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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for HMAS Cairns and the former World 
War II Royal Australian Navy (RAN) Fuel Installation in Edge Hill, Cairns. 

This PMAP sets out a plan for Defence to manage the potential risks of PFAS contamination on 
and emanating from HMAS Cairns and the WWII RAN Fuel Installation, as identified in: 

• the HMAS Cairns Detailed Site Investigation report (2 December 2019) 

• the Addendum to the Detailed Site Investigation for the WWII RAN Fuel Installation report 
(18 August 2020)  

• the Human Health and Ecological Risk Assessment report (18 August 2020) 

• the Screening Level Ecological Risk Assessment: Former WWII Royal Australian Navy Fuel 
Installation, Edge Hill, Qld (18 August 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 

The PFAS Management Area Plan (PMAP) for HMAS Cairns is a roadmap detailing the management 
measures to address soil and water contamination concerns and potential risks resulting from per- 
and poly-fluoroalkyl substances (PFAS) contamination associated with HMAS Cairns, the WWII RAN 
Fuel Installation and surrounding areas. This document sets out to describe the further investigations 
required to address data gaps and uncertainties and describe potential management actions that may 
be implemented to prevent or minimise the migration of PFAS from the Defence property boundary. 

Background 

General  

Managing fuel fires is a critical capacity for all Defence Bases and airports. This includes training 
Defence personnel in fire-fighting techniques. PFAS was an active ingredient in legacy fire-fighting 
foams used at the Base from around the 1970s. From 2004, Defence commenced phasing out its use 
of legacy firefighting foams containing perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid 
(PFOA) as active ingredients. Defence now uses a more environmentally safe firefighting product 
called Ansulite. Ansulite does not contain PFOS and PFOA as active ingredients but does in trace 
amounts. Ansulite is used by Defence only in emergency situations where human life is at risk, or in 
controlled environments to test equipment. 

PFAS is highly soluble and mobile, and able to rapidly leach through soils or disperse in waterways, 
travelling long distances, as well as being able to permeate some solid surfaces. It is very chemically 
and biologically stable, being resistant to breakdown and evaporation, as well as being 
environmentally persistent and bio-accumulative.  

HMAS Cairns  

HMAS Cairns is located approximately 2 km southeast of the Cairns Central Business District and sits 
on the western shore of Trinity Inlet, within the Cairns Regional Council local government area. The 
main operations of the base include maintenance, logistics and administrative support for Cairns 
based fleet units whilst also providing refit and training support for neighbouring Pacific Island 
Nations. There is no live-in accommodation on base. The base is connected to town water supply by 
Cairns Regional Council and bore water is not used in the operation of the site.  

WWII RAN Fuel Installation 

The WWII RAN Fuel Installation at Edge Hill is located approximately 3.5 km north west of the Cairns 
CBD and sits within the Cairns Regional Council local government area. The WWII RAN Fuel 
Installation area currently forms part of the Tanks Art Centre within the Cairns Botanical Garden and 
covers an area of approximately 2.35 ha, which is also comprised of three lots: 

• WWII RAN Fuel Installation Tanks 1-2: Lot 346 on RP711610 
• WWII RAN Fuel Installation Tanks 3-5: Lot 349 on SP241305 
• WWII RAN Fuel Installation Former Fire Station and Foam Tank: Lot 1 on SP201233 

The Management Areas 

HMAS Cairns  

The term ‘HMAS Cairns Management Area’ in this PMAP refers to HMAS Cairns as well as land 
situated down hydraulic gradient, including Trinity Inlet. 

HMAS Cairns consists of three lots, including: 



• HMAS Cairns: Lot 183 on SP207572 
• Draper Street Block: Lot 485 on NR4638 
• Seabed area: A portion of Lot 16 on SP199206 

The Management Area has been defined as it was identified in the DSI and/or HHERA to contain 
migration pathways for PFAS to move from site (e.g. through stormwater runoff and/or groundwater) 
into Trinity Inlet. 

WWII RAN Fuel Installation  

The term ‘WWII RAN Fuel Installation Management Area’ in this PMAP refers to the former WWII 
RAN Fuel Installation, the Cairns Botanic Gardens, Centenary Lakes, Saltwater Creek and private 
residential properties along Greenslopes Street and Collins Avenue. 

Saltwater Creek, downgradient of the WWII RAN Fuel installation is not considered a designated Fish 
Habitat Area, however it discharges into the Port of Cairns, which is within the Great Barrier Reef 
Coast Marine Park and zoned for estuarine conservation and is a designated Fish Habitat Area.  

It is understood, from a water use survey, town water connection is currently in use at all properties 
within the Management Area, and to date, there have been no indication of residents or Council using 
bore water for any purpose at residential properties within the Management Area.  

Purpose 

This PMAP provides a broad roadmap for response management by Defence of potential risks arising 
from PFAS contamination associated with HMAS Cairns and the WWII RAN Fuel Installation and 
surrounding areas, consistent with the PFAS National Environmental Management Plan (NEMP). 

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

The PMAP relies on the following: 

• The HMAS Cairns detailed site investigation (DSI) of 2 December 2019, conducted by 
Aurecon 

• The human health and ecological risk assessment (HHERA) for HMAS Cairns of 18 August 
2020, conducted by Aurecon and Environmental Risk Sciences (EnRiskS) 

• The Addendum to the DSI - former WWII RAN Fuel Installation, Edge Hill of 18 August 2020, 
conducted by Aurecon 

• The Screening Level Ecological Risk Assessment: Former WWII RAN Fuel Installation, Edge 
Hill 18 August 2020  conducted by Aurecon and Environmental Risk Sciences (EnRiskS). 

to inform risk identification and weighting for the Management Area. 

Risk Management 

The investigation identified the following potential risks associated with PFAS, including: 

• At HMAS Cairns: 
o Consumption of fish caught from Trinity Inlet at the following locations and above the 

recommended dietary intake for fish/crustacea  
o Risks that are unable to be excluded to the aquatic ecosystem of Trinity Inlet through 

bioaccumulation and effects on higher order consumers 
• At the former WWII RAN Fuel Installation: 



o Risks that are unable to be excluded to the aquatic ecosystem of Trinity Inlet through 
bioaccumulation and effects on higher order consumers 

Defence’s management of the risks under the PMAP aims to avoid or minimise exposure to PFAS 
contamination from Defence property to human health and ecological receptors. In doing so, Defence 
prioritises the following: 

1. Completing further investigations to address data gaps and uncertainties regarding mass flux of 
PFAS in stormwater and groundwater 

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

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

• Limiting the migration pathway of the contamination from the source to a receptor 

3. Ongoing liaison with community and stakeholders. 

The first action above will be carried out initially and used to complete the next action, with ongoing 
liaison with community and stakeholders throughout the process. As such, the second action is not 
covered in this iteration of the PMAP, although will be addressed in subsequent PMAP iterations. 

Recommended Actions 

General 

The development and recommendation of appropriate response actions was undertaken in 
accordance with the PFAS NEMP. Defence prioritises source management as preferable to pathway 
management, and pathway management as preferable to receptor management, however, these 
components may be progressed concurrently. 

Following completion of the additional investigations, the recommended set of PMAP response 
actions for each identified risk, based on the comparative analysis and the integrated analysis, are 
provided below.  

Additional Investigations  

Identification of management options at HMAS Cairns requires additional investigations prior to 
management option implementation. The additional investigations will address uncertainties and data 
gaps in PFAS impacted groundwater and stormwater from HMAS Cairns with actions summarised in 
Table 1.   

At the former WWII RAN Fuel Installation, there is potential for bioaccumulation of PFAS in the 
aquatic ecosystem and effects on higher order consumers. Ongoing monitoring will occur at the 
former WWII RAN Fuel Installation and the surrounding areas through the Ongoing Monitoring Plan. 

Table 1 Current PMAP recommended actions  

Location Recommended actions 

HMAS Cairns  • Stormwater investigation to: 
- Confirm location, type and condition of the stormwater infrastructure and 

stormwater catchment  
- Locate potential source areas and determine flow rates for base flow and rainfall 

events 
- Complete wet season first flush and follow-up stormwater sampling to confirm 

mass of PFAS discharge into Trinity Inlet  



Location Recommended actions 
- Wash-down investigation targeting any source areas identified by the 

investigations detailed above 
 

• Groundwater investigation to:  
- Determine contribution of PFAS to groundwater from activities at HMAS Cairns 

compared with other potential source areas upstream. 
- Confirm the direction of groundwater flow 

 
• Hydraulic conductivity testing of the aquifer to determine the migration rate of 

groundwater and the extent of groundwater control required. 

WWII RAN Fuel 
Installation 

• Ongoing monitoring of PFAS in the groundwater and Saltwater Creek / Centenary 
Lakes 

 
The outcomes of these investigations will inform the PFAS mass flux study, which will be used to 
inform management actions at HMAS Cairns where it is identified that Defence is contributing to 
PFAS migrating off base. The mass flux study will ensure the most effective option/s are identified in 
the PMAP and are designed to achieve specific remediation objectives through Remediation Action 
Plans (RAP). 

Ongoing Monitoring Plan 

The objectives of the OMP are to: 

• Develop a program of surface water and groundwater monitoring to continue to assess 
changes in risk from PFAS within the environment, focusing on where there is an identified 
potential risk requiring management under the PMAP; 

• Obtain baseline data in order to assess the effectiveness of remediation activities from the 
PMAP in reducing the mass of PFAS in surface water and groundwater; 

• Assess the seasonal effects of PFAS concentrations in surface water and groundwater, 
including during or immediately following extreme or high rainfall events. 

The OMP for the Management Area is set out in Attachment 1. 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. 

PMAP 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. 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. 

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

Any proposed changes to this PMAP will be communicated and discussed with the community and 
key stakeholders including Federal and Queensland government agencies and the Cairns Regional 
Council. 
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GLOSSARY OF TERMS 

ADV Australian Defence Vessel 

AEP  Annual Exceedance Probability  

AFFF  Aqueous film forming foam  

AHD  Australian Height Datum  

ANZECC  Australian and New Zealand Environment Conservation Council  

ASS  Acid sulfate soils   

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

bgl  Below ground level  

BoM Bureau of Meteorology  

Btoc Below top of casing 

C% Total Organic Carbon 

Ca Calcium 

CBD  Central Business District  

CLR  Contaminated Land Register  

cm  Centimetre  

CRC Care  Cooperative Research Centre for Contamination Assessment and Remediation  
of the Environment  

CSM  Conceptual Site Model  

DES  Department of Environment and Science  

DFI  Defence Fuel Installation  

DSI  Detailed Site Investigation as identified in section 1.5 

EMR  Environmental Management Register  

EPA  Environmental Protection Agency  

EPBC Act  Environment Protection and Biodiversity Conservation Act 1999  

ERA Ecological Risk Assessment 

ESM Environment and Sustainability Manager 

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 

FSANZ  Food Standards Australia and New Zealand  

FTS  Fluorotelomer sulfonates  
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H Hour  

ha Hectare  

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  

IRM Interim Response Management 

kg Kilogram 

km  Kilometre 

L Litre 

LC Lead consultant 

LPG  Liquified petroleum gas  

m Metre 

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

Mg Magnesium  

Mg Milligrams 

ml Millilitre 

MNES Matters of National Environmental Significance 

mV. Millivolts 

MW Monitoring well 

Na Sodium  

NEMP  National Environmental Management Plan  

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. 

NEPM 2013  National Environment Protection (Assessment of Site Contamination) Measure 
1999 (Amendment 1, 2013)  

NHMRC  National Health and Medical Research Council  

NTU  Nephelometric turbidity units  

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) 
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PFAS  Per- and poly-fluoroalkyl substances  

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

PFHxS  Perfluorohexane sulfonic acid  

PFOA  Perfluorooctanoic acid  

PFOS  Perfluorooctane sulfonate  

PMAP  PFAS Management Area Plan 

POP  Persistent organic pollutant  

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 

PSI  Preliminary Site Investigation   

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). 

Qa Quaternary deposits 

QLD  Queensland  

QSM  Quality Systems Manual   

RAN  Royal Australian Navy  

Remediation Action 
Plan (RAP) 

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

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

Response 
Management 
Strategy (RMS) 

The Defence PFAS Response Management Strategy 

Risk assessment(s) The HHERA and/or ERA described in section 1.5 

s Second  

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 

SW Surface water 
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Tolerable daily intake Level of daily oral exposure over a lifetime that is considered to be without 
significant health risk for humans 

WHS Workplace health and safety 

WWTP  Wastewater Treatment Plant 

°C Degrees Celsius  

µS Microsiemens 

4:2 FTS  4:2 Fluorotelomer sulfonic acid  

6:2 FTS  6:2 Fluorotelomer sulfonic acid  

8:2 FTS  8:2 Fluorotelomer sulfonic acid  

10:2 FTS  10:2 Fluorotelomer sulfonic acid  
 

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

1.1 Purpose 

This PFAS Management Area Plan (PMAP) provides a broad roadmap for response management by 
Defence of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) contamination 
associated with HMAS Cairns and the WWII RAN Fuel Installation and surrounding areas, consistent 
with the PFAS National Environmental Management Plan (NEMP). 

Defence’s management of the risks under the PMAP aims to avoid or minimise exposure to PFAS 
contamination from Defence property to human health and ecological receptors. In doing so, Defence 
prioritises the following: 

1. Completing further investigations to address data gaps and uncertainties regarding mass flux of 
PFAS in stormwater and groundwater 

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

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

• Limiting the migration pathway of the contamination from the source to a receptor 

3. Ongoing liaison with community and stakeholders. 

The first action above will be carried out initially and used to complete the next action, with ongoing 
liaison with community and stakeholders throughout the process. As such, the second action is not 
covered in this iteration of the PMAP, although will be addressed in subsequent PMAP iterations. 

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 PFAS Technical Working Group 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 
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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. 

1.3.2 The nature of PFAS 

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

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

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

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

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

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

 

 

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

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

1.4.1 PFAS National Environmental Management Plan 

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

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

 

 

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

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

PFAS Construction 
and Maintenance 
Framework 

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

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

Figure 1: Defence PFAS response management and implementation map 

 

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

1.5 Scope 

This PMAP relies on: 

• The HMAS Cairns detailed site investigation of 2 December 2019 conducted by Aurecon, 

• The human health and ecological risk assessment for HMAS Cairns of 18 August 2020 
conducted by Aurecon and Environmental Risk Sciences (EnRiskS), 
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• The Addendum to the detailed site investigation - former WWII RAN Fuel Installation, 
Edge Hill 18 August 2020 conducted by Aurecon, and 

• The Screening Level Ecological Risk Assessment: Former WWII RAN Fuel Installation, 
Edge Hill 18 August 2020 conducted by Aurecon and Environmental Risk Sciences 
(EnRiskS). 

to inform risk identification and weighting for the Management Areas. 

The key parameters for the PMAP are set out below. 

 HMAS Cairns WWII RAN Fuel Installation 

Management Area The Management Area comprises 
HMAS Cairns, the Draper Street 
Block and the seabed area, land 
located down hydraulic gradient 
(east) and Trinity Inlet, from north of 
Admiralty Island (500 m upstream of 
base) to the Cairns Marlin Marina 
(1.7 km downstream of base). 

The Management Area comprises 
the WWII RAN Fuel Installation and 
downgradient within the Cairns 
Botanic Gardens. 

Issue/risk 
identification 

Potential risks include: 
Consumption of fish caught from 
Trinity Inlet at the following locations 
and above the recommended dietary 
intake for fish/crustacea: 
• Adjacent to the base (BIO01), fish 

and/or crustaceans 

• Downstream (BIO03), fish and/or 
crustaceans 

Aquatic ecosystems: 
bioaccumulation and effects on 
higher order consumers 

Aquatic ecosystems: 
bioaccumulation and effects on 
higher order consumers 

Issue/risk range A PMAP addresses the range of 
potential risks identified in the 
Detailed Site Investigation (DSI) and 
the risk assessment, but excludes 
Workplace health and safety (WHS) 
PFAS exposure risks within the 
Management Area. WHS are 
appropriately managed by the 
relevant contractor in accordance 
with applicable work, health and 
safety legislation. 

A PMAP addresses the range of 
potential risks identified in the DSI 
but excludes WHS PFAS exposure 
risks within the Management Area. 
WHS are appropriately managed by 
the relevant contractor in accordance 
with applicable work, health and 
safety legislation. 

Remediation 
technology status 

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

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



 
PFAS MANAGEMENT AREA PLAN – HMAS CAIRNS AND WWII RAN FUEL INSTALLATION 

 
 
1.6 Key response factors 

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

• whether an option is proportional to risks 

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

• views of the jurisdictional regulator and 
other stakeholders 

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

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

• effectiveness and validation status of 
technology 

• success measures for the treatment or 
remediation outcomes 

• the need for ongoing operations, 
management, maintenance or monitoring 

• the net environmental benefit 

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

1.7 Implementation process 

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

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

Actions under the PMAP will be subject to Defence approval and procurement processes, including 
where relevant, the processes of the Parliamentary Standing Committee on PWC processes. 

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

 

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

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

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

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

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

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

a) Higher value public works 

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

• urgency 
• for defence purposes where that scrutiny could be contrary to the public interest, or 
• for projects of a repetitive nature. 

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

• approval to proceed 
• approval to proceed, subject to specific conditions or requirements 
• Committee deliberation postponed, pending further information, or 
• Committee resolution to seek a referral. 

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

b) Site Selection Board 

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

The question as to whether a regional or full review is required will be determined in accordance with 
Defence Estate Quality Management System (DEQMS) guidance5 

1.7.2 Procurement phase 

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

1.7.3 Implementation timelines 

The outcomes of the procurement processes will inform the 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). The implementation of the Ongoing Monitoring 

 

 

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
5 http://www.defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 
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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 
is completed. It applies to response actions required beyond the primary implementation 
period on an ongoing or long-term basis. These actions include ongoing: 

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

impacted soils and materials. 

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

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

Area for PFAS). 

1.7.4 A living document 

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

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

This document will be reviewed annually (or earlier if required). As implementation of the PMAP 
progresses, detailed plans supplementary to this PMAP will be prepared (as required) to address the 
individual management actions that have been identified in this PMAP. 

1.8 Constraints and assumptions 

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

• Information collected as part of the investigation works to date (sourced from the DSI, DSI 
Addendum and HHERA): 

o conceptual site model (refer Appendix C, Table C.1, Figure C.1 and Table C.2, Figure 
C.2) detailing the source-pathway-receptor linkages (Aurecon 2019a; 2020) 

o HMAS Cairns Detailed Site Investigation (Aurecon 2019a) 

o Edge Hill Tanks Detailed Site Investigation (Aurecon 2019b) 

o Addendum to the Detailed Site Investigation – former WWII RAN Fuel Installation, 
Edge Hill (Aurecon 2020) 

o Human Health and Ecological Risk Assessment: Investigation of PFAS at HMAS 
Cairns (EnRiskS 2020a) 
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o Screening Level Ecological Risk Assessment: Former WWII RANF Fuel Installation, 
Edge Hill, QLD, Addendum to the Human Health and Ecological Risk Assessment: 
Investigation of PFAS at HMAS Cairns (EnRiskS 2020b) 

• Availability of proven technologies for the successful remediation of PFAS in the environment 

o Management and remedial technologies summarised in the NEMP (2018) 

o Additional technologies based on successful trials within and outside of Australia 
(based on publicly available information) 

o Technologies that are not considered economically viable or feasible for use at HMAS 
Cairns have been excluded (as recommended in NEMP 2018). However, Defence 
will annually review and assess remediation technologies and their applicability to the 
management of PFAS at HMAS Cairns and the WWII RAN Fuel Installation. 
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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 

2.1.1 HMAS Cairns 

HMAS Cairns is located approximately 2 km southeast of the Cairns Central Business District (CBD) 
and sits on the western shore of Trinity Inlet, within the Cairns Regional Council local government 
area.  

The main operations of the base include maintenance, logistics and administrative support for Cairns 
based fleet units whilst also providing refit and training support for neighbouring Pacific Island Nations 
(Royal Australian Navy 2018).  

There is no live-in accommodation on base. The base is connected to town water supply by Cairns 
Regional Council and bore water is not used in the operation of the site.  

The Management Area is approximately 273.24 ha and is illustrated in Figure 3. The Management 
Area includes HMAS Cairns, which consists of three lots, and covers approximately 14.81 ha, 
including: 

• HMAS Cairns: Lot 183 on SP207572 
• Draper Street Block: Lot 485 on NR4638 
• Seabed area: A portion of Lot 16 on SP199206 

 
The Management Area also includes any land situated down hydraulic gradient of HMAS Cairns, 
including Trinity Inlet, as they were identified in the DSI and/or HHERA to contain migration pathways 
for PFAS to move from site (e.g. through stormwater runoff and/or groundwater). The land is zoned as 
Strategic Port Land under the Cairns Plan 2016 zoning code while Trinity Inlet is a Fish Habitat Area 
under the Fisheries Act 1994. Land surrounding HMAS Cairns is generally private property to the 
north, south and west, zoned as either High/Medium Impact Industry, Strategic Port Land, Principal 
Centre or mixed use. Land to the east of HMAS Cairns is generally zoned as Open Space or 
Conservation and includes Trinity Inlet.  

2.1.2 WWII RAN Fuel Installation 

The WWII RAN Fuel Installation at Edge Hill is located approximately 3.5 km north west of the Cairns 
CBD and sits within the Cairns Regional Council local government area. The WWII RAN Fuel 
Installation area currently forms part of the Tanks Art Centre within the Cairns Botanical Garden and 
covers an area of approximately 2.35 ha, which is also comprised of three lots: 

• WWII RAN Fuel Installation Tanks 1-2: Lot 346 on RP711610 
• WWII RAN Fuel Installation Tanks 3-5: Lot 349 on SP241305 
• WWII RAN Fuel Installation Former Fire Station and Foam Tank: Lot 1 on SP201233 

It is understood, from a water use survey, town water connection is currently in use at all properties 
within the Management Area, and to date, there have been no indication of residents or Council using 
bore water for any purpose at residential properties within the Management Area.  

The total Management Area at the WWII RAN Fuel Installation is 53.22 ha and is illustrated in Figure 
4. The Management Area includes, the WWII RAN Fuel Installation, private residential properties 
along Greenslopes Street and Collins Avenue, as well as any land situated down hydraulic gradient 



 Figure 3: HMAS Cairns Management Area
HMAS Cairns and WWII RAN Fuel Installation PFAS Management Area Plan°

1Version:

Source: Imagery - Nearmap (18/08/2017)

Legend

A3 scale: 1:1,500 Job No: 503827-003-01

Date: 4/04/2020

Coordinate System: GDA 1994 MGA Zone 55

Management area

Seabed Area

HMAS Cairns Base Boundary

0 6030
Metres



CENTENARY LAKES

LILY CREEK

SA
LT

WA
TE

R C
RE

EK

Lily Street

Rutherford Street

Moffat Street

Ma
cd

on
ne

ll S
tre

et

Sheridan Street

Greenslopes Street

Cairns Street

Collins Avenue

Ma
ye

rs 
St

ree
t

Woodward Street

Mc
na

ma
ra 

St
ree

t

Mc
ph

ers
on

Cl
os

e

Stuart Street

Short S
treet

Lake StreetSeymour Street

Iza
tt C

los
e

Smith Street

Walsh Street

Goodwin Street
Okeefe Street

Howe Street

Russell Street

Behan Street

Mcleod Street

Torrance Avenue

Mclean Street

Little Street

Fr
ien

d S
tre

et
TANK 1

TANK 2

TANK 3TANK 4
TANK 5

 Figure 4: Former WWII RAN Fuel installation Management Area
HMAS Cairns and Former WWII RAN Fuel Installation PFAS Investigation Addendum to the DSI°

1Version:

Source: Imagery - Nearmap (18/08/2017). 

Legend

A3 scale: 1:5,000 Job No: 503827-003-01

Date: 14/05/2020

Coordinate System: GDA 1994 MGA Zone 55

Watercourses

Management area

Former WWII RAN Fuel Installation

0 200100
Metres



PFAS MANAGEMENT AREA PLAN – HMAS CAIRNS AND WWII RAN FUEL INSTALLATION 
 

 
such as the Cairns Botanic Gardens. The land is zoned as Open Space under the Cairns Plan 2016 
zoning code. 

Saltwater Creek, downgradient of the WWII RAN Fuel installation is not considered a designated Fish 
Habitat Area, however it discharges into the Port of Cairns, which is within the Great Barrier Reef 
Coast Marine Park and zoned for estuarine conservation and is a designated Fish Habitat Area.  

2.2 Management Area setting 

2.2.1 Climate 

Cairns has a tropical climate with a distinct wet season and dry season. Cairns generally has a hot 
and humid summer and a milder drier winter with the majority of rainfall in Cairns occurring during 
summer between January and March. From December to March, the monsoon trough brings warm to 
hot, humid conditions with a high chance of thunderstorms. Cyclone season normally occurs between 
December and April, although exceptions do occur. 

Mean annual rainfall for the region has been 1,987.4 mm over the station’s 75 year recording period. 
August is on average the driest month with an average rainfall of 26.1 mm, while February is on 
average the wettest month with average rainfall of 444.9 mm.  

2.2.2 Topography 

HMAS Cairns 

HMAS Cairns is predominantly flat with an elevation of approximately 2.0 m AHD. Topography of 
surrounding sites is also similar in elevation due to similar land use with the exception of Trinity Inlet 
to the east of the site (Queensland Government 2018). The Draper Street Block is also relatively 
level, having been reclaimed from low lying land with dredge spoil, although slopes slightly towards 
the south west portion (Golder Associates 2005). 

WWII RAN Fuel Installation 

The WWII RAN Fuel Installation area has an elevation between 2.0 m and 30.0 m AHD due to the site 
being on the foothills of Mount Whitfield. North of the WWII RAN Fuel Installation, elevation rapidly 
increases as it reaches the peak of Mount Whitfield. The elevation gently slopes from the WWII RAN 
Fuel Installation south and east, towards Saltwater Creek (Queensland Government 2018b).  

2.2.3 Regional and local geology 

HMAS Cairns 

Cairns City was built upon low-lying Quaternary coastal and estuarine sediments (sand, silt and mud). 
The Geological Survey of Queensland 1:250,000 Geological Map Sheet describes the Quaternary 
deposits (Qa) as alluvium and recent beach sands. Sand ridges consist of medium quartzose sand 
with occasional coarser material, including granules and small pebbles (Ports North and Flanagan 
Consulting Group 2017).  

A large portion of the Cairns shoreline along Trinity Inlet has been reclaimed land using a combination 
of dredged spoil and quarried material (McKenzie et al. 2011).  

WWII RAN Fuel Installation 

The geology at the WWII RAN Fuel Installation (at a 1:100,000 extent) varies between Tanks 1 and 2 
and Tanks 3, 4 and 5. Tanks 1 and 2 are underlain by coastal tidal flats, mangrove flats and 
grasslands of sand and mud from the Holocene epoch (Qhct-8064) (Queensland Globe 2018). 
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At Tanks 3, 4 and 5, the geology is considered older (Pleistocene) and comprises steep alluvial and 
colluvial fans, cones and aprons of coarse boulder deposits (on granites) as well as silty and clayey 
gravel (on metasediments) (Qpfc-8064) (Queensland Globe 2018). 

2.2.4 Regional and local hydrogeology 

HMAS Cairns 

HMAS Cairns is located within the Mulgrave-Russell drainage basin, which covers an area of 
1,984 km2, including the Cairns region, and the sub-basin of the Mulgrave River. Groundwater within 
HMAS Cairns is part of the Cairns Urban Catchment, which ultimately flows towards Trinity Inlet and 
the Coral Sea. The environmental values for groundwater include use by humans for irrigation, farm 
supply/use, stock water, drinking and industrial use. Other environmental values include aquatic 
ecosystems and cultural and spiritual values. 

Groundwater flows east towards Trinity Inlet with a hydraulic gradient that varies across the site with a 
shallow gradient in the northwest and south west and a steep gradient (0.04) in the central east 
portion of the site close to the shore line. Groundwater gauging results from November 2018 until July 
2019 indicated groundwater levels between -0.96 and 2.4 m AHD (3.46 m below top of casing (btoc) 
and 0.21 m btoc) and the flow direction is generally to the east towards Trinity Inlet.  

The ground conditions below HMAS Cairns and its surrounds are highly modified through the addition 
of fill to raise ground levels and infilling of historical surface water bodies (creeks). It is likely that the 
shallow unconfined aquifer is influenced by subsurface features no longer present at the surface, 
including the former Alligator Creek to the north and west of site as well as possible paleochannels in 
the shallow alluvial and estuarine deposits and from areas of land reclamation to the east of the site. 

The eastern boundary of the site on the banks of Trinity Inlet is formed by a retaining structure 
breakwater constructed of uncemented boulders and cobbles. The retaining structure is not expected 
to cause any impediment to the connectivity of both groundwater and estuarine water interactions due 
to the high permeability of the material.  

Groundwater within the eastern site boundary (MW15 and MW24) was coupled with tide in Trinity 
Inlet as the groundwater level at these wells varied up to 2.5 m, corresponding to the tidal elevations, 
with an approximately one-hour lag between peak tide height and peak groundwater height. Both 
wells are installed near the shore of Trinity Inlet and are installed within granular material. 

Other wells near the shoreline (MW12 and MW13) installed in natural marine clay deposits and other 
wells installed in the central portion of the site (MW16, MW18, MW20 and MW21) all responded to 
high tides but did not fall as a response to the low tide. The groundwater responses to the high tide 
but not low tide indicates a retention in the shallow aquifer creating a damming effect, and there is not 
an instantaneous adjustment to changes in head as is seen in MW15 and MW24, which are situated 
on the retaining wall (Bye & Narayan 2009). 

A review of registered groundwater bores located within a 2 km radius of HMAS Cairns, including 
groundwater quality parameters, is detailed in DSI (Aurecon 2019a). 

WWII RAN Fuel Installation 

The WWII RAN Fuel Installation is located within the Mulgrave-Russell drainage basin, with 
groundwater within the area part of the Cairns Urban Catchment, which ultimately flows towards 
Trinity Inlet and the Coral Sea. The environmental values for groundwater include use by humans for 
irrigation, farm supply/use, stock water, drinking and industrial use. Other environmental values 
include aquatic ecosystems and cultural and spiritual values. 
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Groundwater is expected to flow to the south to south east discharging to Centenary Lakes in the 
Cairns Botanic Gardens and to Saltwater Creek. Groundwater is expected to be seasonally influenced 
with rises expected during wet season and minor tidal fluctuations are possible in groundwater 
immediately adjacent to Saltwater Creek during high tides.  

Groundwater gauging results between May and June 2019 indicated groundwater levels between 
0.37 and 6.73 m AHD and the flow direction to be south east, consistent with the topographic 
gradient, from the foothills of the Mount Whitfield Conservation Area towards Saltwater Creek through 
the Cairns Botanical Gardens. 

Multiple aquifers were found to underlie the Edge Hill area with strata descriptions indicating the 
presence of multiple clay layers ranging from 10 m and up to 40 m thick to form a confining layer to 
the aquifers. The clay confining layers will minimise the communication between the aquifers and 
restrict the vertical migration of potential contaminants (Aurecon 2020). 

Three groundwater monitoring bores installed by the Cairns Regional Council are located within the 
Cairns Botanic Gardens, down hydraulic gradient of the WWII RAN Fuel Installation. Further details 
on the groundwater bores including groundwater quality parameters is provided in the Addendum to 
the DSI (Aurecon 2020). 

2.2.5 Surface water 

HMAS Cairns 

Trinity Inlet is located immediately east of HMAS Cairns and is a tidal estuarine body of water that 
discharges north into Trinity Bay. The shores of Trinity Inlet are primarily tidal flats with mangrove 
vegetation, however the landscape and hydrology at Portsmith suburb are highly modified and have 
had major works undertaken on diversion of surface water bodies and had land filling activities 
completed. 

Trinity Bay is located within the Great Barrier Reef; a world heritage property, national heritage place 
and a marine park, protected matters listed as Matters of National Environmental Significance 
(MNES) and protected under the provisions of the Environment Protection and Biodiversity 
Conservation Act 1999 (Cth) (EPBC Act). The Great Barrier Reef Marine Park boundary starts at the 
mouth of Trinity Inlet, located approximately 1.8 km north of HMAS Cairns. The mangroves on the 
opposite side of Trinity Inlet from HMAS Cairns are identified as an estuarine conservation zone 
under the Great Barrier Reef Marine Park.  

Trinity Inlet has an estimated depth of 10 m to 11 m directly off shore from site to the east of site. 
Recent dredging to widen and deepen the existing shipping channel was undertaken between May 
and September 2019 to maintain and extend channel depths. The tidal range of Trinity Inlet is up to 
3.5 m and generally ranged between -1.5 to 1.8 m AHD during the investigation period.  

Alligator Creek was previously present along the northern boundary of HMAS Cairns and flowed from 
the west and discharged into Trinity Inlet. The creek was infilled between 1952 and 1965. 

Environmental values for the Mulgrave-Russell River Basin, which includes Trinity Inlet, include use 
by humans for aquaculture, consumption, primary recreation, secondary recreation, visual recreation 
and cultural and spiritual values. The environmental values for Trinity Inlet also include aquatic 
ecosystems.  

Surface water samples were collected from four locations within Trinity Inlet, including: 

• At HMAS Cairns (SW05) 
• Upstream at the outfall of the Southern WWTP (SW09) 
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• Downstream at the Marlin Marina (SW10) 
• Upstream at a background location (SW14) 

Further details of the surface water quality results for Trinity Inlet is provided in the DSI (Aurecon 
2019) 

WWII RAN Fuel Installation 

Tanks 1 and 2 of the WWII RAN Fuel Installation are situated on the bank of Saltwater Creek. 
Saltwater Creek is an estuarine creek that flows through residential suburbs of Cairns, past the Cairns 
Airport and into the Port of Cairns and the Great Barrier Reef.  

Saltwater Creek is predominately comprised of stormwater runoff from Cairns and canalised as well 
as widened from its original meandering course through the current Centenary Lakes at the Botanical 
Gardens. Saltwater Creek discharges into the Port of Cairns, which is within the Great Barrier Reef 
Coast Marine Park and an estuarine conservation zone.  

Lily Creek is located to the south of the WWII RAN Fuel Installation and runs parallel to the Cairns 
Cemetery, prior to linking up with Saltwater Creek. Centenary Lakes are located south of the WWII 
RAN Fuel Installation, within the Cairns Botanic Gardens, and were created in 1975 from an existing 
freshwater swamp, potentially fed by the groundwater (Cairns Regional Council 2017). 

Saltwater Creek (including Centenary Lakes) and Lily Creek are highly modified surface water bodies 
in form and location, and both primarily receive stormwater from urban areas of Cairns. They are both 
classified as Moderately Disturbed waters (Queensland Government 2014b). It is noted that Saltwater 
Creek and Lily Creek do not have prescribed environmental values, however it is considered that 
environmental values of Saltwater Creek and Lily Creek will be similar to those at Chinaman Creek, 
being less than 6 km away and in a similar urbanised environment. Environmental values relevant for 
Saltwater Creek and Lily Creek include aquatic ecosystems, human consumption, primary recreation, 
secondary recreation, visual recreation and cultural/spiritual values. 

Six surface water samples were collected from upstream and downstream of the WWII RAN Fuel 
Installation in Saltwater Creek and Centenary Lakes. A summary of the surface water quality results 
for Saltwater Creek and Centenary Lakes is provided in the Addendum to the DSI (Aurecon 2020). 

2.2.6 Flora and fauna 

HMAS Cairns 

The EPBC Act Protected Matters search indicated the potential presence of two Threatened 
Ecological Communities within a 5 km radius from HMAS Cairns, including: 

• Broad leaf-teatree (Melaleuca viridiflora) woodlands in high rainfall coastal north Queensland  
• Littoral Rainforest and Coastal Vine Thickets of Eastern Australia  

The base itself does not support any ecological communities and/or flora and fauna of National or 
State significance. However, there was 49 threatened species and 65 migratory species identified 
within a 5 km radius from the site. 

Trinity Inlet and the Port of Cairns are listed as a Nationally Important Wetland that supports large 
populations of birds, fish and prawns. Trinity Inlet provides research opportunities, an area of 
recruitment for commercial fish stocks and supports a relatively high proportion of juvenile fish.  

There is 7,164 ha of declared fish habitat area identified within Trinity Inlet under the Fisheries Act 
1994 (Qld). Key habitat features include extensive mangrove zones including Rhizophora, 
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Avicennia and Ceriops species, salt marsh zones, intertidal flats and seagrass beds off the Cairns 
Esplanade. There are also a number of wetlands within the area, with approximately 13 
lacustrine/palustrine wetlands recorded within the Trinity Inlet Fish Habitat Area. The Trinity Inlet Fish 
Habitat Area is an important fishing location, supporting commercial, recreational and Indigenous 
fishing, and an important nursery area for several species of fish and penaeid prawns, including; 
Barramundi, Blue salmon, Bream, Estuary cod, Garfish, Grunter, Mangrove jack, Queenfish, Whiting, 
prawns and Mud crabs. The Trinity Inlet Fish Habitat Area is one of only two areas on the Queensland 
east coast where the flora species Pachycomia tenuis has been reported.  

While the freshwater wetlands surrounding Trinity Inlet have been largely cleared or highly modified, 
the seagrass meadows, mangroves and tidal flats represent important feeding and nursey habitat for 
species of commercial and conservation significance. The Queensland Department of Environment 
and Science records show 35 threatened flora and fauna species listed under State and/or 
Commonwealth legislation recorded within the Trinity Inlet Fish Habitat Area. These species include 
the Dugong (Dugong dugon), Water mouse (Xeromys myoides), Curlew sandpiper (Calidris 
ferruginea), Estuarine crocodile (Crocodylus porosus), Waterfall frog (Litoria nannotis), Acacia 
hylonoma and Marsdenia rara.  

No regional ecosystems or essential habitats were found to occur within the site, although two 
regional ecosystems were identified in an area surrounding HMAS Cairns at East Trinity and 
Admiralty Island: 

• 7.1.1: Least Concern estuarine wetland of mangrove closed scrub to open forest 
• 7.1.2a: Of Concern samphire flats with open forbland to sparse forbland of Tecticornia spp., 

and Suaeda australis. 

East Trinity and Admiralty Island are mapped as Essential Habitat for the Estuarine Crocodile 
(Crocodylus porosus). 

WWII RAN Fuel Installation 

The EPBC Act Protected Matters search indicated the potential presence of two Threatened 
Ecological Communities within a 5 km radius from WWII RAN Fuel Installation, including: 

• Broad leaf-teatree (Melaleuca viridiflora) woodlands in high rainfall coastal north Queensland  
• Littoral Rainforest and Coastal Vine Thickets of Eastern Australia 

No wetlands of international importance or Commonwealth Marine Areas were identified within the 5 
km radius of the WWII RAN Fuel Installation, however a nationally important wetland in Port of Cairns 
and Trinity Inlet were identified. Other matters of EPBC Act significance included 54 threatened 
species and 65 migratory species identified within a 5 km radius.  

No regional ecosystems or essential habitats were found to occur within the WWII RAN Fuel 
Installation, however, 12 different Regional Ecosystems and 2 Essential Habitats were identified 
within a 2 km radius.  

2.2.7 Management Area drainage 

HMAS Cairns 

The majority of stormwater from HMAS Cairns is directed into an underground stormwater drainage 
system which discharges into Trinity Inlet through six stormwater outlets: 

• HCSW01: stormwater outlet for the stores, armoury, workshop and bitumen sealed area 
• HCSW02: stormwater outlet for the Defence Fuel Installation (DFI) 
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• HCSW03: stormwater outlet for the flammable storage area and workshop 
• HCSW04: stormwater from roofs and bitumen surface at the Admin Buildings 
• HCSW05: stormwater outlet for the grassed area and paved area north of TS Endeavour 
• HCSW06: stormwater outlet for the paved area south of TS Endeavour and the Draper Street 

Block 

Surface water samples were collected from the stormwater outlets at HMAS Cairns (where sufficient 
water for sampling was present). The DSI (2019) provides further details of the surface water 
sampling investigation including PFAS concentrations detected at each stormwater outlet, as well as 
water quality parameters. 

The Draper Street Block is situated in area likely to be affected by a level of flood inundation (1% 
Annual Exceedance Probability (AEP)) (Cairns Regional Council 2018a). HMAS Cairns itself is 
outside of the flood inundation area (1% AEP), however is within the highest risk zone for flooding 
from a cyclone storm surge from Trinity Inlet (Cairns Regional Council 2018a; 2018b). Overland flow 
paths within Portsmith are in an eastern direction with stormwater during heavy rainfall flowing 
through HMAS Cairns and the Draper Street Block into Trinity Inlet. 

WWII RAN Fuel Installation 

Stormwater runoff from the WWII RAN Fuel Installation will travel east, along the gutters in Collins 
Avenue, entering a drainage system which discharges into Saltwater Creek. Historically, prior to 
construction of the stormwater system, and during high rainfall events, stormwater runoff would sheet 
directly south across Collins Avenue into the Cairns Botanic Gardens. It is noted that Tank 3 is 
positioned lower than Tanks 4 and 5, suggesting that stormwater runoff would flow towards Tank 3 
before sheeting across Collins Avenue. 

The WWII RAN Fuel Installation is located in an area outside the 1% AEP flood inundation level, 
however Tanks 1 and 2 are situated in the moderate to high zone for flooding from a cyclone storm 
surge (Cairns Regional Council 2018b; 2017). Areas south of Collins Avenue and east of Saltwater 
Creek are likely to be affected by flood inundation (1% AEP), as well as flooding from cyclone storm 
surge (Cairns Regional Council 2018b; 2017). 

2.2.8 Current and projected land uses (off-base) 

Land surrounding the site is currently used for the purposes detailed in Table 2.1.  

Table 2.1 Surrounding land uses 

Details HMAS Cairns WWII RAN Fuel Installation 

North Land located north of the site is owned by Far 
North Queensland Ports Corporation for 
industrial and commercial purposes. Beyond the 
port land is the Cairns town centre 
(approximately 1.5 km away), which features 
businesses, hotels, tourist attractions, local 
parks, the Pier and the Cairns Esplanade 
Lagoon.  
The Queensland Fire and Rescue Station is also 
situated 750 m to the north and identified as a 
potential off site source of PFAS.  

Directly north of the WWII RAN Fuel Installation 
are private residential properties including 
Whitfield House, a luxury retreat. Beyond the 
residential properties, green areas including the 
Botanic Garden hiking trail, MacDonnell Street 
Botanical Park and Mount Whitfield 
Conservation Park dominate the landscape. 
Further north, Cairns Airport occupies land 
across Saltwater Creek from the site.  
The Cairns Airport features to the north of the 
site and identified as a potential off site source 
of PFAS. 
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Details HMAS Cairns WWII RAN Fuel Installation 

East East of the site is Trinity Inlet with East Trinity 
situated across the waterway with undeveloped 
vegetated land dominating the area.  
Refuelling Wharf No. 10, the Sugar Terminal 
Wharf (Wharf No. 12) and vessels that utilise 
these wharves are also located to the east of 
HMAS Cairns and are potential off site sources 
of PFAS. 

Directly east of Tanks 1 and 2 is the Cairns 
Botanic Gardens and Saltwater Creek. Across 
the creek, low impact industry feature 
throughout as well as mudflats sloping towards 
the Port of Cairns. 

South Immediately south of HMAS Cairns is the 
Queensland Sugar Terminal and Smiths Creek. 
Industries also feature approximately 500 m to 
the south and include paint stores, laminating 
services and fuel as well as gas stations.  

South of the WWII RAN Fuel Installation is 
dominated by a large area of Open Space 
occupied by the Botanic Garden, Centenary 
Lake and Saltwater Creek. Beyond the gardens, 
Lake Cairns Resort, Tourism Accommodation, 
playing fields and Lily Creek feature. 
Directly south of Tanks 1 and 2, two residential 
properties are located on Collins Avenue. 

West West of the site is dominated by high/medium 
impact industry. Immediately bordering HMAS 
Cairns from the west is an Origin Gas LPG 
Distribution Facility, a Caltex fuel station and a 
Tropic Petroleum bulk fuel depot. Other 
industries of relevance include panel works, a 
Boral Concrete centre, welders and a 
Cleanaway Solid Waste Service approximately 
450 m from the site. Further west, there is a BP 
Service Depot and a Shell Service Station within 
400 m of the site. 
Bulk fuel storage, such as the above, use and 
store AFFF on site and are considered potential 
off site sources of PFAS. 

To the west of the Site, private residential 
properties exist. 

2.2.9 Current and projected land uses surrounding the Management Area 

Land uses surrounding the Management Areas are detailed in Table 2.1.  

Table 2.2 Land uses surrounding the Management Areas 

HMAS Cairns WWII RAN Fuel Installation 
• Strategic Port Land 
• Medium Impact Industry 
• High Impact Industry 
• Special Purpose (rail corridor) 
• Mixed Use 
• Conservation (East Trinity and Admiralty 

Island) 

• Open Space 
• Conservation (Mount Whitfield) 
• Special Purpose 
• Low/Medium Density Residential 
• Tourist Accommodation 

2.3 Management Area complexity scale 

The scale of the complexity of the Management Areas is as follows, in accordance with the table 
below: 

• HMAS Cairns Management Area is rated as Medium 
• WWII RAN Fuel Installation Management Area is rated as Medium 
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 Characteristics Consequences 

Very 
Large 

• High number of identified risks 
• Multiple areas of contamination, both on-

Base and off-Base 
• hydrogeological profile facilitates rapid 

migration of contamination 
• large impacted community 

− PMAP complex 
− Development / implementation 

timeframe: highly extended 

Large • Medium number of identified risks 
• Multiple areas of contamination, both on-

Base and off-Base 
• Medium-sized impacted community 

− PMAP moderately complex 
− Development / implementation 

timeframe: extended 

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

Base and off-Base 

− PMAP simplified 
− Development / implementation 

timeframe: medium 

Small • Small number of identified risks 
• Contamination currently confined to 

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

number of sensitive receptors 

− Basic PMAP 
− Development / implementation 

timeframe: medium 

2.4 Extent of contamination 

2.4.1 General 

The Conceptual Site Models (CSM) for HMAS Cairns and the WWII RAN Fuel Installation are 
provided in Appendix C and in the DSI (Aurecon 2019a) and Addendum to the DSI (Aurecon 2020) to 
identify sources (primary and secondary), migration pathways, exposure routes and receptors (current 
and future). 

2.4.2 HMAS Cairns 

Potential primary sources 

Potential primary sources of PFAS include: 

• HMAS Cairns: 
o Storage and use of AFFF on base, including at the DFI and areas formerly used for 

firefighting training 
• Potential upgradient source areas (outside Management Area):  

o Off site storage, use and spills of aqueous film forming foam (AFFF) in the Cairns 
Industrial Area immediately to the north and west of site 

o Off site discharge of treated effluent from waste water treatment plants (>3.5 km 
upstream) into Trinity Inlet 

Secondary sources 

Secondary sources of PFAS at HMAS Cairns include: 

• Impacted soil 
• Impacted surface water 
• Impacted groundwater 
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The soils beneath HMAS Cairns contain PFAS at low concentrations with the maximum PFOS/PFHxS 
concentration of 0.870 mg/kg from a sample collected along Draper Street (0009_HA11_0.0-0.1M). 
The majority (~99%) of PFAS in soil comprises PFOS, with a small quantity of PFHxS located at 
MW14, next to the flammable store. This may be indicative of the age of PFAS impacts at HMAS 
Cairns: of most compounds in the perfluoroalkyl sulfonate class, PFOS has been shown to be one of 
the most persistent, and the dominance of PFOS over other PFAS compounds indicates a potential 
3M Lightwater derived impact. 

Stormwater runoff through the six stormwater outlets at HMAS Cairns releases PFAS from HMAS 
Cairns and upgradient source areas directly into Trinity Inlet. The maximum concentration of PFAS 
from the stormwater drains was 29.7 µg/L from HCSW03, which is the stormwater outlet for the 
flammable storage area and workshop. 

Groundwater beneath HMAS Cairns contains PFAS, with groundwater along the north and western 
boundaries containing the highest concentrations originating from upgradient off base source areas 
with groundwater flowing from west to east. 

Migration pathways 

Migration pathways include: 

• Leaching of PFAS from impacted soils into groundwater and surface water 
• Overland transport of particulate and dissolved PFAS into stormwater drains 
• Stormwater captured and discharged through stormwater outlets 
• Flood inundation/storm surges 
• Uptake of PFAS in surface water by biota 
• Vertical migration of particulate and dissolved PFAS to shallow groundwater aquifer 
• Transport of PFAS via groundwater to surface water (Trinity Inlet) 

Exposure routes include: 

• Direct contact with surface water and/or groundwater for human and ecological receptors 
• Incidental ingestion of surface water/or groundwater for human and ecological receptors 
• Bioaccumulation – root uptake by mangroves / marine flora (ecological receptors only) 
• Ingestion of biota (eg fish / crustaceans) (human receptors only) 
• Ingestion of water (currently no known consumers and considered unlikely to occur) (human 

receptors only) 
• Bioaccumulation – uptake from water by biota (ecological receptors only) 

Groundwater within the DFI and both former firefighting training areas is considered a secondary 
source of PFAS contamination, with horizontal migration through groundwater the major migration 
pathway. There is potential that off site sources located to the west of HMAS Cairns have contributed 
to the PFAS in groundwater, with PFAS likely migrating along the historical extent of Alligator Creek, 
through HMAS Cairns, to eventually discharge into Trinity Inlet. Given the high concentrations of 
PFAS in groundwater, it is unlikely that the base is the sole contributor and that a portion of the PFAS 
load in the groundwater is derived from these up-gradient sources. 

Stormwater runoff from base and upgradient areas is another major migration pathway, with PFAS 
detected from each of the stormwater outlets at HMAS Cairns and along Draper Street during wet 
weather sampling. 
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2.4.3 WWII RAN Fuel Installation 

Potential primary sources 

Potential primary sources of PFAS at the WWII RAN Fuel Installation include: 

• WWII RAN Fuel Installation: 
o Storage and use of legacy AFFF at the former fire station and foam tank building 

south of Tank 2 
o Storage and use of legacy AFFF at the former foam tank building near the southern 

wall of Tank 4 
• Potential downstream source areas (outside Management Area): 

o Off site historical and current storage and use of AFFF at Cairns Airport 
(downstream) 

Secondary sources 

Secondary sources of PFAS include:  

• Impacted soil 
• Impacted groundwater 

Soil at the WWII RAN Fuel Installation had a maximum PFOS/PFHxS concentration of 0.0061 mg/kg, 
with leachable PFAS considered secondary sources of PFAS due to low concentrations being 
present, with a maximum PFOS/PFHxS concentration of 0.100 µg/L.  

The highest concentrations of PFAS at the WWII RAN Fuel Installation were detected in three 
groundwater wells at MW31, CRC_MW01 and CRC_MW02. The maximum PFOS/PFHxS 
concentration detected in these wells was 1.01 µg/L.  

Migration pathways 

Migration pathways include: 

• Leaching of PFAS from impacted soils into groundwater and surface water 
• Vertical migration of particulate and dissolved PFAS to shallow groundwater aquifer 
• Transport of PFAS via groundwater to surface water (Saltwater Creek, Centenary Lakes) 
• Potential groundwater extraction 

Exposure routes include: 

• Direct contact with surface water and/or groundwater for human and ecological receptors 
• Incidental ingestion of surface water/or groundwater for human and ecological receptors 
• Bioaccumulation – root uptake by mangroves / marine flora (ecological receptors only) 
• Ingestion of water (currently no known consumers and considered unlikely to occur) (human 

receptors only) 

The major migration pathway for PFAS from the WWII RAN Fuel Installation and upgradient sources 
is through groundwater. Any PFAS present will migrate vertically into the shallow groundwater aquifer 
and move horizontally into downgradient surface water. The sensitive receptors potentially at risk from 
PFAS contamination are terrestrial ecosystems in Cairns Botanic Gardens and aquatic ecosystems in 
downstream receiving surface waters, Saltwater Creek and Centenary Lakes, as well as human 
health through groundwater extractor for drinking water purposes (not currently occurring). 
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2.5 Groundwater use 

2.5.1 HMAS Cairns 

A water use survey was issued to neighbouring residents as part of the DSI to determine land and 
water use activities within neighbouring properties. Additional information on water use was obtained 
during site visits throughout the investigation and during community information sessions.  

Property types include commercial and industrial and a town water connection is currently in use at all 
responding properties. To date, there have been no indication of residents using bore water for any 
purpose. Flooding is known to occur on numerous properties surrounding HMAS Cairns. Surface 
water does not appear to be used for drinking water. 

Further details on groundwater use, including drinking water salinity tolerance levels, is provided in 
the DSI (Aurecon 2019a).  

2.5.2 WWII RAN Fuel Installation 

Water use surveys were issued to neighbouring properties within the surrounding areas in the suburb 
of Edge Hill to determine land use activities. In addition, door knocking was conducted at individual 
business and residential properties along Greenslopes Street, Collins Avenue, Goodwin Street and 
Behan Street within the investigation area. 

Property types are predominately residential. A town water connection is currently in use at all 
responding properties and to date, there have been no indication of residents using bore water for any 
purpose.  

Groundwater extraction for use by neighbouring properties is however unable to be ruled out. Further 
details on groundwater use, including drinking water salinity tolerance levels, is provided in the 
Addendum to the DSI (Aurecon 2020).  

2.6 Relevant legislation and government policy 

The PFAS National Environmental Management Plan (NEMP) aims to provide governments in 
Australia with a consistent, practical, risk-based framework for the environmental regulation of PFAS-
contaminated materials and sites. It is framed as an adaptive plan, able to respond to emerging 
research and knowledge. 

The PFAS NEMP provides the guiding framework for the management of PFAS. For further 
information, see: https://www.epa.vic.gov.au/for-community/environmental-information/land-
groundwater-pollution/pfas-national-environmental-management-plan. 

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

Other key drivers and constraints impacting upon response management include: 

• Environmental Protection Act 1994 (QLD) 
• Environmental Protection Regulation 2019 (QLD) 
• Environmental Protection (Regulated Waste) Amendment Regulation 2018 (QLD) 
• Landfill disposal criteria for Environmentally Relevant Activity 60 – Waste Disposal 

(https://environment.des.qld.gov.au/assets/documents/regulation/pr-co-landfill.pdf) (QLD) 
• Waste Reduction and Recycling Act 2011 and regulations (QLD) 
• Planning Act 2016 and regulations (QLD) 
• Work Health and Safety Act 2011 (Commonwealth) 

https://www.epa.vic.gov.au/for-community/environmental-information/land-groundwater-pollution/pfas-national-environmental-management-plan
https://www.epa.vic.gov.au/for-community/environmental-information/land-groundwater-pollution/pfas-national-environmental-management-plan
https://environment.des.qld.gov.au/assets/documents/regulation/pr-co-landfill.pdf
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2.7 Interim response management actions / existing institutional controls 

There are no interim response management actions and no existing institutional controls commenced 
or in place for this investigation from findings in the HHERA.  

2.8 Stakeholders 

Stakeholders within the Management Area to inform engagement response actions were identified in 
the Stakeholder and Community Engagement Plan and are summarised below: 

• Government/regulators:  
o Federal Government 
o Queensland Government/agencies 
o Cairns Regional Council  

• Interested groups/community:  
o HMAS Cairns  
o Residents  
o Fishers, fishing clubs, fishing businesses 
o Schools and sporting groups 
o Interest/environment groups  
o Media  
o Traditional Owners 

The DSI (Aurecon 2019a) and Addendum to the DSI (Aurecon 2020) provide further details regarding 
stakeholder engagement as well as the water use survey undertaken.  

The Traditional Owners include the following four groups 

• Irukandju People 
• Gunggandji People 
• Gimuy Walubara Yidinji People 
• Mandingalbay People or Mandingalbay Yidinji Aboriginal Corporation 

Separate engagement with Traditional Owners is required to determine whether Trinity Inlet is used 
as a main source of food and if additional communication on the potential risk of exposure from PFAS 
in biota is required, if consumption is occurring above the Food Standards Australia and New Zealand 
(FSANZ) recommended dietary intake for fish/crustacea. 

Four community information sessions across a 2 year investigation have been conducted as part of 
the HMAS Cairns PFAS Investigation, including: 

• 1 November 2018: Project introduction and overview 

• 27 March 2019: Presentation on the Preliminary Site Investigation (PSI) and next steps 

• 2 December 2019: Presentation of the HMAS Cairns PFAS DSI 

• 18 August 2020: Presentation on the HMAS Cairns HHERA, Addendum to the DSI, Addendum 
to the HHERA and this PMAP 
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS National Environmental Management Plan. 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) 

The list of risks to be managed in this PMAP are identified as ‘potential’ in either the DSI, Addendum 
to the DSI and/or the risk assessments. A source / pathways / receptor analysis based on the CSM in 
the DSI was used to identify the relevant source (primary and secondary), pathways and receptors for 
the risk. For each risk, the range of potential consequences if the risk is realised have been identified. 

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

An ongoing monitoring plan (OMP) for both HMAS Cairns and the WWII RAN Fuel Installation 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) 

Further investigations are required to address data gaps and uncertainties regarding mass flux of 
PFAS in stormwater and groundwater. Following these investigations, management option/s will be 
identified to address each of the risks identified in Chapter 4. Preliminary management options have 
been presented in Appendix E. The list of final options will be informed by a range of information and 
research, both general and specific to the Management Area. Management Area-specific information 
includes:  

• Findings from further investigations 
• Risk assessments, CSM and DSI 
• Relevant Commonwealth and State/Territory legislation 
• Feedback from stakeholder consultation 
• IRM or PMAP actions undertaken or considered by Defence on other properties 

It was identified through additional investigations a low potential risk to the environment exists from 
PFAS at the former WWII RAN Fuel Installation. Ongoing monitoring will occur at the former WWII 
RAN Fuel Installation and the surrounding areas through the OMP. 

The management options for HMAS Cairns include: 

• the ‘do-nothing’ option. It provides the ‘base case’ against which other options are assessed, 
and may at times be the best available option when assessed against the criteria of ‘net 
environmental benefit’. It does not get assessed through this process, but the potential 
impacts are described in the Chapter 4 analysis. 

• IRM actions recommended under section 2.7 for continued implementation are included as 
options for further assessment (Not applicable). 
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• Additional investigations are required to address uncertainties and data gaps as identified 

through completion of the DSI, prior to the identification and implementation of management 
options (eg groundwater investigation, detailed stormwater investigation). 

• Community-level options for further assessment. 

Identifying information for each option includes the objective and a description of how the objective 
contributes to managing the identified risk. 

3.5 Detailed options analysis 

Following completion of the additional investigations, the following analysis will be undertaken for 
each risk:  

A. Cost / effectiveness / impact analysis 

1 Cost range estimate 
2 Effectiveness rating 
3 Implementation period / timeframe 
4 Potential impacts 
5 Estimated net environmental benefit rating (not relevant for 

institutional controls) 

B. Risk-based analysis 

6 Proportion of action to risk 
7 Best-practice status 
8 Verification status 
9 Technology assessment 
10 Risks and mitigation 
11 Key dependencies 

C. Defence implications 

12 Defence capability 
13 Project fit 
14 Scalability 

D. Stakeholder impacts, views and consents 

15 Jurisdictional regulator/s 
16 Owner / occupier consents and views 
17 Community 

3.6 Integrated options analysis 

Time and cost efficiencies and improved effectiveness may be found by looking for synergies 
between: 

• other proposed PMAP response actions  
• approved or proposed PMAP response actions in other Management Areas, and 
• planned works involving infrastructure, maintenance or remediation of co-contaminants on the 

Defence property. 
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3.7 Recommendations analysis 

Following completion of the additional investigation, the recommended set of PMAP response actions 
for each identified risk, based on the comparative analysis and the integrated analysis, will be set out 
in Chapter 6.   
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

The complete source-pathway-receptors linkages identified in the DSI are summarised in Table 4.1 
below. The full CSMs for HMAS Cairns and the WWII RAN Fuel Installation are included in the DSI 
(Aurecon 2019a) and Addendum to the DSI (Aurecon 2020) and in Appendix C. 

Table 4.1 illustrates the potential PFAS sources, pathways and receptors at both HMAS Cairns and 
the WWII RAN Fuel Installation at Edge Hill. 

Table 4.1 Details of sources, pathways and receptors 

Site HMAS Cairns WWII RAN Fuel Installation 

Source 
areas 

 HMAS Cairns:  

o Storage and use of AFFF on base, 
including at the DFI and areas formerly 
used for firefighting training 

 Potential upgradient source areas (outside 
Management Area):  

o Off site storage, use and spills of 
aqueous film forming foam (AFFF) in 
the Cairns Industrial Area immediately 
to the north and west of site 

o Off site discharge of treated effluent 
from waste water treatment plants 
(>3.5 km upstream) into Trinity Inlet 

Secondary sources of PFAS from the above 
primary sources at HMAS Cairns include 
PFAS impacted soils with potential to leach 
into groundwater or surface water, as well as 
groundwater beneath the DFI and firefighting 
training areas and stormwater runoff.  

 WWII RAN Fuel Installation:  

o Potential storage and use of legacy 
AFFF at Edge Hill Tanks 

 Potential downstream source areas 
(outside Management Area):  

o Storage and use of legacy AFFF at 
Cairns Airport (off site - downstream of 
investigation area) 

Secondary sources of PFAS from the above 
primary sources at the WWII RAN Fuel 
Installation include PFAS impacted soils with 
potential to leach into groundwater as well as 
the movement of PFAS impacted 
groundwater through the Cairns Botanic 
Gardens. 

Migration 
pathways 

 Leaching of PFAS from impacted soils into 
groundwater and surface water 

 Overland transport of particulate and 
dissolved PFAS into stormwater drains 

 Stormwater captured and discharged 
through stormwater outlets 

 Flood inundation/storm surges 

 Uptake of PFAS in surface water by biota 

 Vertical migration of particulate and 
dissolved PFAS to shallow groundwater 
aquifer 

 Transport of PFAS via groundwater to 
surface water (Trinity Inlet) 

 Leaching of PFAS from impacted soils into 
groundwater 

 Vertical migration of particulate and 
dissolved PFAS to shallow groundwater 
aquifer 

 Transport of PFAS via groundwater to 
surface water (Trinity Inlet) 

 Potential groundwater extraction 
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Site HMAS Cairns WWII RAN Fuel Installation 

Exposure 
routes 

 Direct contact with surface water and/or 
groundwater 

 Incidental ingestion of surface water/or 
groundwater 

 Bioaccumulation – root uptake by 
mangroves / marine flora 

 Ingestion of biota (eg fish / crustaceans) 

 Ingestion of water (currently no known 
consumers and considered unlikely to 
occur) 

 Bioaccumulation – uptake from water by 
biota 

 Direct contact with groundwater 

 Incidental ingestion of groundwater 

 Bioaccumulation – root uptake by 
mangroves / marine flora 

 Bioaccumulation – uptake from water by 
biota 

 Ingestion of water (currently no known 
consumers and considered unlikely to 
occur) 

Sensitive 
receptors 

 Current and future site users 
(construction/maintenance workers) 

 Users within Trinity Inlet (Ingestion of 
impacted biota caught by commercial, 
recreational or Indigenous fishing in Trinity 
Inlet and Port of Cairns) 

 Aquatic biota of Trinity Inlet (eg mangroves, 
seagrass, other marine flora, fish and 
crustaceans) and higher order predators 
(eg crocodiles, birds etc) 

 Terrestrial ecosystems in Cairns Botanic 
Gardens and aquatic ecosystems in 
downstream receiving surface waters (eg 
Saltwater Creek, Centenary Lakes) 

 Consumers of impacted groundwater 
(currently no known consumers and 
considered unlikely to occur) 

4.2 Risk listing and consequences 

4.2.1 HMAS Cairns 

The risks were identified and assessed in the human health and ecological risk assessment (HHERA) 
(EnRiskS 2020). The mechanism for the human health or ecological risk realisation are dependent on 
the conceptual site model (CSM) linkages (source →pathway →receptor). The risks listed in Table 4.2 
have been identified as ‘potential’ or ‘effects unable to be excluded’ in the HHERA (EnRiskS 2020). 

Table 4.2 Risk assessment for HMAS Cairns 

Risk 
ID 

Title Risk description Nature of the 
risk (receptor) 

Document 
reference 

Human health risks 

R001 Consumption of fish 
and crustaceans 
caught from Trinity 
Inlet by Traditional 
Owners 

Exposures by adults and children have the 
potential to be elevated above the tolerable 
daily intake at the following locations and 
above the recommended dietary intake for 
fish/crustacea: 
• Adjacent to the base (BIO01), fish 

and/or crustaceans 

• Downstream (BIO03), fish and/or 
crustaceans 

Potential human 
health impacts 
(Regular 
consumers of 
fish caught from 
these 
waterways) 

HHERA 
(EnRiskS 
2020) 

Ecological risks 

R002 Bioaccumulation and 
effects on higher 
order consumers  

Effects on aquatic ecosystems unable to 
be excluded 

Potential 
ecological 
impacts 

HHERA 
(EnRiskS 
2020) 
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4.2.2 WWII RAN Fuel Installation 

The potential risks were identified in the Addendum to the DSI (Aurecon 2020) and the Screening 
Level Ecological Risk Assessment (EnRiskS 2020b). The mechanism for the human health or 
ecological risk realisation are dependent on the conceptual site model (CSM) linkages (source 
→pathway →receptor). The risks listed in Table 4.3 have been identified as ‘potential’ in the 
Addendum to the DSI and the Screening Level Ecological Risk Assessment (EnRiskS 2020b). 

Table 4.3 Risk assessment for WWII RAN Fuel Installation 

Risk ID Title Risk description Nature of the risk 
(receptor) 

Document 
reference 

Ecological risks 

R001 Bioaccumulation and effects 
on higher order consumers  

Effects on aquatic 
ecosystems unable to 
be excluded 

Potential 
ecological impacts 

Screening Level 
ERA (EnRiskS 
2020b) 
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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 (eg provision or cessation of 
alternate drinking water supplies) 

• changes to State/Territory advice on types of exposure-minimisation behaviours (eg, 
consumption of home produce or seafood) 

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

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

5.1.3 Related documentation 

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

The following will be shared with relevant State/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 

5.3 OMP summary 

The OMP will include the following monitoring: 

• HMAS Cairns:  
o On-base groundwater monitoring wells; and 
o Surface water and sediment at the stormwater outlets 

• WWII RAN Fuel Installation: 
o Groundwater monitoring wells within the Cairns Botanic Gardens; and 
o Surface water and sediment within Saltwater Creek and Centenary Lakes 

The OMP also sets out uncertainties in investigations, monitoring and management that may require 
consideration of contingency measures and/or reassessment of risk with changes in conditions 
(higher concentrations of surface water, migration of groundwater).  

The primary implementation period of the OMP will be three years during implementation of potential 
management options. 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 Monitoring 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 Additional investigations 

Identification of management options at HMAS Cairns requires additional investigations prior to 
management option implementation. The additional investigations will address uncertainties and data 
gaps, such as the relative contribution of PFAS impacted groundwater and stormwater from HMAS 
Cairns compared with off base source areas and the extent that Defence can manage PFAS 
originating from HMAS Cairns. These additional investigations include: 

• Stormwater investigation to locate source areas and determine flow rates for base flow and 
various rainfall events, as well as to confirm the location, type and condition of stormwater 
infrastructure and stormwater catchments 

• Stormwater sampling is required during first flush of the wet season and during a wet weather 
event following first flush to confirm mass of PFAS that will discharge into Trinity Inlet during 
these events 

• Wash-down investigation targeting any source areas identified by the investigations 
• A groundwater investigation is required to determine the contribution of PFAS to groundwater 

from activities at HMAS Cairns compared with other potential source areas upstream of 
HMAS Cairns and to additionally confirm the direction of groundwater flow. Potential 
upgradient source areas were unable to be investigated due to lack of access. Until further 
information about potential upgradient source areas can be provided, or access to the land for 
sampling is arranged, Defence are unable to proceed with the investigation and will progress 
with determining remediation actions within the extents of the outcomes of the HMAS Cairns 
PFAS DSI. 

• Hydraulic conductivity testing of the aquifer is required to determine the migration rate of 
groundwater and the extent of groundwater control required, potentially removing the 
management requirement altogether (should the groundwater be static and migration not 
occurring) or focus the location/type etc of any groundwater treatment options 

The outcomes of these investigations will inform the PFAS mass flux study, which will be used to 
inform management actions at HMAS Cairns where it is identified that Defence is contributing to 
PFAS migrating off base. The mass flux study will ensure the most effective option/s are identified in 
the PMAP and are designed to achieve specific remediation objectives through Remediation Action 
Plans (RAP). 

The RAP/s will identify potential remedial actions (if required), which can be integrated with existing 
projects on base. A cost benefit analysis will be completed as part of the RAPs to determine which of 
the actions (if any) provide the most practical solution as required. 

6.2 Methodology 

This section provides the methodology to develop the management options available to address the 
range of risks identified in the additional investigations (to be undertaken), the DSI (Aurecon 2019a), 
Addendum to the DSI (Aurecon 2020), the HHERA (EnRiskS 2020a) and the ERA (EnRiskS 2020b), 
as outlined in Section 4.2.  

In developing the set of options for the Management Area, information from the following sources will 
be considered: 

• The findings of all investigations, including the DSI and HHERA 
• Relevant Commonwealth and State/Territory legislation 
• Feedback from stakeholder consultation (impacted community and jurisdictional regulator) 
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• Actions being undertaken or considered by Defence on other properties 
• Available remediation technology and methodologies with an initial screening for applicability 

to the remediation of PFAS contamination, as provided in Appendix E 

The development of management and/or treatment options and the options assessment approach will 
be consistent with the PFAS National Environment Management Plan (Heads of EPA 2018) and the 
strategies and guidelines outlined in Section 1.4.  

To reduce or mitigate the identified on-site risks, the observed complete PFAS source-pathway-
receptor linkages that pose a risk need to be broken or eliminated. The additional investigations 
recommended will potentially delineate a primary or secondary source area on site that can be 
remediated. If the primary source area is unable to be delineated and the secondary source area is 
too widespread (eg groundwater), the primary avenue to break these linkages may be through 
pathway control, if source control is difficult to achieve. 

A number of options are being considered by Defence, including: 

• Removing contaminated material then either treating it or disposing of it at a licensed facility.  
• Limiting the movement of PFAS from source areas on-base by isolating contaminated 

material from stormwater or groundwater.  
• Limiting the movement of groundwater onto and off the base. 

Findings from the additional investigations detailed in Section 6.1 will be used to guide the 
identification on the most effective management option/s.  

The risk identified at the former WWII RAN Fuel Installation is bioaccumulation of PFAS in the aquatic 
ecosystem and effects on higher order consumers. The PFAS within this Management Area is located 
within the groundwater beneath the Cairns Botanic Gardens and any attempt to remove this 
secondary source area will likely have detrimental impacts to the Gardens and their ecological and 
community values. As such, the ‘do-nothing’ option is considered the most appropriate option for this 
Management Area. Ongoing monitoring of PFAS in the groundwater and Saltwater Creek / Centenary 
Lakes will be undertaken as part of the OMP to track the movement of PFAS as detailed in 
Section 5.1. 

6.3 Other considerations 

The NEMP identifies the following preferred hierarchy of treatment and remediation options which will 
be used to guide the options identification and analysis: 

1. Separation, treatment and destruction: on-site or off-site treatment of the contamination so 
that it is destroyed, removed or the associated risk is reduced to an acceptable level 

2. Onsite encapsulation in engineered facilities with/without immobilisation: if the source site is 
hydrogeologically appropriate, onsite encapsulation will acceptably manage risk to the on- 
and offsite beneficial uses (direct and indirect) for soils, surface water and groundwater 

3. Offsite removal to a specific landfill cell: leachate should be captured, treated and the 
removed PFAS destroyed. This may or may not include immobilisation prior to landfill 
disposal, noting that the conditions in the landfill may reverse or diminish the immobilisation 
chemistry in ways that are difficult to predict. Immobilisation prior to landfill disposal may 
require environmental regulatory approval. 

Any disposal of PFAS wastes within State land is required to be classified in accordance with the 
Queensland Environmental Protection (Regulated Waste) Amendment Regulation 2018 and an 
immobilisation approval would be required for any waste proposed to be immobilised within State 
land. 
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7 CONCLUSION 

7.1 Recommended PMAP response actions 

7.1.1 HMAS Cairns 

The DSI and HHERA identified two potential risks associated with PFAS at HMAS Cairns, including: 

• Potential risks to human health through consumption of fish and crustaceans from Trinity Inlet 
by Traditional Owners above the recommended dietary intake for fish/crustacea 

• Risks that are unable to be excluded to the aquatic ecosystem of Trinity Inlet through 
bioaccumulation. 

Groundwater flow direction is generally to the east towards Trinity Inlet. Some wells along the eastern 
site boundary are coupled with tide, although this connectively becomes less pronounced further from 
the shore with wells on the western boundary of base not affected by tidal movement. 

The ground conditions below HMAS Cairns and its surrounds are highly modified through reclamation 
works to raise ground levels and infilling of historical surface water bodies (creeks). It is likely that the 
shallow unconfined aquifer is influenced by subsurface features no longer present at the surface, 
including the former Alligator Creek to the north and west of site as well as possible paleochannels in 
the shallow alluvial and estuarine deposits. 

Trinity Inlet is located directly adjacent to and downgradient of HMAS Cairns. There are numerous 
sources of PFAS upgradient of the base in the industrial suburb of Portsmith, including several bulk 
fuel storage areas. Groundwater and stormwater run off migrate from these upgradient areas, through 
HMAS Cairns and ultimately discharge into Trinity Inlet and likely carry a portion of PFAS from these 
upgradient source areas onto the base. This means that the potential risks are limited to potential 
issues relating to the migration of PFAS in stormwater and groundwater. Primary source areas at 
HMAS Cairns were unable to be delineated and secondary source areas are diffuse PFAS in soil and 
the shallow groundwater. 

Additional investigations at HMAS Cairns are required prior to the identification and analysis of 
management options. These investigations, as outlined in Section 6.1, will inform the mass flux study 
and address uncertainties and data gaps. These additional studies will seek to inform the relative 
contribution of PFAS impacted groundwater and stormwater from HMAS Cairns compared with off 
base source areas. The mass flux study will be used to develop management actions at HMAS 
Cairns, where it is identified that Defence is contributing to PFAS migrating off base. The mass flux 
study will ensure the most effective option/s are developed in the PMAP and that these option/s are 
designed to achieve specific remediation objectives through Remediation Action Plans. 

7.1.2 WWII RAN Fuel Installation 

The risk identified at the former WWII RAN Fuel Installation is bioaccumulation of PFAS in the aquatic 
ecosystem and effects on higher order consumers. The ‘do-nothing’ option is considered the most 
appropriate option for this Management Area. Ongoing monitoring of PFAS in the groundwater and 
Saltwater Creek / Centenary Lakes will be undertaken as part of the OMP to track the movement of 
PFAS. 

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: 
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Priority for PFAS migration 
and human health 

Priority accorded under the Defence PFAS Response 
Management Strategy to implementing practicable solutions to 
prevent or minimise the migration of PFAS beyond the Defence 
property boundary.  

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. 

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

• The outcomes of earlier PMAP response actions 
• The development of relevant legislation, policy, guidelines and whole-of-government 

positioning 
• Changes in land use surrounding the site 
• Feedback received from stakeholders 
• The availability of new relevant science and technology 
• Changes in timeframes for approvals (eg PWC) and procurement processes. 

7.3 Review and update 

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

Defence will review and update (where necessary) the PMAP at intervals of 12 months to ensure that 
the document is current and its recommendations are valid. 

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

• A performance evaluation of specific PMAP response actions that recommends changes or 
advises that its objectives are not being met. 
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• Updated information obtained from PMAP response actions involving further investigations or 

data from the Ongoing Monitoring Plan. 

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

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

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

• Changes to Defence’s strategic approach to managing PFAS contamination. 

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

• Changes to water supply options available to land owners and residents in the area 
surrounding the site. 

• Progress in risk management and remediation activities that may require realignment or 
further calibration. 

• 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) 
• Australian and New Zealand Governments (ANZG) 2018, Australian and New Zealand 

Guidelines for Fresh and Marine Water Quality 
• Final Health Based Guidance Values (HBGV) for PFAS for use in site investigations in 

Australia, FSANZ February 2017 

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

The PFAS NEMP is the key document for national guidance on the regulation of PFAS contaminated 
sites and their management. Site prioritisation is detailed under the PFAS NEMP and is based on the 
risk (likelihood and consequence) of causing harm to the environment and/or human health. The 
PFAS NEMP also sets out the health-based guidance values to use in site investigations and the 
management of PFAS-impacted material. The plan sets out the preferred hierarchy of management 
options, which is consistent with the objectives of the Waste Reduction and Recycling Act 2011. The 
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PFAS NEMP provides discussion on suitable management and remediation techniques for PFAS and 
was used as a guide in developing management options under this PMAP. 

There is currently limited Commonwealth legislation on the designation of waste disposal criteria. The 
Queensland Environmental Protection (Regulated Waste) Amendment Regulation (2018) indicates 
potential criteria to be adopted at the State level for a State based receiving site. There are a number 
of landfills within Queensland licensed to receive PFAS impacted solids and wastewater, although 
these are predominately situated in South East Queensland. 

A2 State/Territory Legislation and Policy 

A2.1 Outline 

Queensland legislation and policy will apply where PFAS containing material is required to be 
transferred (for treatment or disposal) from Defence land onto State land. The legislation and policy 
will also apply where PFAS is present off base and is required to be managed or remediated. 

In addition, Defence abides by the ‘good neighbour’ policy regarding the environment with respect to 
relevant State environment legislation. Through this policy, Defence aims to comply with State and 
local government legislation and policies, to the extent that these do not conflict with Commonwealth 
legislative obligations or compromise operational objectives or capability. 

The following State legislation is relevant for the purposes of this PMAP: 

• Environmental Protection Act 1994 and regulations 
• Environmental Protection (Water and Wetland Biodiversity) Policy 2019 
• Waste Reduction and Recycling Act 2011 and regulations 
• Planning Act 2016 and regulations 
• Work Health and Safety Act 2011 

A2.1.1 Environmental Protection Act 1994 

The Environmental Protection Act 1994 (EP Act) is administered and enforced by the Department of 
Environment and Science (DES). 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 and its regulations set out 
a range of tools to identify and protect multiple components of the environment that subsequently 
controls the activities of businesses and individuals. 

Under Section 319 of the EP Act, all persons have a general environmental duty to not carry out any 
activity that causes, or is likely to cause, environmental harm unless the person takes all reasonable 
and practicable measures to prevent or minimise the harm.  

The ultimate outcome of any remediation is to return land to a state where the relevant environmental 
values are protected or enhanced where reasonably achievable. To achieve this, compliance with the 
following provisions of the EP Act include: 

• S.437 - A person must not unlawfully cause serious environmental harm (e.g. remedy 
widespread harm of environmental values of Trinity Inlet because of PFAS contamination) 

• s.438 – A person must not unlawfully cause material environmental harm (e.g. remedy 
environmental harm to environmental values of groundwater because of PFAS contamination) 

• s.440 – A person must not unlawfully cause environmental nuisance (e.g. remedy any 
unhealthy condition because of PFAS contamination) 
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• s.440ZG – A person must not unlawfully deposit a prescribed water contaminant in waters; or 
in a roadside gutter or stormwater drainage; or at another place, and in a way, so that the 
contaminant could reasonably be expected to wash, blow, fall or otherwise move into waters, a 
roadside gutter or stormwater drainage (e.g. allowing PFAS to be released into stormwater drains)  

o PFAS are prescribed water contaminants under item 1 of schedule 10 of the 
Environmental Protection Regulation 2019 (i.e. “a chemical, or chemical waste 
containing a chemical [with examples including PFAS]) 

The EP Act enables listing of land on the environmental management register (EMR) if either a 
notifiable activity has been or is being conducted, or the land is contaminated land. Similarly, land 
may be listed on the contaminated land register (CLR) if the land is contaminated land and it is 
necessary to take action to remediate the land to prevent serious environmental harm.  

In addition, the Environmental Protection Regulation 2019, prescribes the detail for processes 
contained in the EP Act. For example, this regulation contains the list of ‘prescribed environmentally 
relevant activities’ which are regulated under the EP Act, which includes ERA 60 – Waste disposal. 
This ERA 60 regulates facilities that accept waste material and defines acceptance criteria for cover 
material, lined landfills and double lined landfills. 

The Environmental Protection (Regulated Waste) Amendment Regulation 2018 commenced on 4 
February 2019 and introduced a new risk-based waste classification framework. Regulated waste will 
now be classified as either: 

• Category 1 regulated waste (highest risk) 
• Category 2 regulated waste (moderate risk); or 
• Not-regulated waste / general waste (lowest risk). 

It is noted that there is a threshold level of zero for PFAS in solid and liquid waste. Should PFAS be 
detected in waste solids or liquid at any concentration, the waste is defined as a Category 1 regulated 
waste. 

A2.1.2 Environmental Protection (Water and Wetland Biodiversity) Policy 2019 

The Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (EPP (Water and 
Wetland)) aims to protect Queensland's waters while supporting ecologically sustainable 
development. Queensland waters include water in rivers, streams, wetlands, lakes, groundwater 
aquifers, estuaries and coastal areas.  

Environmental Values (EV) and Water Quality Objectives (WQOs) are being progressively determined 
for areas of Queensland through the EPP (Water and Wetland). EVs define the uses of the water by 
aquatic ecosystems and for human uses (eg drinking water, irrigation, aquaculture, recreation). 
WQOs define objectives for the physical, chemical and biological characteristics of the water (eg 
nitrogen content, dissolved oxygen, turbidity, toxicants, fish). 

Water throughout Queensland have been defined as follows: 

• High ecological value areas – biological integrity of an aquatic ecosystem that is effectively 
unmodified or highly valued 

• Slightly disturbed areas – biological integrity of an aquatic ecosystem that has effectively 
unmodified biological indicators, but slightly modified physical, chemical or other indicators 

• Moderately disturbed areas – biological integrity of an aquatic ecosystem that is adversely 
affected by human activity to a relatively small but measurable degree 

• Highly disturbed areas – biological integrity of an aquatic ecosystem that is measurably 
degraded and of lower ecological value than the waters above 
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A2.1.3 Waste Reduction and Recycling Act 2011 

The Waste Reduction and Recycling Act 2011 provides the framework for waste management and 
resource recovering in Queensland. The Waste Reduction and Recycling (Waste Levy) Amendment 
Act 2019 was introduced to implement a waste levy, which aims to reduce the amount of waste that is 
sent to landfill.  

A2.1.4 Planning Act 2016 

The Planning Act 2016 provides the framework for the planning system in Queensland. Under 
Schedule 10, Part 4, Division 1, Section 6 of the Planning Regulation 2017, a material change of use 
is considered assessable development if: 

• All or part of the premises are on: 
o The contaminated land register; or  
o The environmental management register; and  

• The premises are not being used for a sensitive land use; and  
• The material change of use involves: 

o A sensitive land use; or  
o A commercial use involving an accessible underground facility, including, for 

example, a basement car park, workshop or office; and  
• Neither the contaminated land register nor the environmental management register state that 

the premises are suitable for the proposed use in accordance with a site suitability statement 
for the premises. 

A2.1.5 Work Health and Safety Act 2011 

The Work Health and Safety Act 2011 is the enactment of the national Work Health and Safety 
legislation in Queensland and provides a framework to protect the health, safety and welfare of all 
workers at work, as well as protecting the health and safety of all other people who might be affected 
by the work.  

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

There are currently no constraints from the State that could impact on the development or 
prioritisation of remedial options under the PMAP. Limitations are driven by the associated technical 
and practical issues of remedial actions.  

Waste transport and disposal of PFAS impacted soil and water is permitted in Queensland, however 
under the Environmental Protection (Regulated Waste) Amendment Regulation 2018, waste from 
HMAS Cairns would likely be Category 1 regulated waste. There are a number of landfills within 
Queensland licensed to received PFAS impacted solids and wastewater, although these are 
predominately situated in South East Queensland. 

A3 Planning Instruments or environmental permitting/licence controls 

Under Section 739 of the EP Act, a soil disposal permit must be obtained for soil that is contaminated 
and originates on a site listed on the EMR prior to the removal of that soil. Appropriate sampling and 
analysis results must accompany a request for a soil disposal permit along with an approval letter 
from the accepting landfill.  
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There are a number of landfills within Queensland licensed to received PFAS impacted solids and 
wastewater, although these are predominately situated in South East Queensland. Prior approval 
from the landfill would need to be obtained. 
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APPENDIX B: Interim response management analysis 

This Appendix sets out Interim Response Management (IRM) actions relevant to the Management 
Area, determines whether the actions address an identified risk (in whole or part), and applies the 
assessment of the relevant project director on whether the action has been effective in meeting its 
objective. As a result of that assessment, IRM actions may be recommended for continued 
implementation and progressed for inclusion in the PMAP options analysis. 

At this time, no IRM actions have been identified. 
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APPENDIX C Source – pathway – receptor analysis 

The CSMs for PFAS at HMAS Cairns and the WWII RAN Fuel Installation are detailed in Tables C.1 
and C.2 respectively below. Graphical cross sections of both sites depicting the revised source → 
pathway → receptor linkages are presented in Figures C.1 and C.2 respectively. 
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Table C.1 Conceptual site model – HMAS Cairns 

Source Pathway Receptors (current and 
future) 

Revised qualitative risk 

Primary Secondary Migration pathway Exposure route 

On base 
Storage and use of legacy 
AFFF at HMAS Cairns: 
 Storage and use of AFFF 

at the Defence Fuel 
Installation and at potential 
areas formerly used for 
firefighting training 

 Handling of AFFF within 
the seabed area on 
wharves or Fleet Units 

 Potential incidental spills of 
AFFF (legacy and recent) 

 Potential storage and use 
at the component 
washdown and workshops 

Waste water within the current 
and former bilge tanks 
potentially containing PFAS 
Fill material potentially 
containing PFAS 
Off base 
Off site storage, use and spills 
of AFFF in Cairns Industrial 
Area up to 400 m to the north 
and west of site, flowing to site 
via groundwater and 
stormwater runoff 
Discharge of treated effluent 
from waste water treatment 
plants (>3.5 km upstream) into 
Trinity Inlet.  

PFAS 
impacted soil 

Leaching of PFAS from 
impacted soils into groundwater 

Incidental ingestion 
Root uptake by 
mangroves/ marine 
flora 

Aquatic biota of Trinity Inlet 
(eg mangroves, seagrass, 
fish and crustaceans) and 
higher order predators (eg 
crocodiles, birds etc) 

Effects are unable to be 
excluded as PFAS in biota is 
above adopted screening 
criteria 

PFAS 
impacted 
surface water  

Overland transport of particulate 
and dissolved PFAS into 
stormwater drains 
Stormwater captured and 
discharged through stormwater 
outlets 
Flood inundation/storm surges 

Incidental ingestion 
Dermal contact 

Current and future site users 
-  construction/maintenance 
workers 

Low and acceptable 

Uptake of PFAS in surface 
water by biota 

Ingestion of biota (eg 
fish) 

Ingestion of impacted biota 
caught by commercial, 
recreational or Indigenous 
fishing in Trinity Inlet and 
Port of Cairns 

Potential for risk to be 
elevated where consumption 
rates are above the 
recommended dietary intake 
for fish/crustacea at BIO01 
and BIO03 

Dermal contact  
Ingestion 
Bioaccumulation 

Aquatic biota of Trinity Inlet 
(eg mangroves, seagrass, 
fish and crustaceans) and 
higher order predators (eg 
crocodiles, birds etc) 

Effects are unable to be 
excluded as PFAS in biota is 
above adopted screening 
criteria 

PFAS 
impacted 
groundwater 

Vertical migration of particulate 
and dissolved PFAS to shallow 
groundwater aquifer 
Transport of PFAS via 
groundwater to surface water 
(Trinity Inlet) 

Incidental ingestion 
Dermal contact 

Current and future site users 
- construction/maintenance 
workers,  

Low and acceptable 

Dermal contact  
Ingestion 
Bioaccumulation  
Root uptake by 
mangroves/ marine 
flora 

Aquatic biota of Trinity Inlet 
(eg mangroves, seagrass, 
fish and crustaceans) and 
higher order predators (eg 
crocodiles, birds etc) 

Effects are unable to be 
excluded as PFAS in biota is 
above adopted screening 
criteria 
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Figure C.1 Conceptual site model – cross-section 
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Table C.2 Conceptual site model – WWII RAN Fuel Installation 

Source Pathway Receptors (current and 
future) 

Revised qualitative risk 

Primary Secondary Migration pathway Exposure route 

On site 
Potential storage and use of 
legacy AFFF at Edge Hill Tanks.  
Off site 
Storage and use of legacy AFFF 
at Cairns Airport (off site - 
downstream of investigation 
area). 

PFAS 
impacted soil 

Leaching of PFAS from 
impacted soils into 
groundwater 

Incidental ingestion 
Dermal contact 

Terrestrial ecosystems in 
Cairns Botanic Gardens and 
aquatic ecosystems in 
downstream receiving surface 
waters (eg Saltwater Creek, 
Centenary Lakes) 

Effects are unable to be 
excluded as PFAS in biota is 
above adopted screening 
criteria 

PFAS 
impacted 
groundwater 

Vertical migration of 
particulate and dissolved 
PFAS to shallow 
groundwater aquifer 
Transport of PFAS via 
groundwater to surface 
water 

Ingestion 
Dermal contact 
Bioaccumulation  
Root uptake by flora 

Terrestrial ecosystems in 
Cairns Botanic Gardens and 
aquatic ecosystems in 
downstream receiving surface 
waters (eg Saltwater Creek, 
Centenary Lakes) 

Effects are unable to be 
excluded as PFAS in biota is 
above adopted screening 
criteria 

Potential groundwater 
extraction 

Ingestion of 
impacted 
groundwater 

Consumers of impacted 
groundwater (not currently 
extracted for any purpose and 
given the absence of any 
nearby residential properties, 
town water supply and the high 
rainfall in Cairns, it is unlikely 
that groundwater extraction for 
drinking water will occur in the 
future) 

Low and acceptable 
(groundwater is not currently 
extracted for any purpose and 
given the absence of any 
nearby residential properties, 
town water supply and the high 
rainfall in Cairns, it is unlikely 
that groundwater extraction for 
drinking water will occur) 
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Figure C.2 Conceptual site model – cross-section 
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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 



PFAS MANAGEMENT AREA PLAN – HMAS CAIRNS AND WWII RAN FUEL INSTALLATION 
 

 

10 Risks and 
mitigation 

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

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

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

− impact on existing infrastructure (including bores) 
− potential social and economic impacts (eg land use or employment.) 

Specify whether mitigation options form a part the same option or whether 
they are developed separately (provide option identification number). 

11 Key 
Dependencies 

List any key dependencies, including the implementation of any other options, 
and any external factors. 

Defence implications 

12 Defence 
capability 

The extent to which an aspect of Defence capability will be impacted by the 
process or outcome of implementation of the option and the availability and 
cost of alternatives (consultations with Defence) 

13 Project fit Whether the project outcomes complement the outcomes of response 
management actions for the same or other sites (consultations with Defence) 

14 Scalability Whether the outcomes of the project can be scaled up or down to address 
similar needs in the same or other Bases. 

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

List jurisdictional authorisations required to implement the option. Note the 
views of any relevant jurisdictional regulator  

16 Owner / 
occupier 
consents and 
views 

List any owner / occupier consents required to implement the option. 
Note the views of any relevant landowner or occupier. 

17 Community Defence’s understanding of the views of the impacted community. 

 

 

 
8 Secondary risks are risks that emerge from implementation of a risk management response 
9 Residual risks comprise  that component of the identified risk that is not addressed by the option. 
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APPENDIX E Options listing  

This Appendix provides the range of potential remediation technology and methodologies 
available, with an initial screening for applicability to the remediation of PFAS contamination at 
HMAS Cairns. These will be re-assessed following completion of the additional investigations and 
mass flux study. 
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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 

Water or amendments (base, surfactant or chelating 

Full scale in situ 
application has not 

Hydraulic control 
would be required 

- - - - No 

 

 

10 Based on RAAF Base East Sale PFAS Management Area Plan prepared by Senversa, August 2018. Senversa sourced its technologies from ITRC publication, Remediation Technologies and Methods for Per- and 
Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology 
Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html). 

https://frtr.gov/matrix2/top_page.html
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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) 

12 to 24 months 
for application 

- Affects asset access No 

Ex-Situ Treatment - solids        

Excavation and Off-site Disposal  Excavation and 
dewatering/drying of 

There is not a 
suitable landfill in 

High 12 to 24 months 
for disposal, 

Off-site disposal is 
considered the least 

Significantly disruptive 
to operations due to 

No 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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. 

materials is technically 
feasible.  

North Queensland 
and soil would be 
required to be 
transported to South 
East Queensland for 
disposal. 

(Largely due to 
disposal costs and 
transport) 

validation and 
reinstatement 

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. 

small size of base. 

Bioremediation 

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

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

Not applicable for 
PFAS 

- - - - - No 

Adsorption - Solidification/ Stabilisation/ 
Immobilisation 

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

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

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

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 
DES waste hierarchy. 
 
Significant chemical 
use would be 
required. 

Significant disruption 
to operations due to 
small size of base. 

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

The shallowness 
of the 
groundwater 
aquifer and the 
small size of the 
base limit the 
effectiveness of 
this option. 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

(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. 

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 
DES waste hierarchy.  

Significant chemical 
use would be required. 

Some disruption to 
operations 

No 

Soil Washing / Chemical Extraction  

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

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

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

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

Likely to have limited 
capability for clay rich 
soils. 

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

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

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

12+ months 
with material 
handling on-site 

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

Significant disruption 
to operations due to 
small size of base. 

No - The 
shallowness of 
the groundwater 
aquifer and the 
small size of the 
base limit the 
effectiveness of 
this option. 

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 

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

- - - - - No 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

required prior to treatment.  

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

treatment required) 

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

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

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

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

- - - - - No 

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

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

High temperatures 870°C to 1,200°C 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 due to 
small size of base. 

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-

Depending upon 
source area, low to 
significant disruption 
to operations 

Yes – this option 
could form the 
foundation for 
soil management 
on base that is 
supplemented by 
other remedial 
options 
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Description Technical 
applicability Lifecycle costs Relative cost Timeframe 

Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

site facility. 

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

On-site containment in an engineered facility  

This approach has been used in Queensland. 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. 

Significant disruption 
to operations due to 
small size of base. 

No - The 
shallowness of 
the groundwater 
aquifer and the 
small size of the 
base limit the 
effectiveness of 
this option. 

 

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 

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

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

High 

(largely due to 
chemical costs 
and application) 

12 to 24 months In-situ treatment is 
considered high on 
DES waste hierarchy. 

Some disruption to 
operations 

No 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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. 

available. years). 

Significant chemical 
volumes would be 
required. 

Air Sparging 

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

Not applicable to 
PFAS – non- or low 
volatility. 

- - - -- - No 

Thermal Treatment 

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

Not applicable to 
PFAS. 

- - - - - No 

Monitored Natural Attenuation  

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

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

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

- - - - - No 

Permeable Reactive Barriers 

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

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

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 

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 
DES waste hierarchy. 

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

Yes – PFAS in 
groundwater is a 
secondary 
source, although 
requires further 
investigation 
through the mass 
flux study 
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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 

through reactive media in a ‘gate’. 

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 (refer 
below). 

Applicable as a 
component of an 
overall management 
strategy. 

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

1+ years, long 
term operation 

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

Low to some 
disruption to 
operations. 

Yes, but only as 
part of an overall 
management 
alternative on an 
as-needed basis. 

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 DES waste 
hierarchy. 

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

Yes, but only as 
part of an overall 
management 
alternative on an 
as-needed basis. 

Extracted groundwater treatment 

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

Applicable 

Treatment 
technologies are 
commercially available 
and have been used 

Applicable 

A pilot trial and 
treatment train 
approach may be 
required depending 

Moderate See for above 
options 

See for above options Little disruption to 
operations 

Yes, but only as 
part of an overall 
management 
alternative on an 
as-needed basis. 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

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

The most common PFAS treatment is sorption using 
granular activated carbon (GAC) and/or ultrafiltration 
(e.g. reverse osmosis). Other media sorptive media 
include modified clays (e.g. sand MatCARE). Ion 
exchange resins have also been 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. 

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

on water quality and 
co-contaminants. 

A method to 
manage waste 
media is required 
(see above for 
soil/sediment 
options for disposal, 
on site containment 
or in situ 
management) 

Other - water        

Hydraulic containment 

A cut off wall is installed across the flow path of the 
groundwater contaminant plume to redirect 
groundwater flow to avoid the base to: 

 Reduce and retard lateral shallow groundwater flow 

Applicable 

Treatment 
technologies are 
commercially available, 
although a 
hydrogeological 
assessment is required 
to ensure flooding 
does not occur 

Applicable 

 

Low to moderate Long term 
operation 

Considered energy 
intensive and low on 
DES waste hierarchy, 
but system can be 
optimised to reduce 
O&M costs. 

This option does not 
reduce the risk to the 
aquatic ecosystem 
from off site sources. 

Little disruption to 
operations 

Yes, but only as 
part of an overall 
management 
alternative This 
option removes 
PFAS migrating 
in groundwater 
from off base 
source areas but 
doesn’t address 
on base source 
areas. 
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