF Base Pearce PFAS Investigation Off-Site Bore Sampling 

Factual Report (GHD 2019) 

1.5 Responsible parties 

Table 1 presents the parties associated with the implementation of the OMP and their 

responsibilities.   

 

 

 

 



 

GHD | Report for Department of Defence - RAAF Base Pearce, 61/33334/52 | 3 

Table 1 Responsible parties 

Role Responsibilities 

Department of 
Defence 

 Implement this OMP 

 Engage suitably qualified environmental consultants/contractors to 

carry out the works specified in the OMP 

RAAF Base 
Pearce 

 Review and approve all necessary permits required for 

implementation of the works outlined in the OMP.  

Environmental 
consultant 

 Obtain necessary permits from RAAF Base Pearce to implement the 

works outlined in the OMP. 

 Liaise with State regulators (e.g. Department of Biodiversity, 

Conservation and Attractions) to arrange sampling of off-Site 

waterways, as required.  

 Undertake the monitoring activities outlined in this OMP 

 Produce a monitoring report that summarises the data and findings 

of each monitoring event and is consistent with the requirements of 

this OMP 

 Upload analytical data from each monitoring event to the relevant 

Defence ESdat database 

Department of 
Defence and 
Environmental 
Consultant 

 Liaise with off-Site private property owners to arrange private 

property access to conduct sampling.  
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2. Site and management area 

2.1 Site identification 

For the purposes of this OMP, “the Site” was defined as comprising RAAF Base Pearce (refer to 

Figure 1). Key Site identification elements are presented in Table 2.  

Table 2 Site details 

Attribute Details 

Street address: Great Northern Highway, Bullsbrook, WA, 6084 

Land description: RAAF Base Pearce 

Owner: Commonwealth of Australia 

Certificate of Title: Up to 26 individual Certificates of Title exist for the Site.  

Zoning: Public Purposes – Commonwealth Government 

Local government area: City of Swan 

Area: Approximately 963 ha 

Boundary corner coordinates 
(eastings and northings in 
GDA94, Zone 50) 

North-west corner: 406,047 mE, 6,498,106 mN 

North-east corner: 406,878 mE, 6,498,096 mN 

South-west corner: 406,525 mE, 6,493,433 mN 

South-east corner: 407,158 mE, 6,493,440 mN 

2.2 Site description 

RAAF Base Pearce is located approximately 35 km northeast of Perth and covers an area of 

963 ha. RAAF Base Pearce has been continuously in operation as an Air Force base since the 

1930s. As one of the busiest RAAF bases in the country in terms of total aircraft movements 

and the only permanent Air Force base on the west coast of Australia, RAAF Base Pearce has 

a significant logistics and training role and is a critical asset to the defence of Australia. 

The Site is situated west of the Great Northern Highway near the township of Bullsbrook. The 

majority of the buildings and associated infrastructure and support services are located in the 

eastern portion of the Site. These buildings also include a childcare facility and various 

accommodation blocks. Two main runways and one emergency runway are located within the 

central part of the Site. The control tower is located to the south-west of the main hangars and 

maintenance workshops. A wastewater treatment plant and irrigation area is located in the 

northern portion of the Site. 

The Republic of Singapore Air Force (RSAF) operates within an area located on the southern 

portion of the Site. This area consists of a separate accommodation block, aircraft hangars and 

maintenance workshops to support the RSAF operations. 

2.3 Surrounding land use  

As shown on Figure 1, land uses surrounding the Site include the following: 

 North: vacant Commonwealth land, the RAAF Base Pearce landfill and a golf course. 

 East: vacant Commonwealth land and Commonwealth land leased to the Water 

Corporation for use as a Waste Water Treatment Plant (WWTP), the Bullsbrook town 

centre, residential, rural properties and commercial/industrial properties, a sporting oval 

and the Bullsbrook Fire Station. 

 South: rural residential including paddocks. Ellen Brook extends southward from the Site 

and Twin Swamps Nature Reserve is present approximately 2.7 km south of the Site. 
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 West: residential properties (West Bullsbrook), rural residential including paddocks and 

Commonwealth Land currently leased as pastoral land (referred to as Lot 200).   

2.4 Management Area description 

The OMP includes sampling and analysis not only from the Site, but also from a number of 

surrounding (off-Site) waterways and privately owned and leased properties. The Site and these 

surrounding areas are collectively referred to as the “Management Area”. The Management 

Area boundaries are presented on Figure 1. 

The Management Area has been established by refining the Investigation Area, which was 

established for the purposes of the DSI with consideration to the following:  

 The conceptual site model (CSM) including the potential PFAS sources, migration 

pathways and receptors identified during the Detailed Site Investigation (DSI) report 

(GHD 2018a). 

 The results of sampling and analysis completed during the DSI (GHD 2018a) and the 

outcomes of the health and ecological risk assessment studies (2018b and 2018d).  

The Management Area includes: 

 Private properties to the south and west of the Site, some of which have groundwater 

bores that contain PFAS at concentrations above the FSANZ (2017) drinking water 

guideline levels. 

 Land to the north of the Base, which features Source Area R (the RAAF Pearce landfill), 

where PFAS has been detected in groundwater above the FSANZ (2017) recreational 

guideline levels.  

 Ellen Brook, which runs parallel to the western Base boundary and extends to the south 

of the Base. A portion of Ki-it Monger Brook is also within the Management Area, as it 

traverses the south-eastern corner of the Base before merging with Ellen Brook. PFAS 

has been identified within surface water of the Ellen Brook and Ki-it Monger Brook at 

concentrations exceeding the FSANZ (2017) recreational guideline levels and the 

ANZECC (2000) ecology based guideline levels.   

The Management Area excludes portions of the Investigation Area that were not found to be 

impacted by PFAS or were not found to present an elevated risk of PFAS exposure to receptors 

(e.g. land to the south of the Site and Twin Swamps Nature Reserve). While there is considered 

to be limited hydrogeological connectivity between surface water of Ellen Brook and Twin 

Swamps Nature Reserve, and PFAS was not recorded within the Twin Swamps Nature Reserve 

during the DSI, it is nonetheless proposed to continue monitoring surface water and sediment 

concentrations within the Twin Swamps Nature Reserve, given that it has a high ecological 

value, being a conservation category wetland and home to the critically endangered Western 

swamp tortoise.   

It is noted that there are four proposed surface water and sediment monitoring locations in Ellen 

Brook that extend beyond the Management Area boundary (i.e. RE_SS28/SW28, to 

RE_SS30/SW30 and RE_SS32/SW32). For the purpose of helping to monitor the effectiveness 

of any actions taken by Defence, it is considered appropriate to conduct some monitoring within 

Ellen brook downstream of the Management Area. One of these locations (RE_SS29/SW29) is 

located within the Ellen Brook Nature Reserve, which, like Twin Swamps Nature Reserve, also 

provides habitat to the Western swamp tortoise.   
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3. Environmental setting 

A summary of the environmental setting of the Management Area, as relevant to the OMP, is 

presented below. Further information can be found in the Consolidated DSI report (GHD 

2018a).  

3.1 Topography 

The Site slopes gently in a general westerly direction towards Ellen Brook with elevation ranging 

from approximately 30 m relative to the Australian Height Datum (m AHD) at the western 

boundary, adjacent to Ellen Brook, to 55 m AHD at the eastern Site boundary, adjacent to Great 

Northern Highway. To the west of Ellen Brook (i.e. in West Bullsbrook), the land slopes gently in 

a general easterly direction towards Ellen Brook, with an elevation of approximately 35 m AHD. 

South of the Site, the land is generally flat, with an elevation of approximately 30 m AHD. 

3.2 Geology and hydrogeology 

3.2.1 Local geology 

The geology encountered within the Management Area during the DSI (GHD 2018a) was 

generally dominated by a succession of brown silty clays over a sandier basal unit. Within the 

upper clay rich unit, various lenses of gravelly clay and silty sand were also identified. The 

distribution of these lenses was variable between the drilling locations and could not be 

correlated to represent a single widespread lateral unit. Iron cemented silts and clays were 

found at various locations that are colloquially referred to as “coffee rock” and are associated 

with the existing/historic water table. 

The sand rich layer underlying the clays was intersected in the majority of monitoring well 

locations installed during the DSI (GHD 2018a). The sand was found to be silty to clayey and 

generally grey to mottled brown. Drilling ceased within this unit in the majority of locations upon 

or soon after striking groundwater and as such, its total depth is unknown. The basal sand-

dominant unit is likely part of the lower Guilford Clay formation where the Guilford Clay is 

described as containing lenses of fine to coarse grained sand towards its base in the area of the 

Swan Valley (Davidson 1995). However, nearby Department of Water and Environmental 

Regulation (DWER) drilling logs (WIN bore 20083199) describe a similar unit as being 

Bassendean Sand. 

It is noted that in the majority of drilling locations, the upper clay-dominant units were found to 

be dry to moist, whereas the basal sand-dominant unit that forms the superficial regional aquifer 

was found to be saturated. Following first water strike in this unit, groundwater levels were noted 

to rise several metres, indicating confined/partly confined conditions. This is consistent with the 

anticipated low permeability of the overlying clay unit. 

3.2.2 Local hydrogeology 

The hydrogeology of the Management Area consists of a discontinuous, seasonal perched 

aquifer within the upper clay rich layer, underlain by the superficial regional aquifer that occurs 

within the sandier basal unit. 

Beneath the majority of the Site, groundwater is generally moving in a south-westerly direction 

towards Ellen Brook. Within the south-eastern portion of the Site, around Ki-it Monger Brook 

groundwater appears to flow in a more southerly direction. In the vicinity Source Area B (former 

fire training areas) and Potential Source Area S (police dog training site), groundwater appears 

to flow in a south-easterly direction towards Ki-it Monger Brook. Beneath the West Bullsbrook 
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area, groundwater is generally flowing in an easterly direction, towards Ellen Brook. North of the 

Site, in the vicinity of Potential Source Area R (the RAAF Pearce landfill), groundwater flow is 

more westerly. 

The groundwater and surface water level data obtained during the investigation suggests that 

Ellen Brook is both receiving from and discharging to groundwater depending on factors such as 

location along the course of Ellen Brook, the intensity and the duration of recent rainfall events, 

the duration of dry periods and the time of year. No surface water was observed in Ellen Brook 

at the March 2018 gauging event and groundwater levels measured at the monitoring wells 

adjacent to the Brook were generally lower than the minimum elevation of the Brook base. This 

suggests that during post-summer conditions, there is potential for groundwater to flow beneath 

Ellen Brook. 

The monitoring data also indicated that groundwater could flow beneath Ki-it Monger Brook 

during both post-winter and post-summer conditions and it is also possible that surface water 

discharge to groundwater occurs beneath Ki-it Monger Brook. 

3.3 Surface water 

3.3.1 Site drainage 

Surface water run-off from the Site is directed towards Ellen and Ki-it Monger Brooks. Ellen 

Brook flows in a general southerly direction along the western boundary of the Site. Ki-it Monger 

Brook also flows south along the southern portion of the eastern Site boundary before merging 

with Ellen Brook approximately 200 m beyond the southern Site boundary. 

The Site comprises three principal drainage catchments (refer to Figure 2):  

 Catchment 1: Rainfall within the northern portion of the Site flows in a north-westerly 

direction towards an open drain which discharges into Ellen Brook.  

 Catchment 2: Rainfall within the eastern portion of the Site is directed towards open 

drains which extend in a general south-easterly direction and discharge into Ki-it Monger 

Brook.  

 Catchment 3: Rainfall within the western portion of the Site is directed to open drains that 

mostly extend in south-westerly direction and discharge into Ellen Brook. One drain 

extends in a south south-easterly direction and discharges into Ki-it Monger Brook. 

3.3.2 Wetlands 

A search using the Perth Groundwater Atlas (DoW 2016a) indicates that there are a number of 

multiple use, resource enhancement and conservation category geomorphic wetlands situated 

on the Site and within the Management Area. 

The majority of the off-Site portion of the Management Area is classified as a multiple-use 

wetland. Multiple-use wetlands are defined as having few important ecological attributes and 

functions remaining (Waters and Rivers Commission 2001), which is consistent with the highly 

modified nature of the area (which includes land used for commercial/industrial, medium-density 

residential, rural-residential and grazing purposes).   

There are two resource-enhancement wetlands within the Management Area. Resource 

enhancement wetlands are defined as those which have been partially modified though still 

support ecological functions and attributes (Waters and Rivers Commission 2001). One of these 

wetlands is associated with the bushland adjacent to the eastern Site boundary (i.e. 

hydraulically up-gradient from the Site). The other is associated with the creek that traverses Lot 

200, which was sampled as part of the DSI (GHD 2018a) and was found to contain PFAS 

surface water concentrations below the relevant assessment levels.  
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Within the Management Area, there are a number of conservation category wetlands. 

Conservation category wetlands are defined as supporting a high level of ecological attributes 

and functions (Waters and Rivers Commission 2001). The majority of these wetlands are either 

areas of bushland on the Site, such as those within Source Area B (former fire training area), or 

are associated with Ellen Brook (including Ellen Brook Nature Reserve located south of the 

Management Area boundary) and Ki-it Monger Brook or Twin Swamps Nature Reserve (located 

south of the Management Area boundary). These areas were assessed as part of the DSI (GHD 

2018a). 

3.4 Groundwater use 

GHD understands that scheme water supplies the Site and that groundwater is no longer 

abstracted for any purpose. Bottled water is supplied to the Site for drinking purposes owing to 

the ageing scheme water infrastructure and associated bacterial contamination within the 

scheme water. 

The properties to the west of the Site, within West Bullsbrook, currently do not have a scheme 

water connection. In May 2016, GHD completed a water use survey of properties within the 

Investigation Area of the DSI (GHD 2016b). The purpose of the survey was to obtain information 

from local Bullsbrook residents about bore water use at their properties, particularly in relation to 

household water use. The survey indicated that almost all residents within the Investigation 

Area of the DSI used groundwater bore water for domestic purposes (45 out of 47 respondents) 

and the majority used bore water for drinking (30 of our 47 respondents). 

Further detail on the findings of the water use survey can be found in the Consolidated DSI 

report (GHD 2018) and the GHD (2016) Water Use Survey Report (refer to GHD report entitled 

Water use Survey RAAF Base Pearce – Bullsbrook, WA, Report of Findings dated August 

2016). 
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4. Previous investigations 

The following phases of work have been completed as part of the PFAS investigation: 

 A Preliminary Site Investigation (refer to GHD 2016 RAAF Base Pearce PFAS 

Investigation Preliminary Site Investigation); 

 A Detailed Site Investigation (GHD 2018a), with additional private bore sampling 

completed up until May 2019; 

 Hydrogeological modelling, including groundwater and surface water modelling (GHD 

2018b); 

 A Human Health Risk Assessment (GHD 2018c); and 

 An Ecological Risk Assessment (GHD 2018d).  

4.1 Preliminary Site Investigation 

The Preliminary Site Investigation (PSI, GHD 2016c) involved a desktop review of the Site 

history, Site activities and the environmental characteristics of the Investigation Area. The 

objectives of the PSI were to establish the potential sources of PFAS impact, pathways for 

PFAS migration and potential receptors within the Investigation Area and develop a preliminary 

CSM showing the potentially complete source-pathway-receptor linkages.   

4.2 DSI and additional bore sampling 

The DSI included a detailed program of on and off-Site soil, sediment, surface water, 

groundwater and biota sampling and analysis. A summary of the nature, extent and magnitude 

of PFAS as identified by the DSI and additional private bore sampling completed up until May 

2019 is presented below. For further detail, reference should be made to the GHD (2018a) 

Consolidated DSI report and GHD (2019) off-Site bore sampling factual report.  

4.2.1 Source areas 

 There are six Source Areas where PFAS was detected in soil or groundwater at 

concentrations exceeding the adopted assessment levels. These are considered to be 

the most impacted areas and include (refer to Figure 1): 

– Source Area A – Fire training area 

– Source Area B – Former fire training areas 

– Source Area C – Hangar 93 and foam disposal pit 

– Source Area D – Grounds maintenance area 

– Source Area J – Former fuel farm; and 

– Source Area R – RAAF Pearce landfill. 

 The highest soil concentrations were recorded in Source Areas A, B and D. The extent of 

PFAS in soil within these areas was delineated and found to be relatively localised. The 

results of total organic carbon (TOC), cation exchange capacity (CEC), and pH soil 

analysis indicate that there is limited potential for PFAS mobility to be reduced through 

binding to organic matter. This supported by the leachability testing, which indicates that 

PFAS in soil may be mobile. Therefore, PFAS in soil could be acting as a secondary 

source of PFAS impact to groundwater. 



 

GHD | Report for Department of Defence - RAAF Base Pearce, 61/33334/52 | 10 

4.2.2 Groundwater on-Site 

 The highest groundwater PFAS concentrations were recorded in Source Areas A, B, C, 

D, J and R. Potential Source Areas F (fitter’s workshop), K (BroadSpectrum compound), 

N (fire event) and S (police dog training site) also recorded the presence of PFOS plus 

PFHxS in groundwater, though the concentrations were below the adopted health based 

assessment levels for the Site (FSANZ non-potable and recreational – 0.7 µg/L).  

 Where perched groundwater was identified in the DSI (GHD 2018a) PFAS concentrations 

were higher than in the underlying regional superficial aquifer. This is evident in particular 

within Source Area A (fire training area). It should be noted that the groundwater 

investigation component of the DSI (GHD 2018a) focused on impacts to the regional 

superficial aquifer, as this is the aquifer from which groundwater users are abstracting 

water. 

 PFAS was not detected in groundwater collected from any of the wells that targeted the 

deeper portions of the regional aquifer including the deeper wells installed along the 

down-gradient Site boundary adjacent to Ellen Brook. Similarly, PFAS was not detected 

above the limit of reporting (LOR, 0.01 µg/L for the sum of PFAS) within groundwater 

collected from the deeper wells installed in the West Bullsbrook area. This indicates that it 

is unlikely that PFAS is migrating across the Site and beyond the Site boundary to West 

Bullsbrook within the deeper portion of the regional aquifer. 

4.2.3 Groundwater off-Site 

 Groundwater has been sampled and analysed from 166 private off-Site bores over a 

period spanning 2016 to May 2019. The majority of these bores have been sampled at 

least twice, with some being sampled on up to four separate occasions over the 

monitoring period. 

 As of May 2019, PFAS had been detected above the LOR in groundwater collected from 

25 out of 166 private bores sampled. Concentrations of PFOS plus PFHxS exceeded the 

drinking water assessment level (0.07 ug/L) in 11 bores, with one of these exceeding the 

recreational assessment level (0.7 ug/L). A decommissioned abstraction well located in 

West Bullsbrook was also tested and reported a PFOS plus PFHxS concentration in 

excess of the drinking water assessment level. The private bore sampling locations and 

results are presented on Figure 3. It must be noted that not all bores are shown on Figure 

3 at the request of the landowners.  

 The majority of private bores in which groundwater was reported with PFAS 

concentrations above the LOR were located in West Bullsbrook. These bores can be 

further divided into two separate groupings:  

– Those within the southern portion of West Bullsbrook (i.e. the area bound by Turner 

Road to the north, Greenhead Street to the east, Deanhead Street to the south and 

Almeria Parade to the west). These detections are most likely attributed to discharge 

of surface water from Ellen Brook to the underlying groundwater. Discharge of surface 

water from Ellen Brook would occur particularly during backwater flooding events, 

likely to also be carried through the West Bullsbrook stormwater drainage network. 

This conclusion is supported by a number of lines of evidence that include measured 

surface water and groundwater elevations, PFAS concentrations recorded in surface 

water of Ellen Brook and groundwater adjacent to the West Bullsbrook residential area 

and the physicochemical profile of the surface water of Ellen Brook compared to 

groundwater in bores which recorded PFAS above the LOR (as described in the DSI 

report [GHD 2018a]).  
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– The hydrogeological modelling (GHD 2018c) further supports the above point, 

suggesting that surface water run-off is a key pathway for migration of PFAS from the 

Site and that migration of PFAS through groundwater is generally limited by the low 

hydraulic gradients and hydraulic conductivities of the aquifer (refer to Section 4.3). 

– The second grouping consists of the private bores at the northern end of Almeria 

Parade, west of the Defence-owned property referred to as Lot 200. It is noted that the 

monitoring wells installed by GHD in-between this area and the Site did not record the 

presence of PFAS in groundwater and therefore, the source of PFAS concentrations 

within these bores remains unknown (as described in the DSI report [GHD 2018a]).  

 PFAS concentrations recorded in groundwater collected from two off-Site private bores to 

the south and east of the Site (refer to Figure 3) are considered likely to be the result of 

groundwater migration from the Site. The interpreted groundwater contours indicate 

potential for impacted groundwater to migrate off-Site, beneath Ki-it Monger Brook, 

towards these bores from on-Site PFAS source areas, namely Source Area B (former fire 

training areas) and Potential Source Area J (former fuel farm). This is further supported 

by the physiochemical profile of groundwater (particularly the pH) around the south-

eastern Site boundary and in the private bores to the south and east of the Site (as 

described in the DSI report [GHD 2018a]). 

 Of the 15 off-Site groundwater monitoring wells installed by GHD as part of the DSI, 

groundwater from only one recorded a PFAS concentration above the LOR (0.03 ug/L 

recorded at well GM_MW37). This well was located at the southern end of Almeria 

Parade in West Bullsbrook (refer to Figure 3).  

 The monitoring has demonstrated that there is spatial and temporal variability in PFAS 

detections, with little clear correlation to rainfall or other seasonal influences over the 

monitoring period, or factors such as bore depth, screen depth/interval or extraction rates. 

Further trends may become more evident in the longer-term dataset that will be 

established through implementation of the OMP. 

4.2.4 Surface water and sediment 

 PFOS, PFHxS and PFOA were detected in surface waters of the on-Site drainage 

channels and the receiving Ellen Brook and Ki-it Monger Brook at concentrations 

exceeding the adopted assessment levels, as shown on Figure 4 (FSANZ recreational 

water use value and ANZECC 95% fresh water species protection level). 

 PFAS concentrations in surface water decreased with distance downstream of the Site. 

Within Ellen Brook, PFOS plus PFHxS concentrations exceeded the health based 

assessment level (FSANZ recreational water use value – 0.7 ug/L) up to approximately 

900 m downstream of the Site. PFOS concentrations were greater than the ecology 

based assessment level (ANZECC 95% fresh water species protection level – 0.13 ug/L) 

up to approximately 3.2 km downstream of the Site. 

 PFAS concentrations in sediment within the portions of the Brooks that are adjacent or 

within the Site boundary were low (i.e. a maximum PFOS plus PFHxS concentration of 

0.0792 mg/kg) and were lower further in the southern reaches of Ellen Brook. There are 

currently no Australian endorsed assessment levels for PFAS in sediment. 

 PFAS concentrations in surface water samples collected from the drainage channel that 

traverses the West Bullsbrook residential area and the creek that traverses Lot 200 in 

West Bullsbrook were relatively low (i.e. a maximum PFOs plus PFHxS concentration of 

0.035 µg/L compared to a maximum of 11.3 µg/L recorded in Ki-it Monger Brook). 

Surface water migration of PFAS through this part of the Investigation Area is not 
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considered to be a significant pathway given the surface water flow direction (i.e. easterly 

towards Ellen Brook). 

4.3 Hydrogeological modelling 

4.3.1 Groundwater modelling 

Based on the results of the DSI (GHD 2018a), GHD carried out groundwater modelling as 

detailed in the GHD (2018c) groundwater modelling report. The objectives of the modelling were 

to improve the understanding of the fate and transport of PFAS in groundwater within the 

Management Area and support Defence’s decision-making in relation to PFAS management. 

The modelling was completed with reference to the National Water Commission (2012) 

Australian Groundwater Modelling Guidelines 

The groundwater model was based on a 90 year timeframe, given that the Site was established 

in 1930. This is considered to be a conservative input given the understanding that AFFF use at 

the Site commenced in the 1960s. Key findings of the groundwater modelling were as follows: 

 Migration of contaminants through groundwater is generally limited by the low hydraulic 

gradients and hydraulic conductivities of the aquifer in the Management Area. However, 

the groundwater modelling shows some potential for groundwater from Source Area A 

(fire training area), Source Area B (former fire training areas) and Source Area R (RAAF 

Pearce landfill) to migrate to Ellen Brook within a 90 year timeframe.   

 Beneath West Bullsbrook, groundwater is generally flowing in a south to south-easterly 

direction towards Ellen Brook. Even though groundwater pumping from private bores in 

West Bullsbrook has occurred, the pumping rates are seemingly not high enough to affect 

the regional groundwater flow direction to Ellen Brook. This indicates that, even with an 

assumed upper range of pumping rates at the bores in West Bullsbrook, the PFAS 

concentrations recorded within the private bores of West Bullsbrook are unlikely to be a 

result of drawing impacted water from Ellen Brook or the Site Source Areas towards the 

bores as a result of groundwater abstraction.   

4.3.2 Surface water modelling 

As a compliment to the groundwater modelling and to better understand how PFAS migrates 

from the Site, a surface water run-off model was developed. The modelling approach consisted 

of three key steps:  

 An estimate of run-off from each catchment area and from each Source Area where soil 

impacts were identified.   

 Estimating the amount of PFAS partitioning from the soil into water and therefore the 

concentrations and mass in run-off from each individual area of impact. 

 Combining the mass running off from impacted areas with the rest of the catchment to 

back calculate overall concentrations discharging to Ellen and Ki-it Monger Brooks.  

The results suggest that surface water run-off is a key pathway for PFAS migration to down 

gradient surface water features. This conclusion is supported by the PFAS concentrations 

observed within Ellen Brook and Ki-it Monger Brook and the groundwater modelling results, 

which suggest there is limited discharge of impacted groundwater to these surface water 

features.  

Further detail on the surface water modelling is presented in Appendix A of the groundwater 

modelling report (GHD 2018c).   
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4.4 Human health and ecological risk assessment 

Based upon the findings of the DSI (GHD 2018a), a Human Health Risk Assessment (HHRA, 

GHD 2018b)) and Ecological Risk Assessment (ERA, GHD 2018d) have been completed 

(collectively referred to as the ‘HHERA’). The HHERA included a detailed human health and 

ecological exposure and toxicity assessment to evaluate the long-term PFAS exposure levels to 

the identified human and ecological receptors and inform potential management options to 

reduce PFAS exposure. 

The HHERA assessed the potentially complete exposure pathways (i.e. the source-pathway-

receptor linkages) that were identified in the CSM developed as part of the DSI (GHD 2018a). 

The exposure pathways identified as presenting an elevated risk of PFAS exposure are 

summarised in Table 3.  

Table 3 Summary of elevated risks  

Elevated risk Description 

Drinking groundwater 

from off-Site bores 

with PFAS above 

drinking water 

guidelines 

Based upon the highest reported concentration at the off-Site 

private bores (0.56 ug/L PFOS plus PFHxS), the HHRA concluded 

that exposure to PFAS through drinking bore water is within 

acceptable levels, based upon typical water consumption habits. 

Even under an upper exposure scenario, which assumed daily 

consumption of water from the same source for 29 years, adverse 

health effects may not necessarily occur, as the calculated 

exposure level is not significantly higher than acceptable levels.   

However, as a precautionary approach and consistent with 

Defence’s policy for risk management, it is recommended that all 

bores with PFAS concentrations in excess of the NEMP (2018) 

drinking water guidelines are managed (e.g. through provision of 

alternative water).  

Incidental ingestion 

of on-Site perched 

groundwater by sub-

surface maintenance 

workers 

The HHERA concluded that there is an elevated risk of exposure 

to on-Site perched groundwater by sub-surface maintenance 

workers, under the both the typical and upper exposure scenarios. 

The assessment is conservatively based on the highest recorded 

on-Site groundwater PFAS concentration, which was recorded in 

perched groundwater of Source Area A (fire training area), and 

assumes that workers accidentally ingest half a mouthful of water 

(10 mL) each time they conduct sub-surface work.  

Base workers 

exposed to surface 

water from working in 

the on-Site drainage 

channels 

The HHERA concluded that, under the upper exposure scenario, 

there is an elevated risk of exposure to surface water in the on-

Site drainage channels by base workers. The level of exposure 

only marginally exceeded the acceptable level.  This is based on 

the highest recorded surface water concentration in the on-Site 

drainage channels and assumes that a worker accidentally 

swallows water from the drains each day for 60 days per year, for 

30 years, which is highly conservative.  

Base workers 

exposed to soil 

within Source Area D 

The HHERA concluded that, under the upper exposure scenario, 

there is an elevated risk of exposure to soil within Source Area D 

by base workers. The level of exposure only marginally exceeded 

the acceptable level.  This calculated level of risk is based on the 
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Elevated risk Description 

(grounds 

maintenance area). 

highest recorded soil concentration in Source Area D (grounds 

maintenance area) and assumes that a worker is exposed to 

these soils daily for 30 years, which is considered conservative.   

Sub-surface 

maintenance workers 

exposed to soil 

within Source Area D 

(grounds 

maintenance area). 

The HHERA concluded that there is an elevated risk of exposure 

to soil in Source Area D by sub-surface maintenance workers. 

Exposure levels are elevated under both the typical and upper 

exposure scenarios, though only marginally exceed the 

acceptable level under the typical exposure scenario. This 

calculated level of risk is based on the highest recorded soil 

concentration in Source Area D (grounds maintenance area) and 

assumes that a worker is exposed to these soils daily for 30 

years, which is considered conservative.   

Certain ecological 

species exposed to 

PFAS in soil, 

sediment, surface 

water and lower 

order biota in Source 

Areas A and B and 

Ellen and Ki-it 

Monger Brooks. 

The HHERA concluded that there is an elevated exposure risk to 

some higher-order terrestrial ecological species that reside within 

areas impacted by PFAS, particularly insectivorous birds within 

Source Area A, Source Area B and Ellen and Ki-it Monger Brooks 

and the clicking frog in Source Area A. It is noted that all species 

identified as being at an elevated risk are common and 

widespread and therefore, the elevated risks are only of relevance 

to the local populations residing within these areas and are not 

relevant to broader populations of the species.   

Published ecotoxicity studies suggest that the PFAS 

concentrations recorded in the surface water in Ellen and Ki-it 

Monger Brooks are unlikely to adversely affect macroinvertebrate 

and plant populations. The potential exists however for impacts on 

some sensitive fish, insect and crustaceans, for which the 

reported toxicity endpoints are of a similar order of magnitude to 

the reported literature concentrations. PFAS concentrations in 

soils from Source Area A and Source Area B could also result in 

adverse effects to sensitive plants and soil dwelling invertebrates. 
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5. Ongoing monitoring program 

5.1 Data quality objectives 

Development of data quality objectives (DQOs) for the OMP is based on guidance presented in 

the ASC NEPM (NEPC 2013). The DQO process comprises the following seven steps:  

 Step 1: State the problem 

 Step 2: Identify the decision/principal study question 

 Step 3: Inputs to the decision 

 Step 4: Boundaries of the study 

 Step 5: Decision rules 

 Step 6: Tolerable limits on decision errors 

 Step 7: Optimisation of the data collection process 

Table 4 Data quality objectives (DQOs) 

Step 1: State the problem 

The DSI (GHD 2018a) identified PFAS in groundwater, surface water and sediment within the 

Management Area at concentrations exceeding the relevant assessment levels. The highest 

soil and groundwater PFAS concentrations were recorded in Source Areas A, B, C, D, J and 

R.  

As of May 2019, PFAS had been detected above the LOR (0.01 µg/L for the sum of PFAS) in 

groundwater collected from 25 out of 166 private bores sampled throughout the investigation. 

Concentrations of PFOS plus PFHxS exceeded the drinking water assessment level (0.07 

ug/L) in 11 bores, with one of these exceeding the recreational assessment level (0.7 ug/L). 

A decommissioned abstraction well located in West Bullsbrook was also tested and reported 

a PFOS plus PFHxS concentration in excess of the drinking water assessment level. The 

primary mechanisms by which PFAS has migrated off-Site are considered to be primarily, 

surface water migration and secondarily, groundwater migration. Further detail is presented 

in Section 4.2. 

Most of the DSI sampling locations have only been tested once or twice and therefore, a 

robust dataset to assess trends in the nature, extent and magnitude of PFAS concentrations 

within sediment, surface water and groundwater has not been established. Defence wishes 

to improve its understanding in relation to spatial and temporal variability of PFAS 

concentrations within the Management Area.  

Step 2: Identify the decision / principal study question(s) 

This OMP is aimed at resolving the following broad principal study questions: 

1. What are the changes and trends in the nature, extent and magnitude of PFAS 

concentrations in the groundwater, surface water and sediment within the 

Management Area? 

2. Has the nature, extent and magnitude of PFAS concentrations changed 

significantly to warrant a revision of the HHERA? 

3. Has the nature, extent and magnitude of PFAS concentrations changed 

significantly to warrant refinement of any existing management measures?  
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Step 3: Identify inputs to the decision 

The following inputs are required to resolve the principal study questions outlined in Step 2:  

 PFAS concentrations in groundwater, surface water and sediment from previous 

and future monitoring events.  

 Field data (i.e. groundwater levels, physico-chemical parameters) on 

groundwater, surface water and sediment from previous and future monitoring 

events. 

 An appropriate statistical evaluation of the data (e.g. using Mann-Kendall or 

similar analysis) including short and long term trends, in particular for surface 

water and groundwater concentrations.  

 Comparison of data sets to relevant endorsed assessment levels (refer to 

Section 6). 

Step 4: Define the boundaries of the study 

Ongoing monitoring will generally be undertaken within the boundaries of the Management 

Area (Figure 1) at the groundwater, surface water and sediment monitoring locations outlined 

in Sections 5.4.1 and 5.5.1. It is noted that there are two proposed surface water and 

sediment monitoring locations in Ellen Brook that extend beyond the Management Area 

boundary (i.e. RE_SS28/SW28 to RE_SS30/SW30 and RE_SS32/SW32). For the purpose of 

helping to monitor the effectiveness of any actions taken by Defence, it is considered 

appropriate to conduct some monitoring within Ellen Brook downstream of the Management 

Area. 

As noted in Section 2.3, it is also proposed to continue monitoring surface water and 

sediment concentrations within the Twin Swamps Nature Reserve, given that it has a high 

ecological value, being a conservation category wetland and home to the critically 

endangered Western swamp tortoise.   

Monitoring will be undertaken every sixth months, with one monitoring event post-summer 

(March/April) and one post-winter (September/October). It is noted that some surface water 

locations and groundwater monitoring wells targeting the perched aquifer may be dry in the 

post-summer period. An additional surface water and sediment monitoring event will take 

place following the first flush immediately (or as close as possible) following the first heavy 

rainfall event of the autumn to winter period. Section 5.3 provides further detail on the 

monitoring frequency.  

Step 5: Develop the decision rule(s) 

The analytical and field data will be used to assess changes to the nature, extent and 

magnitude of PFAS in surface water, sediment and groundwater and to provide supporting 

data for assessment of management actions, where relevant.  

Trends in PFAS concentrations, including an assessment of temporal and spatial changes, 

should be assessed using an appropriate statistical analysis approach (e.g. using Mann-

Kendall or similar analysis), with a specified level of confidence based upon the number of 

monitoring rounds completed.  

The analytical data will be compared to the relevant assessment levels presented in Section 

6 and to the concentrations recorded during prior monitoring rounds (i.e. during the DSI) to 

evaluate changes in the risk profile and whether revision of the HHERA or implemented 

management measures is warranted.  
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Step 6: Specify limits on decision errors 

The potential for significant decision errors will be minimised by completing a robust data 

validation (QA/QC) program in accordance with the requirements of the OMP (and any 

subsequent SAQPs). Data quality indicators (DQIs) will be applied to assess the usability of 

the data prior to making decisions based on precision, accuracy, representativeness, 

comparability and completeness. The ASC NEPM (NEPC 2013) details the various metrics 

that can be used to assess data in terms of these DQIs.   

Step 7: Optimisation of the data collection process 

This OMP provides the guidance for preparing a SAQP that is required for each monitoring 

event, including scope of work, sampling methodologies, monitoring locations and PFAS 

assessment levels. The SAQP should be developed in response to the principal study 

questions outlined in Step 2 and to meet the DQOs. The recommended OMP scope for the 

first two years of monitoring is outlined in Section 5.3 to 5.7. 

To maintain the integrity and reliability of data the following measures should be adopted: 

 Field and analytical data are collected in accordance with the PFAS NEMP 

(HEPA 2018), ASC NEPM (NEPC 2013) and the assessment of contaminated 

sites (DER 2014) 

 Field personnel should be trained and have sufficient experience to complete 

the fieldwork to an acceptable standard, as per the protocols outlined in the 

SAQP. 

 Robust field and laboratory quality assurance/quality control protocols are 

adopted, as outlined in Section 5.7. 

 Use laboratories that are NATA accredited for PFAS analysis and ensure 

laboratory LORs are suitable to meet the relevant adopted assessment levels, 

where possible. 

5.2 Sampling and analysis quality plan 

The recommended sampling and analysis quality plan (SAQP) for the first two years of 

monitoring is outlined in Sections 5.3 to 5.7. The purpose of the SAQP is to document the 

specific monitoring locations, sampling methodologies and quality control / quality assurance 

measures to be used during each monitoring event.  

Prior to the implementation of each subsequent monitoring event, a SAQP should be developed 

as required to incorporate any proposed amendments or refinement of the scope of the OMP 

(e.g. monitoring of less or additional wells) that may be required to meet the purpose of the 

OMP (refer to Section 1.3).  

The SAQP should be prepared with reference to the following guideline documents: 

 Department of Environmental Regulation (DER 2014) Contaminated Sites Guidelines: 

Assessment and management of contaminated sites. Although the Site is located on 

Commonwealth Land and is regulated under the Commonwealth environmental 

legislation, the State based DWER guidelines are relevant for the sampling of off-Site 

private properties and waterways.  

 Department of Environmental Regulation (DER 2017) Interim Guideline on the 

Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS).  

 The Heads of EPAs Australia and New Zealand (HEPA 2018) PFAS National 

Environmental Management Plan (NEMP) 
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 National Environment Protection Council (NEPC 2013) National Environment Protection 

(Assessment of Site Contamination) Measure 1999 (as amended April 2013) (ASC 

NEPM) 

5.3 Frequency of monitoring 

Sections 5.3.1 and 5.3.2 describe the groundwater, surface water and sediment monitoring 

frequency for the initial two year OMP implementation period. Following an evaluation of 

seasonal trends at the completion of the initial two year OMP implementation period, the 

available data should be reviewed and evaluated to determine if the frequency of monitoring 

should increase or decrease to provide better understanding of PFAS concentration fluctuations 

and potential risks to receptors. 

5.3.1 Groundwater monitoring  

All groundwater monitoring locations listed in Section 5.4.1 will be sampled every six months for 

the first two years of the OMP implementation period. Sampling will be undertaken post-summer 

(March/April) and post-winter (September/October) to record the concentration and extent of 

PFAS and determine any seasonal fluctuations or trends. This monitoring frequency aligns with 

the Mediterranean climate of the Management Area, which features hot, dry summers and cool, 

wet winters with the highest volume of rainfall typically occurring in July (i.e. during winter).  

5.3.2 Surface water and sediment monitoring 

The surface water and sediment monitoring locations listed in Section 5.5.1 will be sampled 

three times per year, as follows: 

 Post-summer (March/April) and post-winter (September/October) to record the 

concentration and extent of PFAS and determine any seasonal fluctuations or trends. 

This monitoring frequency aligns with the Mediterranean climate of the Management 

Area, which features hot, dry summers and cool, wet winters with the highest volume of 

rainfall typically occurring in July (i.e. during winter). This sampling should be conducted 

in conjunction with the groundwater monitoring described in Section 5.3.1. 

 An additional monitoring event will be conducted immediately (or as close as possible) 

following the first heavy rainfall event of the autumn to winter period, involving daily 

monitoring over a five day period at key drainage and discharge locations described in 

Table 9. This would serve to assess the potential increase in PFAS surface water 

concentrations following ‘first flush’ rainfall and subsequent timeframe for attenuation to 

‘long-term average’ concentrations.  

For the purposes of timing the first flush monitoring event, a ‘heavy rainfall’ event is defined by 

the Department of the Environment and Energy (2017) in the National Greenhouse and Energy 

Reporting Scheme Measurement Technical Guidelines for the Estimation of Emissions by 

Facilities in Australia guideline as a volume of rainfall recorded within a day that exceeds the 

‘heavy rainfall benchmark’ (HRF) as defined by the following formula:
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Where: 

HRF = heavy rainfall benchmark 

RF = the mean monthly rainfall for the month at the nearest Bureau of Meteorology weather 

station (in this case, the RAAF Base Pearce monitoring station) 

MRD = the mean number of rainfall days for the month at the nearest Bureau of Meteorology 

weather station (in this case, the RAAF Base Pearce monitoring station) 

5.4 Groundwater monitoring 

5.4.1 Monitoring locations 

The network of on- and off-Site groundwater monitoring wells sampled as part of the DSI (GHD 

2018a) is summarised in Table 5.   

Table 5 Summary of monitoring wells 

Aquifer (total 
number of 
monitoring wells) 

Average 
screen interval 
(m bgl) 

Location 
type 

Location ID 

Perched aquifer (4) 0.7 to 5 On-Site WA0067-MW052, WA0067-MW053, 
WA0067-MW055 and WA0067-MW15 

Regional aquifer – 
shallow portion (50) 

9.0 to 14.4 On-Site BW_MW14 to BW_MW21, BW_MW22S, 
BW_MW23S, BW_MW24S, GM_MW38, 
GM_MW39, GM_MW40S, PG_MW31, 
PG_MW32S to PG_MW35S, SA_MW01, 
SA_MW02, SB_MW03 to SB_MW05, 
SC_MW07 to SC_MW10, SD_MW12, 
SD_MW13, SF_MW41, SG_MW42, 
SH_MW43, SJ_MW44, SO_MW47, 
SS_MW49, SS_MW50 

Off-Site PMW02, PMW05, SO_MW48, 
GM_MW36, GM_MW37, WB_MW25S, 
WB_MW26, WB_M27, WB_MW28S, 
WB_MW29S and WB_MW30S 

Regional aquifer – 
deeper portion (12) 

23.9 to 29.9 On-Site BW_MW22D to BW_MW24D, 
GM_MW40D, PG_MW32D to 
PG_MW35D 

Off-site WB_MW25D and WB_MW28D to 
WB_MW30D 

In addition to these monitoring wells, 166 private bores have been sampled as part of the DSI 

(GHD 2018a) and subsequent additional bore sampling completed up until May 2019, referred 

to as Bore 1 to Bore 166. As part of the DSI, the depths of private bores Bore 1 to Bore 116 

were assessed via a combination of information provided by landowners or occupants at the 

properties (not able to be verified by GHD) and information available through the DWER 

(2017b) Water Information Reporting database. The information suggests that these private 

bores have been installed to an average depth of approximately 30 m bgl. If the DWER (2017b) 

information is considered in isolation, the bores appear to be installed to depths of between 9.75 

m and 36 m bgl, with an average depth of 22.80 m bgl. Direct measurement of private bore 

depth was not undertaken due to the bores generally featuring headworks that prevented 

access to the bore casing. Additionally, the presence of pumps within the bore casings could 

result in inaccurate and non-representative depth measurements.   

The locations of the groundwater monitoring wells and the private bores sampled as at May 

2019 are shown on Figure 3. It must be noted that in the interest of privacy, identifying details of 
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the private bores cannot be shown on Figure 3 and some bores are not shown at the request of 

the landowner.   

It is proposed to monitor a representative sub-set of the monitoring wells and private bores as 

part of the OMP. The wells and bores selected for monitoring are presented in Table 6, along 

with the rationale for the selection, and are highlighted on Figure 5. 



 

GHD | Report for Department of Defence - RAAF Base Pearce, 61/33334/52 | 21 

Table 6 Groundwater monitoring locations 

Area Monitoring well / bore ID Rationale 

On-Site – Source 

Areas 

Source Area A - 

SA_MW01, SA_MW02, WA0067-MW15, WA0067-

MW52, WA0067-MW53 and WA0067-MW55 

Source Area B – 

SB_MW03, SB_MW04, SB_MW05 

Source Area C –  

SC_MW07, SC_MW08, SC_MW09 and SC_MW10 

Source Area D – 

SD_MW12, SD_MW13 

Source Area J – 

SJ_MW44 

Source Area R – 

PMW02, PMW05 

Monitoring wells within these six Source Areas were found to contain PFAS at 

concentrations above the relevant assessment level for the Site (FSANZ 2017 recreational 

water use).   

Monitoring of these wells will provide an understanding of the nature, extent and magnitude 

of PFAS concentrations owing to seasonal fluctuations or implemented management 

measures at the main identified Source Areas. 

The monitoring will also allow refinement or implementation of additional measures to 

manage exposure to Site personnel working within these impacted areas.   

On-Site – Other  MWBG, BW_MW14, BW_MW15, BW_MW16, 

BW_MW17, BW_MW18, BW_MW19, BW_MW20, 

BW_MW21, BW_MW22S/D, BW_MW23S/D, 

BW_MW24S/D, GM_MW39, GM_MW38, 

GM_MW40S/D, PG_MW32S/D, PG_MW34S/D, 

SN_MW46, SS_MW49, SS_MW50 

The monitoring wells are located either at the Site boundary or adjacent to surface water 

features such as Ellen Brook, Ki-it Monger Brook and the Site drainage channels. A number 

of the wells comprise ‘clustered’ pairs targeting both the shallow and deeper portions of the 

regional aquifer.  

Monitoring of these wells will provide an indication of any change in the nature or magnitude 

of PFAS migrating off-Site, and will help in determining changes attributable to seasonal 

fluctuations or implemented management measures.   

Some of the wells have only been sampled once. Some wells reported concentrations of 

PFAS below the relevant assessment level for the Site (FSANZ 2017 recreational water 

use), though above the relevant off-Site assessment level (FSANZ 2017 potable water use). 
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Area Monitoring well / bore ID Rationale 

It is therefore considered prudent to monitor these wells, at least as part of the initial two 

year OMP implementation period.  

Off-Site Monitoring wells: 

WB_MW25S/D, WB_MW26, WB_MW27, 

WB_MW28S/D, WB_MW29S/D, WB_MW30S/D, 

GM_MW36, GM_MW37 

Private bores*: 

Bore 03, Bore 09, Bore 14, Bore 15, Bore 18, Bore 

19, Bore 20, Bore 21, Bore 22, Bore 27, Bore 29, 

Bore 30, Bore 31, Bore 32, Bore 40, Bore 42, Bore 

44, Bore 52, Bore 69, Bore 70, Bore 73, Bore 74, 

Bore 80, Bore 81, Bore 86, Bore 89, Bore 92, Bore 

99, Bore 100, Bore 114, Bore 116, Bore 124, Bore 

125, Bore 127, Bore 128, Bore 136, Bore 137, Bore 

147, Bore 159, Bore 161, Bore 165 

*Some bore locations are not shown on Figure 5 at 

the request of the owner or occupant of the 

property. 

These monitoring wells are located off-Site. A number of the wells comprise ‘clustered’ pairs 

targeting both the shallow and deeper portions of the regional aquifer. 

The private bores have been selected to provide broad coverage of private properties to the 

south-east, south and west of the Site. The private bores include all bores that were 

identified as containing PFAS concentrations above the testing laboratory’s limit of reporting 

(LOR) during the DSI and through additional bore sampling completed up until May 2019, 

as well as bores at properties neighbouring those where PFAS concentrations exceeded 

the FSANZ (2017) assessment level for drinking water and other bores to provide a broad 

coverage of the area. 

Monitoring of these wells will provide an indication of any change in the nature or magnitude 

of PFAS migrating off-Site, and will help in determining changes attributable to seasonal 

fluctuations or implemented management measures.   

The monitoring will also allow refinement of current measures, or implementation of 

additional measures (if necessary) to manage exposure to off-Site groundwater users.  

It is noted that throughout the OMP implementation period, owners or occupants of 

additional private properties may make requests for sampling of their bores. Such requests 

should be considered in terms of the results of any sampling historically conducted at that 

bore and its location relative to the Site, prior to potential inclusion of the bore into a 

monitoring event.  

It is noted that sampling of private bores will be subject to access agreements from the 

property owner each time sampling is conducted. If access is not granted for a monitoring 

event, consideration could be given to sampling at an alternative adjacent or nearby private 

bore. 
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5.4.2 Groundwater sampling methodologies 

Groundwater monitoring wells 

Monitoring wells must be gauged to determine the standing water level (SWL) prior to 

groundwater sample collection. Depth measurements will be referenced to the top of the well 

casing as an established datum. 

Disposable non-Teflon bailers fitted with polypropylene string should be used to collect all 

groundwater samples from wells targeting the shallower portions of the aquifer. Prior to 

collecting a sample, a sufficient volume of water must be purged to allow for collection of a 

sample that was representative of the aquifer and not stagnant water. The volume of water 

requiring purging must be assessed on a well-by-well basis. 

Prior to sample collection, field parameters including temperature, pH, electrical conductivity 

(EC), dissolved oxygen (DO) and oxidation reduction potential (ORP), must be measured during 

purging using a pre-calibrated water quality meter and recorded on field sampling sheets. 

For deeper groundwater monitoring wells, where the screened interval was positioned within the 

deeper portions of the regional aquifer (i.e. between 24 and 30 m bgl), bore-dedicated 

polypropylene HydraSleeves should be used for sample collection so that the groundwater 

samples are representative of the deeper portion of the aquifer. 

Private bores 

Groundwater samples should be collected from off-Site private bores via the ‘first flush’ 

sampling method, as the primary objective is to collect groundwater representative of that used 

by the resident who may not purge the water line before water use. This process involves 

collecting the first draw of water from the bore outlet tap. It is acknowledged that this process 

may result in data representative stagnant water within pipework however, it would not be 

possible to standardise the volume of water that would need to be purged to avoid the collection 

of stagnant water.  

As part of the DSI (GHD 2018a), in addition to the ‘first flush’ sample collected from Bore 31, 

GHD collected a purged water sample to assess variability in PFAS concentrations that may 

occur between ‘first flush’ samples and samples collected following purging. An approximate 

volume of 20 to 30 L was purged prior to sample collection. The results indicated that there was 

little difference in PFAS concentrations between the ‘first flush’ and purged samples, with PFOS 

plus PFHxS concentrations varying by 0.01 µg/L between the two samples (a relative 

percentage difference of 11.76%).  

5.5 Surface water and sediment monitoring 

5.5.1 Monitoring locations 

The surface water and sediment locations sampled as part of the DSI (GHD 2018a) are 

presented on Figure 4 and are summarised in Table 7 and Table 8 respectively. It must be 

noted that in the interest of privacy, some off-Site monitoring locations are not shown on Figure 

4.  

 

 

 

 



 

GHD | Report for Department of Defence - RAAF Base Pearce, 61/33334/52 | 24 

Table 7 Summary of surface water monitoring locations 

Location 
type 

Description (total number of 
monitoring locations) 

Monitoring locations 

On-Site Drainage channels (20) PD_SW01 to PD_SW20 

Twin Swamps (2) TS01 and TS02 

Wastewater treatment 
ponds (WWTP) (4) 

TP_SW43 to TP_SW46 

Off-Site West Bullsbrook drainage 
channels (8) 

WB_SW33 to WB_SW40 

Ellen Brook (21) RE_SW01 to RE_SW09, RE_SW17, RE_SW18, 
RE_SW20 to RE_SW23, RE_SW27 to RE_SW32 

Kit-it Monger Brook (11) RK_SW10 to RK_SW16, RK_SW19, RK_SW24 to 
RK_SW26 

Table 8 Summary of sediment monitoring locations 

Location 
type 

Description (total number of 
monitoring locations) 

Monitoring locations 

On-Site Drainage channels (20) PD_SS01 to PD_SS20 

Twin Swamps (2) TS01 and TS02 

Off-Site West Bullsbrook drainage 
channels (8) 

WB_SS33 to WB_SS40 

Ellen Brook (21) RE_SS01 to RE_SS09, RE_SS17, RE_SS18, 
RE_SS20 to RE_SS23, RE_SS27 to RE_SS32 

Kit-it Monger Brook (11) RK_SS10 to RK_SS16, RK_SS19, RK_SS24 to 
RK_SS26 

It is proposed to monitor a representative sub-set of the surface water and sediment locations 

as part of the OMP. The locations selected for monitoring are presented in Table 9 along with 

the rationale for the selection, and are highlighted on Figure 6.  

It is not proposed to monitor the surface waters of the on-Site WWTP, given that it is understood 

that treated water within these ponds does not discharge to the environment (as detailed in the 

GHD DSI (2018a) and exposure of Site workers to these waters would be managed via typical 

WWTP health and safety protocols.   
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Table 9 Surface water and sediment monitoring locations 

Area Surface water sampling location ID Sediment sampling location ID Rationale 

Site drainage 

channels 

Post-winter and post-summer 

events: 

PD_SW02, PD_SW04, PD_SW05, 

PD_SW07, PD_SW08, PD_SW10, 

PD_SW13, PD_SW15, PD_SW16, 

PD_SW18, PD_SW20 

First flush monitoring events: 

PD_SW02, PDSW07, PDSW10, 

PDSW15, PDSW18, PDW20 

Post-winter and post-summer 

events: 

PD_SS02, PD_SS07, PD_SS13, 

PD_SS15, PD_SS18, PD_SS20 

First flush monitoring events: 

PD_SS02, PDSS07, PDSS15, 

PDSS20 

Surface water: Includes approximately half of the surface water locations 

monitored as part of the DSI and includes the location where the highest 

surface water concentration was recorded (a PFOS plus PFHxS 

concentration of 377.6 ug/L at location PD_SW07 in Source Area A).   

Sediment: Includes approximately one quarter of the DSI sediment 

sampling locations including locations adjacent to key Source Areas and up-

stream of discharge points to Ellen and Ki-it Monger Brook.  

Monitoring of these locations will provide an indication of any change in the 

nature or magnitude of PFAS in surface waters and sediments, and will help 

in determining changes attributable to seasonal fluctuations.   

The monitoring will also support refinement measures (if deemed necessary) 

to manage exposure to Site personnel working within the drainage channels. 

First flush monitoring locations include locations adjacent to key Source 

Areas and selected down-stream locations to assess the potential increase 

in PFAS surface water and sediment concentrations following first flush 

rainfall and subsequent timeframe for attenuation to ‘long-term average’ 

concentrations 

Ellen Brook Post-winter and post-summer 

events: 

RE_SW01, RE_SW02, RE_SW04, 

RE_SW05, RE_SW06, RE_SW08, 

RE_SW09, RE_SW22, RE_SW17, 

RE_SW18, RE_SW27, RE_SW28, 

RE_SW29, RE_SW30, RE_SW32 

First flush monitoring events: 

RE_SW02, RE_SW05, RE_SW08, 

RE_SW18, RE_SW28, RE_SW29 

Post-winter and post-summer 

events: 

RE_SS01, RE_SS02, RE_SS04, 

RE_SS05, RE_SS06, RE_SS08, 

RE_SS09, RE_SS29, RE_SW30 

First flush monitoring events: 

RE_SS02, RE_SS05, RE_SS08, 

RE_SS29 

Surface water: Includes up-stream location RE_SW01 to monitor the 

potential PFAS contribution from up-stream sources.  

Includes locations at the Site drainage discharge points (i.e. RE_SW02, 

RE_SW05, RE_SW08) and several locations (i.e. RE_SW04, RE_SW05 and 

RE_SW06) that are in-between a Site drainage discharge point and the 

West Bullsbrook residential area, where it is believed that surface water from 

Ellen Brook is discharging (or ‘losing’) to groundwater resulting in impact to 

the private groundwater bores in West Bullsbrook.  

Includes down-stream locations to a distance of approximately 15 km south 

of the Site (i.e. RE_SS28/SW28 to RE_SS30/SW30 and RE_SS32/SW32), 

which was the furthest surface water sampling point that recorded PFOS 
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Area Surface water sampling location ID Sediment sampling location ID Rationale 

concentrations in excess of the adopted ecology based guideline level 

(ANZECC 95% fresh water species protection level) during the DSI.  

Sediment: Includes up-stream location RE_SS01 to monitor the potential 

PFAS contribution from up-stream sources.  

Includes locations at the Site drainage discharge points (i.e. RE_SS02, 

RE_SS05, RE_SS08) and several locations (i.e. RE_SS04, RE_SS05 and 

RE_SS06) that are in between a Site drainage discharge point and the West 

Bullsbrook residential area, where it is believed that surface water from Ellen 

Brook is discharging (or ‘losing’) to groundwater resulting in impact to the 

private groundwater bores in West Bullsbrook.  

Includes down-stream location RE_SS29 which is located within Ellen Brook 

Nature Reserve.   

First flush monitoring locations include locations adjacent to key discharge 

points where elevated concentrations were recorded during the DSI, and 

selected down-stream locations to assess the potential increase in PFAS 

surface water and sediment concentrations following first flush rainfall and 

subsequent timeframe for attenuation to ‘long-term average’ concentrations 

Ki-it Monger 

Brook 

Post-winter and post-summer 

events: 

RK_SW12, RK_SW14, RK_SW15, 

RK_SW16, RK_SW24, RK_SW26 

First flush monitoring events: 

RK_SW12 RK_SW14, RK_SW16 

Post-winter and post-summer 

events: 

RK_SS12, RK_SS14, RK_SS15, 

RK_SS16, RK_SS24, RK_SS26 

First flush monitoring events: 

RK_SS12, RK_SS14, RK_SS16 

Includes up-stream location RK_SW26 to monitor the potential PFAS 

contribution from up-stream sources.  

Includes locations at the Site drainage discharge points (i.e. RK_SW12, 

RK_SW14 and RK_SW24) to assess the contribution from these drains to 

the PFAS in surface waters and sediments of Ki-it Monger Brook. 

Includes down-stream location RK_SW17, located just before Ki-it Monger 

Brook merges within Ellen Brook, to assess the contribution from Ki-it 

Monger Brook to the PFAS concentrations to the surface waters and 

sediments of the down-stream portion of Ellen Brook.   

First flush monitoring locations include locations adjacent to key discharge 

points where elevated concentrations were recorded during the DSI to 

assess the potential increase in PFAS surface water and sediment 
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Area Surface water sampling location ID Sediment sampling location ID Rationale 

concentrations following first flush rainfall and subsequent timeframe for 

attenuation to ‘long-term average’ concentrations 

West 

Bullsbrook 

Post-winter and post-summer 

events: 

Lot 200 creek -  

WB_SW33, WB_SW35 

West Bullsbrook drainage channel - 

WB_SW37, WB_SW38, 

WB_SW39, WB_SW40 

First flush monitoring events: 

Lot 200 creek –  

WB_SW35 

West Bullsbrook drainage channel  

WB_SW38, WB_SW40 

Post-winter and post-summer 

events: 

Lot 200 creek -  

WB_SS33, WB_SS35 

West Bullsbrook drainage channel - 

WB_SS38, WB_SS40 

First flush monitoring events: 

Lot 200 creek –  

WB_SS35 

West Bullsbrook drainage channel  

WB_SS38, WB_SS40 

Monitoring of these locations provide an understanding of seasonal changes 

to the nature and magnitude of PFAS in surface waters and sediments of 

West Bullsbrook.  

The monitoring will also enable an ongoing assessment to be made of the 

potential for discharge of surface water containing PFAS to the underlying 

groundwater regime (and subsequently to the nearby off-Site private bores).  

First flush monitoring locations include selected locations to assess the 

potential increase in PFAS surface water concentrations following first flush 

rainfall and subsequent timeframe for attenuation to ‘long-term average’ 

concentrations within the West Bullsbrook area.  

Twin 

Swamps 

Nature 

Reserve 

Post-winter and post-summer 

events: 

TS01 and TS02 

First flush monitoring events: 

TS01 and TS02 

Post-winter and post-summer 

events: 

TS01 and TS02 

First flush monitoring events: 

TS01 and TS02 

Based on the conceptual understanding of the hydrology of the area and the 

physicochemical profile of surface waters in Ellen Brook and Twin Swamps 

Nature Reserve, there appears to be limited connectivity between Ellen 

Brook and Twin Swamps (GHD 2018d). Additionally, while groundwater 

abstraction bores in the northern portion of Twin Swamps Reserve are used 

to supplement water levels in the swamps, PFAS has not been detected in 

the groundwater of this part of the Investigation Area (GHD 2018a) and it is 

therefore considered unlikely that PFAS would migrate to the swamps 

through this supplementation process. This is further supported by the 

surface water and sediment sampling and analysis conducted within the 

swamps as part of the DSI, which found no PFAS above the limit of reporting 

in the samples analysed (GHD 2018a).  
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Area Surface water sampling location ID Sediment sampling location ID Rationale 

Nevertheless, it is noted that Twin Swamps Nature Reserve has high 

ecological value (GHD 2018d) and a high degree of community interest and 

therefore, monitoring will continue as part of the OMP.  
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5.5.2 Surface water level gauging 

In addition to the collection of surface water samples, gauging of surface water levels at the 

seven gauging locations established during the DSI (i.e. RE_SG01 to RE_SG05, RK_SG01 and 

RK_SG02 shown on Figure 6) should also be undertaken to monitor the interactions between 

groundwater and surface water in Ellen and Ki-it Monger Brooks. This information could be used 

to refine, if necessary, the CSM and the groundwater modelling (GHD 2018c).  

Gauging of nearby groundwater monitoring wells should be undertaken at the same time as 

surface water level gauging to provide a representative assessment of groundwater-surface 

water interactions. Table 10 presents the groundwater monitoring wells (refer to Figure 5) that 

were used to compare to surface water level gauging locations to assess groundwater-surface 

water interactions as part of the DSI (GHD 2018a).  

Table 10 Locations for gauging groundwater-surface water interactions 

Surface water gauging location Adjacent groundwater monitoring well 

RE_SG01 WB_MW25S 

RE_SG02 BW_MW22S 

RE_SG03 BW_MW23S 

RE_SG04 BW_MW24S 

RE_SG05 BW_MW20 

RK_SG01 BW_MW18 

RK_SG02 BW_MW19 

5.5.3 Surface water sampling methodology 

Where the embankment of the water body is stable and the water body can be safely accessed, 

surface water samples should be collected by hand, directly into the laboratory supplied sample 

containers. Where depth permits, the sample container should be positioned at least 10 cm 

below the surface water level and above the sediment bed and oriented with the capped 

opening facing downwards to avoid the collection of surface films. Once in position, the 

container cap will be removed to allow sample collection. 

Where sampling points cannot be safely accessed, surface water samples should be collected 

using a long-handled sampler and decanted into the laboratory supplied sample containers. 

Field parameters including temperature, pH, EC, DO and ORP must be measured at the time of 

sampling using a pre-calibrated water quality meter and recorded on field sampling sheets. Field 

observations such as odours or sheen presence must also be recorded on field sampling sheets 

5.5.4 Sediment sampling methodologies 

Where embankment stability and surface water depth permits, sediment samples should be 

collected using a trowel or similar hand tool. Where access to sediment is restricted by the 

presence of surface water, samples can be collected using a polyvinyl chloride (PVC) pipe of 

suitable length. The PVC pipe can be pushed by hand into the sediment bed to obtain a core 

sample from the sediment/water interface. At each sampling location, the sediment type must 

be visually assessed and observations (including physical description) must be recorded on field 

sampling sheets.  
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5.6 Sample analysis 

The OMP analytical program is summarised in Table 11. The analysis must be undertaken by 

laboratories that are NATA accredited for the specified analysis. PFAS analysis should include 

all analytes listed in Table 12. All primary and duplicate samples must be analysed using a 

consistent PFAS LOR suitable to meet the relevant adopted assessment levels (refer to Section 

6) where the available analytical methods permit. 

Table 11 OMP analytical program 

Media Analyte No. of samples 

Post-summer and 
post-winter monitoring 
events 

First flush monitoring 
event 

Groundwater 
Full PFAS analytical suite1 

Major anions and cations2, 

DOC, TSS, TDS and pH 

All samples 
N/A 

Surface 
water 

Full PFAS analytical suite1 All samples All samples 

Major anions and cations2, 
DOC, TSS, TDS and pH 

Selected samples3 N/A 

Sediment Full PFAS analytical suite1 
All samples 

All samples 

TOC, EC, CEC and pH 
Selected samples3 

N/A 

DOC – dissolved organic carbon; TSS – total suspended solids; TDS – total dissolved solids; TOC – total organic 

carbon; EC – electrical conductivity; CEC – cation exchange capacity. 

1. PFAS analytical suite to include all analytes listed in Table 12. 

2. Major anions and cations to include calcium, magnesium, sodium, potassium, chloride sulfate, alkalinity and 

ionic balance.  

3. Samples to be analysed for non-PFAS parameters to be determined during development of the SAQP prepared 

ahead of the monitoring event as outlined in Section 5.2.   

Table 12 Full PFAS analytical suite 

Group Analyte CAS No. 

Perfluoroalkane 
Sulfonic Acids 

Perfluorobutane sulfonic acid (PFBS) 375-73-5 

Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 

Perfluorohexane sulfonic acid (PFHxS) 355-46-4 

Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 

Perfluorooctane sulfonic acid (PFOS) 1763-23-1 

Perfluorodecane sulfonic acid (PFDS) 335-77-3 

Perfluoroalkane 
Carboxylic Acids 

Perfluorobutanoic acid (PFBA) 375-22-4 

Perfluoropentanoic acid (PFPeA) 2706-90-3 

Perfluorohexanoic acid (PFHxA) 307-24-4 

Perfluoroheptanoic acid (PFHpA) 375-85-9 

Perfluorooctanoic acid (PFOA) 335-67-1 

Perfluorononanoic acid (PFNA) 375-95-1 

Perfluorodecanoic acid (PFDA) 335-76-2 
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Group Analyte CAS No. 

Perfluoroundecanoic acid (PFUnDA) 2058-94-8 

Perfluorododecanoic acid (PFDoDA) 307-55-1 

Perfluorotridecanoic acid (PFTrDA) 72629-94-8 

Perfluorotetradecanoic acid (PFTeDA) 376-06-7 

Perfluoroalkyl 
Sulfonamides 

Perfluorooctane sulphonamide (FOSA) 754-91-6 

N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 

N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 

N-Methyl perfluorooctane sulfonamidoethanol 
(MeFOSE) 

2448-09-7 

N-Ethyl perfluorooctane sulfonamidoethanol 
(EtFOSE) 

1691-99-2 

N-Methyl perfluorooctane sulfonamidoacetic acid 
(MeFOSAA) 

2355-31-9 

N-Ethyl perfluorooctane sulfonamidoacetic acid 
(EtFOSAA) 

2991-50-6 

(n:2) 
Fluorotelomer 
Sulfonic Acids 

4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 

6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 

8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 

10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 

5.7 Quality assurance and quality control 

Quality assurance (QA) and quality control (QC) procedures should be undertaken in 

accordance with the ASC NEPM (NEPC 2013) and the NEMP (HEPA 2018). 

QA involves all of the actions, procedures, checks and decisions undertaken to ensure the 

representativeness and integrity of samples and accuracy and reliability of analytical results 

(NEPC 2013). QC involves protocols to monitor and measure the effectiveness of QA 

procedures. 

5.7.1 Field quality assurance procedures 

All field work procedures should be conducted with reference to the NEPC (2013) and DER 

(2014) contaminated sites guidelines and the DER (2017) interim PFAS guidelines to ensure all 

samples are collected by a set of uniform and systematic methods. Key requirements of field 

work procedures are summarised below:   

 Sampling team: All field staff should be suitably experienced in the monitoring of surface 

water, sediment and groundwater, in particular the monitoring of PFAS.   

 Calibration of field equipment: Prior to use in the field, all field instruments (e.g. water 

quality meter) must be calibrated by the equipment supplier to optimise the accuracy of 

the measurements taken.  

 Decontamination procedures: To avoid cross-contamination between samples and 

sampling locations all reusable sampling equipment (e.g. hand tools used for sediment 

sampling) shall be decontaminated prior to and at completion of sampling at each sample 

location.  

 Sample collection, handling and transport: Groundwater, surface water and sediment 

samples must be collected using a new disposable glove for each sample. Specific 

requirements for handling PFAS samples such as not using water-proofed clothing and 

having food wrappers on-Site, as per the DER (2017) PFAS guidelines, must be adhered 

to at all times. Samples must be placed into laboratory provided Teflon-free sample jars 

and bottles and, once collected, be placed on ice (contained in plastic bags) in insulated 
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containers. Samples must be delivered to the laboratory within the recommended holding 

times for the respective analytes.   

 Sample identification procedures: Each sample should be labelled with the sample 

location, date, project identification number and sampler’s initials.  Sample details must 

be entered onto a chain of custody (CoC) form that accompanies each batch of samples 

to the laboratory. 

 CoC information requirements: A CoC form must be completed and forwarded to the 

testing laboratory with each batch of samples.  

 Collection of QC samples: Field QA and QC samples must be collected as described in 

Section 5.7.2 and Section 5.7.3.  

5.7.2 Quality assurance – blank samples 

The following QA samples should be collected during each monitoring event: 

 Rinsate blanks: Rinsate blank samples are water samples collected from 

decontaminated, re-used field equipment and are used primarily to assess whether the 

decontamination procedure was effective and if cross-contamination has led to positive 

observations in subsequent samples. 

Rinsate samples should be collected off re-used sampling equipment (e.g. interface 

probe, trowel) at a frequency of one per day. 

 Field blanks: Field blank samples are water samples used to estimate contamination of a 

sample during the collection procedure, for example, from ambient influence. 

Field blanks should be collected at a frequency of one per day. 

5.7.3 Quality control – duplicate samples 

The following QC samples should be collected during each monitoring event: 

 Blind (intra-laboratory) duplicates: Blind duplicate samples are used to identify the 

variation in the analyte concentration between samples from the same sampling point and 

the repeatability of the primary laboratory’s analysis. 

 Split (inter-laboratory) duplicates: Split duplicate samples are sent to the secondary 

laboratory and are used to provide an indication of the repeatability of the results between 

the primary and secondary laboratories. 

As per the PFAS NEMP (HEPA 2018), duplicates for PFAS analysis should be collected at a 

frequency of one per 10 primary samples (i.e. 1 blind duplicate per 10 primary samples and 1 

split duplicate per 10 primary samples). 

Blind and split duplicate samples will be assessed by calculating the relative percentage 

difference (RPD) between concentrations in the primary, blind and split samples. RPDs are 

calculated accordance with the procedure described in AS 4482.1 – 2005 (Standards Australia 

2005). According to AS 4482.1 – 2005, typical RPDs are expected to range between 30% and 

50%; however, this may be higher for organics and for low concentrations of analytes. 

5.7.4 Laboratory QA/QC 

Laboratory methods to be used by the primary and secondary laboratories will be suitable for 

PFAS analysis and based on established internationally recognised procedures (refer to Section 

5.6). Each of the laboratories will be NATA accredited for the proposed analysis. 

The following laboratory QC procedures will be used during the OMP: 
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 Laboratory duplicate samples: The analysis of a laboratory derived duplicate sample 

from the process batch, at a rate equivalent to one in 20 samples per analytical batch, or 

one sample per batch if less than 20 samples are analysed in a batch. A laboratory 

duplicate provides data on the analytical precision and reproducibility of the analytical 

results.  

 Method blank samples: The analysis of a sample that is as free as possible of the 

analytes of interest, but has been prepared the same as the samples under investigation. 

The analysis is to ascertain if laboratory reagents, glassware and other laboratory 

consumables contribute to the observed concentration of analytes in the process batch. If 

below the maximum acceptable method blank (20% of the practical quantitation limit), the 

contribution is subtracted from the gross analytical signal for each analysis before 

calculating the sample analyte concentration.  The method blank should return analyte 

concentrations as ‘not detected’. 

 Laboratory control samples: The analysis of either a reference material or a control 

matrix fortified with analytes representative of the analyte class. The purpose of 

laboratory control spike samples is to monitor method precision and accuracy 

independent of the sample matrix. Typically, the percentage recovery of the laboratory 

control spike sample is compared to the dynamic recovery limits based on the statistical 

analysis of the processed laboratory control spike sample analysis. Recoveries should lie 

between 70% and 130%. 

 Matrix spike samples: The analysis of one or more replicate portions of samples from 

the batch, after fortifying the additional portion(s) with known quantities of the analyte(s) 

of interest. The percentage recovery of target analyte(s) from matrix spike samples is 

used to determine the bias of the method in the specific sample matrix. Recoveries 

should lie between 70% and 130%.  

 Surrogate spike samples: Samples with known additions of known amounts of 

compounds, which are similar to the analytes of interests in terms of extractability, 

recovery through clean-up procedures and response to chromatographic or other 

measurement. Surrogate compounds may be alkylated or halogenated analogues or 

structural isomers of analytes of interest. The purpose of surrogate spikes, which are 

added immediately before the sample extraction step, is to provide a check for every 

analysis that no gross processing errors have occurred, which could have led to 

significant analyte loss or faulty calculation. Recoveries should lie between 50% and 

150%. 

 Internal standards: Known additions of known amounts of compounds which are not 

found in real samples, will not interfere with quantification of analytes of interest and may 

be separately and independently quantified. The purpose of internal standards in 

instrumental techniques is to provide independent signals, which serve to check the 

consistency of the analytical step. Internal standards are often used for organic 

compounds and some inorganic compounds. 
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6. Assessment levels 

The assessment levels adopted for groundwater and surface water in this OMP are based upon 

the Heads of Environmental Protection Authorities Australia and New Zealand (2018) PFAS 

National Environmental Management Plan (NEMP; HEPA 2018). This document presents a 

consolidated set of Australian PFAS assessment levels for soil and water that are derived from 

the following guidelines: 

 Department of Environment and Energy (2016) Draft Commonwealth Environmental 

Management Guidance on Perfluorooctane (PFOS) and Perfluorooctanoic Acid (PFOA). 

October 2016 (DEE 2016) (Draft).  

 Department of Health (2017) Health Based Guidance Values for PFAS for use in Site 

Investigations in Australia (DoH 2017). 

 Food Standards Australia New Zealand (2017) Australian Guidance Values for Assessing 

Exposure to Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) 

(FSANZ 2017). 

 National Health and Medical Research Council (2011 – updated 2018) National Water 

Quality Management Strategy Australian Drinking Water Guidelines 6 (NHMRC 2011). 

 New South Wales Office of Environment and Heritage Science (2017) PFAS Screening 

Criteria (NSW OEH 2017). 

It is noted that there are currently no Australian regulatory endorsed assessment levels for risk 

posed to ecology by PFAS in sediment.  

For monitoring of surface water within Ellen and Ki-it Monger Brooks, it is proposed to adopt the 

95% fresh water species protection values presented in the NEMP (HEPA 2018). It is noted that 

the Brooks receive surface run-off from the Site (and surrounding areas), where a range of 

commercial/industrial activities occur. Furthermore, much of the Ellen Brook catchment has 

been cleared for agriculture and monitoring conducted by the DWER and Swan River Trust has 

identified nutrient concentrations within surface water of the Brook in excess of their nominated 

target levels (Department of Water and Swan River Trust 2011). It is therefore considered 

appropriate to categorise Ellen Brook as a “slightly to moderately disturbed” system and adopt 

the 95% species protection value.  

The 95% species protection value was also considered to be more appropriate than the 99% 

value given that the 99% value has been derived to account for bioaccumulation within aquatic 

fauna tissue. In this regard, GHD has collected sediment, surface water and aquatic biota 

samples to characterise the environment that species inhabit, which is consistent with the 

approach recommended by ANZECC (2000) (i.e. that water quality data should not be solely 

relied upon). The concentrations of PFAS recorded within fish and crustaceans from Ellen and 

Ki-it Monger Brooks were some orders of magnitude below the Environment and Climate 

Change Canada (ECCC 2017) Federal Fish Tissue Guideline (FFTG) level. The FFTG level 

was derived to protect fish from adverse effects of bioaccumulation of contaminants and 

therefore, the results of the biota analysis demonstrate a limited relevance of bioavailability.  

A summary of the assessment levels adopted for this OMP are presented in Table 13. 
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Table 13 Summary of adopted PFAS NEMP (HEPA 2018) assessment levels 

Location Assessment levels – Human Health Assessment levels – Ecological 

Groundwater 

On-Site Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

- 

Off-Site Potable use: 

PFOS + PFHxS – 0.07 µg/L 

PFOA – 0.56 µg/L 

 

Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

- 

Surface Water 

Drainage channels Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

- 

Ellen Brook, Ki-it 
Monger Brook and 
Twin Swamps  

Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

95% species protection level for 
slightly- moderately disturbed 
systems: 

PFOS – 0.13 µg/L 

PFOA – 220 µg/L 
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7. Reporting requirements 

7.1 Factual reporting 

A factual report should be produced at the completion of each monitoring event that 

summarises the data and findings of each monitoring event. As a minimum, each factual report 

should contain the following information: 

 Scope of work completed. 

 Description of sampling methodologies used. 

 Field observations (e.g. condition of monitoring wells, description of purged water) and 

water quality parameter measurements. 

 Evaluation of the applicability of adopted assessment levels. 

 Review of the suitability of the data for assessment purposes (QA/QC evaluation). 

 Summary tables presenting gauged groundwater and surface water levels.  

 Presentation of inferred groundwater contours and inferred groundwater flow direction in 

a figure. 

 Summary tables of analytical results in comparison to adopted assessment levels. 

 Graphs showing historical concentrations of PFOS, PFOA and PFOS plus PFHxS. 

 Laboratory reports, CoC documentation, field sampling records and other relevant 

documentation.  

7.2 Interpretative reporting 

Upon completion of the initial two year monitoring period, and upon completion of each two year 

monitoring period thereafter, an interpretative report should be prepared. As a minimum, each 

interpretative report should include the following:  

 The factual information described in Section 7.1. 

 A discussion of analytical results in relation to the following: 

– Trends in PFAS concentrations, including an assessment of temporal changes and/or 

changes to the extent of PFAS impacts. Trends should be assessed using an 

appropriate statistical analysis approach (e.g. using Mann-Kendall or similar analysis), 

with a specified level of confidence based upon the number of monitoring rounds 

completed.  

– Consideration, based on data trends, as to whether any of the existing remediation / 

management measures should be re-assessed, with a view to potential modification, 

supplementation or cessation.    

– Assessment of whether changes to the CSM and/or risk assessment are required. 

– Whether recalibration or changes to the groundwater model are required to provide a 

better understanding of the potential future extent of PFAS impact in groundwater.  

 Based on the data obtained, an assessment of the OMP sampling requirements with a 

view to establishing whether:  

– The number of locations monitored could be reduced, such as where PFAS 

concentrations are stable and are considered to present a low risk to receptors. 

– Additional monitoring locations are required, including the installation of new 

monitoring wells or sampling of additional existing wells (and/or private bores) to 
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provide better understanding of the nature, extent or magnitude of PFAS impacts in a 

particular portion of the Management Area.  

– The frequency of monitoring should increase or decrease to provide better 

understanding of PFAS concentration fluctuations and potential risks to receptors.  

– Monitoring of additional media should be included in the OMP. For example, if 

monitoring of surface water demonstrates a trend of increasing PFAS concentrations, 

or if concentrations significantly greater than those recorded in previous investigations 

are recorded, then the requirement to conduct monitoring of aquatic biota should be 

considered.  

7.3 Private bore sample reporting 

In addition to the reporting of groundwater data collected from private bores in the factual and 

interpretative reports described in Section 7.1 and Section 7.2, the analytical results of private 

bore sampling will also need to be reported back to the property landowners, by way of a factual 

results letter.  The results letters should be issued to the property owners within six weeks of 

sample collection and include the following information, as a minimum: 

 A brief description of the purpose of the OMP; 

 The PFAS assessment levels relevant at the time of sampling;  

 The laboratory LORs;  

 The analytical results of the samples collected; 

 A description of how the data will be used; and 

 Contact details of the appropriate Defence representative.  
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8. OMP review 

This OMP has been prepared based on the current understanding of the nature, extent and 

magnitude of PFAS impacts and the current risk profile of the Management Area, as identified 

through the reports listed in Section 1.4. 

The OMP should be reviewed and updated by Defence or the nominated environmental 

consultant as relevant for reasons such as, though not limited to: 

 Changes to the nature, extent and/or magnitude of PFAS concentrations within the 

Management Area, as identified through implementation of the OMP. 

 Changes to the risk profile of the Management Area, as identified through implementation 

of the OMP. 

 The implementation or refinement of management measures that trigger particular 

monitoring requirements.  

 Changes to relevant legislation or guidelines, including changes to assessment levels or 

recommended sampling methods.  

 Requests for sampling from community members or owners or occupants of private 

properties within the Management area. 

 Damage or loss of groundwater monitoring wells, or restrictions on access to monitoring 

locations. 

 The results of any additional investigations that may be undertaken in future within the 

Management Area.   
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Figure 1 Site and Management Area 

Figure 2 Site drainage plan  

Figure 3 DSI groundwater sampling locations and results 

Figure 4 DSI surface water and sediment sampling locations and results 

Figure 5 Groundwater monitoring locations 

Figure 6 Surface water and sediment monitoring locations 
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