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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for Wide Bay Training Area.  

This PMAP sets out a plan for Defence to manage the potential risks of PFAS contamination on 
and emanating from the Wide Bay Training Area as identified in:  

 the detailed site investigation report (September 2020) 

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

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

 progress in risk management and the effectiveness of specific response actions 

 data from the Ongoing Monitoring Plan 

 changes of land use  

 changes in legislation, strategy, policy and guidelines/standards 

 outcomes of new research or development of management/remediation 

 any other new information that has the potential to impact the outcomes of the PMAP. 
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EXECUTIVE SUMMARY 

In July 2018, the Department of Defence commenced an Environmental Investigation to identify the 
nature and extent of per and poly-fluoroalkyl substances (PFAS) on, and in the vicinity of, Wide Bay 
Training Area (WBTA or the ‘base’) as a result of the historical use of legacy firefighting foams. The 
investigation was triggered following the results of an environmental monitoring program conducted in 
2017, which detected the presence of PFAS in groundwater and surface water samples. 

A preliminary site investigation (PSI) was completed in July 2019 (AECOM, 2019) followed by a 
detailed site investigation (DSI) between July 2019 and September 2020 (AECOM, 2020a). The 
outcomes from these investigations have been used to develop this PFAS Management Area Plan 
(PMAP). The key conclusions of the PSI and DSI are identified below: 

 The PSI identified that small fire extinguishers containing aqueous film forming foam (AFFF) had 
been present at the base and may have been used in response to emergency situations or for 
demonstration purposes.  

 The DSI established an Investigation Area (now referred to as the ‘Management Area’), which 
includes WBTA and the small residential area of Wallu. 

 The DSI characterised the nature and extent of PFAS in soil, groundwater and surface water in 
the Management Area and concluded the following: 

 Soil and groundwater at the areas where AFFF may have used or stored were investigated.  
As no PFAS impacts in soil were identified, no soil source areas have been identified. 

 PFAS was detected in groundwater in the eastern portion of Camp Kerr at concentrations 
that exceeded the National Environmental Management Plan (NEMP) (HEPA, 2018) 
drinking water guideline value for sum of perfluorohexane sulfonate (PFHxS) and 
perfluorooctane sulfonate (PFOS). This area is not used for groundwater extraction. The 
local extent of PFAS in groundwater in this area was characterised in all directions. 

 PFAS were detected in groundwater in the western portion of Camp Kerr, however, 
concentrations did not exceed NEMP drinking water guideline values. The area of Wallu is 
hydraulically down-gradient of Camp Kerr.  Groundwater in Wallu is extracted by residents 
for drinking water and other purposes. There was no exceedance of NEMP drinking water 
guideline values indicating the risk to human health was low and acceptable.  

 PFAS was not detected in groundwater samples from monitoring wells at other locations 
across the southern portion of the Management Area indicating source areas of PFAS are 
unlikely to be present in these areas. 

 PFAS were detected in surface water in unlined drainage features in Camp Kerr with PFOS 
concentrations exceeding the NEMP ecological guideline value for 99% species protection. 
PFOS was also detected in three residential dams in Wallu at concentrations that exceeded 
the NEMP ecological guideline value, but human health guideline values were not 
exceeded. The results indicated the potential for an overland flow pathway for PFAS to 
migrate from the base to residential dams in Wallu. The potential for off-site ecological risks 
to aquatic biota residing in the dams could not be discounted. 

 PFAS were detected in Kangaroo and Snapper Creeks in the southern portion of the 
Management Area with PFOS concentrations less than one order of magnitude above the 
NEMP ecological guideline value for 99% freshwater species protection. PFAS 
concentrations in 2019 in two surface water sampling locations within the Ramsar area were 
below the limit of reporting. The Ramsar area includes Tin Can Inlet and tidal sections of 
creeks in the northern and eastern portions of the base. The estuarine environment and 
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Ramsar area has the potential to be impacted by off-base sources of PFAS in Tin Can Bay 
such as the unlined landfill and sewage treatment works. 

The DSI identified the main data gaps for the Management Area relating to exposure pathways were 
trends in PFAS concentrations in groundwater and surface water and understanding of the risk to 
ecological receptors (aquatic biota in residential dams) from the surface water pathway.  Risk to on-
base aquatic ecosystems in creeks (such as Snapper, Kauri and Kangaroo Creeks) is likely to be 
mitigated by the volume of water flowing through these systems, with flow from other sources 
potentially leading to greater dilution and reducing dissolved PFAS concentrations in the downstream 
system. 

To monitor potential changes in the nature and extent of PFAS at WBTA, and in the surrounding area, 
an Ongoing Monitoring Plan (OMP) will be implemented for a primary implementation period of three 
years. The OMP will involve the sampling of groundwater, surface water and sediment at monitoring 
locations within the Management Area including at the base and at Wallu. The OMP will also include 
locations at creeks on-base that are in, or discharge into, the Ramsar area. 

The DSI (AECOM, 2020a) identified possible source-pathway-receptor linkages for two groups, 1) 
potential groundwater extraction and consumption of PFAS impacted groundwater at the caretaker’s 
residence area at Camp Kerr on base and 2) uptake and bioaccumulation of PFAS in aquatic biota in 
residential dams off-base via surface water flows from the base.   

The development of the PMAP involved a review of the key migration pathways and consideration of 
available management options. Due to the limited nature and extent of the contamination impacts, low 
exposure risks to human health, and as the net benefit of source, pathway or exposure / receptor 
management and resultant risk reduction is considered marginal, no specific management options are 
considered necessary at the present time. The OMP will provide data for assessment of the potential 
changes in the nature of PFAS in groundwater and surface water systems.   

Based on the information presented in this PMAP, recommended response actions are set out below: 

 Restriction of groundwater extraction in the eastern portion of Camp Kerr in the localised area 
that has PFAS concentrations (sum of PFHxS and PFOS) that exceeded drinking water guideline 
values.  No groundwater extraction occurs in this portion of the base and Defence should 
continue to control groundwater extraction at the base in the future. Ongoing monitoring will 
inform spatial and temporal changes to the area of PFAS groundwater impact. 

 Ongoing monitoring of surface water in residential dams in Wallu will inform spatial and temporal 
changes in PFAS concentrations and allow assessment of the risk to aquatic biota via uptake of 
PFAS and bioaccumulation. Once new ecological guideline values are published that adopt the 
ANZG (2018) methodology for deriving water quality guidelines, the risk will be reassessed by 
conducting a screening level assessment.  

Other recommended response actions are listed below: 

 Restrictions on the use of legacy AFFF containing PFAS should continue. Fluorine containing 
foams should only be used when there are no other alternatives and if so, all wastes and any 
contaminated media such as wastewater and soil must be disposed as regulated waste or stored 
onsite in a manner in which it cannot be released into the environment. 

 Occupational health and safety measures for intrusive maintenance works or construction 
workers should be implemented during construction work to reduce potential exposure.  This 
includes the use of appropriate personal protective equipment to minimise potential exposure in 
potential source areas or pathways (such as drainage lines). 

 Implement OMP to assess spatial and temporal changes to groundwater, surface water and 
sediment concentrations within the Management Area.   

 Avoid accidental damage or destruction of groundwater monitoring wells included in the OMP.  
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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 1.5 

Extended implementation 
period 

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

 monitoring, leachate management, and maintenance of 
stockpiles 

 monitoring of Management Area for PFAS 

 assessment of developments and technologies for application 
to stockpiled PFAS impacted soils and materials 

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

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

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

Net environmental 
benefit (NEB) 

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

a) impacts on: 

 ecosystem health 

 sensitive species 
 fate and transport of PFAS. 

b) planned mitigation actions for any negative impacts. 

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

Ongoing Monitoring Plan 
(OMP) 

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

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

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

Primary implementation 
period 

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

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

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

Ramsar  The Ramsar Convention on Wetlands is a list of wetlands of 
international importance. 

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 

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

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

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

WBTA Wide Bay Training Area 

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

1.1 Purpose 

This PFAS Management Area Plan (PMAP) has been developed by Defence to provide an approach 
for the management of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) 
contamination associated with Wide Bay Training Area (WBTA or the ‘base’) and surrounding areas, 
consistent with the PFAS National Environmental Management Plan (NEMP). 

Defence’s management of the risks under the PMAP aims to avoid or minimise exposure to PFAS 
contamination from Defence property to human health and ecological receptors. 

1.2 Application 

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

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

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

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

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

The Queensland Technical Working Group (TWG) led by the Department of Environment and 
Science (DES) has been consulted in the development of this document. 

1.3 Background 

1.3.1 PFAS and its use 

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

Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy 
aqueous film forming foam (AFFF) used extensively worldwide by both civilian and military authorities 
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 

 

 

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. 
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guidance statements advising that there is currently no consistent evidence that exposure to PFOS 
and PFOA causes adverse human health effects.2 However, since these chemicals remain in humans 
and the environment for many years, it is recommended that as a precaution, human exposure to 
PFAS be minimised. 

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

1.3.2 The nature of PFAS 

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

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

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

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

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

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

1.4 Policy context  

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

 

1.4.1 PFAS National Environmental Management Plan 

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

 

 

2 http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-publicat-environ.htm 
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The PFAS Response Management Strategy and the requirements of the PMAP template and 
guidance conform to the NEMP. The PMAP template and guidance will be adjusted to conform to 
relevant changes in the NEMP as and when the changes are made. 

1.4.2 Defence estate and environmental management 

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

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

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

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

risks. 

1.4.3 PFAS Response Management Strategy 

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

PFAS Management 
Area Plan (PMAP) 
template and 
guidance 

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

PFAS Interim 
Response 
Management (IRM 
Guidelines) 

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

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 

This PMAP relies on: 

 the detailed site investigation of September 2019 conducted by AECOM Australia Pty Ltd 
(AECOM, 2020a) 

to inform risk identification and weighting for the Management Area. 

The key parameters for the PMAP are set out below. 

Management Area The Management Area (as defined in Figure 2 in Appendix A) 
comprises WBTA (on-base) and the small residential area of Wallu 
(off-base) located adjacent to the southwest corner of the base. 

The Management Area includes Camp Kerr, located in the 
southwestern corner of the base that contains a number of facilities 
including abstraction bores and water treatment plant (WTP), a 
wastewater treatment plant (WWTP), petrol, oils and lubricants 
(POL) area, vehicle washpoint and service sheds and 
accommodation and amenities.   
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Issue/risk identification The DSI identified two possible exposure pathways from PFAS 
impacts in the Management Area: 

Human health risks 

 Ingestion and dermal contact of groundwater containing 
PFAS at concentration that exceed drinking water guideline 
values in the eastern portion of Camp Kerr. 

Ecological risks 

 Potential for PFAS uptake and bioaccumulation in aquatic 
ecosystems in off-base residential dams in Wallu located 
adjacent to Camp Kerr which are likely to receive surface 
water that has flowed overland from the area of Camp Kerr. 

 

Issue/risk range The PMAP addresses risks to human health and ecological 
receptors that were considered possible in the DSI.  This excludes 
work, health and safety PFAS exposure risks within the 
Management Area which would be appropriately managed by 
relevant site contractors in accordance with applicable work, health 
and safety legislation. 

Remediation technology 
status 

The response options in this PMAP consider only proven 
technologies at the appropriate scale, unless otherwise identified. 

1.6 Key response factors 

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

 whether an option is proportional to risks 

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

 views of the jurisdictional regulator and 
other stakeholders 

 availability of best-practice management 
systems, treatments and technologies 

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

 effectiveness and validation status of 
technology 

 success measures for the treatment or 
remediation outcomes 

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

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

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

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

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

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



  
PMAP – WIDE BAY TRAINING AREA 

 
 

6 
 

 the need for ongoing operations, management, maintenance or monitoring 

 the net environmental benefit 

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

1.7 Implementation process 

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

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

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 
processes. 

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

1.7.1 Approvals 

a) Higher value public works 

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

 urgency 

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

 for projects of a repetitive nature. 

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

 approval to proceed 

 approval to proceed, subject to specific conditions or requirements 

 Committee deliberation postponed, pending further information, or 

 Committee resolution to seek a referral. 

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

b) Site Selection Board 

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

 

 

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
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The question as to whether a regional or full review is required will be determined in accordance with 
Defence Estate Quality Management System (DEQMS) guidance5 

1.7.2 Procurement phase 

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

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

1. The primary implementation period applies to actions that can generally be addressed in 
the short to medium term (up to three years. Ref section 7.2). The implementation of the 
Ongoing Monitoring Plan will commence in the primary implementation period and extend 
through to the extended implementation period. 

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

 monitoring, leachate management, and maintenance of stockpiles 

 monitoring of the Management Area for PFAS 

 ongoing operation of remediation technologies (e.g. a water treatment plant), as required 
 assessment of developments and technologies for application to stockpiled PFAS 

impacted soils and materials. 

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

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

Area for PFAS). 

1.7.4 A living document 

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

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

 

 

5 http://www.defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 
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This document will be reviewed annually (or earlier if required). As implementation of the PMAP 
progresses, detailed plans supplementary to this PMAP will be prepared (as required) to address the 
individual management actions that have been identified in this PMAP. 

1.8 Constraints and assumptions 

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

 The state of knowledge presented within the DSI, completed in 2020, including historical 
use of AFFF, PFAS results in the Management Area, conceptual site model, community 
information 

 Government issued guidelines, advisories and policies 

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

 Access to off-base private properties will be granted, where required. 

”
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Figure 2: Defence PFAS management process map 
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2 PROFILE OF THE MANAGEMENT AREA  

2.1 Management Area description 

The Management Area is located on Tin Can Bay Road, Tin Can Bay, Queensland, 4580, 
approximately 50 km south-east of Maryborough and 175 km north of the Brisbane central business 
district (CBD), Queensland, refer to Figures 1 and 2.  The Management Area comprises WBTA (on-
base) and the small residential area of Wallu located adjacent to the southwest corner of the base 
(off-base). WBTA is bordered by Toolara State Forest to the west and south, the Great Sandy Strait to 
the east, and the townships of Tin Can Bay and Wallu to the south-east and south-west, respectively.  

WBTA covers approximately 19,100 hectares (ha) of remnant bush and coastal to sub-coastal 
wetland. The Property comprises 16 Training Area sectors including an approximately 20 ha 
cantonment at Camp Kerr in the southern portion of the Property.  Infrastructure associated within 
Camp Kerr includes a vehicle wash point, a refuelling area, accommodation and associated 
amenities, administrative facilities, a WTP and a WWTP.  The remainder of the Property comprises 
remnant bush and wetlands and is principally used to conduct combat team training, live firing 
activities and unmanned aerial vehicle training. Infrastructure associated with the training sectors 
include several firing ranges, training facilities, an ammunition storage compound, a road base quarry, 
a UAV airstrip and a disused airfield, refer to Figure 3. 

The small residential area of Wallu has approximately 34 properties and 110 residents. Some of the 
properties have dams.  Bore water is used at individual properties for different purposes including 
household and outdoor purposes, topping up swimming pools, dam storage, crop irrigation, washing 
livestock.  Dam water in some individual properties is used for recreational purposes and irrigating 
crops or watering livestock.   

 

2.2 Management Area setting 

2.2.1 Site and Environmental Setting 

The site and environmental setting of the Management Area is outlined in Table 1 below.  This 
information is sourced from the DSI report (AECOM, 2020a). 

Table 1 Environmental Setting 

Climate Based on a review of data (1992 to 2019) from the nearest Bureau of 
Meteorology weather station with current data – Rainbow Beach (040856) 
located approximately 10 km east of the Management Area – the region 
experiences warm wet summers and mild winters with a mean maximum 
temperature in January of 28.9°C and a mean minimum temperature in July 
of 10.3°C. The region experiences an annual mean rainfall of 1445.0 mm. 
On average, February experiences the highest mean rainfall of 199.4 mm, 
whereas September experiences the lowest monthly mean rainfall of 
55.1 mm. 

Topography The western margin of the area comprises undulating to strongly undulating 
old coastal plain, about 90 metres above Australian Height Datum (AHD). 
The central and southeastern parts of the area comprise gently to strongly 
undulating portions of old dissected coastal plain, while the northeastern part 
of the area is coastal plain with low sandy banks and weakly defined 
drainage lines. Based on a 25 m-resolution digital elevation model of the 
area), total relief is 112 m (from sea level), and slopes range from 0° to 10°. 
Nearly the entire area (97.2%) comprises slopes <5°, with the remainder 
being 5–10°.  
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Wallu, located 100 m to the west of Camp Kerr, is a flat area (approximately 
65 mAHD) which is at slightly lower elevation (approximately 10 m) 
compared to Camp Kerr (approximately 75 mAHD).  There are a number of 
surface water bodies (dams) present at Wallu which appear to be mainly fed 
from an unnamed creek to the west. The creek has multiple tributaries that 
drain areas of higher ground (elevations of over 100 mAHD) to the north, 
west and southwest of Wallu. Surface water flows out of the Wallu area to 
the southeast via an ephemeral waterway that crosses under Clyde Road 
and Tin Can Bay Road and discharges into a dam in the eastern portion of 
Wallu.  The presence of the water bodies at Wallu indicate that this area has 
natural discharge features that reflect the topography of the area.  

 

Geology The Management Area is underlain by a Late Triassic to Early Jurassic 
Duckinwilla Group and Grahams Creek Formation. The Duckinwilla Group 
comprises feldspathic and quartzose sandstone, shale, siltstone and coal, 
and the Grahams Creek Formation comprises intermediate to acidic lava 
flows and pyroclastics, tuffaceous sandstone and siltstone. The marine 
transgressive sequence of the Duckinwilla Group comprises almost 70% of 
the total area. 
This sequence is capped in places with Oligocene to Miocene duricrusted 
old land surfaces comprised of ferricrete, silcrete and indurated paleosols. 
These deposits comprise almost 10% of the area. Gully systems draining 
the marine transgressive sequence and duricrusted areas are filled with 
Quaternary undifferentiated alluvial plains comprised of sand, silt, clay, and 
gravel. 

The eastern margins of the area are comprised of a coastal deposit 
sequence. These are: 

 Late Pliocene to Pleistocene coastal plains comprised of sand, 
silt, mud and minor gravel 

 Pleistocene back barrier coastal wetland comprised of peaty 
quartz sand and 

 Pleistocene to Holocene beach ridges and berms comprised of 
quartz sand, shelly sand and minor gravel. 

Bore cards for two on-site registered groundwater bores indicate superficial 
Quaternary clay deposits are approximately 9.0 m in thickness which are 
underlain by sandstone, siltstone or mudstone strata of the Tertiary 
Duckinwilla Group to approximately 172 metres below ground surface 
(mbgs). Basalt, which is considered to be part of the Grahams Creek 
Formation, is present below the base the sequence, to at least 182.9 m, the 
deepest depth drilled on-site.  

The geology observed during the PSI and DSI were consistent with the 
above description. Logs for soil bores drilled as part of the PSI encountered 
loose silty sands or sands with organics, overlying silty sands and sandy 
clays, which are underlain (where encountered) by weathered sandstone 
bedrock, which was considered to be strata of the Tertiary Duckinwilla 
Group. Boreholes positioned in more elevated parts of WBTA encountered 
sandstone at shallower depths than those locations in lower lying parts of 
WBTA. The silty sandy clays located directly above the sandstone were 
considered to be a residual soil / weathering profile.  

 

Hydrogeology Groundwater beneath WBTA is semi-confined within the sandstone of the 
Tertiary Duckinwilla Group, with flow likely to occur as fracture flow.  
Measurements of the physicochemical parameters during the PSI and DSI 
indicated the groundwater was slightly acidic to neutral and fresh 
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(<500 mg/L total dissolved solids).  This indicated the water is suitable for 
most purposes.   

All monitoring wells installed as part of the PSI and DSI and pre-existing 
wells were located in the southern portion of WBTA between Camp Kerr, 
which is adjacent to the western boundary of the base, and Snapper Creek / 
Tin Can Inlet, which is adjacent to the base eastern boundary.  Groundwater 
gauging in 2018 and 2019 indicated a shallow groundwater aquifer was 
present beneath the base with groundwater encountered between 1.7 and 
14.7 m below top of casing (mbtoc).   

The groundwater elevation data indicated groundwater to the east of Camp 
Kerr flows towards the northeast in the direction of the coast. There appears 
to be a groundwater divide situated in the centre of Camp Kerr that affects 
the local groundwater flow directions. The divide is likely to reflect the 
topography of the area with Camp Kerr located at a topographic high point 
(75 mAHD). Groundwater flow in the eastern portion of Camp Kerr (i.e. in 
the vicinity of the caretaker’s residence) has been inferred to be towards the 
east (i.e. on-base). Therefore, PFAS in groundwater in the vicinity of the 
caretaker’s residence appears unlikely to migrate off-site to the south or 
southwest (i.e. towards Wallu). Groundwater in the western portion of Camp 
Kerr (i.e. around the WTP and POL) appears to be flow to the west or 
southwest towards Wallu. Local groundwater flow in the southern portion of 
Camp Kerr is inferred to be towards the south. This indicates that the 
township of Wallu is hydraulically down-gradient of groundwater beneath the 
western portion of the Camp Kerr.  

 

Hydrology WBTA is located within the Mary Basin. There appear to be seven main 
creek catchments on-base (see Figure 2 in Appendix A):  

 Mosquito Creek and its tributaries drain the western part of the 
training area. The creek discharges into the Kauri Creek Inlet 

 Kauri Creek in the central part of WTBA, flows in a northerly 
direction through the centre of the base to the Kauri Creek Inlet 
and east to Tin Can Inlet 

 Kangaroo Creek in the central south flows into the Kauri Creek 
 Snapper Creek in the south east, flows east into Tin Can Inlet 
 Griffen Creek in the east, flows east into Tin Can Inlet 
 Teebar Creek in the east, flows east into Tin Can Inlet 
 Little Stony Creek in the northwest, flows north into Kauri 

Creek. 

Kauri Creek is the main draining watercourse at the WBTA. Tributaries that 
flow into Kauri Creek include Mosquito Creek, Kangaroo Creek, and Little 
Stony Creek. Kauri Creek flows from south to north across the base, then 
east to the Great Sandy Strait. The Teebar Creek, Snapper Creek and 
Griffen Creek catchments occupy the eastern portion of the base and drain 
to the east into Tin Can Inlet. The Teebar Creek, Griffen Creek and Snapper 
Creeks are located in the lower lying areas of the base and are likely to be 
seasonal and/or tidally influenced. 

A dam (Kangaroo Dam) is present in the south of WBTA, adjacent to the 
Wallu Heights residential area.  

The headwaters of Mosquito, Kangaroo and Kauri Creeks rise to the south 
and southwest beyond the boundary of the training area, indicating off-base 
surface water flows onto the base.  

The suburb of Wallu, located adjacent southwest of the base has several 
surface water dams and an unnamed creek that flows from Wallu to the 
southeast. 
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Flora and Fauna The Great Sandy Strait, the key waterway downstream and to the east of 
WBTA, is a sand passage estuary between the mainland and the World 
Heritage-listed Fraser Island. It is the largest area of tidal swamps within the 
South East Queensland bioregion, consisting of intertidal sand and mud flats 
(roughly one-third), extended seagrass beds, mangrove forests, salt flats 
and saltmarshes, and often contiguous with freshwater Melaleuca wetlands 
and coastal wallum swamps. The Strait is an exceptionally important feeding 
ground for migratory shorebirds and important for a wide range of other 
shorebirds, waterfowl and seabirds, marine fish, crustaceans, oysters, 
dugong, sea turtles and dolphins. The Great Sandy Strait tidal wetlands are 
extremely important for protection of and source of food for juvenile and 
adult fish, prawns and other crustaceans. As outlined above, it is also highly 
valued for commercial and recreational fishing.  

The area downstream (and to the east) of the base is zoned “Conservation 
Park” with small areas zoned “Marine National Park”). The base and 
surrounds host important wetlands in Queensland. The integrity of wetlands 
is protected from environmental harm under the Environmental Protection 
Act 1994. Waterways contiguous and downstream of WBTA are listed as 
important wetlands under the Ramsar Convention (The Convention on 
Wetlands of International Importance especially as Waterfowl Habitat).  

The Protected Matters Report indicated the following: 

 One wetland of international importance (Ramsar)- Great 
Sandy Strait, Tin Can Bay and Tin Can Inlet (see 
https://wetlandinfo.des.qld.gov.au/wetlands/facts-maps/ramsar-
wetland-great-sandy-strait/) 

 Three threatened ecological communities: 
o Coastal Swamp Oak forest of NSW and SE QLD 

(endangered) 
o Lowland rainforest of subtropical Australia (critically 

endangered) 
o Subtropical and temperate coastal saltmarsh (vulnerable) 

 71 listed threatened species and 71 listed migratory species 

 
The GEMS EFM Operations Report indicates that 52 records pertaining to 
known, probable and potential biodiversity are present on the base, 
including but not limited to: 

 Six vulnerable plant communities including Eucalyptus species 
(spp.), Banksia spp., Melaleuca spp., on alluvial plains, coastal 
alluvium, and low woodland to scrubland; 

 10 vulnerable or endangered plants, fungus and algae including 
the Pineapple Zamia, Swamp Fern, Southern Swamp Orchid, 
and Tiny Wattle; and 

 26 vulnerable, endangered or critically endangered animals 
including the Loggerhead Sea Turtle, Oxleyan Pygmy Perch, 
Eastern Curlew, Koala (south-east Queensland population), 
Grey-Headed Flying Fox, and Regent Honeyeater. 

The groundwater dependent ecosystem (GDE) Atlas Map identified the 
following GDEs and inflow dependent ecosystems (IDEs) within 1 km of the 
base: 

 High and moderate potential aquatic wetland GDEs and likely 
aquatic IDEs in the eastern and central portion of the base 
associated with coastal/sub-coastal non-floodplain tree swamps 
(Melaleuca and Eucalyptus spp.) and coastal/sub-coastal 
floodplain wet heath swamps; and 

 High, moderate and low potential terrestrial vegetation GDEs 
and likely terrestrial IDEs in the northern and central portions of 
the base. 
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No subterranean GDEs were identified within 1 km of the base. 
 

Management Area 
drainage 

At WBTA, drainage channels are only present in the Camp Kerr Area.  Due 
to the relatively higher elevation of the Camp Kerr, surface water in the 
central and eastern portions of Camp Kerr drains to the north or northeast. 

Site inspections as part of the DSI identified that water from a drainage 
channel in the western portion of Camp Kerr drains down the slope to the 
west towards Wallu with water pooling along the western perimeter track 
before draining into a dam in Wallu.   

 

Wastewater 
management 

Waste water on base is treated at the WWTP in the eastern portion of Camp 
Kerr with treated water irrigated in three areas, to the west of the WWTP, to 
the west of the Caretaker’s residence and to the east of the Range Control 
Building. 

Current and 
projected land 
uses off-base 

The PSI (AECOM, 2019) identified that there is significant commercial and 
recreational fishing activity in waters surrounding the base. Additional uses 
of the waterways around WBTA are outlined below: 

 Commercial fishing including line, net and pot are permitted 
within the Great Sandy Marine Park (adjacent to the Base) 
including Snapper Creek 

 Snapper Creek Boat Harbour at Tin Can Bay is a launching 
spot for commercial and recreational vessels as well as 
houseboats and yachts 

 Snapper Creek is a popular location for anglers and mud crab 
pots with anglers anticipated to fish and set pots as far as 
accessible by boat upstream of Snapper Creek Boat Harbour  

 Recreational anglers also fish sections of Teebar Creek, 
Teewah Creek and Kauri Creek 

 There is a trawler fleet based at Tin Can Bay. However, current 
Marine Park zoning prevents this fleet from operating in waters 
within the Great Sandy Marine Park adjacent to WBTA.  

The settlement of Wallu contains a number of private properties, many of 
which have dams, which can be used for recreational purposes such as 
swimming, irrigation of crops, watering animals and fishing.   

 

Current and project 
land uses 
surrounding the 
Management Area 

The surrounding landuse is predominantly State Forest with some small 
residential settlements to the southwest and south and the larger residential 
area of Tin Can Bay to the southeast.  Identified land uses in each direction 
from WBTA are summarised below. 
 

 North: Toolara State Forest and Great Sandy Strait.  
 East: Tin Can Bay waste transfer station and sewage treatment 

plant, township of Tin Can Bay (residential) and Great Sandy 
Strait.  

 South: Township of Wallu west of Camp Kerr (residential), 
township of Wallu Heights east of Camp Kerr (residential), Tin 
Can Bay Road and Toolara State Forest.  

 West: Maryborough Cooloola Road and Toolara State Forest. 
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2.3 Management Area complexity scale 

The scale of the complexity of the Management Area is rated as Medium in accordance with Table 2 
below. 

Table 2 Scale of Complexity of Management Area 

 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 Nature and Extent of PFAS contamination 

2.4.1 Soil 

Based on the findings of the PSI, soil bores advanced as part of the PSI and DSI were positioned 
within, or hydraulically down-gradient of, areas where AFFF may have been stored or used.  The soil 
sampling analytical results reported almost all PFAS concentrations below the laboratory LOR (three 
exceptions were either at the LOR or marginally above the LOR).  All soil concentrations were below 
the human health and ecological assessment criteria, indicating the soil at the sampled locations are 
not deemed cause for concern.  Overall, the results indicate that firefighting foams containing PFAS 
have not been released to ground or have not affected soil quality at the locations investigated.  

2.4.2 Groundwater 

The key conclusions of the DSI (AECOM, 2020a) relating to the nature and extent of PFAS in 
groundwater in the Management Area were as follows: 

 Sum of PFHxS and PFOS concentrations in groundwater exceeded the drinking water 
guidelines in the eastern portion of Camp Kerr area (refer to Figure 4).  The local extent 
of PFAS in groundwater was characterised in all directions.   

 PFAS (sum of PFHxS and PFOS, and PFOA) concentrations in groundwater in the 
western portion of Camp Kerr and Wallu did not exceed the drinking water guidelines 
indicating a low potential for off-site migration of PFAS via a groundwater pathway 
between the base and groundwater users in Wallu.  

 PFAS were not detected in groundwater samples from bores at other locations across 
the southern portion of the Management Area.  The bores were located at landfilling 
areas, the airfield where refuelling activities occurred and where groundwater may 
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discharge to surface water. This indicated source areas of PFAS are unlikely to be 
present in these areas targeted by the investigation. 

2.4.3 Surface water and sediment 

The key conclusions of the DSI (AECOM, 2020a) regarding the nature and extent of PFAS in surface 
water in the Management Area were as follows: 

 PFAS were detected in three surface water samples collected from drainage features in 
Camp Kerr and in samples from three residential dams and a waterway in Wallu that are 
close to the western boundary of WBTA. The similar PFAS compositions detected 
indicate the potential for an overland flow pathway for PFAS in surface water on-site to 
migrate to surface water features in Wallu.  

 The exact drainage flow pathway through the vegetated slope in the western portion of 
Camp Kerr is uncertain.  The source of the PFAS is uncertain and could potentially be 
the vehicle wash point and / or the area used as a fire extinguisher demonstration area, 
located to the north of Camp Kerr.  

 PFAS were detected in Kangaroo and Snapper Creeks in the southern portion of the 
Management Area, with PFOS concentrations detected slightly above the NEMP 
ecological guideline value for PFOS for 99% species protection.   

 PFAS concentrations for the two surface water sampling locations (SW012 and SW016) 
within the Ramsar area were both reported below the limit of reporting.  The Ramsar 
area includes Tin Can Inlet to the east of the base and tidal sections of creeks in the 
northern and eastern portions of the base. The estuarine environment and Ramsar area 
have the potential to be impacted by off-base sources of PFAS, in particular the unlined 
landfill and sewage treatment works located adjacent to Snapper Creek in Tin Can Bay.   

 An assessment of the risk of human PFAS exposure from fishing in Snapper Creek was 
completed and identified the following:   

 A desktop survey (AECOM, 2020b) concluded that there may be juvenile fish 
species present in Snapper Creek that would move out to larger water bodies where 
they may be caught and consumed by people. There is likely to be depuration of 
PFAS from these fish as they grow and move out into larger water bodies prior to 
potential for consumption by people. 

 Upstream sections of the tributary (such as SW014) are small and may not be large 
enough to support fish, which would mitigate the potential for exposure of fish further 
downstream to PFAS. At locations further downstream (e.g. at SW013), the fish 
species are likely to be too small for human consumption because larger fish are 
unlikely to be able to access these areas. These smaller fish species might form part 
of the food chain for other fish that are consumed by people, so it is not possible to 
rule out PFAS exposure via consumption of locally caught fish. 

 Due to the low contribution of PFAS from WBTA to Snapper Creek the risk of human 
PFAS exposure was considered to be low.  

2.4.4 Uncertainties 

The key uncertainties identified in the DSI were as follows: 

 source areas for surface water PFAS detections at Camp Kerr and off-site surface water 
bodies 

 source areas for the PFAS detections in groundwater at Camp Kerr 

 localised overland flow pathways in the western portion of Camp Kerr  

 trends in PFAS groundwater quality at Camp Kerr 

 potential risks to off-site ecological receptors. 
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2.5 Water use 

2.5.1 Water use on-base 

Groundwater is extracted for drinking and domestic purposes at WBTA from two bores at the WTP in 
the western portion of Camp Kerr. The bores were surveyed during the DSI and measured to be 
78.4m deep (Bore 1) and 51.5 m deep (Bore 2). 

2.5.2 Water use off-base 

The town of Wallu is not within the Gympie Regional Council service area and is not serviced by a 
water scheme. The results of a land and water use survey completed as part of the PFAS DSI 
identified residents have groundwater bores, deep dams and water tanks for water supply.  A land 
and water use survey was distributed to residents in the suburb of Wallu in July 2019.  A summary of 
the key results is identified below: 

 20 responses were received from the 34 properties 

 ten of these properties had groundwater bores 

 bores at three of these ten properties were used for drinking water  

 bore water was used at individual properties for different purposes including: 

 household purposes 

 outdoor purposes (e.g. lawn watering, washing cars etc.) 

 fill/top-up swimming pools/spas or sprinkler play 

 dam storage 

 crop irrigation not for human consumption 

 water and wash livestock 

 water food crops for human consumption 

 water poultry 

 Dam water was used for recreational purposes at six of the properties 

 Dam water was used for irrigating crops or watering livestock (chickens) at three of the 
properties.  No fish species were reported to be stored in residential dams.  Two of the 
dams were reported to be infrequently for fishing (yabbies), however, neither dam is 
located along the closest drainage line to Wallu.   

The land and water use survey results indicate that groundwater in Wallu is used for a range of 
purposes including drinking water supply. The residents in Wallu are considered to be potential 
receptors for contamination sourced from the base.  

2.5.3 Water use outside of the Management Area 

The DSI identified the presence of 11 registered groundwater bores within 1 km of WBTA, with the 
majority listed as use for water supply, extracting water from the shallow aquifer. 

According to the Gympie Regional Council, Drinking Water Annual Report 2016 – 2017, the 
reticulated water supply for Cooloola Cove and Tin Can Bay is sourced from Teewah Creek. It is 
understood that the water is treated at the Cooloola Cove WTP. Information provided by the 
Queensland Government Technical Working Group during the preparation of the PSI indicated that 
Gympie Regional Council has tested its water supply with results indicating PFAS concentrations are 
below the limits of detection. 
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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.  

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

Other key drivers and constraints impacting upon response management are identified in the 
subsections below. 

2.6.1 Key drivers 

Where on-base contaminant sources are migrating off-Base there are obligations under the 
Environmental Protection Act, 1994 (Qld) (EP Act) to protect Queensland’s environment. Specific 
obligations to meet general environmental duty to prevent environmental harm under the EP Act are 
discussed in Appendix A. 

The Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (Qld) aims to achieve the 
object of the EP Act in relation to waters and wetlands by: 

 identifying environmental values for waters and wetlands 

 identifying management goals for waters 

 stating water quality guidelines and water quality objectives to enhance or protect the 

 environmental values 

 providing a framework for making consistent, equitable and informed decisions about 
waters 

 monitoring and reporting on the condition of waters. 

WBTA and its surrounds is situated within an area of importance ecological significance: 

 in some locations, to the extent of highest astronomical tide, is within the Great Sandy 
Strait Marine Park, including marine national park and conservation zones. 

 the base (tidal sections of creeks) and downstream surrounds hosts Ramsar wetlands of 
international importance.  The base hosts nationally important freshwater and estuarine 
wetlands.  Under the Ramsar convention, the wetlands and identified fish species within 
the area are protected.   

2.6.2 Key constraints 

Some key constraints include the following: 

 the state of knowledge for the Management Area.  Some uncertainties remain in the 
conceptual understanding, in particular relating to the understanding of the location of 
potential PFAS source areas and historical use of AFFF.   

 access to off-base private properties will require permission prior to sampling. 

 government issued guidelines, advisories and policies. 

The relevant legislation in Queensland is listed below. 
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 Aboriginal Cultural Heritage Act 2003 (Qld) 

 Biosecurity Act 2014 (Qld) 

 Environmental Offsets Act 2014 (Qld) 

 Environmental Offsets Regulation 2014, Schedule 1 Prescribed Activities  

 Environmental Protection Act 1994 (Qld) 

 Environmental Protection Regulation 2019,  

 Environmental Protection (Air) Policy 2019  

 Environmental Protection (Noise) Policy 2019 

 Environmental Protection (Water and Wetland Biodiversity) Policy 2019 

 South East Queensland (SEQ) Healthy Waterways Strategy 2007‐2026 

 Queensland Urban Utilities (QUU) Water Netserv Plan 2013  

 Nature Conservation Act 1992 (Qld) 

 Planning Act 2016 (Qld) 

 Planning Regulation 2017 (Qld) 

 State Government Supported Infrastructure Koala Conservation Policy (2017) (Qld) 

 Public Health Act 2005 (Qld) 

 Queensland Heritage Act 1992 (Qld)  

 Soil Conservation Act 1986 (Qld) 

 Vegetation Management Act 1999 (Qld) 

 Vegetation Management Regulations 2000 (Qld) 

 Water Act 2000 (Qld) 

 Waste Reduction and Recycling Act 2011 (Qld) 

 Environmental Protection (Regulated Waste) Amendment Regulation 2018 (Qld)  

 Work Health and Safety Act 2011 (Qld) 

2.7 Interim response management actions / existing institutional controls 

No response actions and institutional controls have been undertaken as part of the PFAS 
investigation.  

2.8 Stakeholders 

The environmental investigation identified the relevant stakeholders in Table 3. 
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Table 3 Stakeholders 

Group Stakeholder 
Residents and 
landowners 

Residents in the Management Area 
Residents and landowners within 5 km of the Management Area, commercial and 
recreational fishers 

Defence 
personnel 

Defence estate and infrastructure group 
WBTA personnel and visitors 
PFAS investigation and management branch 
Defence contamination and remediation management 
Defence legal counsel and public affairs 

Politicians and 
elected 
representatives 
(federal) 

Includes Senator for QLD, Minister for Defence, Minister for Health, Minister for 
the Environment, Minister for Veterans and Defence Personnel  

Politicians and 
elected 
representatives 
(state) 

Includes Premier for Queensland, Minister for Health, Minister for Environment, 
Minister for Natural Resources, Mines and Energy 
 

Local councils Gympie Regional Council and Fraser Coast Regional Council mayors and general 
managers, regional councillors 

Local Media Cooloola Bay Bulletin, Rainbow Bay Beach Community News, Gympie Times, 
Fraser Coast Chronicle, ABC Wide Bay, 7 News Wide Bay  

Traditional 
custodians 
 

Butchulla People Land and Sea Claim #2, Butchulla People #2, Kabi Kabi First 
Nation 

State 
government 
agencies 

Queensland Department of Natural Resources, Mines and Energy 
Queensland Department of Environment and Science 
Queensland Department of Health 
Queensland Department of Agriculture and Fisheries 

2.8.1 Stakeholder engagement actions 

Stakeholder and community engagement have occurred since the commencement of the PFAS 
Investigation in July 2018.  Government stakeholders have been communicated the progress and 
findings of the PFAS investigation on a regular basis.   

One community information session was held in July 2019 to discuss the findings of the PSI and to 
provide information on the forthcoming DSI.  
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS National Environment Management Plan. The PMAP 
development process included consultation with an accredited contaminated land auditor. The 
Queensland Technical Working Group, led by the Department of Environment and Science, has been 
consulted in the development of the PMAP. 

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

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

3.2 Identify risks and consequences (Chapter 4) 

Based on the findings of the DSI, this PMAP has focused on the management of the two SPR 
linkages that were considered possible (see Appendix C and Section 4.2). A source / pathway / 
receptor analysis based on the CSM in the DSI was used to identify the relevant source, pathways 
and receptors for each risk and the potential consequences if the risk is realised have been identified. 

Additionally, further information on four further SPR linkages has been provided (see Section 4.2).  All 
four SPR linkages were identified as unlikely in the CSM, however due to the sensitivity of the 
receptors, additional information on the risks and consequences have been provided. 

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

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

3.4 Develop risk management options (Section 6.1) 

Management option/s were considered to address each of the two possible SPR linkages identified in 
Section 4. However, due to the risk profile and site conditions, no specific management actions have 
been identified as necessary and ongoing monitoring is considered a suitable management approach. 
Justification for this approach is presented in Sections 4 and 6. 
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

The DSI identified the potential source areas, potentially complete pathways and characterised PFAS 
in the environment.  The source-pathway-receptor linkages that were considered possible and those 
that were considered unlikely are provided in the CSM presented in Appendix C. 

The following sections provide a summary of the PFAS sources, pathways and receptors. 

4.1.1 Potential PFAS source areas 

No PFAS source areas have been identified in the investigations (PSI and DSI) completed to date.  
The investigations have identified the presence of PFAS in on-site groundwater and surface water, 
indicating that there may be sources of PFAS present on-site. The PSI and DSI identified the potential 
storage or use (for emergency and demonstration purposes) of small AFFF fire extinguishers at the 
POL refuelling area, in the caretaker’s residence area and at the demonstration area north of Camp 
Kerr. The PSI and DSI also identified the potential for wash down of liquids containing PFAS at the 
vehicle wash point.  PFAS is also present in the treated effluent which may have been irrigated to 
ground in the area of the WWTP and adjacent to the Camp Kerr entrance road.  Historically, PFAS 
may have been discharged to creeks. 

Interviews conducted during the PSI did not identify specific information regarding the potential use of 
firefighting foams containing PFAS on-base and the types of AFFF potentially used are not known. No 
specific information was obtained on the potential for sources of PFAS other than firefighting foams at 
the base. 

Potential off-base sources of PFAS impact include the Tin Can Bay waste transfer station and 
sewage treatment works, fire station, areas of infilling which may include waste containing PFAS and 
areas where historical bushfires may have been suppressed using firefighting foam containing PFAS. 

4.1.2 Migration pathways 

As detailed in Appendix C, the following potential pathways were identified in the DSI for 
contaminants to impact receptors on and off-base include: 

 Site workers incidentally ingesting PFAS impacted soil or drinking or using PFAS 
impacted abstracted groundwater on-base 

 Residents drinking or using PFAS impacted abstracted groundwater off-base  

 Residents in contact with, or ingesting, PFAS impacted surface water during recreational 
activities 

 Ecological receptors in direct contact with PFAS impacted sediment and/or surface water 

 Residents consuming terrestrial and aquatic biota that have bioaccumulated PFAS 
impacted surface water and/or sediment. 

4.1.3 Receptors 

The following potential receptors have been identified: 

 Site workers (military employees and other visitors, intrusive maintenance workers)  

 Off-base groundwater users and recreational and residential users  

 The terrestrial ecosystem on-base 

 The aquatic ecosystems on-base and in the downstream receiving environment which 
includes creeks in the Great Sandy Strait Ramsar and off-base residential dams. 
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4.2 Risk listing and consequences 

The exposure pathways considered possible in the CSM were as follows: 

1. PFAS in groundwater (in the caretaker’s residence area) in the eastern portion of Camp 
Kerr impacting site workers and visitors via groundwater transport followed by extraction.  
The exposure pathway is direct ingestion or dermal contact. This was considered 
possible due to the presence of sum of PFHxS and PFOS in groundwater at 
concentrations that exceeded drinking water guideline values. 

2. PFAS in surface water impacting off-site freshwater aquatic ecosystems in residential 
dams via uptake of PFAS and bioaccumulation in aquatic biota.  This was considered 
possible due to the presence of PFOS in surface water at concentrations that exceeded 
the guideline value for the protection of freshwater species (99%). 

The identification of SPR linkages that are considered to be possible does not necessarily indicate 
that there will be adverse effects, but instead that management of the risks may be warranted.   

Based on the CSM developed in the DSI, four SPR linkages have been identified that, although 
considered unlikely to be complete at the present time, have sensitive receptors that could be 
exposed to risks in the future should migration of impacts, or changes in water use within the 
Management Area occur.  For completeness, further information on these linkages has been 
provided.  These are: 

3. Human health risk associated with PFAS in groundwater in the western portion of Camp 
Kerr 

4. Human health risk associated with PFAS in surface water in off-base dams 

5. Human health risk associated with PFAS in creeks on-base and in the downstream 
receiving environment 

6. Ecological risk associated with PFAS in creeks on-base and in the downstream receiving 
environment. 

A summary of the potential risks identified above and consequences are listed in Table 4.   

For all SPR linkages, ongoing monitoring of the Management Area will establish groundwater and 
surface water trends and allow assessment of the changes to the extent of the area of groundwater 
contamination.  The need for other management measures will be informed by the ongoing monitoring 
results and, where applicable, liaison with the TWG. 
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Table 4 Risk listing and consequence  

No. Source Pathway Transport 
Mechanism 

Receptor Nature of Risk Immediacy and 
Severity 

Extent Management Approach 

1 PFAS in 
groundwater 
in the 
eastern 
portion of 
Camp Kerr 

Groundwater 
transport in 
aquifer 
followed by 
extraction  

Human 
health: direct 
ingestion or 
incidental 
ingestion or 
dermal 
contact with 
groundwater 
(on-site) 

Site workers 
and visitors 

As PFAS in groundwater 
exceeded drinking water 
guidelines, there is potential 
for risk to human health if 
groundwater is extracted and 
ingested / contacted.   

Not currently 
occurring as there 
is no current 
groundwater 
extraction from this 
area. 
 

 On-base 
 The area is down-gradient from 

all known current groundwater 
extraction areas  

 Extent of impacts identified.   

 Ongoing monitoring will establish 
trends and changes to the extent of 
the area of groundwater 
contamination.  The need for other 
management measures will be 
informed by the ongoing monitoring 
results and, where applicable, liaison 
with the TWG. 

2 PFAS in 
surface water 
flowing 
overland 

Uptake of 
PFAS and 
bio-
accumulation 

Ecological: 
ingestion of 
biota by 
higher order 
ecological 
receptors 

Off-site 
freshwater 
aquatic 
ecosystems 
in off-base 
dams 

Risk to ecological receptors 
considered possible as PFAS 
in off-site dams exceeded 
ecological guidelines for 99% 
protection of freshwater 
species.  The limited flow in 
these water bodies may lead 
to bioaccumulation of PFAS 
in aquatic biota. Responses 
received during the land and 
water survey indicated that 
the dams in Wallu were not 
stocked with fish species. 
 

Detected PFOS 
concentrations are 
generally less than 
one order of 
magnitude above 
the ecological 
guideline value for 
protection of 
freshwater 
ecosystems. 

 Off-base 
 Dams in Wallu forming part of 

the drainage route closest to 
the base. 
 

 Ongoing monitoring will establish 
surface water trends. The need for 
other management measures will be 
informed by the ongoing monitoring 
results and, where applicable, liaison 
with the TWG. 

3 PFAS in 
groundwater 
in the 
western 
portion of 
Camp Kerr 
(extraction 
bores at 
WTP) 

Groundwater 
transport in 
aquifer 
followed by 
extraction  

Human 
health: direct 
ingestion or 
incidental 
ingestion or 
dermal 
contact with 
groundwater 
(on-site) 

Site workers 
and visitors, 
residents 

Groundwater in the WTP and 
down-gradient in Wallu is 
extracted for drinking water 
purposes.  
SPR linkage is considered 
unlikely as there were no 
exceedances of PFAS 
drinking water guidelines in 
groundwater in the WTP area 
or down-gradient in Wallu. 
 

Not currently 
presenting a direct 
risk to receptors in 
the Management 
Area   

 On-base and off-base. 
 Groundwater extracted on base 

in the WTP area is used for 
drinking water purposes. 

 Extent of PFAS in groundwater 
largely established.  

 Sentinel monitoring wells off-
base to the west provide 
information on the potential 
migration of PFAS in 
groundwater from base towards 
Wallu. 

 Monitoring of on-base and off-base 
sentinel monitoring wells is 
considered sufficient to assess the 
risk to human health from the 
migration of PFAS in groundwater in 
Camp Kerr and Wallu.  Monitoring of 
private residential groundwater bores 
in Wallu is not considered necessary.   

 The need for other management 
measures will be informed by the 
ongoing monitoring results and, where 
applicable, liaison with the TWG. 
 

4 PFAS in 
surface water 
flowing 
overland into 
residential 
dams 

Uptake of 
PFAS and 
bio-
accumulation 
in aquatic 
biota 

Human 
health: 
ingestion of 
biota 
 

Residents SPR linkage is considered 
unlikely as the risk of human 
consumption of PFAS 
impacted biota is considered 
low. 

Not currently 
presenting a direct 
risk to receptors in 
the Management 
Area. 

 Off-base. 
 Dams in Wallu forming part of 

the drainage route closest to 
the base. 

 No fish species were reported 
to be stored in residential 
dams. Yabbies are caught and 
consumed in two dams, but 
neither is located along the 
closest drainage line to Wallu.  
 

 Ongoing monitoring of discharge 
locations and dam water will assist 
with further understanding the spatial 
and temporal variability in PFAS 
concentrations in surface water.   

 The need for other management 
measures will be informed by the 
ongoing monitoring results and, where 
applicable, liaison with the TWG. 

5 PFAS in 
surface water 
(creeks) 

Uptake of 
PFAS and 
bio-
accumulation 

Human 
health: 
ingestion of 
biota 
 

Residents  SPR linkage is considered 
unlikely due to the low 
contribution of PFAS from 
WBTA to Snapper Creek. 
The risk of human 
consumption of PFAS 
impacted biota is considered 
low. 

The risk to off-site 
receptors from on-
site sources is 
considered low.  
Off-site receptors 
also may be 
affected by PFAS 
from off-site 
sources.  The 

 On-base and off-base. 
   

 Ongoing monitoring of creek locations 
in the Management Area including 
downstream locations will assist the 
understanding of the spatial and 
temporal variability in PFAS 
concentrations in surface water.   

 The need for other management 
measures will be informed by the 
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No. Source Pathway Transport 
Mechanism 

Receptor Nature of Risk Immediacy and 
Severity 

Extent Management Approach 

Upper sections of Snapper 
Creek on-base are likely to 
be too small to support fish.  
Further downstream, some 
juvenile fish could be present 
that will move to larger water 
bodies (such as Tin Can 
inlet) as they grow.  PFAS 
will depurate as the fish 
species migrate downstream. 
Smaller fish species might 
form part of the food chain for 
other fish that are ultimately 
consumed by people. 
Off-site sources may 
contribute PFAS to the 
receiving environment.   
 

contribution and 
risk of human 
PFAS exposure 
from these off-site 
sources is 
uncertain. 

ongoing monitoring results and, where 
applicable, liaison with the TWG. 

6 PFAS in 
surface water 
(creeks) 

Uptake of 
PFAS and 
bio-
accumulation 

Ecological: 
ingestion of 
biota by 
higher order 
ecological 
receptors 

On-base 
freshwater 
aquatic 
ecosystems 
and 
downstream 
receiving 
environment 
(Ramsar) 

SPR linkage is considered 
unlikely.   
Although PFAS exceeded 
ecological guideline values in 
surface water samples from 
on-base creeks (such as 
Snapper, Kauri and 
Kangaroo Creeks), the risk to 
aquatic ecosystems in these 
creeks is likely to be 
mitigated by the volume of 
water flowing through these 
systems, and dilution 
following flow from other 
sources.   
PFAS was not detected at 
the two surface water 
sampling locations in the 
Ramsar in 2019.   
 

The risk to off-site 
receptors from on-
site sources is 
considered low.  
Off-site receptors 
also may be 
affected by PFAS 
from off-site 
sources.  The 
contribution and 
risk of ecological 
PFAS exposure 
from these off-site 
sources is 
uncertain. 

 On-base and off-base. 
 PFAS was not detected at 

monitoring locations in the 
Ramsar area (Kauri Creek and 
Snapper Creek). 

 Downstream environment 
(Ramsar) has the potential to 
be impacted by off-site sources 
of PFAS in Tin Can Bay and as 
such the risk to this 
environment would need to 
consider these off-site sources.  

 Ongoing monitoring of creek location 
(surface water and sediment samples) 
will assist with further understanding 
the spatial and temporal variability in 
PFAS concentrations in surface 
water.   

 The need for other management 
measures will be informed by the 
ongoing monitoring results and, where 
applicable, liaison with the TWG. 
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5 ONGOING MONITORING PLAN 

5.1 Overview 

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

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

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

5.1.1 Objective and purpose 

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

 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 
alternative drinking water supplies) 

 changes to State advice on types of exposure-minimisation behaviours (e.g., 
consumption of home produce or seafood) 

 changes to State advice on boundaries of a designated management area and the 
management zones within 

 changes or refinements to the monitoring network, frequency and parameters. 

 

5.2 OMP communications 

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

 OMP 

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

5.3 OMP summary 

The OMP will include the following monitoring: 

 Groundwater monitoring at 22 groundwater monitoring wells installed in the shallow 
aquifer within the Management Area 

 Collection of samples from two abstraction bores installed in the WTP at Camp Kerr. 

 Collection of surface water and sediment sampling of four open lined drainage lines and 
discharge areas for overland flow within the Management Area 

 Collection of surface water and sediment samples from 11 locations along Kauri, 
Kangaroo and Snapper Creeks 

 Collection of surface water and sediment samples from four residential dams and the 
waterway draining the dams.   

 Collection of treated effluent water samples from the WWTP. 

The OMP also sets out: 

 uncertainties in investigation, monitoring and management that may require 
consideration of contingency measures 

 reassessment of risk with changes in conditions (e.g. higher concentrations of surface 
water, migration of groundwater) 

 further investigations establishing a greater extent of groundwater than identified, or 
implementation of management measures.   

The primary implementation period of the OMP will be three years.  The three-year implementation 
period will provide sufficient data to assess temporal and spatial trends.  After this time, the extended 
implementation period of the OMP will be reviewed to assess the extent of the monitoring network 
and frequency required, based on the specific characteristics of the Management Area, the behaviour 
of the plume measured against specific data trends and the revision of risk that may occur based on 
the assessment of results obtained from the monitoring. 

5.4 OMP review 

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

6.1 Options identification and analysis 

The DSI (AECOM, 2020a) concluded that the risks associated with the majority of exposure pathways 
relating to PFAS originating from WBTA to human and ecological receptors were considered unlikely 
(see CSM in Appendix C).   

Exposure pathways identified as possible were identified in Section 4.1 and included the following 
risk groups: 

1. Ingestion or contact of PFAS in groundwater by site workers and visitors 
2. Uptake and bioaccumulation of PFAS in aquatic biota by off-base freshwater aquatic 

ecosystems in off-base residential dams. 

The identification of possible exposure pathways does not necessarily indicate that there will be 
adverse effects, but instead that management of risks may be warranted.   

Due to the mitigating circumstances present for the above two exposure pathways, no active 
management options are considered necessary for reasons identified in Table 5 below.  These 
reasons are considered in the context of source control (removal or containment of on-going source of 
PFAS to the environment), pathway management (reduce movement of PFAS through the 
environment) and exposure / receptor control (measures to minimise the exposure of receptors to 
PFAS). 

As the other four SPR linkages identified in Section 4.2 were considered unlikely, further evaluation 
and justification of these linkages is not deemed necessary at the present time. 

For completeness, detailed identification of general management options targeting source control, 
pathway control and exposure / receptor control of PFAS contamination are set out in Appendix E, 
using the criteria set out in Appendix D. 

As no PFAS impacted soil or sediment source areas have been identified, no unacceptable risk to 
human health and ecological receptors from contaminated soil have been identified. However, as a 
precautionary measure, occupational health and safety (OH&S) measures such as appropriate PPE 
should be documented in a health, safety and environmental plan (HSEP) for intrusive works at 
potential source areas and within drainage lines. Whilst risks are assessed to be low and acceptable 
for intrusive maintenance workers pathway, pragmatic steps to minimise exposure in potential source 
areas would reduce potential exposure via all pathways. 

The exposure/receptor controls described above are considered sufficient to manage the identified 
exposure scenarios based on currently available data. These controls should be reconsidered based 
on the findings of the OMP should the risk profile of the Management Area change.  Overall it is 
considered that the net benefit of exposure / receptor management and resultant risk reduction would 
be marginal. 
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Table 5 Reasons why active management options are not required for the possible SPR linkages  

Risk Group 1 2 

Description Shallow groundwater impacts within Camp Kerr at the 
location of the caretaker’s residence  

Surface water impacts in off-base residential dams  

Principal 
Receptor 

On-site workers and visitors- human health risk: ingestion 
of, or dermal contact with, PFAS in groundwater following 
extraction. 

Aquatic biota- ecological risk by uptake of PFAS and bioaccumulation by aquatic 
biota.   

Source 
Control  

There are no known primary or secondary sources of PFAS 
(such as soil) associated with this area of groundwater 
impacts. The DSI considered the impacts could potentially 
be associated with the local use of fire extinguishers. 

There are no known primary sources associated with the detected PFAS 
concentrations in surface water.  There are no known secondary sources such as 
areas of soil impacted with PFAS or impacted sediment in the unlined drainage 
channels. 

As no secondary soil sources have been identified on-base to date, the total mass of PFAS present is not likely to comprise a significant mass 
that would alter the risks to human and ecological receptors in the future. As substantial additional investigation work would be required to 
identify localised areas, it is considered the net benefit of source control management measures and resultant risk reduction would be marginal. 

Pathway 
Manage-
ment 

The lateral extent of the area of groundwater with PFAS 
impacts greater than the NEMP drinking water guideline 
value has been established in all directions.  Continued 
monitoring will provide information on the status of the 
lateral extent and any temporal changes.  Based on the 
current non-use of groundwater in this portion of the base, 
there are no pathways for impacted groundwater to affect 
human health.  

Following rain events, PFAS potentially leaches from soil/sediment source areas 
and migrates with surface water as it flows through unlined drainage in the 
western portion of Camp Kerr and then overland, down the slope to the dams in 
Wallu.  The catchment area for the drainage of water down the slope is likely to 
include areas to the north of Camp Kerr.   

There is the potential for uptake of PFAS and bioaccumulation by aquatic biota in 
the dams.  The DSI did not establish unacceptable risk to aquatic biota and 
recommended ongoing monitoring and reassessment of the data in the future.  
Therefore, no management actions have been identified for this pathway at the 
present time.  It is considered the net benefit of pathway management measures 
and resultant risk reduction would be marginal.  

Exposure / 
Receptor 
Control 

Restriction of the use of groundwater by Defence in this 
portion of the base will mitigate risks to human health. 
Continued restriction will limit future exposure of impacted 
groundwater to human health. Ongoing monitoring will 
inform temporal and spatial changes to the extent of the 
contamination. 

No controls are identified for aquatic biota receptors in surface water bodies.  

Although the ecological guideline for freshwater systems has been exceeded, this 
is not considered to indicate unacceptable exposure to aquatic biota residing in 
dams.  The land and water survey identified that yabbies were present in two of 
the dams but no other aquatic biota were reported. Further screening assessment 
could be conducted once revised guidelines values are published adopting the 
ANZG (2018) methodology for deriving water quality guidelines.  In the interim, 
ongoing monitoring will provide further temporal information to evaluate seasonal 
variations.   
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6.2 Comparative analysis 

As described in Section 6.1, no active management options are considered necessary at the present 
time, therefore a comparative analysis of the options has not been completed. 

6.3 Integrated options analysis outcomes 

As described in Section 6.1, no active management options are considered necessary at the present 
time.   
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7 CONCLUSION 

7.1 Recommended PMAP response actions 

The DSI (AECOM, 2020a) identified receptors with exposure risk for two groups, 1) potential 
groundwater extraction and consumption of PFAS impacted groundwater at the caretaker’s residence 
area at Camp Kerr on base and 2) uptake and bioaccumulation of PFAS in aquatic biota in residential 
dams off-base via surface water flows from the base.   

The development of the PMAP involved a review of the key migration pathways and consideration of 
available management options. Due to the limited nature and extent of the contamination impacts, low 
exposure risks to human health, and as the net benefit of source, pathway or exposure / receptor 
management and resultant risk reduction is considered marginal, no specific management options are 
considered necessary at the present time. The OMP will provide data for assessment of the potential 
changes in the nature of PFAS in groundwater and surface water systems.   

Based on the information presented in this PMAP, the recommended response actions are set out 
below. 

 Restriction of groundwater extraction in the eastern portion of Camp Kerr in the localised area that 
has PFAS concentrations (sum of PFHxS and PFOS) that exceeded drinking water guideline 
values.  No groundwater extraction occurs in this portion of the base and Defence should 
continue to control groundwater extraction at the base in the future. Ongoing monitoring will 
inform spatial and temporal changes to the area of PFAS groundwater impact. 

 Ongoing monitoring of surface water in residential dams in Wallu will inform spatial and temporal 
changes in PFAS concentrations and allow assessment of the risk to aquatic biota, via uptake of 
PFAS and bioaccumulation. Once new ecological guideline values are published that adopt the 
ANZG (2018) methodology for deriving water quality guidelines, the risk will be reassessed by 
conducting a screening level assessment.   

Other recommended response actions are listed below: 

 Restrictions on the use of legacy AFFF containing PFAS should continue. Fluorine containing 
foams should only be used when there are no other alternatives and if so, all wastes and any 
contaminated media such as wastewater and soil must be disposed as regulated waste or stored 
onsite in a manner in which it cannot be released into the environment. 

 Occupational health and safety measures for intrusive maintenance works or construction 
workers should be implemented during construction work to reduce potential exposure.  This 
includes the use of appropriate personal protective equipment to minimise potential exposure in 
potential source areas or pathways (such as drainage lines). 

 Implementation of the OMP to assess spatial and temporal changes to groundwater, surface 
water and sediment concentrations within the Management Area.   

 Avoid accidental damage or destruction of groundwater monitoring wells included in the OMP.  

7.2 PMAP implementation 

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

Priority for PFAS migration 
and human health 

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

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

Response actions 
underway 

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

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

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

 grouping the implementation of similar response actions 
within one or more Management Areas 

 aligning Defence infrastructure and maintenance plans with a 
recommended response action. 

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

The anticipated timeline for the implementation of the PMAP actions (OMP activities) are identified 
below: 

 Preparation, review and approval of the OMP- Q3 2020 
 Implementation of the OMP Q4 2020 to Q2 2023. 

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

 the outcomes of earlier PMAP response actions 

 the development of relevant legislation, policy, guidelines and whole-of-government 
positioning 

 changes in land use surrounding WBTA 
 feedback received from stakeholders 

 the availability of new relevant science and technology 

 changes in timeframes for approvals (e.g. PWC) and procurement processes. 

7.3 Review and update 

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

Defence will review and update (where necessary) the PMAP at intervals of 12 months to ensure that 
the document is current and its recommendations are valid. 
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Performance measures for individual response actions under this PMAP will be contained in the 
relevant approval or procurement documentation. 

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

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

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

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

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

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

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

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

 changes to water supply options available to landowners and residents in the area 
surrounding WBTA. 

 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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APPENDIX A: Regulatory and policy analysis 

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

A1 Commonwealth legislation, policy and standards 

A1.1 Outline 

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

Commonwealth legislation 

 Environment Protection and Biodiversity Conservation Act 1999 

 Work Health and Safety Act 2011 

 Water Act 2007 

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

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

 Defence Environmental Policy 

 Defence Estate Strategy 2016-2036 

 Defence Environmental Strategy 2016-2036 

 Defence Construction and Maintenance Framework 2018 

 Defence PFAS Response Management Strategy 2018 

 Defence Interim Response Management Guidelines 2018 

 Defence PMAP Template and Guidance 2018 

 Defence PFAS Applied Research Strategy 2018 

Commonwealth whole-of-government policy, standards and guidance 

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

 PFAS National Environmental Management Plan 2018 (NEMP) 

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

 Final Health Based Guidance Values (HBGV) for PFAS for use in site investigations in 
Australia, FSANZ February 2017 

 

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

At the time of preparing this PMAP, there were no Commonwealth policy, standards or guidance 
related to the discharge of PFAS impacted water to sewer and the potential reuse of treated effluent 
containing PFAS. 
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A driver for including sampling of creeks along the northern and eastern portions of the base (Kauri 
and Snapper Creeks) is to understand potential for PFAS impacts to discharge from the base to the 
Great Sandy Strait Ramsar wetland area, which includes tidal sections of creeks discharging into Tin 
Can Inlet. 

A2 State/Territory Legislation and Policy 

A2.1 Outline 

Environmental Protection Act 1994 (QLD) 

The Environmental Protection Act 1994 is administered and enforced by the Department of 
Environment and Science (DES) (formerly Department of Environment and Heritage Protection). The 
objective of the act is to protect Queensland’s environment while allowing for development that 
improves the total quality of life, both now and in the future, in a way that maintains the ecological 
processes on which life depends. The act forms a general duty of care for all to avoid harm to the 
environment. 

Obligations under the Act relating to the PMAP include:  

 General environmental duty 

 The duty to notify of environmental harm 

 The obligation to prevent or minimise release of any prescribed water contaminant to stormwater 
drains and waters 

The general environmental duty includes the obligation to undertake activities in using all reasonable 
measures to prevent or minimise environmental harm.  This includes following relevant environmental  
guidelines and ensuring the consideration of potential environmental harm when planning activities 
outlined in the PMAP. 

If environmental incidents are to occur, a notification must be made to the DES in accordance with the 
Act. If an incident may have caused or threatens serious or material environmental harm, notice to the 
administering authority must occur within 24 hours. 

All PFAS including precursors are prescribed water contaminants under the Environmental Protection 
Regulation 2019, so reasonable and practicable measures must be taken to prevent or minimise their 
releases to any stormwater drain or waters. 

Environmental Protection Regulation 2019 (QLD) 

The Environmental Protection Regulation provides for a licensing system for environmentally relevant 
activities (ERAs) (called an environmental authority). This regulation contains the list of ‘prescribed 
environmentally relevant activities’ in Schedule 2 of the EP Regulations which are regulated under the 
EP Act. 

Environmental Protection Policy (Water and Wetland Biodiversity) 2019 (QLD) 

The Environmental Protection (Water) Policy (EPP), 2009, is the principal legislative basis for water 
quality management in Queensland. It identifies a process for identifying environmental values of 
waterways and establishing corresponding water quality objectives to protect identified environmental 
values. 

Queensland waters include water in rivers, streams, wetlands, groundwater aquifers, estuaries and 
coastal areas.  

Environmental values (EVs) define the uses of the water by aquatic ecosystems and for human uses 
(e.g. drinking water, irrigation, aquaculture, recreation). Water Quality Objectives (WQO) define 
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objectives for the physical, chemical and biological characteristics of the water. In high ecological 
value areas, WQOs are to be maintained. In slightly disturbed areas, water quality is to be improved 
where needed, to achieve WQOs.  

In the absence of specific objectives, technical water quality guidelines such as the Queensland 
Water Quality Guidelines (DERM 2009) and Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (ANZECC and ARMCANZ 2000) provide default water quality objectives for the 
protection of ecological receptors. The guideline screening values for drinking water and recreational 
activities published in the Department of Health (2017) guidance and Australian Drinking Water 
Guidelines (NHRMC 2016), are considered to provide suitable water quality objectives for the 
protection of human health. 

Environmental Protection (Regulated Waste) Amendment Regulation 2018 (QLD) 

In Queensland, regulated wastes (liquids and solids) containing PFAS are only to be moved by an 
appropriately licenced transporter and tracked under the waste tracking system using the code: M270 
- per- and poly-fluoroalkyl substances. The waste descriptions must include reference to the PFAS 
compounds present, sufficient to accurately reflect the nature of the waste. This has been 
implemented in Queensland from 4 February 2019 following amendments to the Environmental 
Protection Regulation 2008. 

Regulated wastes containing PFAS are to be tested to appropriately classify the waste type and 
determine waste management options and approved waste receiving facilities. 

The Environmental Protection Regulation 2008 outlines regulated waste categorisation explains the 
process that waste generators and receivers need to follow when sampling and testing waste to 
determine the appropriate risk-based category. The amending regulation introduced a new risk-based 
waste classification framework with two default categories of regulated waste: 

 category 1 regulated waste1 (highest risk); and 
 category 2 regulated waste1 (moderate risk). 

The amended EP (Regulated Waste) Regulation, Section 4.4.1, has a PFAS threshold level of zero in 
contaminated waste (solid and liquid). 

Before any solid (soil and biosolids) and liquid waste disposal is conducted, testing must be 
performed to demonstrate the waste does not exceed the threshold level of zero. 

Biodiversity Act 2014 (QLD) 

The Biosecurity Act provides biosecurity measures regulating pests, (e.g. animals and weeds), 
diseases, and contaminants that pose a biosecurity risk. 

Nature Conservation Act 1992 (QLD) 

The object of the Queensland Nature Conservation Act is the conservation of nature while allowing for 
the involvement of indigenous people in the management of protected areas in which they have an 
interest under Aboriginal tradition or Island custom. 

Nature Conservation Act provides a framework management of protected areas and the protection of 
native flora and fauna (protected wildlife). Many species of native plants and almost all vertebrate 
native animals in Queensland are protected wildlife under the Act, including birds, reptiles and 
mammals. 
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Public Health Act 2005 (QLD) 

Public Health Act 2005 (Qld) provides a framework for the protection of public health. Relevant to the 
management and monitoring of PFAS sources on- and off-Base, objectives of the Act include 
preventing, controlling and reducing risks to public health; and providing for the identification of, and 
response to, notifiable conditions. 

Water Act 2000 (QLD) 

Water Act 2000 (Qld) provides a framework for the planning and regulation of the use and control of 
water in Queensland. Water Use Plans may be prepared for areas at risk of land or water 
degradation, for example, due to rising underground water levels, salinisation, deteriorating water 
quality, water logging of soils, destabilisation of the bed and banks of watercourses, damage to the 
riverine environment or increasing soil erosion. 

Work Health and Safety Act 2011 and Work Health and Safety Regulation 2011 (QLD) 

The Work Health and Safety Act 2011 (the WHS Act) provides a framework to protect the health, 
safety and welfare of all workers at work. It also protects the health and safety of all other people who 
might be affected by the work. 

All workers are protected by the WHS Act, including: employees, contractors, subcontractors, 
outworkers, apprentices and trainees, volunteers, and employers who perform work. 

The WHS Act also provides protection for the general public, so that their health and safety is not 
placed at risk by work activities. 

The WHS Act places the primary health and safety duty on a person conducting a business or 
undertaking (PCBU). The PCBU must ensure, so far as is reasonably practicable, the health and 
safety of workers at the workplace. Duties are also placed on officers of a PCBU, workers and other 
persons at a workplace. 

All duties under the WHS Act are qualified by the term 'reasonably practicable'. 

The WHS Act also sets out the requirements for the following: incident notification, consultation with 
workers, issue resolution, inspector powers and functions, offences and penalties. 

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

The amended EP (Regulated Waste) Regulation has a PFAS threshold level of zero in contaminated 
waste (solid and liquid). This prevents off-Base disposal option for contaminated soils. 

Point source and sewerage system discharges from an environmentally relevant activity must be 
licensed under the EP Act. A ‘point source’ discharge enters a waterway from an identifiable location, 
such as a pipe. Management of any point sources (of PFAS contaminated water or effluent) on-Base, 
discharging off-Base, should be assessed and options prioritised. 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

Planning Act 2016 (QLD) 

The Planning Act 2016 regulates new development, including areas of South East Queensland 
identified as having important koala habitat values. The Planning Regulation 2017 (Schedule 11) 
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prohibits the clearing of bushland habitat in priority koala habitat areas, as well as areas outside the 
urban footprint to ensure koala habitat remains protected for the long-term. 

A range of measures are in place to protect koala populations in South East Queensland. One of the 
major safeguards is requiring infrastructure projects to offset any loss of koala habitat under the State 
Government Supported Infrastructure Koala Conservation Policy (2017). 

Aboriginal and Cultural Heritage Act 2003 (QLD) 

Aboriginal and Torres Strait Islander cultural heritage is protected under the Aboriginal Cultural 
Heritage 2003 (Qld) Act and the Torres Strait Islander Cultural Heritage Act 2003 (Qld). The main 
mechanism through which each Act operates is a list of places and artefacts of heritage significance. 
The Acts provide effective recognition, protection and conservation of Aboriginal cultural heritage. 

The Acts afford blanket protection of Cultural Heritage and establish a duty of care that requires all 
persons to take reasonable and practicable steps to prevent harm to Cultural Heritage. The legislation 
sets out how the duty of care can be met by reference to the nature of the proposed activity, the 
likelihood of damage to Cultural Heritage, and the nature and extent of past land use. 

Queensland Heritage Act 1992 (QLD) 

Queensland Heritage Act works with the Aboriginal Cultural Heritage Act 2003 (Qld) and the Torres 
Strait Islander Cultural Heritage Act 2003 (Qld) to protect Queensland’s cultural heritage. The Act 
creates a framework to protect places or objects of cultural heritage significance for aesthetic, 
architectural, historic, scientific, social or technological reasons. The principal mechanism through 
which the Act operates is the Heritage Register. Development of places listed on the register is 
assessed under the Planning Act 2016. 

Vegetation Management Act 1999 (QLD) 

Vegetation Management Act (VMA) provides for the preparation of maps to identify areas of high 
conservation value, areas vulnerable to land degradation and remnant vegetation. The VMA also 
provides for policies against which applications for clearing vegetation are assessed. A system for 
classifying vegetation in “regional ecosystems” (REs) provides the basis for vegetation management 
in Queensland. 

The main trigger requiring development approval for vegetation clearing is in the Planning Regulation 
2017 (Qld). This is linked to a large list of exemptions in the regulation for clearing that does not 
require approval such as clearing to establish a necessary firebreak. 

Environmental Offsets Act 2014 

The Environmental Offsets Act provides for environmental offsets to compensate for unavoidable 
impacts on significant environmental matters, (e.g. valuable species and ecosystems) on one site with 
environmental improvements at an alternate location, where greater net environmental improvements 
can be realised over a period of time. It is integrated into a number of State approval systems, 
including the development assessment system in the Planning Act 2016 (Qld). 

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

PFAS Management actions on- and off-Base must identify areas of cultural heritage value within the 
Management Area and then protect and conserve those values. PFAS management actions will need 
to assess the likelihood of damage to cultural heritage, and the nature and extent of past land use and 
design approaches to avoid and minimise impacts to cultural heritage. Potential to damage cultural 
heritage should be avoided and alternative management options should be considered. 
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APPENDIX B: Interim response management analysis 

No interim response management actions have been undertaken for Wide Bay Training Area. 
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APPENDIX C Source – pathway – receptor analysis 

This appendix sets out the current status of the source – pathway – receptor analysis completed 
following the DSI with the CSM diagram provided in Figures 5 and 6. 
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PFAS conceptual site model 

Source Pathway Transport Mechanism Receptor Likelihood Linkage 

PFAS in soil General site training 
activities 

Human health: incidental 
ingestion of soil, direct contact 
of soil (dermal contact and 
dust inhalation) 

Site workers and visitors, 
intrusive maintenance 
workers 

Unlikely Considered unlikely due to absence 
of PFAS in soil at concentrations 
likely to impact human health. 
Additionally, the use of 
occupational health and safety 
controls will provide an additional 
layer of protection.  

Uptake and 
bioaccumulation in 
plants and 
terrestrial biota 

Ecological: ingestion of plants 
and terrestrial biota by higher 
order ecological receptors 

Terrestrial ecosystem Unlikely Considered unlikely as no PFAS 
source areas have been identified. 
PFAS concentrations in soil 
samples collected from WBTA are 
close to or below the limit of 
reporting. 

PFAS in 
groundwater 

Groundwater 
transport in aquifer 
followed by 
extraction  

Human health: direct ingestion 
or incidental ingestion or 
dermal contact with 
groundwater (on-site) 

Site workers and visitors Possible Considered possible as PFAS have 
been detected in the groundwater 
extracted for drinking water and 
domestic use on-site. However, 
concentrations in samples collected 
from taps are below the NEMP 
drinking water guideline values.  
Sum of PFHxS and PFAS 
concentrations were reported in 
groundwater from the on-site Camp 
Kerr East area, however an 
exposure pathway is not present in 
this portion of WBTA as no 
groundwater extraction occurs. 

Groundwater 
transport in aquifer 
followed by 
extraction for 
recreational and 

Human health: direct ingestion 
or incidental ingestion or direct 
contact of groundwater (off-
site) 

Residents  Unlikely  Considered unlikely as the 
investigation has identified the 
potential for groundwater to flow 
from Camp Kerr towards Wallu, 
where groundwater is potentially 
extracted for domestic purposes. 
However, the PFAS NEMP drinking 
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Source Pathway Transport Mechanism Receptor Likelihood Linkage 

domestic uses and 
irrigation 

water guideline level has not been 
exceeded in samples collected 
from bores in the western portion of 
Camp Kerr, mitigating this 
exposure pathway. In addition, only 
one out of eight residential bores 
sampled reported detectable PFAS 
concentrations and this did not 
exceed the drinking water guideline 
value. 

PFAS in surface 
water (creek 
water, dam 
water, sea 
water) 

Surface water 
transport on and 
off-Site into various 
on-site creeks, off-
site dams and Tin 
Can Bay 

Human health: direct ingestion 
or incidental ingestion or direct 
contact with on-site surface 
water (i.e. surface water, 
drainage overland flow water) 

Site workers and visitors Unlikely Considered unlikely as all surface 
water concentrations on-site are 
below the NEMP recreational water 
guideline value. 

 

Human health: direct ingestion 
or incidental ingestion or direct 
contact with off-Site surface 
water (Kauri Creek Inlet – 
north of WBTA)  

Off-site recreational user 

Human health: direct ingestion 
or incidental ingestion or direct 
contact of off-Site surface 
water (Snapper Creek and Tin 
Can Bay)  

Off-site recreational user 

Human health: direct ingestion 
or incidental ingestion or direct 
contact of off-Site surface 
water (residential dams west 
of Camp Kerr) 

Off-site resident / 
recreational user 
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Source Pathway Transport Mechanism Receptor Likelihood Linkage 

Uptake and 
bioaccumulation in 
aquatic biota 

Ecological: ingestion of biota 
by higher order ecological 
receptors 

On-site freshwater aquatic 
ecosystem  

Unlikely Considered unlikely for on-site 
creek receptors. Where PFAS has 
been detected in surface water, 
concentrations are less than an 
order of magnitude above the 
ecological screening level for 99% 
protection of freshwater or marine 
species. In addition, the load to the 
downstream system is likely to be 
minimal based on the relative water 
flows.  

 Off-site freshwater aquatic 
ecosystem 

Possible Considered possible for off-site 
residential dams, as there is limited 
flow in these water bodies. 
However, this is mitigated by the 
detected PFOS concentrations, 
which are generally less than one 
order of magnitude above the 
ecological guideline value for 
protection of freshwater 
ecosystems. 

 Off-site marine aquatic 
ecosystem 

Unlikely Considered unlikely as the risk to 
marine surface water receptors in 
the eastern portion of WBTA is 
mitigated by the detected PFOS 
concentrations, which are less than 
one order of magnitude above the 
ecological guideline value for 
protection of freshwater 
ecosystems. In addition, there is 
the potential for off-site sources in 
the catchment.  

Human health: direct ingestion 
of biota 

Off-site residents Unlikely Considered unlikely as PFAS has 
not been detected in sediment 
samples from creek locations. 
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Source Pathway Transport Mechanism Receptor Likelihood Linkage 

Where PFAS has been detected in 
surface water, concentrations are 
less than one order of magnitude 
above the ecological screening 
level for 99% protection of 
freshwater or marine species 
screening level. 

Residential dams are not used for 
stocking fish although two of the 
dams are used infrequently to catch 
yabbies. Due to the infrequent use 
and small portion sizes, the risk of 
human PFAS exposure from 
aquatic biota in the dams is 
considered low. 

Due to the low contribution of PFAS 
from Snapper Creek, the risk of 
human PFAS exposure from 
aquatic biota in Snapper Creek is 
considered to be low.  

Accumulation of 
PFAS in creek / 
marine 
sediment 

Incidental exposure 
during recreational / 
training activities 

Human health: incidental 
ingestion or direct contact of 
sediment (on-site) 

Site workers and visitors Unlikely Considered unlikely as PFAS has 
not been detected in sediment 
samples from creek locations.  

Bioaccumulation in 
aquatic biota 

Ecological: ingestion of biota 
by higher order ecological 
receptors 

Freshwater aquatic 
ecosystem 

Marine aquatic ecosystem 

Human health: direct ingestion 
of biota 

Off-site residents  
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APPENDIX D Options analysis criteria 

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

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

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

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

Category 1 PWC approval required 
above $15 million.6 

>  $13,000,000 

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

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

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

Category 4 Community level actions7 < $500,000 

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

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

2 Effectiveness 
rating 

Assign an effectiveness rating in accordance with the following criteria: 

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

High with 
supplementary 
option 

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

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

Medium with 
supplementary 
option 

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

Low The option cannot reliably be projected to make 
significant progress towards meeting its 
objectives or may only do so in a timeframe that is 
not aligned with effective management of the 
identified risk. 

 

 

 

6 http://www.defence.gov.au/estatemanagement/governance/Committees/pwc/Default.asp 
7 Accommodates a range of community level response actions such as arranging alternative grazing for impacted agricultural businesses or providing fencing. The value 
of community-level actions may also exceed $500,000. 
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3 Implementation 
period / 
timeframe 

Designate an indicative timeframe for implementation: 

Primary implementation period 

 Short term: 1-12 months from the date of the PMAP 

 Medium term: 1-3 years 

Extended implementation period 

 Long term: beyond 3 years. 

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

4 Potential 
impacts 

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

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

5 Estimated net 
environmental 
benefit 

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

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

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

Risk-based analysis 

6 Proportion of 
action to risk 

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

7 Best-practice 
status 

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

8 Verification 
status 

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

9 Technology 
assessment 

Where an option involves a remediation technology: 

 infrastructure and energy requirements 
 ability to construct and operating technology 
 reliability of technology 
 ability to monitor effectiveness 
 ability to obtain any necessary approvals 
 availability of services and materials 
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10 Risks and 
mitigation 

List primary, secondary8 and residual9 risks of implementation and associated 
mitigation options, such as: 

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

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

 impact on existing infrastructure (including bores) 
 potential social and economic impacts (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. 

 

 

 

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

9 Residual risks comprise  that component of the identified risk that is not addressed by the option. 
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APPENDIX E Options listing and analysis 

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

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

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

Part E3 provides the detailed a comparative analysis of the options for each identified risk. 
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E1 PFAS remediation options screening10 

E1.1 Solids (Soil/Sediment)1 

 

Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - solids        

Bioremediation  

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

Most applicable to saturated media. 

Not applicable to PFAS. - - - -  No 

Chemical Oxidation or Reduction 

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

Most applicable to saturated media. 

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

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

Significant chemical 
volumes and 
multiple applications 
would be required. 

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

12 to 24 months 
for application 

-  No 

Soil Flushing Full scale in situ 
application has not 

Hydraulic control 
would be required 

    No 

 

 

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

Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology 
Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html). 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

PFAS compounds are soluble and have low soil 
partitioning coefficients, and are potentially amenable to 
this approach. However, low level concentrations are 
expected to be persistent due to desorption and matrix 
diffusion. 

been identified in 
Australia. 

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

Soil Vapour Extraction 

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

Not applicable to PFAS 
– non- or low volatility. 

     No 

Adsorption - In-situ Stabilisation/Immobilisation 

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

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

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

Solidification is not 
applicable to PFAS. 

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

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

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

  Affects asset access No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Ex-Situ Treatment - solids        

Excavation and Off-site Disposal  

Commonly available soil treatment approach for 
categorised materials. 

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

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

Excavation and 
dewatering/drying of 
materials is technically 
feasible. 

Requires justification 
why in situ remediation 
is not possible. 

 

Dependent on 
disposal options 

High 

(Largely due to 
disposal costs and 
transport) 

<6 months Off-site disposal is 
considered the least 
desirable approach to 
managing contaminated 
soils on the PFAS 
NEMP waste hierarchy. 

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

Significantly disruptive 
to operations. 

No 

Bioremediation 

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

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

 

 

 

 

 

 

 

 

 

Not applicable for 
PFAS 

     No 



PMAP – WIDE BAY TRAINING AREA 
 

 

52 
 

Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Adsorption - Solidification/ Stabilisation/ 
Immobilisation 

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

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

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

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

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

Applicable Applicable. 
 

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

Moderate 12+ months. 
 

Validation of 
stabilisation 
may take 6 
months. 

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

 
Significant chemical 
use would be 
required. 

Significant 
disruption to 
operations 

Yes – not likely as 
a stand-alone 
solution but 
potential to be 
coupled with off-
site disposal, on-
site retention or as 
part of in-situ 
management 
options 

Chemical Oxidation or Reduction  

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

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

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

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

Applicable.  

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

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

Moderate to high 
(largely due to high 
chemical costs) 

12+ months 
with material 
handling on-site 

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

Significant chemical 
use would be required. 

Some disruption to 
operations 

No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Soil Washing / Chemical Extraction  

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

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

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

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

 
Likely to have limited 
capability for clay rich 
soils. 

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

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

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

12+ months 
with material 
handling on-site 

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

 No 

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

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

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

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

- - - - - No 

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

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

Wastes are heated to 315oC to 538oC to volatilise 
water and organic contaminants. A carrier gas or 
vacuum system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing. 

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

- - - - - No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

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

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

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

Applicable Only feasible 
for PFAS at 
high 
temperatures. 

Off gas 
treatment 
required. 

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

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

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

Significant disruption 
to operations 

No 

Other - solids        

In-situ management 

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

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

Applicable 

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

Applicable Low Depends on 
project staging 
and auditor. 

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

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

 No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

On-site containment in an engineered facility  

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

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

Requires suitable 
location for the facility. 

Applicable Low Depends on 
project staging 
and auditor. 

On-site containment 
is lower on the 
waste hierarchy as 
the process involves 
construction of an 
engineered facility. 
This avoids 
transport of 
materials offsite so 
is considered more 
sustainable than 
placement in an off-
site facility. 

Depending upon 
source area, low to 
significant disruption 
to operations 

No 
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E1.2 Waters (Surface water and groundwater) 

 

Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - water        

Bioremediation  

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

Not applicable to PFAS. - - - -  No 

Chemical Injection 

Chemicals are injected into the aquifer at pre-determined 
dosage rate. 

May include oxidation/reduction to chemically convert 
the hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, and/or inert. 
Other options may include novel additives such as 
slurried activated carbon which is a binding technology. 

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

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

 
Significant chemical 
volumes would be 
required. 

High 
(largely due to 
chemical costs 
and application) 

12 to 24 months In-situ treatment is 
considered high on 
EPA’s waste 
hierarchy. 

Some disruption to 
operations 

No 

Air Sparging 

Air is injected into the subsurface to add oxygen and 
volatilise contaminants. Soil vapour is extracted and 
treated, thereby reducing volatile contaminant mass. 

Not applicable to 
PFAS – non- or low 
volatility. 

- - - -- - No 

Thermal Treatment 

As described above for in situ thermal treatment of 
soil/sediments. 

Not applicable to 
PFAS. 

- - - - - No 

Monitored Natural Attenuation  

A variety of physical, chemical, or biological processes 
that, under favourable conditions, act without human 
intervention to reduce the mass, toxicity, mobility, volume, 
or concentration of contaminants in soil or groundwater.  

This typically is only applicable if the primary source has 
been controlled, and risks are demonstrated to be, or can 
be controlled to be, low and acceptable. 

 

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

- - - - - No 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Permeable Reactive Barriers 

A permeable reactive barrier (PRB) is installed across 
the flow path of the groundwater contaminant plume, 
allowing the plume to passively pass through the wall, 
but the reactive media either sorbs, degrades or 
transforms contaminants. Common reactive media 
include zero valent iron, natural zeolites and organic 
substrates. 

Recent research has assessed use of PRBs to promote 
effective enzyme- catalysed humification reactions to 
treat PFAS. 

PRBs can either be configured as a continuous wall to 
intersect the plume, or as a funnel-and-gate system with 
low permeability walls that direct groundwater flow 
through reactive media in a ‘gate’. 

Potentially applicable 
as a component of an 
overall strategy. 
 
However, no full scale 
application for PFAS 
identified in Australia or 
globally. 

 
Expected to be 
applicable in short 
term for some 
hydrogeological 
settings. 

Reactive media can 
require replacement 
(depending on 
sorptive capacity and 
concentrations being 
treated) and 
disposal/treatment. 

Moderate to High 
(Depends on size, 
reactive media to 
be used, 
replacement of 
media) 

Long term 
operation 

In-situ treatment is 
considered high 
on the PFAS 
NEMP and EPA’s 
waste hierarchy. 

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

No 

Ex-Situ Treatment - water        

Groundwater extraction 

Commonly available treatment approach. Dissolved 
phase impacts are extracted via a series of wells or 
trenches (‘French drains’), with ex situ treatment of 
effluent at a water treatment plant. Treated water could 
be managed via reinjection or discharge. 

Extraction system can be designed to maximise mass 
removal of dissolved phase contaminants, though this 
approach is typically more suited for hydraulic control 
purposes (see below). 

Not applicable as a 
stand-alone option – is 
not likely to be 
practicable to address 
secondary sources (e.g. 
PFAS sorbed to soils). 

Desorption and back 
diffusion of 
contaminants from the 
formation can limit the 
ability to reach low-level 
management goals and 
cause extended 
treatment timeframes. 

Requires water 
treatment (See 
below). 

 
Applicable as a 
component of an 
overall management 
strategy. 

Moderate capital 
cost, but high 
lifecycle cost due to 
long duration 

1+ years, long 
term operation 

Considered low on 
hierarchy when 
used in isolation but 
can be a 
component of 
overall site strategy 

Low to some 
disruption to 
operations. 

No 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Excavation and/or dewatering 

For shallow groundwater, bulk excavation and 
dewatering, or just dewatering, of these materials will 
remove the groundwater migration pathway. Pore water 
would be captured and treated ex situ at a water 
treatment plant. Treated water could be managed via 
reinjection or discharge. 

Excavated soil (where bulk excavation and dewatering) 
would be subject to disposal to an off-site landfill or on-
site containment cell or in situ management (see above 
for soils/sediment). If materials are left in situ, cover 
would be required to minimise recharge of the fill 
materials. 

Applicable Requires water 
treatment (See 
below). 

Applicable as a 
component of an 
overall management 
strategy. 

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

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

No 

Extracted groundwater treatment 

For the above groundwater extraction options, ex situ 
treatment at a water treatment plant is required. A 
treatment train would be required, generally requiring: 

 Pre-treatment to remove sediments and co-
contaminants. This may include sand filtration, 
flocculation, sorption. 

 PFAS removal via sorption, ultrafiltration 
(nanofiltration), foam fractionation, or reverse 
osmosis. 

The most common PFAS treatment is sorption using 
granular activated carbon (GAC) and/or ultrafiltration 
(e.g. reverse osmosis). Other media sorptive media 
include modified clays (e.g. sand MatCARE). Ion 
exchange resins have also been utilised in a treatment 
train approach. Emerging technologies being studied 
include sonochemical treatment, photochemical 
oxidation and thermally- induced reduction. 

Treated water could be managed via reinjection or 
discharge. 

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

Applicable 

Treatment technologies 
are commercially 
available and have 
been used for PFAS 
water treatment in 
Australia (in particular 
GAC, and to a lesser 
extent ultrafiltration and 
ion exchange). 

Applicable 

A pilot trial and 
treatment train 
approach may be 
required depending 
on water quality and 
co-contaminants. 
A method to manage 
waste media is 
required (see above 
for soil/sediment 
options for disposal, 
on site containment 
or in situ 
management) 

Moderate See for above 
options 

See for above options Little disruption to 
operations 

No 

Other - water        
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Hydraulic containment 

Sub-surface hydraulic barriers consist of a series of 
vertically installed walls, or excavated trenches near the 
perimeter of shallow water impacts, to: 

 Affect hydraulic gradients or direct flow within the 
shallow system so that flow occurs laterally to 
drains/sumps/wells for extraction; and/or 

 Reduce and retard lateral shallow groundwater 
flow. 

If no measures are implemented to reduce infiltration, 
will require ongoing water extraction and treatment, 
and does not reduce management requirements. 

If combined with a low permeability cover to reduce 
infiltration to the shallow aquifer, there would be limited 
ongoing treatment of water required. 

Applicable Applicable 

Requires water 
treatment (See 
above). 

Would only be 
feasible if combined 
with a strategy to 
reduce infiltration to 
the perched aquifer 
(e.g. a low 
permeability cover). 

Low to moderate Ongoing Considered energy 
intensive and low on 
EPA’s waste 
hierarchy, but system 
can be optimised to 
reduce O&M costs. 

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

No 
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E2 Options listing 

No management options have been identified. 

E3 Comparative Analysis 

As no options have been identified for the Management Area, a comparative analysis has not been 
undertaken. 
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GLOSSARY  

 

AFFF Aqueous Film Forming Foam 

AHD Australian Height Datum 

AS Australian Standard 

ANZECC Australian and New Zealand Environment and Conservation Council 

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

CBD Central business district 

COC Chain of Custody 

CSM Conceptual Site Model 

DES Department of Environment and Science 

DO Dissolved Oxygen 

DSI Detailed Site Investigation 

DQI Data Quality Indicators 

DQO Data Quality Objectives 

DSI Detailed Site Investigation 

EC Electrical Conductivity  

EPA Environment Protection Authority (or relevant state/territory jurisdiction) 

ERA Ecological Risk Assessment 

GDE Groundwater Dependent Ecosystem 

GRC Gympie Regional Council 

HEPA Heads of EPAs Australia and New Zealand  

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

IDE Inflow Dependent Ecosystem 

LOR Limit of Reporting 

Management Area The geographical area subject to Defence response actions  

mbtoc Metres below top of casing 

NATA National Association of Testing Authorities  

NEPM National Environmental Protection (Assessment of Site Contamination) 
Measure 

Off-site Off-Base 

OMP Ongoing Monitoring Plan 
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On-site On-Base 

PFAS Per- and polyfluoroalkyl Substances 

PFAS NEMP PFAS National Environmental Management Framework 2018 
developed cooperatively between Australian jurisdictions  

PFHxS Perfluorohexane sulfonate 

PFOA Perfluorooctanoic acid 

PFOS Perfluorooctane sulfonic acid 

PMAP PFAS Management Area Plan 

POL Paints, oils, lubricants 

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

PSI Preliminary Site Investigation 

QA Quality Assurance 

QC Quality Control 

Remediation Action Plan 
(RAP) 

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

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

SAQP Sampling and Analysis Quality Plan  

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

SWL Standing Water Level 

TOC Total Organic Carbon 

TDS Total Dissolved Solids 

TWG [Queensland] Technical Working Group 

µg/L Micrograms per Litre 

WBTA Wide Bay Training Area 

WTP  Water Treatment Plant 

WWTP Waste Water Treatment Plant 
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1 INTRODUCTION 

1.1 Background  

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

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

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

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

1.1.1 The nature of PFAS 

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

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

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

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

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

 Some PFAS (including PFOS and PFOA) are environmentally persistent and 
bioaccumulate. This means that some plants may be susceptible to PFAS, uptaking it 

 

 

1 EnHealth is a subcommittee of the Australian Health Protection Principal Committee and is responsible for providing agreed 
environmental health policy advice. Its membership includes representatives from the Health portfolios of Australian and New 
Zealand governments. 
2 http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-publicat-environ.htm 
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through soil and water. It then bio-accumulates and becomes a part of the food chain. 
The same process applies to some animals and fish. 

1.2 Objective  

The objective of the OMP is to set out a program of monitoring to continue to assess the changes in 
the nature and extent of PFAS within the environment, where Defence’s historical use of legacy AFFF 
has led to an identified potentially elevated risk to a receptor, or potential future risk to a receptor. 

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

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

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

1.3 Scope  

The scope of the monitoring as set out in the OMP is to:  

 evaluate the nature and extent (spatial and temporal) of PFAS in groundwater and 
surface water pathways associated with PFAS potentially derived from use of AFFF at 
Wide Bay Training Area (WBTA or the ‘Base’) 

 monitor the migration of PFAS in groundwater and surface water from the Base 

 provide confirmation of the current understanding of risk to human health and ecological 
receptors 

 provide supporting data for assessment of management actions. 

 

Site Setting The Management Area (see Figure 1) refers to the geographical 
extent of ongoing monitoring associated with the PFAS 
investigation at WBTA.  The Management Area includes the 
following areas: 

 WBTA (the base) comprising approximately 19,000 
hectares. 

 The residential area of Wallu located to the southwest of 
WBTA (off-base). 

Data Quality Objectives 
and Sampling Program 

This OMP presents the proposed sampling locations, analytical 
methodology and sampling frequency. 

1.4 Document review 

The science of understanding PFAS impacts and ways of managing PFAS contamination are 
constantly evolving. There is still a lot that is not established about the behaviour or impacts of PFAS 
contamination on human health and the environment.  

This OMP has been prepared based on information available at the time of writing and relies on the 
findings of the DSI, risk assessment and strategic management of risks assessed in the PMAP. 
Defence recognises that there may still be gaps in information that will be progressively addressed 
while impacted sites are being managed. 
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This document will be reviewed and updated in accordance with the strategy detailed in Section 5.  

1.5 Constraints and assumptions 

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

 The OMP focuses on monitoring of general changes and variability in the nature and 
extent of PFAS contamination in the medium to long term. Specific sampling 
requirements to investigate or validate remediation actions are not addressed in this 
OMP. 

 The proposed monitoring locations have prioritised public land to reduce inconvenience 
to private landowners. Where sampling on private land is necessary, permission will be 
requested from the landowner prior to any sampling. 
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2 SITE SETTING  

2.1 Base description 

The Management Area is located on Tin Can Bay Road, Tin Can Bay, Queensland, 4580, 
approximately 50 km southeast of Maryborough and 175 km north of the Brisbane central business 
district (CBD), Queensland.  The Management Area comprises WBTA and the small residential area 
of Wallu located adjacent to the southwest corner of the Base.  The Management Area is bordered by 
Toolara State Forest to the west and south, the Great Sandy Strait to the east, and the townships of 
Tin Can Bay southwest, refer to Figure 1.  

WBTA covers approximately 19,100 hectares (ha) of remnant bush and coastal to sub-coastal 
wetland. The Property comprises 16 Training Area sectors including an approximately 20 ha 
cantonment at Camp Kerr in the southern portion of the Property.  Infrastructure associated within 
Camp Kerr includes a vehicle wash point, a refuelling area, accommodation and associated 
amenities, administrative facilities, a water treatment plant (WTP) and a wastewater treatment plant 
(WWTP).  The remainder of the Property comprises remnant bush and wetlands and is principally 
used to conduct combat team training, live firing activities and unmanned aerial vehicle (UAV) 
training. Infrastructure associated with the training areas include several firing ranges, training 
facilities, an ammunition storage compound, a road base quarry, a UAV airstrip and a disused airfield, 
(refer to Figure 2).  

The small residential area of Wallu has approximately 34 properties and 110 residents.  Some of the 
properties have dams.  Bore water is used at individual properties for different purposes including 
household and outdoor purposes, topping up swimming pools, dam storage, crop irrigation, washing 
livestock.  Dam water in some individual properties is used for recreational purposes and irrigating 
crops or watering livestock (as reported in the detailed site investigation AECOM, 2020b).   

2.2 Site setting 

The site and environmental setting of the Management Area is outlined in the table below.  This 
information is sourced from the preliminary site investigations (PSI) (AECOM, 2019, 2020a) and 
detailed site investigation (DSI) (AECOM, 2020b) reports. 

Item Detail 

Climate Based on a review of data (1992 to 2019) from the nearest Bureau of 
Meteorology (BOM) weather station with current data – Rainbow Beach 
(040856) located approximately 10 km east of the Management Area – the 
region experiences warm wet summers and mild winters with a mean 
maximum temperature in January of 28.9°C and a mean minimum 
temperature in July of 10.3°C. The annual mean rainfall in the region is 
1445.0 mm. On average, February experiences the highest mean rainfall of 
199.4 mm, whereas September experiences the lowest monthly mean 
rainfall of 55.1 mm. 

Topography The western margin of the Management Area comprises undulating to 
strongly undulating old coastal plain, about 90 metres above Australian 
Height Datum (mAHD). The central and southeastern parts of the area 
comprise gently to strongly undulating portions of old dissected coastal 
plain, while the northeastern part of the area is coastal plain with low sandy 
banks and weakly defined drainage lines. Based on a 25 m resolution digital 
elevation model of the area), total relief is 112 m (from sea level), and slopes 
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Item Detail 

range from 0° to 10°. Nearly the entire area of WBTA (97.2%) comprises 
slopes <5°, with the remainder being 5–10°.  

Wallu, located 100 m to the west of Camp Kerr, is a flat area (approximately 
65 mAHD) which is at slightly lower elevation (approximately 10 m) 
compared to Camp Kerr (approximately 75 mAHD).  There are a number of 
surface water bodies (dams) present at Wallu which appear to be mainly fed 
from an unnamed creek to the west. The creek has multiple tributaries that 
drain areas of higher ground (elevations of over 100 mAHD) to the north, 
west and southwest of Wallu. Surface water flows out of the Wallu area to 
the southeast via an ephemeral waterway that crosses under Clyde Road 
and Tin Can Bay Road. The presence of the water bodies at Wallu indicate 
that this area has natural discharge features that reflect the topography.  

Geology The Management Area is underlain by a Late Triassic to Early Jurassic 
Duckinwilla Group and Grahams Creek Formation. The Duckinwilla Group 
comprises feldspathic and quartzose sandstone, shale, siltstone and coal, 
and the Grahams Creek Formation comprises intermediate to acidic lava 
flows and pyroclastics, tuffaceous sandstone and siltstone. The marine 
transgressive sequence of the Duckinwilla Group comprises almost 70% of 
the total area. 

This sequence is capped in places with Oligocene to Miocene duricrusted 
old land surfaces comprised of ferricrete, silcrete and indurated paleosols. 
These deposits comprise almost 10% of the area. Gully systems draining 
the marine transgressive sequence and duricrusted areas are filled with 
Quaternary undifferentiated alluvial plains comprised of sand, silt, clay, and 
gravel. 

The eastern margins of the area are comprised of a coastal deposit 
sequence. These are: 

 Late Pliocene to Pleistocene coastal plains comprised of sand, 
silt, mud and minor gravel 

 Pleistocene back barrier coastal wetland comprised of peaty 
quartz sand and 

 Pleistocene to Holocene beach ridges and berms comprised of 
quartz sand, shelly sand and minor gravel. 

Bore cards for two on-site registered groundwater bores indicate superficial 
Quaternary clay deposits are approximately 9.0 m in thickness which are 
underlain by sandstone, siltstone or mudstone strata of the Tertiary 
Duckinwilla Group to approximately 172 metres below ground surface 
(mbgs). Basalt, which is considered to be part of the Grahams Creek 
Formation, is present below the base the sequence, to at least 182.9 m, the 
deepest depth drilled on-base.  

The geology observed during the PSI and DSI were consistent with the 
above description. Logs for soil bores drilled as part of the PSI encountered 
loose silty sands or sands with organics, overlying silty sands and sandy 
clays, which are underlain (where encountered) by weathered sandstone 
bedrock, which was considered to be strata of the Tertiary Duckinwilla 
Group. Boreholes positioned in more elevated parts of WBTA encountered 
sandstone at shallower depths than those locations in lower lying parts of 
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WBTA. The silty sandy clays located directly above the sandstone were 
considered to be a residual soil / weathering profile.  

Hydrogeology Groundwater beneath WBTA is semi-confined within the sandstone of the 
Tertiary Duckinwilla Group, with flow likely to occur as fracture flow.  
Measurements of the physicochemical parameters during the PSI and DSI 
indicated the groundwater was slightly acidic to neutral and fresh 
(<500 mg/L total dissolved solids).  This indicated the water is suitable for 
most purposes.   

All monitoring wells installed as part of the PSI and DSI and pre-existing 
wells were located in the southern portion of WBTA between Camp Kerr, 
which is adjacent to the western boundary of the base, and Snapper Creek / 
Tin Can Inlet, which is adjacent to the base eastern boundary.   

The groundwater elevation data indicates groundwater to the east of Camp 
Kerr flows towards the northeast in the direction of the coast. There appears 
to be a groundwater divide situated in the centre of Camp Kerr that affects 
the local groundwater flow directions. The divide is likely to reflect the 
topography of the area with Camp Kerr located at a topographic high point 
(75 mAHD). Groundwater flow in the eastern portion of Camp Kerr (i.e. in 
the vicinity of the caretaker’s residence) has been inferred to be towards the 
east (i.e. on-base). Therefore, PFAS in groundwater in the vicinity of the 
caretaker’s residence appears unlikely to migrate off-base to the south or 
southwest (i.e. towards Wallu). Groundwater in the western portion of Camp 
Kerr (i.e. around the WTP and POL) appears to be flow to the west or 
southwest towards Wallu. Local groundwater flow in the southern portion of 
Camp Kerr is inferred to be towards the south. This indicates that the 
township of Wallu is hydraulically down-gradient of groundwater beneath the 
western portion of the Camp Kerr.  

Hydrology WBTA is located within the Mary Basin. There appear to be seven main 
creek catchments on-base (see Figure 2 in Appendix A):  

 Mosquito Creek and its tributaries drain the western part of the 
training area. The creek discharges into the Kauri Creek inlet 

 Kauri Creek in the central part of WTBA, flows in a northerly 
direction through the centre of WBTA to the Kauri Creek inlet 
and east to Tin Can Bay 

 Kangaroo Creek in the central south flows into the Kauri Creek 

 Snapper Creek in the south east, flows east into Tin Can Bay 

 Griffen Creek in the east, flows east into Tin Can Bay 

 Teebar Creek in the east, flows east into Tin Can Bay 

 Little Stony Creek in the northwest, flows north into Kauri 
Creek. 

Kauri Creek is the main draining watercourse of WBTA. Tributaries that flow 
into Kauri Creek include Mosquito Creek, Kangaroo Creek, and Little Stony 
Creek. Kauri Creek flows from south to north across the base, then east to 
the Great Sandy Strait. The Teebar Creek, Snapper Creek and Griffen 
Creek catchments occupy the eastern portion of WBTA and drain to the east 
into Tin Can Bay. The Teebar Creek, Griffen Creek and Snapper Creeks are 
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located in the lower lying areas of WBTA and are likely to be seasonal 
and/or tidally influenced. 

A dam (Kangaroo Dam) is present in the south of WBTA, adjacent to the 
Wallu Heights residential area.  

The headwaters of Mosquito, Kangaroo and Kauri Creeks rise to the south 
and southwest beyond the boundary of the training area, indicating surface 
water flows onto WBTA.  

The suburb of Wallu, located adjacent southwest of the base has several 
surface water dams and an unnamed creek that flows from Wallu to the 
southeast. 

Flora and Fauna The Great Sandy Strait, the key waterway downstream and to the east of 
WBTA, is a sand passage estuary between the mainland and the World 
Heritage-listed Fraser Island. It is the largest area of tidal swamps within the 
South East Queensland bioregion, consisting of intertidal sand and mud flats 
(roughly one-third), extended seagrass beds, mangrove forests, salt flats 
and saltmarshes, and often contiguous with freshwater Melaleuca wetlands 
and coastal wallum swamps. The Strait is an exceptionally important feeding 
ground for migratory shorebirds and important for a wide range of other 
shorebirds, waterfowl and seabirds, marine fish, crustaceans, oysters, 
dugong, sea turtles and dolphins. The Great Sandy Strait tidal wetlands are 
extremely important for protection of and source of food for juvenile and 
adult fish, prawns and other crustaceans. As outlined above, it is also highly 
valued for commercial and recreational fishing.  

The area downstream (and to the east) of the Base is zoned “Conservation 
Park” with small areas zoned “Marine National Park”). The Management 
Area and surrounds host important wetlands in Queensland. The integrity of 
wetlands is protected from environmental harm under the Environmental 
Protection Act 1994. Waterways contiguous and downstream of WBTA are 
listed as important wetlands under the Ramsar Convention (The Convention 
on Wetlands of International Importance especially as Waterfowl Habitat).  

The Protected Matters Report (as reported in AECOM, 2020a) indicated the 
following: 

 One wetland of international importance (Ramsar)- Great 
Sandy Strait, Tin Can Bay and Tin Can Inlet 

 Three threatened ecological communities: 

 Coastal Swamp Oak forest of NSW and SE QLD 
(endangered) 

 Lowland rainforest of subtropical Australia (critically 
endangered) 

 Subtropical and temperate coastal saltmarsh (vulnerable) 

 71 listed threatened species and 71 listed migratory species 

The Stage 1 PSI (AECOM, 2020a) reported that 52 records pertaining to 
known, probable and potential biodiversity are present on the Property, 
including but not limited to: 
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 Six vulnerable plant communities including Eucalyptus species 
(spp.), Banksia spp., Melaleuca spp., on alluvial plains, coastal 
alluvium, and low woodland to scrubland; 

 10 vulnerable or endangered plants, fungus and algae including 
the Pineapple Zamia, Swamp Fern, Southern Swamp Orchid, 
and Tiny Wattle; and 

 26 vulnerable, endangered or critically endangered animals 
including the Loggerhead Sea Turtle, Oxleyan Pygmy Perch, 
Eastern Curlew, Koala (south-east Queensland population), 
Grey-Headed Flying Fox, and Regent Honeyeater. 

The groundwater dependent ecosystem (GDE) Atlas Map identified the 
following GDEs and inflow dependent ecosystems (IDEs) within 1 km of the 
Property: 

 High and moderate potential aquatic wetland GDEs and likely 
aquatic IDEs in the eastern and central portion of the Property, 
associated with coastal/sub-coastal non-floodplain tree swamps 
(Melaleuca and Eucalyptus spp.) and coastal/sub-coastal 
floodplain wet heath swamps; and 

 High, moderate and low potential terrestrial vegetation GDEs 
and likely terrestrial IDEs in the northern and central portions of 
the Property. 

No subterranean GDEs were identified within 1 km of the Property. 

Management Area 
drainage 

At WBTA, drainage channels are only present in the Camp Kerr Area.  Due 
to the relatively higher elevation of the Camp Kerr, surface water in the 
central and eastern portions of Camp Kerr drains to the north or northeast. 

Site inspections as part of the DSI identified that water from a drainage 
channel in the western portion of Camp Kerr drains down the slope overland 
to the west towards Wallu with water pooling along the western perimeter 
track before draining into dams in Wallu.   

Wastewater 
management 

Wastewater on base is treated at the WWTP in the eastern portion of Camp 
Kerr with treated water irrigated in three areas, to the west of the WWTP, to 
the west of the Caretaker’s residence and to the east of the Range Control 
Building. 

Current and 
projected land uses 
off-base 

The PSI (AECOM, 2019) identified that there is significant commercial and 
recreational fishing activity in waters surrounding the Management Area. 
Additional uses of the waterways around WBTA are outlined below: 

 Commercial fishing including line, net and pot are permitted 
within the Great Sandy Marine Park (adjacent to the Base) 

 Snapper Creek Boat Harbour at Tin Can Bay is a launching 
spot for commercial and recreational vessels as well as 
houseboats and yachts 

 Snapper Creek is a popular location for anglers and mud crab 
pots with anglers anticipated to fish and set pots as far as 
accessible by boat upstream of Snapper Creek Boat Harbour  
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 Recreational anglers also fish sections of Teebar Creek, 
Teewah Creek and Kauri Creek 

 There is a trawler fleet based at Tin Can Bay. However, current 
Marine Park zoning prevents this fleet from operating in waters 
within the Great Sandy Marine Park adjacent to WBTA.  

Current and project 
land uses 
surrounding the 
Management Area 

The surrounding landuse is predominantly State Forest with some small 
residential settlements to the southwest and south and the larger residential 
area of Tin Can Bay to the southeast.  Identified land uses in each direction 
from Management Area are summarised below. 

 North: Toolara State Forest and Great Sandy Strait.  

 East: Tin Can Bay Waste Transfer Station and STP, township 
of Tin Can Bay (residential) and Great Sandy Strait.  

 South: Township of Wallu Heights east of Camp Kerr 
(residential), Tin Can Bay Road and Toolara State Forest.  

 West: Maryborough Cooloola Road and Toolara State Forest. 

 

2.3 Nature and extent of PFAS contamination 

2.3.1 Soil 

Based on the findings of the PSI, soil bores advanced as part of the PSI and DSI were positioned 
within, or hydraulically down-gradient of, areas where AFFF may have been stored or used. The soil 
sampling analytical results reported almost all PFAS concentrations below the laboratory limit of 
reporting (LOR) (three exceptions were either at the LOR or marginally above the LOR).  All 
concentrations were below the human health and ecological assessment criteria, indicating the soil at 
the sampled locations was not deemed cause for concern.  Overall, the results indicated that 
firefighting foams containing PFAS have either not been released to ground or have not affected soil 
quality at the locations investigated.  

2.4.2 Groundwater 

The key conclusions of the DSI (AECOM, 2020b) with regard to the nature and extent of PFAS in 
groundwater in the Management Area were as follows: 

 Sum of PFHxS and PFOS concentrations in groundwater exceeded the drinking water 
guidelines in the eastern portion of Camp Kerr area (refer to Figure 4).  The local extent 
of PFAS in groundwater was characterised in all directions.   

 PFAS (sum of PFHxS and PFOS, and PFOA) concentrations in groundwater in the 
western portion of Camp Kerr and Wallu did not exceed the drinking water guidelines 
indicating a low potential for off-site migration of PFAS via a groundwater pathway 
between the base and groundwater users in Wallu.  

 PFAS were not detected in groundwater samples from bores at other locations across 
the southern portion of the Management Area.  The bores were located at landfilling 
areas, the airfield where refuelling activities occurred and where groundwater may 
discharge to surface water. This indicated source areas of PFAS are unlikely to be 
present in these areas targeted by the investigation. 
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2.3.3 Surface water and sediment 

The key conclusions of the DSI (AECOM, 2020b) with regard to the nature and extent of PFAS in 
surface water in the Management Area were as follows: 

 PFAS were detected in three surface water samples collected from drainage features in 
Camp Kerr and in samples from three residential dams and a waterway in Wallu that are 
close to the western boundary of WBTA. The similar PFAS compositions detected 
indicate the potential for an overland flow pathway for PFAS in surface water on-site to 
migrate to surface water features in Wallu.  

 The exact drainage flow pathway through the vegetated slope in the western portion of 
Camp Kerr is uncertain.  The source of the PFAS is uncertain and could potentially be 
the vehicle wash point and / or the area used as a fire extinguisher demonstration area, 
located to the north of Camp Kerr.  

 PFAS were detected in Kangaroo and Snapper Creeks in the southern portion of the 
Management Area with PFOS concentrations detected slightly the NEMP ecological 
guideline value for PFOS for 99% species protection.   

 PFAS concentrations for the two surface water sampling locations (SW012 and SW016) 
within the Ramsar area were both reported below the limit of reporting.  The Ramsar 
area includes Tin Can Inlet to the east of the base and tidal sections of creeks in the 
northern and eastern portions of the base. The estuarine environment and Ramsar area 
have the potential to be impacted by off-base sources of PFAS, in particular the unlined 
landfill and sewage treatment works located adjacent to Snapper Creek in Tin Can Bay.   

 An assessment of the risk of human PFAS exposure from fishing in Snapper Creek was 
completed and identified the following:   

 A desktop survey (AECOM, 2020b) concluded that there may be juvenile fish species 
present in Snapper Creek that would move out to larger water bodies where they may 
be caught and consumed by people. There is likely to be depuration of PFAS from 
these fish as they grow and move out into larger water bodies prior to potential for 
consumption by people. 

 Upstream sections of the tributary (such as SW014) are small and may not be large 
enough to support fish, which would mitigate the potential for exposure of fish further 
downstream to PFAS. At locations further downstream (e.g. at SW013), the fish 
species are likely to be too small for human consumption because larger fish are 
unlikely to be able to access these areas. These smaller fish species might form part 
of the food chain for other fish that are consumed by people, so it is not possible to 
rule out PFAS exposure via consumption of locally caught fish. 

 Due to the low contribution of PFAS from WBTA to Snapper Creek the risk of human 
PFAS exposure was considered to be low.  

2.4 Conceptual site model 

The detailed conceptual site model (CSM) is presented in the DSI and reproduced in Appendix C.  A 
summary of the source, pathways and receptors is presented below.  

2.4.1 Sources 

No PFAS source areas have been identified in the investigations (PSI and DSI) completed to date.  
The investigations have identified the presence of PFAS in on-site groundwater and surface water 
indicating there may be sources of PFAS present on-site. The PSI and DSI, identified the potential 
storage or use of small AFFF fire extinguishers at the POL refuelling area, in the caretaker’s 
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residence area and at the demonstration area north of Camp Kerr. The PSI and DSI also identified 
the potential for wash down of liquids containing PFAS at the vehicle wash point.  PFAS is also 
present in the treated effluent which has been irrigated to ground in the area of the WWTP and 
adjacent to the site entrance road at Camp Kerr.  Historically, treated effluent may have been 
discharged to creeks. 

Interviews conducted during the PSI did not identify specific information regarding the potential use of 
firefighting foams containing PFAS on-base and the types of AFFF potentially used are not known. No 
specific information was obtained on the potential for sources of PFAS other than firefighting foams at 
the base. 

Potential off-base sources of PFAS impact include the Tin Can Bay waste transfer station and 
sewage treatment works, fire station, areas of infilling which may include waste containing PFAS and 
areas where historical bushfires may have been suppressed using firefighting foam containing PFAS. 

2.4.2 PFAS pathways and receptors 

Potential exposure pathways (refer to Appendix C) for contaminants to impact receptors on and off-
base include: 

 Site workers incidentally ingesting PFAS impacted soil or drinking or using PFAS 
impacted abstracted groundwater on-base 

 Residents drinking or using PFAS impacted abstracted groundwater off-base  

 Residents in contact with, or ingesting, PFAS impacted surface water during recreational 
activities 

 Ecological receptors in direct contact with PFAS impacted sediment and/or surface water 

 Residents consuming terrestrial and aquatic biota that have bioaccumulated PFAS 
impacted surface water and/or sediment. 

The following potential receptors have been identified: 

 Site workers (military employees and other visitors, intrusive maintenance workers)  

 Off-base groundwater users and recreational and residential users  

 The terrestrial and aquatic ecosystems on base and in the downstream receiving 
environment which includes creeks in the Great Sandy Strait Ramsar and off-base 
residential dams. 

 
2.4.3 Possible source-pathway-receptor linkages 

The exposure pathways considered possible in the CSM were as follows: 

 PFAS in groundwater (in the caretaker’s residence area) impacting site workers and 
visitors via groundwater transport followed by extraction.  The exposure pathway is direct 
ingestion or dermal contact. This was considered possible due to the presence of sum of 
PFHxS and PFOS in groundwater at concentrations that exceeded drinking water 
guideline values. 

 PFAS in surface water impacting off-site freshwater aquatic ecosystems in residential 
dams via uptake of PFAS and bioaccumulation in aquatic biota.  This was considered 
possible due to the presence of PFOS in surface water at concentrations that exceeded 
the guideline value for the protection of freshwater species (99%). 
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Other source / pathway / receptor linkages were considered unlikely and the rationale for this is 
outlined in the DSI. 

2.4.4 Uncertainties 

The key uncertainties in the CSM were identified as: 

 source areas for surface water PFAS detections at Camp Kerr and off-site surface water 
bodies 

 source areas for the PFAS detections in groundwater at Camp Kerr 

 localised overland flow pathways in the western portion of Camp Kerr  

 trends in PFAS groundwater quality at Camp Kerr 

 potential risks to off-site ecological receptors. 

 

2.5 Water use 

2.5.1 Water use on-base 

Groundwater is extracted for drinking and domestic purposes at WBTA from two bores in the water 
treatment plant in the western portion of Camp Kerr. The bores were surveyed during the DSI 
(AECOM, 2020b) with one of the bores (Bore 1) 78.4 m deep and the other bore (Bore 2) 51.5 m 
deep. 

2.5.2 Water use off-base in Wallu 

The town of Wallu is not within the Gympie Regional Council service area and is not serviced by a 
water scheme. The results of a land and water use survey completed as part of the PFAS DSI 
identified that Wallu residents utilise groundwater bores, deep dams and water tanks for water supply.  
A land and water use survey was distributed to residents in the suburb of Wallu in July 2019.  A 
summary of the key results is identified below: 

 A total of 20 responses were received from the 34 properties 

 ten of these properties had groundwater bores 

 bores at three of these ten properties were used for drinking water  

 bore water was used at individual properties for different purposes including: 

 household purposes 

 outdoor purposes (e.g. lawn watering, washing cars etc.) 

 fill/top-up swimming pools/spas or sprinkler play 

 dam storage 

 crop irrigation not for human consumption 

 water and wash livestock 

 water food crops for human consumption 

 water poultry 

 Dam water was used for recreational purposes at six of the properties 

 Dam water was used for irrigating crops or watering livestock at three of the properties. 
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2.5.3 Water use outside of the Management Area 

The DSI (AECOM, 2020b) identified the presence of 11 registered groundwater bores within 1 km of 
the Management Area, with the majority listed as use for water supply, extracting water from the 
shallow aquifer. 

According to the Gympie Regional Council, Drinking Water Annual Report 2016 – 2017 (GRC, 2017), 
the reticulated water supply for Cooloola Cove and Tin Can Bay is sourced from Teewah Creek. It is 
understood that the water is treated at the Cooloola Cove WTP. Information provided by the 
Queensland Government Technical Working Group during the preparation of the PSI indicated that 
Gympie Regional Council has tested its water supply with results indicating PFAS concentrations are 
below the limits of detection.  

2.6 Drivers and constraints 

Key drivers and constraints impacting upon delivery of the OMP are described in the subsections 
below. 

2.6.1 Key drivers 

Where on-Base contaminant sources are migrating off-Base there are obligations under the 
Environmental Protection Act, 1994 (Qld) (EP Act) to protect Queensland’s environment. Specific 
obligations to meet general environmental duty to prevent environmental harm under the EP Act are 
discussed in Appendix A. 

The Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (Qld) aims to achieve the 
object of the EP Act in relation to waters and wetlands by: 

 identifying environmental values for waters and wetlands 

 identifying management goals for waters 

 stating water quality guidelines and water quality objectives to enhance or protect the 

 environmental values 

 providing a framework for making consistent, equitable and informed decisions about waters 

 monitoring and reporting on the condition of waters. 

WBTA and its surrounds is situated within an area of importance ecological significance: 

 in some locations, to the extent of highest astronomical tide, is within the Great Sandy Strait 
Marine Park, including marine national park and conservation zones. 

 the base (tidal sections of creeks) and downstream surrounds hosts Ramsar wetlands of 
international importance.  The base hosts nationally important freshwater and estuarine 
wetlands.  Under the Ramsar convention, the wetlands and identified fish species within the 
area are protected.   

2.6.2 Key constraints 

Operational activities on-Base may limit access to certain sectors at particular times.  The Range 
Control Officer and Supervisor should be contacted in advance to time the sampling to occur at 
suitable times.  

Access to surface water locations may be limited by the presence of riparian vegetation.  Additionally, 
during dry periods, surface water may not be presence in water courses or drainage lines. 
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Private property access agreements will need to be obtained for sampling locations on private 
properties.  Sampling will need to be organised at convenient times for the property owners. 

2.7 Communications 

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

 OMP 

 monitoring data collected during the implementation of the OMP 

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

 changes to the OMP in response to incoming data over the implementation period. 
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3 ONGOING MONITORING PROGRAM 

The Management Area ongoing monitoring plan (OMP) monitors changes to the PFAS contaminated 
plume and surface water contamination characteristics.  

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

All PFAS Management Area plans have included an OMP as a mandatory response action.  

3.1 Sampling, analysis and quality plan 

A SAQP will be developed prior to implementation of the OMP. The document will be prepared by the 
lead consultant and reviewed by Defence prior to commencement of works to ensure consistency with 
the program in line with any changes in documentation, including ongoing review of the OMP and 
PMAP. 

3.2 Data quality objectives 

Data quality objectives (DQOs) are qualitative and quantitative statements derived from the outputs of 
the first six steps of the seven step DQO process that: 

 Clarifies the study objective. 

 Defines the most appropriate collection of data as relevant to the study objective.  

 Determines the conditions from which to collect data;  

 Specifies tolerable limits on decision errors, which will be used as the basis for establishing 
the quantity and quality of data, needed to support the decision.  

The DQOs for this investigation have been prepared in line with the DQO process outlined in US 
Environmental Protection Agency (EPA) (2006) and NEPM 2013 (Schedule B2) and are presented in 
the seven-step DQO approach, Section 3.2.1. 

3.2.1 NEPM DQO seven step process 

Process Description 

Step 1: State the 
problem 

There is limited temporal and spatial data available to evaluate if PFAS in 
groundwater, surface water and sediment is increasing, stable or decreasing.  
More information is required on the impact of seasonality on PFAS concentrations 
in these media.  Data are also required to demonstrate that at locations where 
PFAS has not been detected, this remains unchanged over time and at different 
times of the year. 

Step 2: Identify 
the decision/ goal 
of the study  

The goal of the study is to address the problem in step 1, to obtain additional 
temporal and spatial groundwater, surface water and sediment data to understand 
changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the PFAS and allow updated assessment against appropriate 
guideline values.  The information will provide an evidence base for targeted and 
effective risk management of PFAS contamination to protect human health and 
environmental receptors and an early warning of changes in PFAS concentrations 
in parts of the Management Area where PFAS has not been detected historically.  

The data collected as part of this OMP will be reviewed to assess if ongoing 
monitoring is required to manage potential risks, and whether monitoring can be 
incorporated into existing Defence environmental monitoring programs. 
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Process Description 

Step 3: Identify 
the information 
inputs 

To allow assessment of the data against the study goal listed in step 2 above, the 
following inputs will be considered: 

 Tier 1 health and ecological investigation and screening levels of each 
protected beneficial use applicable within the boundary of the study area. 

 Quantitative site characterisation data including visual observations and 
field measurements made during the monitoring program (sediment, 
groundwater and surface water), analytical data comparisons with 
screening criteria appropriate for the land use. 

 Hydrogeological and hydrological data across the Management Area 
including gradient and flow direction. 

Step 4: Define the 
boundaries of the 
study 

The lateral extent of the study area defined for decision making in this OMP is the 
Management Area as outlined in Figure 1. The vertical extent of the investigation 
will be the depth of the water supply bores (Bore 1 and Bore 2) at the Base 
(78.5 m below ground level).  

The temporal boundary of the study is the primary implementation period, which is 
three years in duration. 

Step 5: Develop 
the analytical 
approach/decision 
rules 

The decision rules can be defined as: 

If the laboratory quality assurance/quality control data are within the acceptable 
ranges, the data should be considered suitable for use. 

If the PFAS concentrations are reported above the laboratory limit of reporting 
(LOR) or risk-based screening levels in one or more samples, then it should be 
considered whether further assessment is required. 

The decision on the acceptance of the analytical data should be made on the 
basis of the Data Quality Indicators (DQIs) as follows: 

 Precision: A quantitative measure of the variability (or reproducibility) of 
data. 

 Accuracy: A quantitative measure of the closeness of reported data to 
the “true” value. 

 Representativeness: The confidence (expressed qualitatively) that data 
are representative of each media present on Site. 

 Completeness: A measure of the amount of useable data from a data 
collection activity. 

 Comparability: The confidence (expressed qualitatively) that data may 
be considered to be equivalent for each sampling and analytical event. 

 

Step 6: Specify 
performance or 
acceptance 
criteria 

Specific limits for this project are in accordance with the appropriate guidance 
made or endorsed by state and national regulations, appropriate indicators of data 
quality, and standard procedures for field sampling and handling. 

This step also examines the certainty of conclusive statements based on the 
available new site data collected. This should include the following points to 
quantify tolerable limits: 
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Process Description 

 A decision can be made based on a certainty assumption of 95% 
confidence in any given data set. A limit on the decision error will be 5% 
that a conclusive statement may be a false positive or false negative. 

 A decision error in the context of the decision rule presented above would 
lead to either underestimation or overestimation of the risk level 
associated with a particular sampling area.  

 Sampling errors may occur when the monitoring program does not 
adequately detect the variability of a contaminant from point to point 
across the Management Area. To address this, sufficient numbers of 
samples are proposed to be collected from each media. 

 As such, there may be limitations in the data if aspects of the OMP cannot 
be implemented. Some examples of this scenario include but are not 
limited to:  

 Proposed surface water sample locations may be dry at the time of 
sampling; and 

 Proposed samples are not collected due to access being restricted 
to a given location. 

 Limitations in ability to acquire useful and representative information from 
the data collected. The data should be collected from multiple locations 
and sample media. Some examples of this scenario include:  

 Inability to collect surface water and sediment samples at the same 
location;  

 Measurement errors can occur during sample collection, handling, 
preparation, analysis and data reduction.  

 Laboratories should report quality assurance/ quality control data for 
comparison with the DQIs established for the project. 

 

Step 7: Develop 
the plan for 
obtaining data 

Optimisation of the data collection process will be achieved by: 

 Working closely with the analytical laboratories and sampling equipment 
suppliers to ensure that appropriate procedures and processes are 
developed and implemented prior to and during the fieldwork, to ensure 
that sample handling, and transport to and processing by the analytical 
laboratories is as smooth as possible; and 

 Conducting sampling according to NEMP for the type of sampling being 
conducted. 

The scope of works will be carried out to a level of accuracy and confidence 
presented in the NEPM (NEPC, 2013). 

3.3 Proposed monitoring intervals 

It is proposed that groundwater and surface water monitoring is undertaken twice per year, in April 
and October.  This aims to assess seasonal variability and provide additional information for 
evaluation of the temporal trends and spatial distribution of contamination.   

It is proposed that sediment monitoring is undertaken once per year, in April.  PFAS concentrations in 
sediment are considered to indicate longer term changes (and is considered unlikely to vary much 
seasonally) and therefore this media can be sampled at a lower frequency compared to surface 
water. 
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During the dry season, opportunities to collect surface water samples on Base can be limited if drains 
/ overland flow locations are dry.  During the OMP dry season monitoring event (in October), if there is 
rainfall, then opportunistic sampling of surface water should be taken from the Base drains / overland 
flow locations.   

3.4 Monitoring locations 

3.4.1 Groundwater monitoring locations  

The proposed groundwater monitoring locations are set out in the table below.  Sampling at all 
22 locations is proposed twice per year, in April and October, refer to Figure 2 and 3 in Appendix A.  

Sample ID Location Rationale 

MW101 POL refuelling point To characterise groundwater quality down-gradient of the 
refuelling point where AFFF may have been used 
historically. Resampling of this well, which was installed in 
2018. 

MW102 POL refuelling point To characterise groundwater quality down-gradient of 
refuelling point where AFFF may have been used 
historically.  Resampling of this well, which was installed in 
2018. 

MW103 To the southeast of the 
airstrip  

To characterise groundwater quality cross-gradient of the 
south eastern airfield.  Resampling of this well, which was 
installed in 2018. 

MW104 To the northeast of the 
airstrip 

To characterise groundwater quality down-gradient of the 
south eastern airfield.  Resampling of this well, which was 
installed in 2018. 

MW105 To the west of the 
airstrip 

To characterise groundwater quality up-gradient of the 
south eastern airfield.  Resampling of this well, which was 
installed in 2018. 

MW106 Along southern Site 
boundary 

To characterise groundwater quality adjacent to the 
southern Site boundary close to an off-site landfill. 
Resampling of this well, which was installed in 2018. 

MW107 Near the 600m range / 
Electronic 
Classification Range  

To characterise groundwater quality up gradient of the 
former on-Site landfill and downgradient of the 600m 
Range. Resampling of this well, which was installed in 
2018. 

MW108 At the scrape (Landfill 
1)  

To characterise groundwater quality down gradient of a 
former landfill and downgradient of the 600m range. 
Resampling of this well, which was installed in 2018. 

MW109 Close to eastern site 
boundary  

To characterise groundwater quality down-gradient of the 
MUFP close to the eastern Site boundary. Resampling of 
this well, which was installed in 2018. 

MW110 MUFP (multiuser firing 
point) Range 

To characterise groundwater quality downgradient of the 
MUFP. Resampling of this well, which was installed in 
2018. 

MW111 North west of Camp 
Kerr 

To characterise groundwater in an area potentially 
historically used for AFFF demonstration. Resampling of 
this well, which was installed in 2018. 

MW112 East of the caretaker’s 
residence 

To characterise the lateral extent of PFAS in the area of 
the caretaker’s residence. Resampling of wells installed in 
2019. MW113 

(Off-base) 
South of the 
caretaker’s residence 



PFAS ONGOING MONITORING PLAN – WIDE BAY TRAINING AREA 
 

 

19 
 

Sample ID Location Rationale 

(Department of 
Transport and Main 
Roads land) 

MW114 
(Off-base) 

Southwest of the 
caretaker’s residence 
(DTMR land) 

MW115 
(Off-base) 

West of the POL, 
southwest of the WTP 
(DTMR land) 

To characterise the lateral extent of PFAS in the area of 
the POL/WTP and potential risk to groundwater users in 
Wallu. Resampling of wells installed in 2019. 

MW116 
(Off-base) 

West of Camp Kerr 
(Council land) 

MW117 
(Off-base) 

West of Camp Kerr 
(Council land) 

MW118 
(Off-base) 

South of Camp Kerr 
(DTMR land) 

To characterise the lateral extent of PFAS in the area of 
the caretaker’s residence and potential risk to groundwater 
users in Wallu. Resampling of the well, which was installed 
in 2019. 

MW119 Central portion of 
Camp Kerr 

To provide information on groundwater flow directions and 
PFAS concentrations in the central portion of Camp Kerr. 
Resampling of the well, which was installed in 2019. 

MW120 West of WWTP To characterise groundwater to the east of the wastewater 
treatment plant.  Resampling of this well, which has been 
sampled in monitoring events conducted since 2017. 

MW121 Southwest of the 
caretaker’s residence 

To characterise groundwater in the area of the caretaker’s 
residence.  Resampling of these wells which have recorded 
PFAS in monitoring events conducted since 2017. MW122 Southwest of the 

caretaker’s residence 
POT001 / 
WS01 
(Bore 1) 

WTP- tap outlet prior 
to treatment 

These are abstraction bores in the WTP, which are 78.4 m 
(Bore 1 and 51.5 m deep (Bore 2).  The purpose of the 
monitoring is to understand PFAS concentrations in the 
deeper part of the aquifer. 
 

POT005  / 
WS05 
(Bore 2) 

WTP- tap outlet prior 
to treatment 

 

It is not proposed to sample private residential bores in Wallu as groundwater at these locations have 
been characterised as part of the DSI (AECOM, 2020b).  The OMP includes sentinel groundwater 
monitoring wells MW116 and MW117, positioned between Camp Kerr and Wallu, which identify if 
PFAS is migrating from the base towards Wallu.   

Access permissions will be required for the sampling of off-site monitoring locations on Council and 
DTMR land. A stakeholder engagement plan may need to be prepared to manage this process. 

3.4.2 Surface water and sediment monitoring locations 

The proposed 20 surface water and sediment monitoring locations are set out in the table below and 
on Figures 2 and 3 in Appendix A.  Sampling at all surface water locations is proposed twice a year, in 
April and October.  Sampling of all 20 sediment monitoring locations is proposed once per year in 
April.    
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Sample ID Location Rationale 

SD/SW004 Kauri Creek Characterisation along Kauri Creek. 
SD/SW005 Mosquito Creek Characterisation along Mosquito Creek. 
SD/SW006  Tributary of 

Kangaroo Creek 
Characterisation along Kangaroo Creek.   

SD/SW007 Upper part of 
Kangaroo Creek 

Characterisation along Kangaroo Creek.   

SD/SW008 Kauri Creek  Characterisation along Kauri Creek. 
SD/SW009  Central section 

Kangaroo Creek 
Characterisation along Kangaroo Creek.   

SD/SW012  Near boat ramp and 
sentry post 

Characterisation along Kauri Creek.   

SD/SW013 Snapper Creek, 
downstream of 
MUFP and airstrip 

Characterisation along Snapper Creek.   

SD/SW014 Tributary of Snapper 
Creek 

Characterisation along Snapper Creek.   

SD/SW016 Tributary of Snapper 
Creek 

Characterisation along Snapper Creek.   

SD/SW017  Unlined channel to 
south of the 
caretaker’s residence 

Characterisation of surface water in drainage feature which 
received runoff from the irrigation of treated effluent 
containing PFAS. 

SD/SW018 Vehicle washpoint 
drainage channel  

Characterisation along unlined drainage channel 
downstream of vehicle wash point to characterise the 
potential for PFAS concentrations. 

SD/SW019 Ponded water from 
surface water flows  

Sampling of area of ponded water on the western site 
boundary to inform potential for PFAS to be present in 
surface water flowing overland from the Camp Kerr area. 

SD/SW020* Residential dams in 
Wallu 

PFAS was detected in residential dams in Wallu in the DSI.  
Sampling will provide temporal data.   SD/SW021* 

SD/SW022* 
SD/SW023* 
SD/SW024* 
SD/SW025 Ephemeral waterway Resampling of an ephemeral waterway that drains the 

residential dams in Wallu. Sampling will only be undertaken 
if there is sufficient water (flowing or in pools) at the time of 
the sampling event. 

SD/SW026 Drainage pipe at 
Clyde Road 

Sampling at the point where overland water discharges from 
the western portion of Camp Kerr into residential dams.  Not 
previously sampled.   

Note: * Location is on a private residential property  

Off-site surface water and sediment sampling locations on private residential land will require 
landholder access permission agreements prior to sampling. A stakeholder engagement plan may 
need to be prepared to manage this process. 

It is noted that water is not consistently present at sample locations SW017, SW018, SW019, SW025 
and SW026. Therefore, sampling of these locations should be timed to occur following rain events.  

The purpose of sediment sampling is to provide data for the assessment of the bioavailability of PFAS 
in sediment. 
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3.4.3 Biota monitoring 

Biota sampling is not included in this OMP.  A separate one-off biota sampling event is being 
conducted in October 2020 to collect baseline information on PFAS concentrations in biota (yabbies) 
in two residential dams in Wallu, which may receive surface water run-off from the Base.  The 
analytical results will be assessed against human health and ecological guidelines and will establish a 
baseline for future sampling needs. 

3.4.4 Wastewater monitoring 

A sample of the treated wastewater (OTH001) will be collected from the outlet tap of the WWTP 
during each six-monthly monitoring event.  The purpose of the sampling is to monitor PFAS 
concentrations in the effluent that is irrigated to ground at three locations in Camp Kerr. 

In addition, up to two event-based sampling events will be conducted during higher usage periods.   

3.5 Sample analysis  

Samples should be analysed for PFAS in accordance with the PFAS Suite for Defence PFAS 
Investigation and Management as provided in Attachment 1.  Groundwater samples should be 
analysed for standard limits of reporting, surface water samples should be analysed for trace level 
limits of reporting.  Lower limits of reporting are required for surface water samples due to the 
sensitivity of the receiving environment, which is a Ramsar wetland of international importance.  The 
limits of reporting are shown in Attachment 1. 

Groundwater and surface water field parameters and observations to be recorded should include: pH, 
oxidation-reduction potential, electrical conductivity, dissolved oxygen and visual appearance.   

Approximately 20% of groundwater and surface water samples should be analysed for pH, total 
dissolved solids, nutrients (nitrate, nitrite, ammonia and phosphate), major cations (sodium, calcium, 
magnesium and potassium) and anions (chloride, fluoride, sulfate, bicarbonate and carbonate), total 
suspended solids and dissolved organic carbon. 

Approximately 20% of sediment samples should be analysed for pH, total organic carbon, cation 
exchange capacity and electrical conductivity. 

The additional geochemistry will be used to assist the interpretation of the data and be used to inform 
future updates of the conceptual site model. 

The laboratory is required to use NATA accredited methods based on NEPM, US EPA, Table B 15 of 
the US Department of Defence/Department of Energy (US DOD/DoE) and American Society for 
Testing and Materials (ASTM) methods as appropriate.  

Quality control and quality assurances processes will be outlined within the SAQP, refer to 
Appendix B for further guidance. 
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4 REPORTING REQUIREMENTS  

4.1 Guidance documents 

Adopted screening criteria references national guidance in the form of the PFAS National 
Environmental Management Plan, Defence estate and environmental strategies, and Defence PFAS-
specific strategies and guidance. 

4.1.1 PFAS National Environmental Management Plan 

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

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

The PFAS Response Management Strategy and the requirements of the OMP template and guidance 
conform to the NEMP.  

4.2 PFAS screening criteria 

The screening criteria for PFAS in groundwater and surface water is identified in the table below. 

Exposure Scenario Sum of PFHxS and PFOS PFOS PFOA 

Drinking water1 0.07 - 0.56 

Recreational water2 2 - 10 

Freshwater direct 
toxicity, high 
conservation value 
ecosystems (99% 
species protection)3 

 

- 0.00023 19 

Freshwater direct 
toxicity, slightly to 
moderately disturbed 
ecosystem (95% 
species protection)3 

 

 0.13 220 

Notes:  1. Food Standard Australia New Zealand (FSANZ, 2017) 
 2. National Health and Medical Research Council (NHRMC, 2019) 
 3. PFAS NEMP, HEPA, 2018 

 

Groundwater should be screened against drinking water guidelines.  Surface water in creeks and 
dams should be screened against recreational water and ecological guidelines (99% species 
protection).  Surface water in the ephemeral waterway south of Clyde Road (SW025) should be 
screened against ecological guidelines (95% species protection).   

There are no guidelines available for sediment. 

4.3 Reporting 

After each monitoring event, the information and laboratory data collected as part of the works will be 
documented and reported to Defence.  
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The dataset will be reviewed at the end of each 12-month monitoring period. An interpretative report 
is to be drafted, including recommendations for any potential changes in the location and frequency of 
sampling, with consideration to the points contained in section 5.2.   

 

4.3.1 Interpretative report 

The annual report should include, as a minimum: 

 Field works completed (including scope unable to be achieved, such as monitoring well 
access 

 Description of the sampling methodology 

 Compliance with the requirements of the SAQP and meeting stated objectives of the OMP 

 Findings from well gauging including any changes with the monitoring well network including 
access and damage issues 

 Relevant figures depicting sampling locations and site-specific hydrogeological features; 

 Laboratory results and analysis including comparison with relevant screening criteria 
identified in section 4.2 

 Assessment and commentary on appropriate QA/QC procedures; 
 Data interpretation including trends in groundwater concentration, gradient and flow 

directions 

 Assessment of statistically based trends that may inform decision making (refer to section 
5.3), and 

 Provision, at a minimum, of groundwater sampling forms, laboratory analytical certifications 
and calibration certificates. 

4.3.2 Stakeholder engagement 

Analytical results from each monitoring round will be provided to the Queensland Technical Working 
Group led by Department of Environment and Science (DES), including the annual interpretative 
report.  

Where off-Base residential sampling is proposed, a separate letter will be produced to provide to the 
resident with the analytical results of the monitoring event and assessment against relevant guideline 
values.  
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5 REVIEW AND UPDATE 

5.1 Monitoring of management measures 

The principal feature of this OMP is to monitor PFAS detected in groundwater, surface water and 
sediment in different parts of the Management Area to understand the potential migration of PFAS off-
Base. 

The OMP includes monitoring of locations where PFAS is potentially leaving the base through 
overland flow and via creeks.  The monitoring will be conducted for: 

 The primary implementation period of the PMAP 

 The extended implementation period to the extent required by specific characteristics of the 
Management Area, measured against specific data trends.   

An initial period of three years of monitoring has been proposed.  The dataset collected as part of this 
OMP will be reviewed to assess if ongoing monitoring is required to manage potential risks, and 
whether monitoring can be incorporated into existing Defence environmental monitoring programs. 

If remediation action plans are developed for management options within the PMAP, these will require 
individual monitoring plans with appropriate objectives and success measures as relevant to 
monitoring of that action. 

5.2 Triggers for OMP review 

Updates to the OMP may be required for several reasons. 

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate guideline values provides an 
evidence base for targeted and effective risk management of PFAS contamination to protect human 
health and environmental receptors currently impacted by PFAS. 

Changes in our understanding of these risks, triggered by this data assessment may inform: 

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

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

alternative drinking water supplies). 

An update to the OMP may also be triggered by policy changes or through stakeholder engagement 
activities including:  

 changes to State advice on types of exposure-minimisation behaviours (e.g., consumption of 
home produce or seafood) 

 changes to State advice on boundaries of a designated management area and the 
management zones within 

 changes or refinements to the monitoring network, frequency and parameters 

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

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

5.3 Monitoring potential future risks 

Findings from the ongoing monitoring will be used to evaluate whether changes have occurred to the 
risk posed by PFAS contaminated groundwater and surface water across the Management Area. This 
may be achieved through: 

 Comparison of our current understanding of the nature and extent of the plume as presented 
in the DSI 

 This may trigger evaluation of the monitoring program and an updated scope of works  

 Include relevant site-specific considerations, such as potential changes in known 
concentrations within receiving environments or ecological receptors.   

5.4 Document review frequency 

The OMP will be reviewed regularly. The review frequency will be based on site specific 
characteristics and the existing data trend available. The review frequency may be revised during the 
implementation period as more data becomes available. 

Based on the current understanding and existing data, this OMP should be implemented for an initial 
three-year period, and subsequently revised if the monitoring reports trigger this change.  

5.4.1 Existing knowledge 

The document has been developed on the basis of existing knowledge, current government policy 
settings, and available scientific methodologies and technology at the time of publication. PFAS 
management is a field that is rapidly evolving.  

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

The OMP should be subsequently updated in light of the considerations outlined in Section 5 as well 
as reviews and updates to the PMAP to ensure the document is current and its recommendations 
valid. 
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APPENDIX A:  Figures 
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APPENDIX B: SAQP Guidance 

The objective of the SAQP is to outline the monitoring locations, data quality assurance procedures 
and justify sampling methods and procedures to be used during the monitoring events based on the 
technologies available at the time of monitoring.  

The SAQP will be a stand-alone document that details, at a minimum, the following:  

 Introduction including background and summary of previous investigations; 

 Site setting and conceptual site model; 

 Data Quality Objectives as detailed within the Ongoing Monitoring Plan, and a 
description of any inclusions or deviations from the objective or scope; 

 Field work sampling methodology, equipment and laboratory analysis; 

 Waste management; 

 Quality Assurance/Quality Control procedures; and  

 Fieldwork Documentation. 

Laboratory analysis 

Within the SAQP, the primary contaminants of concern are defined as PFAS and referenced in 
Guidance Document E – Standard PFAS Analytical Suite for Detailed Site Investigations (Department 
of Defence, 2018a).  

The OMP includes analysis for some non-PFAS analytes to provide understanding of environmental 
conditions in groundwater and surface water.  These are identified in the table below. 

Group Compound 

Parameters 

pH 
Electrical Conductivity 
Total dissolved solids 
Total suspended solids 
Dissolved organic carbon 
Total organic carbon 
Cation exchange capacity 

Nutrients 

Ammonia (NH3) 
Nitrate (NO3) 
Nitrite (NO2) 
Phosphate (PO4) 

Major cations 

Sodium 
Calcium 
Magnesium 
Potassium 

Major anions 

Chloride 
Fluoride 
Sulfate 
Bicarbonate 
Carbonate 
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Other contaminants of potential concern are defined as those listed as non-PFAS compounds and are 
not considered as part of this investigation, unless determined necessary to supplement new and 
existing data.   

Laboratory sampling analysis is to be conducted using NATA certified laboratories which will 
implement a quality control plan in accordance with NEPM (1999). 

Sampling methodology 

Sampling and monitoring should be undertaken in accordance with the Heads of EPAs Australia and 
New Zealand (HEPA), 2018, PFAS National Environmental Management Plan (Version 2) and with 
requirements contained in AS5667.11:1998 Water Quality Sampling Part 11: Guidance on Sampling 
of Groundwaters and Schedule B2 of the ASC NEPM (2013). 

Groundwater sampling 

Prior to sampling, groundwater wells are to be gauged with an interface water level probe to 
determine depth to water level below top of casing. The location and elevation of groundwater wells is 
to be recorded to inform our current understanding of groundwater flow direction.  

Groundwater samples will be collected from each well with the method consistent with previous 
investigations to allow for comparison of data for trend analysis and evaluation, such as through either 
a low/high flow pump purging or via a HydraSleeve grab sampler.   

Physical indicators such as the presence (and percentage) of suspended solids, colour, the 
presence/absence and nature of odours and the presence/absence of slicks or sheens on water 
sampled will be recorded on field sheets. 

Surface water sampling 

Surface water samples should be collected in accordance with PFAS NEMP (2018) guidelines. 
Surface water samples should be collected from either mid-way through the water column or 
approximately 0.5 m below the surface (if possible), without disturbing the bottom of the surface water 
body. Samples should be collected without capturing any surface film.   

Quality control and quality assurance processes 

The methods proposed to provide adequate QA/QC of the data are based on guidance provided in 
the NEPM 1999 (2013 amendment) Schedule B2 Guideline on Site Characterisation and Section 8 of 
Standard guide to the investigation and sampling of sites with potentially contaminated soil (AS 
4482.1-2005). The NEMP (HEPA, 2018) provides further guidelines on PFAS-specific QC measures, 
which are detailed below. 

The following field quality assurance procedures will be undertaken during the sampling program to 
facilitate the representativeness and integrity of samples collected during the investigation works: 

 Use of appropriate laboratory supplied and preserved sample containers 

 Decontamination in accordance with PFAS free decontaminants (i.e. Liquinox) with 
particular regard to the prevention of cross contamination from equipment containing 
PFAS to avoid false positive results in samples 

 Duplicate and triplicate sets will be collected for 1 in 10 samples collected. 

 Rinsate blanks will be collected daily. 
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Both field and laboratory QA/QC processes should be undertaken in accordance with the most recent 
state or national guidance.   
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ATTACHMENT 1: Defence Standard PFAS Analytical Suite 

 

PFAS Group Compound CAS No. 
LOR 
(µg/L) 

Trace 
LOR 
(µg/L) 

Perfluoroalkyl 
Sulfonic 
Acids 

Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.002 0.0005 
Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.002 0.0005 
Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.002 0.0005 
Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.002 0.0005 
Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.002 0.0003 
Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.002 0.0005 

Perfluoroalkyl 
Carboxylic 
Acids 

Perfluorobutanoic acid (PFBA) 375-22-4 0.01 0.002 
Perfluoropentanoic acid (PFPeA) 2706-90-3 0.002 0.0005 
Perfluorohexanoic acid (PFHxA) 307-24-4 0.002 0.0005 
Perfluoroheptanoic acid (PFHpA) 375-85-9 0.002 0.0005 
Perfluorooctanoic acid (PFOA) 335-67-1 0.002 0.0005 
Perfluorononanoic acid (PFNA) 375-95-1 0.002 0.0005 
Perfluorodecanoic acid (PFDA) 335-76-2 0.002 0.0005 
Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.002 0.0005 
Perfluorododecanoic acid (PFDoDA) 307-55-1 0.002 0.0005 
Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.002 0.0005 
Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.005 0.0005 

Perfluoroalkyl 
Sulfonamides 

Perfluorooctane sulphonamide (FOSA) 754-91-6 0.002 0.0005 
N-Methyl perfluorooctane sulfonamide 
(MeFOSA) 

31506-32-8 
0.005 0.001 

N-Ethyl perfluorooctane sulfonamide 
(EtFOSA) 

4151-50-2 
0.005 0.001 

N-Methyl perfluorooctane 
sulfonamidoethanol (MeFOSE) 

2448-09-7 
0.005 0.001 

N-Ethyl perfluorooctane 
sulfonamidoethanol (EtFOSE) 

1691-99-2 
0.005 0.001 

N-Methyl perfluorooctane 
sulfonamidoacetic acid (MeFOSAA) 

2355-31-9 
0.002 0.0005 

N-Ethyl perfluorooctane sulfonamidoacetic 
acid (EtFOSAA) 

2991-50-6 
0.002 0.0005 

(n:2) 
Fluorotelomer 
Sulfonic 
Acids 

4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.005 0.001 
6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.005 0.001 
8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.005 0.001 
10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.005 0.001 
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