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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for Naval Communication Station 

Harold E Holt - Area B, Western Australia. 

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

and emanating from the Harold E Holt Area B. 

 The Detailed Site Investigation report (GHD, December 2018)

 The Ecological Risk Assessment (GHD, May 2019)

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

proposed response actions to manage those risks. 

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

circumstances, including: 

 Progress in risk management and the effectiveness of specific response actions

 Data from the ongoing monitoring plan

 Changes of land use

 Changes in legislation, strategy, policy and guidelines/standards

 Outcomes of new research or development of management/remediation

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

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

Defence of potential risks arising from contamination arising from per- and poly-fluoroalkyl substances 

(PFAS) associated with Naval Communication Station Harold E Holt – Area B (the ‘Base’) and 

surrounding areas.  

The Base is located on the North West Cape, Western Australia, approximately 1,000 km north of 

Perth as shown in Figure 1, Appendix A. The Management Area boundary includes the majority of the 

operation areas of the Base, as well as land extending from the Base to the north and to the east out 

to Exmouth Gulf, as shown on Figure 2, Appendix A.  

The PMAP relies on conclusions from the detailed site investigation (DSI) report (GHD, 2018) and the 

ecological risk assessment (ERA) (GHD, 2019) to inform risk identification and risk weighting for the 

Base. The DSI, conceptual Site Model (CSM) and ERA indicated that PFAS on the Base and in the 

surrounding environment pose a low risk to human health and ecosystems given: 

 The generally low concentrations of PFAS in soil, sediment and surface water and in

groundwater distant from the source areas

 The low rates of groundwater and surface water migration

 The low to non-detectable PFAS in biota samples taken to date in Exmouth Gulf downgradient

from HEH B

 The inferred low flux of PFAS into Exmouth Gulf

Given this, it is considered that active remediation of PFAS at HEH B is not warranted as it would be a 

disproportionate response and not commensurate with the low risks posed by the PFAS. Rather, the 

approach taken in the PMAP is not to ignore the contamination but to monitor it in such a way to 

ensure any change in risk profile is picked up early so that appropriate risk-based contingency actions 

can be applied. The monitoring approach is defined by the Base ongoing monitoring plan (OMP), 

which is appended to this PMAP. 

The OMP monitors the extent and distribution of contamination on the Base and in the surrounding 

environment to identify any changes which may adversely impact upon the current low risk profile of 

the Base. The OMP sets out to establish a baseline status of contamination, according to the results 

obtained during the DSI, and identifies triggers where adjustments to the risk management program 

might be required. The OMP for the Base is set out in Attachment 1, and in summary will include the 

following approach: 

 Sampling of 33 groundwater wells, 12 sediment and surface water locations and six coastal

seepage water locations

 Evaluate the nature and extent (spatial and temporal) of PFAS impact in groundwater and

surface water pathways associated with the Base sources of PFAS derived from aqueous film

forming foam (AFFF)

 Monitor the migration of PFAS in groundwater and surface water from the site

 Provide confirmation of the current understanding of risk

 Provide supporting data for assessment of management actions, where relevant
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The OMP sets out the monitoring frequency, analytes, sampling procedures, quality assurance/quality 

control procedures and site-specific assessment criteria. It sets up triggers to indicate a change in the 

risk profile of the Management Area and contingencies to address exceedances of those triggers. 

Such contingencies may include a reassessment of the level of risk, further investigations and/or 

active responses such as remediation. Additionally, the OMP recommends site management actions 

such as restricting potential future groundwater abstraction activities, incorporating PFAS related 

issues into the Base Environmental Management System (EMS) and induction of Base staff into the 

EMS. The primary implementation period of the OMP will be three years. However, criteria will also be 

developed to indicate when a cessation of monitoring is justified which may occur before the three 

year timeframe. The OMP will be reviewed at least annually in conjunction with the annual review of 

the PMAP. 
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GLOSSARY 

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

related activities, operations, training or force preparations are 

managed, conducted, commanded or controlled.  

DSI Detailed site investigation as identified in section 1.5 

ERA Ecological Risk Assessment 

Extended implementation 

period 

Period when PMAP response actions are required beyond the primary 

implementation period. These actions include ongoing: 

 Monitoring, leachate management, and maintenance of

stockpiles

 Monitoring of Management Area for PFAS

 Assessment of developments and technologies for application to

stockpiled PFAS impacted soils and materials

HEPA Heads of EPA, a forum of State, Territory and Commonwealth 

environmental regulators, and publisher of the PFAS NEMP 

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

Management Area The geographical area subject to Defence response actions as 

described in section 1.5 

Net environmental 

benefit (NEB) 

The net impact of a contamination response action on the 

environmental health of the ecosystem/s within the Management Area 

(or an adjoining ecosystem) that is the target of the response action. 

An assessment of NEB involves an assessment of risk reduction of 

PFAS contamination, together with: 

a) Impacts on:

– Ecosystem health

– Sensitive species

– Fate and transport of PFAS.

b) Planned mitigation actions for any negative impacts.

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

Ongoing Monitoring Plan 

(OMP) 

The ongoing monitoring plan forming a part of this PMAP as set out in 

Chapter 5 and Attachment 1. 

On-site On-Base (or other Defence property) 
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PFAS NEMP PFAS National Environmental Management Plan 2018 developed 

cooperatively between Australian jurisdictions or as revised from time 

to time. 

Primary implementation 

period 

The period for completion of PMAP response actions characterised as 

primary implementation response actions. 

Primary source area An original source of PFAS contamination, generally on-site, for 

example, a fire-fighting training ground 

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

Public Works Committee 

(PWC) 

Required to approve higher value public works (exceeding $15 million) 

and assess public works with a value of between $2 million and 

$15 million). 

Remediation Action Plan 

(RAP) 

Defines the purpose and objectives of the remediation, evaluates and 

determines the remediation options, and sets out performance 

measures. 

Response actions Actions identified as recommended or potential options to address 

potential risks 

Response Management 

Strategy (RMS) 

The Defence PFAS Response Management Strategy 

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

Secondary source area An area containing elevated PFAS concentrations originally sourced 

from pathways from a Primary source area, and itself functioning as a 

source area  

Site Selection Board Approve the siting of semi-permanent and permanent structures, 

including the location of response actions and any supporting 

infrastructure. 

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

a source of contamination 

WWTP Waste water treatment plant 

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 Naval Communication Station Harold E Holt – Area B (the ‘Base;) and surrounding 

areas, consistent with the PFAS National Environmental Management Plan (NEMP). The location of 

the Base is shown in Figure 1 of Appendix A. 

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

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

prioritises the following combination of measures: 

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

Defence property boundary through:

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

 Blocking or diverting the migration pathway of the contamination from the source to a receptor

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

areas and/or migration pathways are underway.

1.2 Application 

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

actions set out in this PMAP. 

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

 By Defence environmental staff responsible for approving Environmental Clearance Certificates

(ECC) 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

West Australian Department of Water and Environmental Regulation (DWER), Department of Health 

(DoH), Department of Primary Industries (DPI) and Regional Development and the Department of 

Premier and Cabinet have been consulted in the development of this document. 

1.3 Background 

1.3.1 PFAS and its use 

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

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

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

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

food containers, waterproof clothing, personal care products and cleaning products. 
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Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy 

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

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

persistent in the environment and in humans. 

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

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

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

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

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

exposure to PFAS be minimised. 

PFOS was listed on the Stockholm Convention on Persistent Organic Pollutants (POPs) in 2009 and 

PFOA and PFHxS have also been nominated for listing. The objective of the Stockholm Convention is 

to protect human health and the environment from persistent organic pollutants. Australia has not 

ratified the Convention as yet but if they were to do so, this would mean acceptance of international 

standards for the management of these chemicals. 

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 main media by which PFAS contamination is transferred from a source to a

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

 PFAS are variably soluble and mobile and can rapidly leach through soils or disperse in

waterways, travelling long distances where hydrogeological conditions allow. This may

sometimes reduce the level of contamination of the original source material, assuming no

ongoing primary source is present.

 PFAS can permeate some porous surfaces such as concrete and may adhere to other surfaces

such as storage tanks.

 PFAS are very chemically and biologically stable and most have a low vapour pressure, this

makes them resistant to breakdown and evaporation. However, some longer chain PFAS (e.g.

some fluorotelomers) do break down in the environment, and are precursors to forming the

environmentally stable compounds 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 (PFAS NEMP), Defence estate and environmental strategies, and 

Defence PFAS-specific strategies and guidance. 

1.4.1 PFAS National Environmental Management Plan 

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

the environmental regulation of PFAS-contaminated materials and sites. The PFAS 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 PFAS NEMP. The PMAP template and guidance will be adjusted to conform 

to relevant changes in the PFAS 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 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 

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. 



PFAS MANAGEMENT AREA PLAN – NAVAL COMMUNICATION STATION HAROLD E HOLT – AREA B 

13 

1.4.4 PFAS Applied Research Strategy 

The PFAS Response Management Strategy also guides the PFAS Applied Research Strategy. Its 

objective is that Defence is sufficiently supported by research and new technologies to efficiently and 

effectively manage the risks associated with PFAS contamination on or emanating from the Defence 

estate. This includes supporting demonstration and validating PFAS remediation technologies. The 

PFAS Technology Demonstration Guideline provides guidance for the processes involved in Defence 

investment in technology demonstration. The outcomes of program may (as relevant) inform the 

review of this PMAP.  

1.5 Scope 

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

Management Area: 

 GHD (2018) Naval Communication Station Harold E Holt – Area B, PFAS Investigations –

Preliminary and Detailed Site Investigation Report (DSI), December 2018

 GHD (2019) Naval Communication Station Harold E Holt – Area B –Ecological Risk

Assessment (ERA), May 2019.

The key parameters for the PMAP are set out below. 

Management Area The Management Area encompasses HEH B Communication 

Station (the ‘Base’) in its entirety and land extending to the north 

and east to Exmouth Gulf. The Base is situated on tip of the North 

West Cape, in North Western Australia. 

The Management Area boundary is defined spatially in Figure 2 of 

Appendix A. Section 2.1 provides a more detailed description of the 

Management Area. 

Issue/risk identification The DSI found that PFAS on the Base and in the surrounding 

environment pose a low risk to human health. The subsequent ERA 

considered both direct and food chain exposures to terrestrial and 

aquatic environments and found that PFAS on the Base and in the 

surrounding environment poses low overall risk to ecology. Using 

modelling of PFAS concentrations in seepage water, the ERA 

estimated PFAS concentrations in fish in the near shore 

environment surrounding the base to marginally exceed the NEMP 

mammalian wildlife diet guideline, which may suggest potential 

bioaccumulation of PFAS in higher order predators. However, due 

to the inferred low rate of groundwater discharge to the marine 

near-shore environment coupled to the large dilution effects upon 

discharge, the actual concentrations of PFAS in fish are expected to 

be much lower than estimated. Additionally, given the low and 

infrequent PFAS detections in surface water, no reported PFAS in 

marine fish, and the large expected ranges of mammalian receptors 

such as dolphins, overall risk to mammalian receptors is expected 

to be low and acceptable. 

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

and the risk assessment, but excludes work, health and safety 

(WHS) PFAS exposure risks within the Management Area. They are 
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appropriately managed by the relevant contractor in accordance 

with applicable WHS legislation. 

Remediation technology 

status 

The response options in this PMAP consider only proven 

technologies at the appropriate scale, unless otherwise identified. 

1.6 Guiding Principles 

When developing and recommending appropriate 

response actions, the key response factors 

considered (in accordance with the Defence PFAS 

Response Management Strategy and the PFAS 

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. 

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 Section 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. 

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



PFAS MANAGEMENT AREA PLAN – NAVAL COMMUNICATION STATION HAROLD E HOLT – AREA B 

16 

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, refer to Section 7.2). The implementation of the

Ongoing Monitoring Plan will commence in the primary implementation period and extend

through to the extended implementation period.

2. The extended implementation period commences once the primary implementation period

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

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

 Monitoring, leachate management, and maintenance of stockpiles

 Monitoring of the Management Area for PFAS

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

 Assessment of developments and technologies for application to stockpiled PFAS impacted

soils and materials.

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

a) The primary implementation period

b) The extended implementation period, or

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

Area for PFAS)

1.7.4 A living document 

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

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

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

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

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

findings of the DSI and the risk assessments. Defence recognises that there may still be gaps in 

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

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: 

 There are currently limited proven technologies for the treatment and destruction of PFAS.

 There is currently limited Australian contractor capability to implement proven technologies for

the treatment and destruction of PFAS, as well as restrictions on landfill disposal of PFAS.

 The remote location of the Base places further restrictions on technologies and landfill

potential.



PFAS MANAGEMENT AREA PLAN – NAVAL COMMUNICATION STATION HAROLD E HOLT – AREA B 

17 

The findings from the site investigation completed to date, including the DSI (GHD 2018) and ERA 

(GHD 2019), have been used to develop the PMAP. All GHD reports are subject to the assumptions 

and limitations defined in those reports. 
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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 

Established in 1967, Naval Communication Station Harold E. Holt (HEH B) is located at the northern 

edge of Exmouth, at the end of the North West Cape of Western Australia. It is approximately 1,250 

kilometres north of Perth.  

HEH B is a radio relay station, consisting of a high frequency (HF) transmitters and receivers. In 

addition, the station comprises communication centre, administration buildings, workshops and 

support facilities. Some vacant facilities are currently, and have historically, been leased to 

commercial operators for a range of uses including accommodation, restaurants and recreational 

purposes. HEH B is located two kilometres north of Exmouth, covering an area of around 2,000 

hectares. The area is host to a HF transmitter and associated administration facilities.  

The Management Area encompasses much of the operational areas of the Base as well as land 

extending to Exmouth Gulf (to the east and north-east) and is shown on Figure 2 of Appendix A. 

2.2 Management Area setting 

2.2.1 Climate 

The Exmouth region experiences a semi-arid climate with dry conditions and warm to hot 

temperatures. The region is subject to cyclone conditions from January to April with monsoonal 

showers common at this time. The period from August to December is generally dry. 

The closest meteorological recording station is located at Learmonth (No. 005007). Climatic data from 

this station indicates the mean maximum temperature ranges from 37.9 °C in January to 24.2 °C in 

July. The mean minimum temperature ranges from 24.1 °C in February to 11.4 °C in July.  

The mean annual rainfall is 255.0 mm with an average of 16.5 rain days a year (Bureau of 

Meterology, 2019). 

2.2.2 Topography 

Elevations across HEH B typically range between 1 and 20 m Australian Height Datum (AHD). A 

natural ridge line runs north/south along the western boundary of the site, with the south-west portion 

of the site (specifically at the water tower) being higher than the surrounding area. 

The coastline east of HEH B is comprised of sand dunes which rise up to a maximum elevation of 

12 m AHD. The sand dunes generally follow a relatively normal succession profile of primary and 

secondary dunes, increasing in elevation as distance from the coast increases. Natural, localised low 

points were located sporadically behind and through the sand dunes some of which contained 

standing surface water. 

2.2.3 Geology 

HEH B is located adjacent to the Northwest Cape Range, which forms part of the Northern Carnarvon 

Basin. The rock forming the Northwest Cape Range primarily comprises carbonate sediments. 

Superficial deposits which flank the Range, formed as alluvial/colluvial fans or terraced deposits. 

These superficial deposits are thinly developed over the underlying limestone and are fringed on the 

coast by aeolian sand dunes (EarthTech, 2006). 
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The Cape Range forms a spine running approximately north to south along the peninsula. Two main 

formations have been intersected during past investigations for water resources in the Exmouth area, 

namely: 

 The Cape Range Group, consisting of several geological units including:

– Trealla Limestone – permeable, hard and tightly jointed limestone beneath unconsolidated

Quaternary deposits. Contains both karst areas and areas of recrystallization.

– Tulki Limestone – relatively permeable, hard and tightly jointed. Encountered at depths of 50

to 100 m below ground level (mbgl). Karst features such as caves occur within the

recrystallised limestone.

– Mandu Limestone – low permeability limestone encountered at greater than 150 mbgl.

 The Birdrong Sandstone which underlies the Cape Range Group, comprising a fine to coarse

grained silty sandstone. This geological unit is reported to extend with a thickness of

approximately 30 m at depths of between 1,000 to 1,500 m below sea level.

2.2.4 Surface Water 

HEH B has a local ridge line along the western boundary of the Base. A network of man-made, 

concrete lined drainage channels traverses the site, generally following the natural topography and 

exiting the base to the east beyond Murat Road. The majority of surface water runoff from the site 

therefore ultimately discharges to the coastline, however a portion goes to the waste water treatment 

plant (WWTP) which is located on the Base. 

The area to the east of the Base, inland from the coastline, was observed to drain slowly after heavy 

rainfall. Areas of standing water were observed in low lying areas. It was noted that water remained 

longer in the low lying areas along the coast north-west of the Base, where saturation results in the 

formation of backwater lagoons, also referred to as dune slack. The lagoon is periodically connected 

to the Exmouth Gulf via a narrow channel at it northern end which cuts through the low lying dunes. 

Historical aerial photographs indicated that it is periodically inundated and dry. The dry periods show 

build-up of salt deposits. This suggests the lagoon water is or can be highly saline – possibly due to 

periodic inundation by marine water. Groundwater may not be a significant contributor to the water in 

this lagoon. Surface water from the lagoon is only likely to discharge directly to the Gulf during periods 

of high rainfall or inundation by seawater. 

Local surface water flow (including rainfall runoff) is expected to follow the local topography until it is 

either intersected by stormwater drainage systems on site, infiltrates to sub surface, or collects at the 

backwater lagoon east of the Base. 

2.2.5 Hydrogeology 

Regional Hydrogeology 

The Quaternary and Tertiary-aged sediments are hydraulically interconnected and together form the 

major, unconfined aquifer of the area. The superficial Quaternary layers (dunes, colluvium, alluvium) 

are considered to be no more than 20 m in thickness. All fresh water extracted on the North West 

Cape, including the HEH base supply bore field comes from the Cape Range Group aquifer which 

consists of the Trealla, Tukli and Mandu Limestone karst environment. These units extend to depths 

of greater than 150 m. 

The main regional aquifer occurs predominantly within the Tulki Limestone (within permeable beds 

and the karst system) on the flanks of the Cape Range and the Mandu Limestone (within joints and 

minor permeable beds) on the crest of the Cape Range. The aquifer is unconfined and is recharged 

by rainfall.  
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Groundwater in the Mandu Limestone is inferred to occur in joints and minor permeable beds. 

Groundwater in the Tulki Limestone and Quaternary sediments occurs in karst solution openings and 

caves and permeable beds, respectively. 

Groundwater in the Quaternary units is considered to be perched and discontinuous. The coastal 

dunes may also contain relatively fresh groundwater but of limited extent (lenses), and may influence 

groundwater flow directions locally.  

Groundwater on the Cape Range is likely to flow in a radial pattern from the range heights towards 

both east and west coasts. 

Local Hydrogeology 

Groundwater flow in the Exmouth area is generally reported to the east towards the coast with some 

localised variability reported in some areas, including the former fire training ground at HEH B, where 

groundwater flow was reported by EarthTech (2006) to be to the north-west. Groundwater at HEH B 

remains elevated above groundwater at the coast, including during periods of heavy rainfall. This 

confirms that groundwater flow towards the eastern coast is likely to be the dominant groundwater 

flow direction. Tidal variation is apparent in the majority of coastal wells. 

Local groundwater at the Base was reported by EarthTech (2006) to have a low hydraulic gradient. 

This is consistent with the findings of Aurecon (2016), and was confirmed by groundwater gauging 

completed by GHD (2018a). Groundwater contours indicated a flat hydraulic gradient in the order of 

0.0008 m/m.  

2.2.6 Ecology 

The main ecological receptors identified during the DSI (GHD, 2018) include: 

 Exmouth Gulf ecosystems, including the State protected waters and World Heritage Area of the

Ningaloo Marine Park, extending from Exmouth, around the northern tip of the Cape Range

Peninsula

 Terrestrial ecosystems of the Investigation Area, including the base operational areas, coastal

sand dunes and foreshore area.

2.2.6.1 Onshore Environment

Regional overview 

The terrestrial areas of the Cape Range Peninsula are dominated by saline alluvial plains, with 

samphire and saltbush low shrublands, Bowgada low woodland on sandy ridges and plains, 

Snakewood scrub on clay flats, and tree to shrub steppe over hummock grasslands on and between 

red sand dune fields (Kendrick & Mau, 2001). The Cape Range Peninsula supports a rich vertebrate 

fauna, and particularly, rich diversity of reptiles. The Cape Range National Park, which is a Class A 

Reserve encompassing 50,581 ha is located approximately 9 km to the south-west of the site 

(Department of Environment and Conservation, 2010).  

Subterranean karst wetlands are present in Cape Range National Park and are characterised by 

subterranean waterways and crevicular systems in karstic limestone and coastal limestones. The 

wetlands are accessible through anchialine pools, wells, bores and caves. The wetlands meets five of 

the six criteria for nationally important wetlands in Australia, including playing an important role in the 

functioning of the ecological system and providing critical habitat for native plants and animal taxa at a 

vulnerable stage in their life cycles (Department of Environment and Energy, 2018a).  
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HEH B 

Broad scale vegetation mapping of the Exmouth area (Beard, et al., 2013) indicates that three 

vegetation associations were present within HEH B: 

 Shrub-steppe: hummock grassland (Triodia spp.) with scattered shrubs (Acacia spp., Grevillea

spp.) or mallee (Eucalyptus spp.)

 Sparse low tree-steppe: hummock grassland (Triodia spp.) with sparse eucalypts e.g.

bloodwood (C. dichromophloia) and snappy gum (E. brevifolia)

 Spinifex complexes: hummock grassland (Triodia spp.) with scattered low trees over dwarf

shrubs or mixed short grass and spinifex mixed species

Grasslands, coastal strand vegetation and low scrubland has been reported along the coastal plains 

of HEH B (HLA, 2001). Pioneer species such as beach spinifex (Spinifex longifolius), prickly saltwort 

(Salsola kali) and beach morning glory (Ipomea brasiliensis) reportedly grow sporadically along the 

shoreline. Pioneer and herb species such as Ptilotus sp. and Euphorbia sp. and low shrub and 

hummock grass communities have been reported along the foredunes (HLA, 2001).  

Myriad terrestrial invertebrates have been reported along the Cape Range Peninsula, which serve as 

food items for the many birds and reptile species reported in the area. Bird species including emu 

(Dromaius novahollandiae), reportedly utilise base infrastructure as a water source (HLA, 2001). 

2.2.6.2 Marine environments 

Exmouth Gulf 

The Exmouth Gulf is a marine embayment covering approximately 2,200 km2 and extending 

approximately 40 km east to west and 80 km north to south. Water depths in Exmouth Gulf range 

from intertidal flats to approximately 20 m in the northern and western regions. Rainfall in the region is 

low, creating a relatively stable hydrological environment. The seasonal occurrence of tropical 

summer cyclones can however bring extreme winds, heavy rainfall and increased runoff and turbidity 

within Exmouth Gulf (Department of Fisheries, 2015). 

Key habitats within Exmouth Gulf include mangroves, intertidal mudflats, coral reef, seagrass and 

mud / sand bottom areas. Exmouth Gulf supports a diversity of tropical fish and invertebrate species 

and marine mammals and reptiles. 

Seagrass communities are common in the southern and eastern regions of Exmouth Gulf, providing a 

source of food for dugongs and a nursery environment for invertebrates (Ecological, 2015). The west 

coast of Exmouth Gulf is dominated by sandy beaches, with a lower diversity of invertebrate species.  

Exmouth Gulf Fisheries 

The fishery resources of the Exmouth Gulf are managed under the Exmouth Gulf Prawn Managed 

Fishery (EGPMF). There are 15 managed fishery licences within the EGPMF, with a focus on 

commercial trawling (Department of Primary Industries and Regional Development, 2018).  

The target species of the EGPMF are brown tiger prawns (Penaeus esculentus), western king prawns 

(P. latisulcatus) and blue endeavour prawns (Metapenaeus endeavouri). The fishery also retains a 

variety of minor prawn species, including banana (Penaeus merguiensis) and coral prawns 

(Metapenaeopsis crassissima), blue swimmer crabs (Portunus armatus), squid, cuttlefish (Sepia sp.), 

bugs (Thenus sp.) and octopus. The bycatch of the EGPMF is dominated by mixed finfish and 

invertebrates (Department of Primary Industries and Regional Development, 2018).  
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A single beach seine fishery licence is held for the waters of Exmouth Gulf. This fishery targets mullet 

and whiting, depending on seasonal availability.  

The Exmouth Gulf is also used extensively for recreational fishing (Department of Fisheries, 2004), 

and an artificial reef was erected approximately due east of the HEH B area in 2018 to serve as an 

alternative location for recreational fishing. Species expected to be caught in this area include 

Spanish mackerel (Scomberomorus maculatus), trevally (Caranx ignobilis), mackerel (Rastrelliger 

kanagurta), tuskfish (Choerodon spp), emperors (Lethrinus spp), coral trout (Plectropomus 

leopardus), cod (Epinephelus spp) species and tropical snappers (Chrysophrys spp).  

Bundegi Coastal Park 

Bundegi Coastal Park encompasses approximately 460 ha of State protected land on the eastern 

coast of the Cape Range peninsula. The park extends approximately 1 km inland from the coast and 

stretches for approximately 5 km. The coastal waters adjacent to the park are used for a variety of 

recreational purposes, including fishing and snorkelling. 

Jurabi Coastal Park 

Jurabi Coast Park encompasses approximately 1,200 ha of State protected land on the western coast 

of the Cape Range Peninsula. The park extends up to approximately 1 km inland at its widest point 

and stretching for more than 30 km down the west coast to the Cape Range National Park. The park 

is used for a variety of recreational activities, including bushwalking.  

Jurabi Coastal Park is located directly to the west of Commonwealth (Defence) land. Groundwater 

and surface water from the Investigation Area discharge primarily to the east into Exmouth Gulf. In 

view of the elevated Cape Range between the Investigation Area and the western coast, groundwater 

and surface water will not discharge to the west coast. 

Ningaloo Marine Park 

Ningaloo Marine Park encompasses areas of Commonwealth and State protected waters extending 

from Exmouth, around the northern tip of the Cape Range Peninsula and then approximately 200 km 

to the south along the western Cape Range coast. Groundwater and surface water from the 

Investigation Area discharge primarily to the east into Exmouth Gulf. 

HEH B 

The Bundegi Coastal Park is located directly to the north-east of the HEH B. Commonwealth land 

along the coastline of HEH B extends to the low water mark, and therefore overlaps with the zone of 

the Bundegi Coastal Park in the far north eastern corner of the Investigation Area (HLA, 2001). 

The marine environment of the Bundegi Reef supports a variety of invertebrates, including molluscs, 

echinoderms, coelenterates and crustaceans, and a number of hard and soft corals. The Bundegi 

Sanctuary Zone is located within the nearshore waters adjacent to the Base. Consistent with the 

surrounding reef system, an extensive network of fish species has been reported in the broader 

Ningaloo Marine Park. The rapid water flow and extensive sand movement within naval waters does 

however prevent the growth of extensive seagrass communities, which are common in the south 

eastern portions of Exmouth Gulf. 

The shoreline on the eastern edge of HEH B provides potential habitat for a variety of shorebird 

species, however this coastline is a narrow strip of sandy beach that lacks an extensive intertidal 

zone. Therefore, visitation by migratory shorebirds would be occasional. Rocky areas and open 

shrubland plains within HEH B are likely to support a high diversity of terrestrial vertebrates, 

particularly reptile species. 
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2.2.7 Current and projected land uses (on-Base) 

HEH B comprises a communication centre, administration buildings, workshops and support facilities. 

Some vacant facilities are currently, and have historically, been leased to commercial operators for a 

range of uses including accommodation, restaurants and recreational purposes. Some vacant 

properties are currently leased for commercial purposes (e.g. Sitzler). 

The main features of HEH B include: 

 HF transmitter

 Base administration facilities

 Service facilities including vehicle maintenance workshop

 Former recreational and living quarters

 Waste water treatment plant (WWTP)

 Water treatment plant (WTP)

 Firefighting services and training areas (current and former)

 Landfill areas including Class IV landfill and asbestos landfill

 Lease areas for non-military use including Sea Breeze Resort (no longer in active use)

 Other activities include former fuel storage and distribution, in above and below ground tanks

and chemical storage (including paints and solvents).

These features are shown in Figure 2, Appendix A. 

2.2.8 Current and projected land uses (off-Base) 

Table 1 Summary of land use surrounding the Base 

Direction HEH B 

North Vacant crown land (open space) 

East Exmouth Gulf 

South Exmouth township 

West Vacant crown land (open space); Ningaloo Marine Park further to the west 

At the time of preparing this PMAP there were no projected land use changes proposed for the Base 

or immediate surrounds of the Base. 

2.3 Management Area complexity scale 

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

below. This is based on the small number of low potential risks identified in the ERA and due to 

contamination being localised to a small number of areas, including off Base (GHD, 2019). 
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Table 2 Management area complexity scale 

Characteristics Consequences 

Very 

Large 

 High number of identified risks

 Multiple areas of contamination, both on-

Base and off-Base

 hydrogeological profile facilitates rapid

migration of contamination

 large impacted community

 PMAP complex 

 Development / implementation 

timeframe: highly extended 

Large  Medium number of identified risks

 Multiple areas of contamination, both on-

Base and off-Base

 Medium-sized impacted community

 PMAP moderately complex 

 Development / implementation 

timeframe: extended 

Medium  Small-medium number of identified risks

 Localised areas of contamination both on-

Base and off-Base

 PMAP simplified 

 Development / implementation 

timeframe: medium 

Small  Small number of identified risks

 Contamination currently confined to

isolated locations on-Base

 Potential risk of contamination to a small

number of sensitive receptors

 Basic PMAP 

 Development / implementation 

timeframe: medium 

2.4 Extent of contamination 

The findings of the DSI (GHD, 2018) and ERA (GHD, 2019) are summarised as follows: 

 The regional groundwater flow is to the east towards the coast; there is a complex pattern of

minor groundwater mounds and sinks within the main operational area of HEH B.

 Groundwater has a low hydraulic gradient (in the order of 0.0003 m/m) and in localised areas

groundwater flow can be influenced by topography and geological conditions. Dispersive forces

are noted to likely be of significance in areas of low gradient.

 Groundwater discharge is likely to be primarily to coastal waters, although localised

evaporation forming a groundwater sink and locally hypersaline conditions can occur, for

example at the backwater lagoon areas north-east and east of the Base.

 PFAS was detected in surface water east (down gradient) of the Base in the backwater lagoon

area at concentrations exceeding the ecological screening criterion. It appears most likely that

PFAS in this area has occurred through surface water runoff in drainage channels which

discharge to the lagoon area, rather than being transported via groundwater. The backwater

lagoon can overflow to the Gulf during periods of heavy/prolonged rainfall, but this will involve

high levels of dilution and can be expected to result in undetectable concentrations of PFAS in

the open waters of the Gulf.
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 The regional flow of groundwater is towards the coastline, and PFAS was detected at

monitoring locations east of the Base. The results indicate that there is some discharge of

PFAS contaminated groundwater to the Gulf. This discharge is considered to pose a low risk to

the aquatic ecosystems of Exmouth Gulf.

 The concentrations of PFAS in seepage water in the coastal beach sands are considered to be

low; the rate of groundwater flow is considered to be low; and overall the rate of mass

discharge of PFAS to the Gulf waters is considered to be low.

 Groundwater discharging to the Gulf will be subject to tidal mixing and dilution in the beach

sands, and further dilution upon discharge to the tidal environment due to further tidal mixing.

Because of this, the concentration of PFAS in the open Gulf waters is expected to be less than

the level of detection of current analytical methods, and less than the concentrations that would

result in detectable concentrations in fish and other marine organisms in the open Gulf waters.

 PFAS were not detected in the edible portions of fish caught from the Gulf to the east of the

Base.

 It is noted that the biota sampling was somewhat limited in nature and not all species targeted

were sampled. However, samples collected from other areas along the Gulf waters near RAAF

Base Learmonth and HEH A also reported no detectable PFAS in biota samples. This suggests

widespread impact to biota in the region is not supported by the evidence collected to date.

Further to this, PFAS was sporadically encountered in abiotic media such as seepage water.

Given the conservative nature of the ERA, concentrations in biota are expected to be lower

than the estimated concentrations, which is supported by biota samples not having detectable

levels of PFAS.

 Given the setting discussed above, discharge of PFAS through the beach sands can be

expected to occur intermittently in localised areas with generally low concentrations and low

mass flux. Any PFAS impact periodically reaching the marine environment will be very quickly

dispersed, limiting the potential for uptake by biological receptors.

 PFAS concentrations in surface soils were highest in the source areas. The concentrations of

PFAS did not exceed the screening criteria for protection of human health, and it is concluded

that the PFAS contamination in soil does not pose a risk to human health.

 It is likely that the concrete/asphalt of the KC hard stand (particularly between locations BH317

and BH315) and the fire station driveway are acting as ongoing sources of PFAS to sub surface

soils and groundwater via leachate.

The findings of the subsequent ERA are summarised as follows: 

 PFAS poses a low risk to lower trophic level terrestrial and marine aquatic organisms across

the Management Area.

 PFAS poses a low risk with respect to the potential for bioaccumulation in avian food chains

across the Management Area, including the terrestrial environments of the base and Exmouth

Gulf.
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 PFAS poses a low risk with respect to the potential for bioaccumulation and biomagnification in

marine mammals. While the PFAS concentrations estimated for fish in the nearshore

environment of Exmouth Gulf (using beach seepage water PFAS concentrations) marginally

exceeded the NEMP mammalian wildlife dietary guideline, the low rates of groundwater

discharge into Exmouth Gulf and the resulting high levels of dilution and dispersion support the

conclusion that the concentrations in fish will be less than estimated and that PFAS poses a

low risk with respect to bioaccumulation and biomagnification. Further to this, large ranges

associated with marine mammals such as dolphins would preclude a significant portion of the

diet originating in areas adjacent to the Management Area.

 PFAS poses a low risk to marine turtles that could potentially nest along the beaches of the

Investigation Area.

2.5 Groundwater use 

A borefield, comprising 16 potable water supply bores, is located approximately two to three 

kilometres south west of HEH B. Groundwater is extracted from the Cape Range aquifer and pumped 

via underground pipelines to a water treatment plant which is located at the western corner of the 

HEH B administration area. 

 Raw groundwater from the borefield is pumped to a 190,000 L capacity raw water storage tank

at the water treatment plant

 The tank supplies water directly to the adjacent water treatment plant, where it is passed

through carbon filters and a reverse osmosis system

 Potable water uses at the Base includes supply to all buildings, facilities and fire hydrants at

Bundegi Beach, the potable water was observed to be used at the fish cleaning station, a new

café and in the toilet/shower block

2.6 Relevant legislation and government policy 

The PFAS National Environmental Management Plan (PFAS NEMP 2018) aims to provide 

governments in Australia with a consistent, practical, risk-based framework for the environmental 

regulation of PFAS-contaminated materials and sites. It is framed as an adaptive plan, able to 

respond to emerging research and knowledge. 

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

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

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

the Management Area is set out and discussed in Appendix B. 

Other key drivers and constraints impacting upon response management include the limited 

availability of treatment facilities that can destroy or stabilise PFAS, especially within Western 

Australia (WA). While Red Hill Waste Management Facility, located approximately 1000 km south of 

the Base, is licenced to accept and dispose PFAS impacted waste, disposal to landfill is typically the 

least preferred management option, especially considering the transportation distance required.  

2.7 Interim response management actions / existing institutional controls 

Interim response management (IRM) actions are actions in accordance with the IRM Guideline, or 

preceding that guideline, to provide for necessary avoidance or mitigation of risks prior to the 

completion of the DSI and/or risk assessments. No IRMs were identified for the Base, therefore no 

further assessment has been undertaken of potential IRMs in Appendix C. 

http://www.epa.vic.gov.au/PFAS_NMP
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2.8 Stakeholders 

Stakeholder engagement was conducted in accordance with the Exmouth investigation Stakeholder 

Communication and Engagement Plan. This aligns with the principles of: the NEPM Schedule B8 

Guideline on Community Engagement and Risk Communication. 

The main stakeholders associated with the PMAP include: 

 Department of Defence

 Site personnel

 Community members resident in the surrounding areas

 General public

 Water Corporation

 Shire of Exmouth

 Department of Water and Environmental Regulation

 Department of Health

 Department of Primary Industries and Regional Development

 Department of Premier and Cabinet

Stakeholder engagement to date has included: 

 Meetings with Shire of Exmouth

 Letter drops to the community

 Presentations to Defence personnel

 Community Public information sessions

 Meeting with Primary Industries and Regional Development

 Meeting with Water Corporation

 Meeting with representative of Ningaloo World Heritage Committee

The following methods of engagement with stakeholders were used: 

 1800 Number and E-mail

A dedicated Exmouth PFAS investigation phone line (1800 290 728) and e-mail inbox

(exmouth.defence@ghd.com) to receive community enquiries about the investigation. Calls are

managed using Defence-approved scripts. Site personnel, and all project collateral, have

carried these contact details, which are also on the Defence website.

 Consultation Manager

Community contacts are recorded in a dedicated Consultation Manager database, to ensure a

complete record of interactions, and to facilitate reporting to Defence.

mailto:exmouth.defence@ghd.com
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 Communication Collateral

Development of community-facing investigation material including:

– Factsheets

– Posters

– Community Walk-In Information Session (CWIS) Flyers (all 1,200 Exmouth post office

boxes)

– Media advertisements

– Newsletter

 Face-to-Face Engagement

Exmouth stakeholder meetings including base briefings; local authority and Department of

Fisheries. Three community walk-in sessions (CWISs) were also conducted on:

– CWIS 1 – 21 September 2017

– CWIS 2 – 31 November 2017

– CWIS 3 – 1 November 2018

CWIS organisation has included preparing and distributing invitations; preparing local media 

advertisements, PowerPoint presentations, factsheets, sign-in sheets and feedback forms. CWIS 1 

and CWIS 3 comprised two, two-hour sessions, each with a presentation, followed by question and 

answer session and follow-up information tables. CWIS 2 was a drop-in session only; no 

presentations were delivered. GHD used feedback forms to evaluate CWIS efficacy and has 

submitted to Defence debrief reports for each. One more CWIS is scheduled in May 2019. 

 Project Control Group Meetings

Six Project Control Group (PCG) meetings were hosted in Perth. In these meetings,

investigation milestone updates were presented to various Commonwealth and State agency

representatives, to ensure they were informed about the Exmouth investigation and allow

feedback. All meetings included the site auditor. PCG meetings were conducted on:

– PCG 1 – 27 November 2017

– PCG 2 – 1 March 2018

– PCG 3 – 13 June 2018

– PCG 4 – 14 August 2018

– PCG 5 – 16 October 2018

– PCG 6 – 9 April 2019
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS NEMP. Western Australian Government Agencies were 

consulted during the development of this 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 DSI (GHD, 2018) and the ERA (GHD, 2019) undertook an assessment of the risks associated 

with the presence PFAS on and in the environment surrounding the Base; the reported risks were 

low.  

A source / pathways / receptor analysis based on the CSM in the DSI is used to identify the relevant 

source (primary and secondary), pathways and receptors for each of the low risks.  

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

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

form a part of the options analysis. 

3.4 Develop risk management options (Section 6.1) 

Management options were identified to address each of the risks identified in Chapter 4. The list of 

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

Management Area. Management Area-specific information includes:  

 Risk assessments, CSM and DSI

 Relevant Commonwealth and State legislation

 Feedback from stakeholder consultation

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

The management options include 

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

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

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

are described in the chapter 4 analysis.

 Monitoring only approach. This recognises the low risk profile and involves the ongoing

monitoring of the risk to ensure it does not increase and to provide contingencies if an increase

is identified.

Identifying information for each option includes the objective and a description of how the objective 

contributes to managing the identified risk. 
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3.5 Integrated options analysis (Section 6.3) 

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

between: 

 Other proposed PMAP response actions

 Approved or proposed PMAP response actions in other Management Areas

 Planned works involving infrastructure, maintenance or remediation of co-contaminants on the

Defence property

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

the relevant sets of risks.  

3.6 Recommendations analysis (Section 7.1) 

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

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

4.1 Source / pathway / receptor analysis 

4.1.1 Summary of exposure scenarios 

The DSI (GHD, 2018) and the ERA (GHD, 2019) undertook an assessment of the risks associated 

with the presence PFAS on and in the environment surrounding the Base; the reported risks were 

low. A summary of the Table 3 Assessment of risks arising from the presence of PFAS on and in the 

environment surrounding the Base. A detailed CSM can be viewed in Appendix D. 

Table 4 Summary of the exposure scenarios 

Beneficial use Specific effect Risk 

Human health Contact with soil, sediment, concrete 

surfaces, groundwater and surface 

water by site personnel 

Low 

Consumption of potable water Low 

Consumption of edible species from 

local waterways 

Low 

Ecological Terrestrial ecosystems Low 

Aquatic ecosystems Low 

Health of avian predators Low 

4.2 Risk listing and consequences 

Considering the low risk profile of PFAS on and in the environment surrounding the Base, this PMAP 

focusses on ongoing monitoring of the extent of contamination with aim of identifying any changes 

which may adversely affect the risk profile. Implementation of the OMP (Section 5 and Attachment 1) 

is aimed at identifying such changes. The PMAP is designed to be reviewed and updated both 

regularly and if triggered by results of the OMP. 
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5 ONGOING MONITORING PLAN 

5.1 Overview 

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

and surface water contamination characteristics to inform calibration of risk management where 

required.  

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

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

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

of all PMAPs.  

5.1.1 Objective and purpose 

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

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

to protect human health and the environment. 

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

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

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

human health and environmental receptors.

 An early warning that additional management of PFAS contamination may be warranted in

areas not currently affected by PFAS.

5.1.2 Impacted decisions 

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

decisions including: 

 Additional investigations

 Re-assessment of one or more remediation or containment actions

 Additional remediation or containment actions

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

drinking water supplies)

 Changes to State advice on types of exposure-minimisation behaviours (e.g., consumption of

home produce or seafood)

 Changes to State advice on boundaries of a designated management area and the

management zones within

 Changes or refinements to the monitoring network, frequency and parameters
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5.2 OMP communications 

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

 OMP

 Monitoring data collected during the implementation of the OMP

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

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

5.3 OMP summary

The OMP will include the following monitoring: 

 Groundwater monitoring of the source area

 Groundwater and seepage water monitoring between the source area and Exmouth Gulf

 Surface water and sediment sampling across the clay/salt pan to monitor the broader status of

PFAS contamination across the area

 A factual report summarising the results of each monitoring event

 An annual interpretative report

 The OMP will be reviewed annually by the Environmental Consultant and Defence and any

comments or recommendations for changes to the OMP will be forwarded to Defence for

consideration and acceptance.

The OMP sets out the monitoring frequency, analytes, sampling procedures, quality assurance/quality 

control procedures and site-specific assessment criteria. It sets up triggers to indicate a change in the 

risk profile of the Management Area and contingencies to address exceedances of those triggers. 

Such contingencies may be a reassessment of risk, further investigations and/or active responses 

such as remediation. 

The OMP should include a review of Garrison Estate Management System (GEMS) for the Base, 

specifically of any incidents or non-conformances relating to the use and management of firefighting 

foams as per Defence Estate Pollution Prevention Management Manual (PPMM) Annex 1C, which 

could influence the risk profile of the Base and trigger a review the OMP and the PMAP. 

The primary implementation period of the OMP will be for an initial three year period. Criteria will also 

be developed to indicate when a cessation of monitoring is justified. The three year implementation 

period will provide additional temporal data (total of three years including six monitoring events) which 

should provide sufficient data to assess temporal and spatial trends. At the end of the primary 

implementation period of three years, the full OMP dataset will be reviewed, and a decision on 

whether to cease monitoring or undertake further monitoring will be made at this stage. 
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5.4 OMP review 

The OMP will be reviewed annually by the Environmental Consultant and Defence and any comments 

or recommendations for changes to the OMP, such as reduction of sample locations, reduction or 

changes in frequency and/or increased sample locations at the receptor, will be forwarded to Defence 

for consideration and acceptance. This will occur in conjunction with the annual review of the PMAP, 

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

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

data becomes available. 
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6 OPTIONS IDENTIFICATION AND ANALYSIS 

6.1 Options identification and analysis 

Active management responses such as remediation have not been considered as a part of this 

PMAP. The focus of the PMAP is on ongoing monitoring to identify any changes in the distribution of 

contamination, which may result in the need for active response measures. This approach is based 

on the work conducted in the DSI and ERA which indicated that the PFAS in soil, groundwater and 

surface water poses a low risk to human health and ecosystems.  

Any response to contamination (PFAS or other contaminants) should be commensurate with the risks 

posed by that contaminant to avoid unnecessary disturbance of the environment. The low risk 

conclusion drawn by the ERA is based on: 

 The generally low concentrations of PFAS in soil, sediment and surface water and in

groundwater distant from the source areas

 The low rates of groundwater and surface water migration

 The non-detectable PFAS in biota samples taken to date in Exmouth Gulf downgradient from

HEH B

Active remediation of source areas will remove mass from the environment but the effects of this will 

not be felt at the receptor for potentially decades. Given the low concentration of PFAS in 

groundwater, remediating groundwater would requires expenditure of a large amount of energy to 

remove very little mass of contaminants for little change in an already low risk. 

Consequently, the approach taken in the PMAP is not to ignore the contamination but to monitor it in 

such a way to ensure any change in risk profile is picked up early so that appropriate risk-based 

contingency actions can be applied. 

The ‘do nothing’ approach is included below for comparative purposes only. 

6.2 Comparative analysis 

The following section provides a comparison between the aforementioned options of: 

 Do nothing

 Ongoing monitoring

Given that active response measures were not considered, the options above were not assessed 

using the criteria set out in PMAP template and are instead summarised in Table 5 below. 
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Table 5 Comparative assessment 

Option Description Technology Logistical, Defence and 

Stakeholder 

considerations 

Financial 

considerations 

Relative risk reduction 

benefit 

Retained 

Do nothing Base case. Reduction 

of PFAS mass through 

natural depletion and 

dilution 

NA Requires no technology or 

monitoring. Based on the 

assumption that the source 

is not ongoing, risks are low 

and depletion will occur 

over time. 

Presence of PFAS onsite to 

be included in the Base 

management plan to inform 

personnel on risks and 

describe relevant OHS 

measures and PPE to be 

used in the handling of 

soils. 

No cost Low risks will remain so or 

reduce over time. No formal 

way of assessing risk over 

time.  

No 

Monitoring No physical action to 

address sources, 

pathways or receptors 

but regular monitoring 

under an ongoing 

monitoring plan 

(OMP). The OMP 

would contain triggers 

that provide early 

warning of a change in 

risk and associated 

contingencies to 

address any changes. 

NA Requires development and 

acceptance of OMP by 

stakeholders.  

No capital cost. 

Low annual 

monitoring 

costs 

Risks will reduce over time 

(it may take decades for 

there to be a significant 

reduction in risk) assuming 

no new releases of AFFF 

have occurred. The risk is to 

be regularly monitored and 

there can be an additional 

response if the risk is 

determined to be increasing 

or unacceptable.  

Yes 
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7. CONCLUSION

7.1 Recommended PMAP response actions 

The DSI (GHD, 2018) and ERA (GHD, 2019) identified all risks as low. 

There was a higher degree of uncertainty pertaining to one risk, namely the potential for PFAS in 

seepage water to be at concentrations that might build up in and affect the health of mammals in 

Exmouth Gulf. 

No IRM actions or institutional controls have currently been implemented to manage the identified 

risk. However, the recommended response actions to reduce the risk of exposure to all receptors 

include:  

 Management of fire-fighting foams on the Base in accordance with Defence Estate Pollution

Prevention Management Manual (PPMM) Annex 1C, which sets out monitoring, auditing and

reporting requirements relating to the use and management of firefighting foams across the

Defence Estate. As this PMAP is focussed on monitoring the distribution of PFAS on and in the

environment surrounding the Base, all incidents and non-conformances relating to PPMM

Annex 1C could influence the risk profile of the Base and therefore the scope of the OMP. The

OMP sets out an approach to monitoring changes in the risk profile of the Base. If any incidents

and non-conformances relating to PPMM Annex 1C are considered to have adversely affected

the risk profile, the PMAP should be reviewed and the need for further investigation should be

considered.

 Consider PFAS risk within existing Base OH&S plans and environmental management systems

(EMS) to inform workers undertaking any future construction works proposed at the Base of the

presence of PFAS and appropriate handling and soil management methods. This would include

implementing soil management restrictions within the source areas (including a suitable buffer

zone), to prevent movement of soil without first considering the PFAS risk, particularly with soil

reuse. Reference should be made to the Defence guideline 'Per- and poly-fluoroalkyl

substances (PFAS) Framework – Construction and Maintenance Projects' v.1, 5 March 2018.

 Restriction of groundwater extraction on the Base for any purpose other than monitoring.

 Implementation of the OMP to monitor risk and assess whether triggers are exceeded and

contingency actions required.

 Maintaining the monitoring well network in good condition

 Incorporation of PFAS issues into the Base Environmental Management System (EMS) and

induction of Base staff into the EMS.

7.2 PMAP implementation 

7.2.1 Response timeframes 

The primary implementation period of the OMP will be three years. Criteria will also be developed to 

indicate when a cessation of monitoring is justified. 

Estimated timeframes are indicative only at this stage. 
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7.2.2 PMAP implementation 

The timeframes for implementation of this PMAP will be informed by a risk based approach that 

provides value for money in the use of public resources. Key factors include: 

Priority for PFAS migration 

and human health 

Priority accorded under the Defence PFAS Response 

Management Strategy to implementing practicable solutions to 

prevent or minimise the migration of PFAS beyond the Defence 

property boundary; and measures to protect the community from 

exposure while management actions addressing source areas 

and/or migration pathways are underway. 

Priority for higher risks Priority given to relatively higher risks within one or more 

Management Areas. 

Response actions underway Response actions already underway, having commenced during 

the site investigations phase to manage a risk identified as 

requiring early intervention. 

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

dependent on the implementation of another response action. 

Use of public resources Defence’s obligations under the Commonwealth Procurement 

Rules (issued under the Public Governance, Performance and 

Accountability Act 2013) to achieve value for money in 

procurement; and to use public money in an efficient, effective, 

economical and ethical manner. Cost-effectiveness may be 

facilitated through: 

 Grouping the implementation of similar response actions

within one or more Management Areas

 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 (e.g. PWC) and procurement processes.
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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. 

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

relevant approval or procurement documentation. 

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

circumstances that may trigger a review/update include: 

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

advises that its objectives are not being met

 Updated information obtained from PMAP response actions involving further investigations or

data from the OMP

 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 government agencies and the local Council. 
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APPENDIX A: Figures 

Figure 1 Location Overview 

Figure 2 Site Layout 

Figure 3 Conceptual Site Model 
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APPENDIX B: Regulatory and policy analysis 

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

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. 

B1 Commonwealth legislation, policy and standards 

B1.1 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 (EPBC Act) –confers

jurisdiction over actions that have a significant environmental impact on Commonwealth land. A

referral to the Commonwealth Environment Minister is required where a Defence proposal has

or is likely to have a significant impact on the environment, whether or not it is on

Commonwealth land or waters.

 Work Health and Safety Act 2011 - Defence and its contractors have obligations to protect the

health and safety of workers and others operating within the vicinity of contaminated land that is

on or near to a workplace under Defence control.

 National Environment Protection (Assessment of Site Contamination) Measure 1999, as

amended in 2013. (NEPC, 2013) - provides adequate protection of human health and the

environment, where site contamination has occurred, through the development of an efficient

and effective national approach to the assessment of site contamination.

 National Environment Protection (Movement of Controlled Waste between States and

Territories) Measure 1998 - provides a basis for ensuring that controlled wastes which are to be

moved between States and Territories are properly identified, transported, and otherwise

handled in ways which are consistent with environmentally sound practices for the

management of these wastes.

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
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 Defence OMP Template and Guidance 2018

 Defence PFAS Applied Research Strategy 2018

 Defence Estate Pollution Prevention Management Manual 2017

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 (PFAS NEMP) A version 2.0

Consultation Draft of the PFAS NEMP was released in February 2019 for review.

 The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC,

2018)

 Final Health Based Guidance Values (HBGV) for PFAS for use in site investigations in

Australia, FSANZ April 2017

B1.2 Key drivers and constraints impacting on development/prioritisation of options 

The NEPM preferences remediation or management options that involve the on-site treatment or 

containment of contamination over off-site treatment options. This position has been considered when 

selecting the preferred management options, if relevant. 

Any proposed works associated with PFAS management which is likely to have a significant impact 

on Matters of National Environmental Significance (MNES) or the environment are required to be 

referred to the Commonwealth Environment Minister. The current matters of national environmental 

significance to which the EPBC Act applies are:  

 World heritage properties

 National heritage places

 Wetlands of international importance (often referred to as Ramsar wetlands)

 Listed threatened species and ecological communities

 Migratory species protected under international agreements

 Commonwealth marine areas

 The Great Barrier Reef Marine Park

 Nuclear actions (including uranium mining)

 Actions, in relation to coal seam gas development and large coal mining development that

have, will have, or are likely to have a significant impact on a water resource.

The approval process required will be determined by the proposal’s complexity and its interaction with 

the environment. 
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B2 State Legislation and Policy 

B2.1 Outline 

The following legislation is relevant to the management of contaminated sites in WA: 

 Contaminated Sites Act 2003.

 Contaminated Sites Regulations 2006.

The following legislation may also be relevant, depending on the management options that are 

implemented: 

 Environmental Protection Act 1986

 Environmental Protection (Controlled Waste) Regulations 2004

The WA contaminated sites regulator is the Department of Water and Environmental Regulation 

(DWER). The following DWER guidelines are relevant to the assessment and management of PFAS 

contaminated sites in WA: 

 DWER (2018) Landfill waste classification and waste definitions 1996 (as amended 2018). This

document provides guidance and criteria to inform the classification of wastes for acceptance to

licenced landfills. The document also provides criteria for assessment of waste for re-use as

‘uncontaminated fill’.

 DWER (2017) Interim guideline on the assessment and management of perfluoroalkyl and

polyfluoroalkyl substances (PFAS). This interim guideline provides guidance on the

assessment and management of PFAS within the legislative framework provided by the

Contaminated Sites Act 2003, the Contaminated Sites Regulations 2006 and the NEPM. The

document outlines PFAS-specific requirements that must be considered when assessing,

managing or remediating PFAS contaminated sites in WA. The guideline is currently under

review following release of the PFAS NEMP in January 2018. Interim screening levels provided

in DWER 2017 have been superseded by the PFAS NEMP.

 DWER (2017) Identification, reporting and classification of contaminated sites in Western

Australia. This document provides guidance on the identification, reporting and classification of

contaminated sites in WA, within the legislative framework provided by the Contaminated Sites

Act 2003, the Contaminated Sites Regulations 2006 and the NEPM. The guideline aims to

assist contaminated sites practitioners and the wider community in understanding the operation

of the Contaminated Sites Act 2003 and the Contaminated Sites Regulations 2006.

 DWER (2014) Assessment and management of contaminated sites. This document provides

guidance on the assessment and management of contaminated sites in WA, within the

legislative framework provided by the Contaminated Sites Act 2003, the Contaminated Sites

Regulations 2006 and the NEPM.

The WA State Government has released a statement outlining work underway to identify and manage 

per and poly-fluoroalkyl substances (PFAS) in Western Australia entitled Government Statement on 

Per- and Poly-fluoroalkyl substances.  



PFAS MANAGEMENT AREA PLAN – NAVAL COMMUNICATION STATION HAROLD E HOLT – AREA B 

48 

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

options 

The DWER (2014) guidelines state that “the evaluation of remedial options should include 

consideration of the preferred hierarchy for site clean-up and/or management as described in 

Principle 16 of the NEPM”. As described in Section A1.2, the NEPM preferences remediation or 

management options that involve the on-site treatment or containment of contamination over off-site 

treatment options. This position has been considered when selecting the preferred management 

options. 

B3 Planning Instruments or environmental permitting/licence controls 

B3.1 Outline 

Management options that cause emissions and discharge to air, land or water (e.g. water treatment 

options where treated water is subsequently discharged to the environment) require approval, 

licencing and regulation under Part V of the Environmental Protection Act 1986. Given that the Base 

comprises Federal land, works conducted within the Base boundary may be exempt from such 

licencing and regulation however, any off-site discharge may trigger this requirement. 

The DWER (2018) Landfill waste classification and waste definitions 1996 (as amended 2018) 

guidelines provide guidance on the characterisation of waste for on-site re-use (as ‘uncontaminated 

fill’) and off-site disposal to licenced landfill facilities in WA. These guidelines will require consideration 

if off-site disposal or re-use on another site is being considered. 

Red Hill Waste Management Facility, located approximately 1,000 km south of the Base near Perth, is 

licenced to accept and dispose PFAS impacted waste. Approval from the landfill is required ahead of 

transportation of material to the facility. Assessment criteria used to inform the type of landfill cell that 

PFAS containing material can be disposed to are documented in the NEMP (2018).  

Transportation of waste within Western Australia is regulated by the DWER via the provisions of the 

Environmental Protection (Controlled Waste) Regulations 2004 under the Environmental Protection 

Act 1986. There is no limit on the distance waste can be transported. 

Management options that involve the abstraction of groundwater such as groundwater treatment 

systems will likely require a licence to construct a bore and draw groundwater from the DWER.  

Threatened Ecological Communities (TEC) are regulated under the Environment Protection and 

Biodiversity Conservation Act 1999. Completion of remedial works within areas where a TEC has 

been identified may require approval through the Defence Environmental Planning Assessment and 

Compliance branch.  

B3.2 Key drivers and constraints impacting on development/prioritisation of options 

Licences, such as those granted under the Environmental Protection Act 1986 or by DWER may 

come with specific requirements and/or conditions. For example, to limit the volume of water being 

discharged to or abstracted from the environment. 
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APPENDIX C: Interim response management analysis 

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

This Appendix sets out any identified 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. 

No IRMs were identified for the Management Area; therefore no further assessment has been 

undertaken. 
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APPENDIX D Source – pathway – receptor analysis 

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

Based on the findings of the DSI (GHD, 2018) and ERA (GHD, 2019), an updated CSM has been developed and summarised below. The CSM contains an 

assessment of the impact to the various media from PFAS in the main source areas and lesser source areas. It assesses whether they exceed Tier 1 HILs 

and EILs and assesses potential source-pathway-receptor linkages (S-P-R). It also provides a qualitative assessment of residual risks after consideration of 

the likelihood of exposure and impacts being realised. A pictorial representation of the S-P-R linkages across the Base is shown in Figure 3 of Appendix A. 

Table 6 CSM for the two grouped source areas 

Area of 

environmental 

concern

Impacted 

media

General 

Receptor

Exceeds 

Guidelines?

Tier 1 risk Potential 

exposure 

route

Comment S-P-R Link

complete?

Risk

Main HEH B 

Area 

Soil 
Human Health No No Ingestion PFAS <HILs 

Therefore, unlikely to be an unacceptable risk to human 

health from identified PFAS impact, despite possible human 
receptors present. However, should soil be disturbed in the 
future for site works, precautions should be taken to limit 

exposure. 

Possible Negligible

Ecosystems Yes (some 

areas) 

Yes (some 

areas)
Ingestion PFAS < EILs No Negligible

Dermal 

contact 

PFAS >EILs 

Potential for uptake from soils and accumulation in predatory 

animals consuming soil-dwelling animals or plants. 

Unlikely Low 

Inhalation Possible Low 

Sediment Human Health No No Ingestion PFAS <HILs 

Therefore unlikely to be an unacceptable risk to human health 
from identified PFAS impact. However, should soil be 
disturbed in the future for site works, precautions should be 

taken to limit exposure. 

No Negligible

Ecosystems No No Ingestion 

Dermal 

contact 

Inhalation 

PFAS <EILs 

PFAS impact identified in drainage lines on and off-site 
(including primary eastern drainage line from the Base) 

indicating that PFAS migration via sediment transport is likely 

to be occurring and therefore acting as a secondary source. 

Possible Low
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Area of 

environmental 

concern

Impacted 

media

General 

Receptor

Exceeds 

Guidelines?

Tier 1 risk Potential 

exposure 

route

Comment S-P-R Link

complete?

Risk

Surface water 
Human Health Yes (some 

areas) 

Yes (some 

areas) 

Ingestion PFAS > HIL 

Water is ephemeral and not likely to be sourced for 

consumption or recreational use. 

Opportunity for exposure is low and manageable. 

Unlikely Low

PFAS < HIL 

Therefore unlikely to be an unacceptable risk to human health 
from identified PFAS impact (where present). Water is 
ephemeral and not likely to be sourced for consumption or 

recreational use 

Unlikely Negligible 

Ecosystems Yes Yes Ingestion 

Dermal 

contact 

Inhalation

PFAS > EILs 

Surface water not sampled from all areas - only limited 
surface water was encountered during the works on site and 

in constructed drains only. Any surface water within the area 
is likely to be only periodically available for animal 

consumption. 

However, drainage lines from HEH B main area are 
connected to natural backwater lagoon east of the site which 

is periodically connected to the Gulf through a narrow channel 
to the north. This lagoon is periodically inundated and dry. 
The lagoon water is likely to overflow to Exmouth Gulf in 

higher rainfall events which is likely to result in dilution of any 
PFAS in the lagoon water. PFAS was detected in surface 
water at this sample point greater than screening criteria. 

Overflow to the Gulf during periods of heavy/prolonged 
rainfall, but this will involve high levels of dilution and can be 
expected to result in undetectable concentrations of PFAS in 

the open waters of the Gulf. No biota was observed or caught 
from the lagoon. Therefore the exceedance of the surface 
water ecological screening criterion at this location poses a 

low risk to the aquatic ecosystem of the lagoon (if present) 

and Exmouth Gulf. 

Yes Low

Groundwater 
Human Health Yes Yes Ingestion PFAS>HIL for drinking water and recreational use 

Groundwater not extracted in this area for any use. Potable 

groundwater bores (located up-gradient of the site) < HILs. 

No Negligible

Ecosystems Yes Yes Ingestion 

Dermal 

contact 

Inhalation

Groundwater likely to be flowing towards the coastline, and 
was detected at monitoring locations east of the site. It is 
therefore likely that PFAS impact is migrating towards 

Exmouth Gulf. Groundwater is likely to discharge to the Gulf, 
it is therefore possible that these exceedances represent a 

risk to aquatic ecosystems of Exmouth Gulf. 

Possible Low
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Area of 

environmental 

concern

Impacted 

media

General 

Receptor

Exceeds 

Guidelines?

Tier 1 risk Potential 

exposure 

route

Comment S-P-R Link

complete?

Risk

However; 

- Potential PFAS mass in groundwater is low.

- biota sampling was undertaken and analysis did not show
concentrations of PFAS above the limit of detection in
edible portions of the samples

- Large dispersion / dilution effect in Exmouth Gulf

Central/ 

northern 

areas

Soil 
Human Health No No Ingestion PFAS <HILs 

Therefore unlikely to be an unacceptable risk to human health 
from identified PFAS impact, despite possible human 

receptors present. 

Possible Negligible

Ecosystems Yes Yes Ingestion PFAS >EILs in some areas 

Potential for uptake from soils and accumulation in predatory 

animals consuming soil-dwelling animals or plants. 

Possible Negligible

Dermal 

contact 
Unlikely Low 

Inhalation Possible Low 

Sediment 
Human Health No No Ingestion PFAS <HILs 

Therefore unlikely to be an unacceptable risk to human health 
from identified PFAS impact, despite possible human 

receptors present. 

Possible Negligible

Ecosystems No No Ingestion 

Dermal 

contact 

Inhalation 

PFAS <EILs 

Few formal drainage lines observed, however PFAS impact 

identified in sediment samples were collected, indicating that 
PFAS migration via sediment transport is likely to be 

occurring however is also likely to be limited. 

Possible Negligible

Surface Water 
Human Health No No Ingestion 

Dermal 

contact 

Inhalation 

PFAS < HIL 

Therefore unlikely to be an unacceptable risk to human health 

from identified PFAS impact (where present). Water is 
ephemeral and not likely to be sourced for consumption or 

recreational use. 

No Negligible

Ecosystems Yes Yes Ingestion 

Dermal 

contact 

Inhalation 

PFAS > EILs 

Surface water not sampled from all areas - only limited 
surface water was encountered during the works on site and 
in constructed drains only. Any surface water within the area 

is likely to be only periodically available for animal 

consumption. 

Possible Negligible

Groundwater Human Health Yes Yes Ingestion PFAS>HIL for drinking water and recreational use 

Groundwater not extracted in this area for any use. Potable 

groundwater bores (located up-gradient of the site) < HILs. 

No Negligible
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Area of 

environmental 

concern

Impacted 

media

General 

Receptor

Exceeds 

Guidelines?

Tier 1 risk Potential 

exposure 

route

Comment S-P-R Link

complete?

Risk

Ecosystems Yes Yes Ingestion 

Dermal 

contact 

Inhalation 

Groundwater likely to be flowing towards the coastline, and 
was detected at monitoring locations east of the site. It is 

therefore likely that PFAS impact is migrating towards 
Exmouth Gulf. Groundwater is likely to discharge to the Gulf. 
It is therefore possible that these exceedances represent a 

risk to aquatic ecosystems of Exmouth Gulf. However; 

- Potential PFAS mass in groundwater is low.

- biota sampling was undertaken and analysis did not show
concentrations of PFAS above the limit of detection in
edible portions of the samples

- Large dispersion / dilution effect in Exmouth Gulf

Possible Low
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GLOSSARY

AHD Australian Height Datum

AS Australian Standard

ANZECC Australian and New Zealand Environment and Conservation Council

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

COC Chain of Custody

CSM Conceptual Site Model

DO Dissolved Oxygen

DSI Detailed Site Investigation

DQI Data Quality Indicators

DQO Data Quality Objectives

EC Electrical Conductivity 

DWER Department of Water and Environmental Regulation

ERA Ecological Risk Assessment

HEPA Heads of EPAs Australia and New Zealand 

HHERA Human Health and Ecological Risk Assessment

HHRA Human Health Risk Assessment

LOR Limit of Reporting

Management Area The geographical area subject to Defence response actions 

NATA National Association of Testing Authorities 

Off-site Off-Base

OMP Ongoing Monitoring Plan

On-site On-Base

PFAS Per- and polyfluoroalkyl Substances

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

PFOA Perfluorooctanoic acid

PFOS Perfluorooctane sulfonic acid

PMAP PFAS Management Area Plan
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Project site A defined site for construction and maintenance works within a Base

QA Quality Assurance

QC Quality Control

Remediation Action Plan 
(RAP)

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

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

SAQP Sampling and Analysis Quality Plan 

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

SWL Standing Water Level

TOC Total Organic Carbon

TDS Total Dissolved Solids

μg/L Micrograms per Litre
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1 INTRODUCTION
1.1 Background 

Per and polyfluorinated alkyl substances (PFAS) are a group of over 3,000 synthetic (i.e. ‘man-made’) 
compounds which include perfluorooctane sulfonate (PFOS), perfluorohexane sulfonate (PFHxS), 
and perfluorooctanoic acid (PFOA). PFAS have been widely used around the world since the 1950s 
to make products that resist heat, stains, grease and water. These include hydraulic fluid, stain 
resistant applications for furniture and carpets, packaged food containers, waterproof clothing, 
personal care products and cleaning products.

Due to their effectiveness in extinguishing liquid fuel fires, PFAS were 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 estates arises primarily because of the 
historic use of AFFF for training purposes or incident control.

The nature of PFAS

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

Water is the main media by which PFAS contamination is transferred from a source to a 
receptor - a person, animal, plant, eco-system, property or a waterbody.

PFAS are variably water soluble and mobile and can rapidly leach through soils or disperse in 
waterways, travelling long distances where conditions allow. This may sometimes reduce the 
level of contamination of the original source material, assuming no ongoing primary source is 
present.

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

PFAS are chemically and biologically very stable and most have a low vapour pressure. This 
makes them resistant to breakdown and evaporation. However, some longer chain PFAS do 

                                                  

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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break down in the environment, and are precursors to forming the environmentally stable 
compounds PFOS, PFHxS or PFOA.

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

1.2 Objective 

The objective of this ongoing monitoring plan (OMP) is to set out an approach to continue to assess 
changes in the nature and extent of PFAS on and in the environment surrounding the Base, where 
Defence’s historical use of legacy AFFF had led to an identified potentially elevated risk to receptor, 
or potential future risk to a receptor.

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

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

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

1.3 Scope 

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

Evaluate the nature and extent (spatial and temporal) of PFAS impact in groundwater and 
surface water pathways associated with the Base sources of PFAS derived from AFFF

Monitor the migration of PFAS in groundwater and surface water from the site

Provide confirmation of the current understanding of risk

Provide supporting data for assessment of management actions, where relevant

This OMP sets, describes and defines the site setting and management area. It also defines the 
sampling and analytical program and data quality objectives.

1.4 Document Review

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

This OMP has been prepared based on information available at the time of writing and relies on the 
findings of a Detailed Site Invesitgation (DSI), preliminary Ecological Risk Assessment (ERA) and
strategic management of risks assessed in the PMAP. Defence recognises that there may still be 
gaps in information that will be progressively addressed while impacted sites are being managed.

The previous investigations were reported in the following documents:

GHD Pty Ltd (December 2018) Naval Communication Station Harold E Holt – Area B Detailed 
Site Investigation Report (GHD 2018). 
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GHD Pty Ltd (May 2019) Naval Communication Station Harold E Holt – Area B –
Preliminary Ecological Risk Assessment (GHD 2019).

This document will be reviewed by the Environmental Consultant. Any comments or 
recommendations for changes to the OMP will be forwarded to Defence for consideration and 
acceptance and updated in accordance with the strategy detailed in Section 5.

1.5 Constraints and assumptions

This document has been developed on the basis of the assumptions and limitations outlined in the 
GHD reports listed above, as well as those outlined in the overarching PMAP document.
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2 SITE SETTING

2.1 Base Description

Established in 1967, Naval Communication Station Harold E. Holt (HEH) is located at the northern 
edge of Exmouth, at the end of the North West Cape of Western Australia. It is approximately 
1,250 kilometres north of Perth.

HEH is a radio relay station, consisting of a very low frequency (VLF) transmitter and high frequency 
(HF) transmitters and receivers. In addition, the station comprises communication centre, 
administration buildings, workshops and support facilities. Some vacant facilities are currently, and 
have historically, been leased to commercial operators for a range of uses including accommodation, 
restaurants and recreational purposes. HEH B is located two kilometres north of Exmouth, covering 
an area of around 2,000 hectares. The area is host to a HF transmitter and associated administration 
facilities. 

The Management Area encompasses much of the operational areas of the Base as well as land 
extending to Exmouth Gulf (to the east and north-east). 

2.2 Site setting

2.2.1 Regional Meteorology

The Exmouth region experiences a semi-arid climate with dry conditions and warm to hot 
temperatures. The region is subject to cyclone conditions from January to April with monsoonal 
showers common at this time. The period from August to December is generally dry.

The closest meteorological recording station is located at Learmonth (No. 005007). Climatic data from 
this station indicates the mean maximum temperature ranges from 37.9 °C in January to 24.2 °C in 
July. The mean minimum temperature ranges from 24.1 °C in February to 11.4 °C in July. 

The mean annual rainfall is 255.0 mm with an average of 16.5 rain days a year (Bureau of 
Meterology, 2019).

2.2.2 Topography

Elevations across HEH B typically range between 1 and 20 m Australian Height Datum (AHD). A
natural ridge line runs north/south along the western boundary of the site, with the south-west portion 
of the site (specifically at the water tower) being higher than the surrounding area.

The coastline east of HEH B is comprised of sand dunes which rise up to a maximum elevation of 
12 m AHD. The sand dunes generally follow a relatively normal succession profile of primary and 
secondary dunes, increasing in elevation as distance from the coast increases. Natural, localised low 
points were located sporadically behind and through the sand dunes some of which contained 
standing surface water.

2.2.3 Geology

HEH B is located adjacent to the Northwest Cape Range, which forms part of the Northern Carnarvon 
Basin. The rock forming the Northwest Cape Range primarily comprises carbonate sediments. 
Superficial deposits which flank the Range, formed as alluvial/colluvial fans or terraced deposits. 
These superficial deposits are thinly developed over the underlying limestone and are fringed on the
coast by aeolian sand dunes (EarthTech, 2006).
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The Cape Range forms a spine running approximately north to south along the peninsula. Two main 
formations have been intersected during past investigations for water resources in the Exmouth area, 
namely:

The Cape Range Group, consisting of several geological units including:

Trealla Limestone – permeable, hard and tightly jointed limestone beneath unconsolidated 
Quaternary deposits. Contains both karst areas and areas of recrystallization.

Tulki Limestone – relatively permeable, hard and tightly jointed. Encountered at depths of 50 to
100 m below ground level (mbgl). Karst features such as caves occur within the recrystallised 
limestone.

Mandu Limestone – low permeability limestone encountered at greater than 150 mbgl.

The Birdrong Sandstone which underlies the Cape Range Group, comprising a fine to coarse 
grained silty sandstone. This geological unit is reported to extend with a thickness of 
approximately 30 m at depths of between 1,000 to 1,500 m below sea level.

2.2.4 Surface Water

HEH B has a local ridge line along the western boundary of the Base. A network of man-made, 
concrete lined drainage channels traverses the site, generally following the natural topography and 
exiting the base to the east beyond Murat Road. The majority of surface water runoff from the site 
therefore ultimately discharges to the coastline, however a portion goes to the waste water treatment 
plant (WWTP) located on the Base.

The area to the east of the Base, inland from the coastline, was observed to drain slowly after heavy 
rainfall. Areas of standing water were observed in low lying areas. It was noted that water remained 
longer in the low lying areas along the coast north-west of the Base, where saturation results in the 
formation of backwater lagoons, also referred to as dune slack.

Local surface water flow (including rainfall runoff) is expected to follow the local topography until it is 
either intersected by stormwater drainage systems on site, infiltrates to sub surface, or collects at the 
backwater lagoon east of the Base.

2.2.5 Hydrogeology

Regional Hydrogeology

The Quaternary and Tertiary-aged sediments are hydraulically interconnected and together form the 
major, unconfined aquifer of the area. The superficial Quaternary layers (dunes, colluvium, alluvium) 
are considered to be no more than 20 m in thickness. All fresh water extracted on the North West 
Cape, including the HEH base supply bore field comes from the Cape Range Group aquifer which 
consists of the Trealla, Tukli and Mandu Limestone karst environment. These units extend to depths 
of greater than 150 m.

The main regional aquifer occurs predominantly within the Tulki Limestone (within permeable beds 
and the karst system) on the flanks of the Cape Range and the Mandu Limestone (within joints and 
minor permeable beds) on the crest of the Cape Range. The aquifer is unconfined and is recharged 
by rainfall. 

Groundwater in the Mandu Limestone is inferred to occur in joints and minor permeable beds. 
Groundwater in the Tulki Limestone and Quaternary sediments occurs in karst solution openings and 
caves and permeable beds, respectively.
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Groundwater in the Quaternary units is considered to be perched and discontinuous. The coastal 
dunes may also contain relatively fresh groundwater but of limited extent (lenses), and may influence 
groundwater flow directions locally. 

Groundwater on the Cape Range is likely to flow in a radial pattern from the range heights towards 
both east and west coasts.

Local Hydrogeology

Groundwater flow in the Exmouth area is generally reported to the east towards the coast with some 
localised variability reported in some areas, including the former fire training ground at HEH B, where 
groundwater flow was reported by EarthTech (2006) to be to the north-west. Groundwater at HEH B 
remains elevated above groundwater at the coast, including during periods of heavy rainfall. This 
confirms that groundwater flow towards the eastern coast is likely to be the dominant groundwater 
flow direction. Tidal variation is apparent in the majority of coastal wells.

Local groundwater at the Base was reported by EarthTech (2006) to have a low hydraulic gradient. 
This is consistent with the findings of Aurecon (2016), and was confirmed by groundwater gauging 
completed by GHD (2018a). Groundwater contours indicated a flat hydraulic gradient in the order of 
0.0008 m/m. 

2.2.6 Ecology

The main ecological receptors identified during the DSI (GHD, 2018) include:

Exmouth Gulf ecosystems, including the State protected waters and World Heritage Area of the 
Ningaloo Marine Park, extending from Exmouth, around the northern tip of the Cape Range 
Peninsula

Terrestrial ecosystems of the Investigation Area, including the base operational areas, coastal
sand dunes and foreshore area

2.2.6.1 Onshore Environment

Regional overview

The terrestrial areas of the Cape Range Peninsula are dominated by saline alluvial plains, with 
samphire and saltbush low shrublands, Bowgada low woodland on sandy ridges and plains, 
Snakewood scrub on clay flats, and tree to shrub steppe over hummock grasslands on and between 
red sand dune fields (Kendrick & Mau, 2001). The Cape Range Peninsula supports a rich vertebrate 
fauna, and particularly diversity of reptiles. The Cape Range National Park, which is a Class A
Reserve encompassing 50,581 ha is located approximately 9 km to the south-west of the site 
(Department of Environment and Conservation, 2010). 

Subterranean karst wetlands are present in Cape Range National Park and are characterised by 
subterranean waterways and crevicular systems in karstic limestone and coastal limestones. The 
wetlands are accessible through anchialine pools, wells, bores and caves. The wetlands meets five of 
the six criteria for nationally important wetlands in Australia, including playing an important role in the 
functioning of the ecological system and providing critical habitat for native plants and animal taxa at a 
vulnerable stage in their life cycles (Department of Environment and Energy, 2018a). 
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HEH B

Broad scale vegetation mapping of the Exmouth area (Beard, et al., 2013) indicates that three
vegetation associations were present within HEH B:

Shrub-steppe: hummock grassland (Triodia spp.) with scattered shrubs (Acacia spp., Grevillea 
spp.) or mallee (Eucalyptus spp.)

Sparse low tree-steppe: hummock grassland (Triodia spp.) with sparse eucalypts e.g. 
bloodwood (C. dichromophloia) and snappy gum (E. brevifolia)

Spinifex complexes: hummock grassland (Triodia spp.) with scattered low trees over dwarf 
shrubs or mixed short grass and spinifex mixed species

Grasslands, coastal strand vegetation and low scrubland has been reported along the coastal plains 
of HEH B (HLA, 2001). Pioneer species such as beach spinifex (Spinifex longifolius), prickly saltwort 
(Salsola kali) and beach morning glory (Ipomea brasiliensis) reportedly grow sporadically along the 
shoreline. Pioneer and herb species such as Ptilotus sp. and Euphorbia sp. and low shrub and 
hummock grass communities have been reported along the foredunes (HLA, 2001). 

Myriad terrestrial invertebrates have been reported along the Cape Range Peninsula, which serve as 
food items for the many birds and reptile species reported in the area. Bird species including emu 
(Dromaius novahollandiae), reportedly utilise base infrastructure as a water source (HLA, 2001).

2.2.6.2 Marine environments

Exmouth Gulf

The Exmouth Gulf is a marine embayment covering approximately 2,200 km2 and extending 
approximately 40 km east to west and 80 km north to south. Water depths in Exmouth Gulf range 
from intertidal flats to approximately 20 m in the northern and western regions. Rainfall in the region is 
low, creating a relatively stable hydrological environment. The seasonal occurrence of tropical 
summer cyclones can however bring extreme winds, heavy rainfall and increased runoff and turbidity 
within Exmouth Gulf (Department of Fisheries, 2015).

Key habitats within Exmouth Gulf include mangroves, intertidal mudflats, coral reef, seagrass and 
mud / sand bottom areas. Exmouth Gulf supports a diversity of tropical fish and invertebrate species 
and marine mammals and reptiles.

Seagrass communities are common in the southern and eastern regions of Exmouth Gulf, providing a 
source of food for dugongs and a nursery environment for invertebrates (Ecological, 2015). The west 
coast of Exmouth Gulf is dominated by sandy beaches, with a lower diversity of invertebrate species. 

Exmouth Gulf Fisheries

The fishery resources of the Exmouth Gulf are managed under the Exmouth Gulf Prawn Managed 
Fishery (EGPMF). There are 15 managed fishery licences within the EGPMF, with a focus on 
commercial trawling (Department of Primary Industries and Regional Development, 2018). 

The target species of the EGPMF are brown tiger prawns (Penaeus esculentus), western king prawns 
(P. latisulcatus) and blue endeavour prawns (Metapenaeus endeavouri). The fishery also retains a 
variety of minor prawn species, including banana (Penaeus merguiensis) and coral prawns 
(Metapenaeopsis crassissima), blue swimmer crabs (Portunus armatus), squid, cuttlefish (Sepia sp.), 
bugs (Thenus sp.) and octopus. The bycatch of the EGPMF is dominated by mixed finfish and 
invertebrates (Department of Primary Industries and Regional Development, 2018). 
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A single beach seine fishery licence is held for the waters of Exmouth Gulf. This fishery targets mullet 
and whiting, depending on seasonal availability. 

The Exmouth Gulf is also used extensively for recreational fishing (Department of Fisheries, 2004), 
and an artificial reef was erected approximately due east of the HEH B area in 2018 to serve as an 
alternative location for recreational fishing. Species expected to be caught in this area include 
Spanish mackerel (Scomberomorus maculatus), trevally (Caranx ignobilis), mackerel (Rastrelliger 
kanagurta), tuskfish (Choerodon spp), emperors (Lethrinus spp), coral trout (Plectropomus 
leopardus), cod (Epinephelus spp) species and tropical snappers (Chrysophrys spp). 

Bundegi Coastal Park

Bundegi Coastal Park encompasses approximately 460 ha of State protected land on the eastern 
coast of the Cape Range peninsula. The park extends approximately 1 km inland from the coast and 
stretches for approximately 5 km. The coastal waters adjacent to the park are used for a variety of 
recreational purposes, including fishing and snorkelling.

Jurabi Coastal Park

Jurabi Coast Park encompasses approximately 1,200 ha of State protected land on the western coast 
of the Cape Range Peninsula. The park extends up to approximately 1 km inland at its widest point 
and stretching for more than 30 km down the west coast to the Cape Range National Park. The park 
is used for a variety of recreational activities, including bushwalking. 

Jurabi Coastal Park is located directly to the west of Commonwealth (Defence) land. Groundwater 
and surface water from the Investigation Area discharge primarily to the east into Exmouth Gulf. In 
view of the elevated Cape Range between the Investigation Area and the western coast, groundwater 
and surface water will not discharge to the west coast.

Ningaloo Marine Park

Ningaloo Marine Park encompasses areas of Commonwealth and State protected waters extending 
from Exmouth, around the northern tip of the Cape Range Peninsula and then approximately 200 km 
to the south along the western Cape Range coast. Groundwater and surface water from the 
Investigation Area discharge primarily to the east into Exmouth Gulf.

HEH B

The Bundegi Coastal Park is located directly to the north-east of the HEH B. Commonwealth land 
along the coastline of HEH B extends to the low water mark, and therefore overlaps with the zone of 
the Bundegi Coastal Park in the far north eastern corner of the Investigation Area (HLA, 2001).

The marine environment of the Bundegi Reef supports a variety of invertebrates, including molluscs, 
echinoderms, coelenterates and crustaceans, and a number of hard and soft corals. The Bundegi 
Sanctuary Zone is located within the nearshore waters adjacent to the Base. Consistent with the 
surrounding reef system, an extensive network of fish species has been reported in the broader 
Ningaloo Marine Park. The rapid water flow and extensive sand movement within naval waters does 
however prevent the growth of extensive seagrass communities, which are common in the south 
eastern portions of Exmouth Gulf.

The shoreline on the eastern edge of HEH B provides potential habitat for a variety of shorebird 
species, however this coastline is a narrow strip of sandy beach that lacks an extensive intertidal 
zone. Therefore, visitation by migratory shorebirds would be occasional. Rocky areas and open 
shrubland plains within HEH B are likely to support a high diversity of terrestrial vertebrates, 
particularly reptile species.
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2.2.7 Current and projected land uses (on-Base)

HEH B comprises a communication centre, administration buildings, workshops and support facilities. 
Some vacant facilities are currently, and have historically, been leased to commercial operators for a 
range of uses including accommodation, restaurants and recreational purposes. Some vacant 
properties are currently leased for commercial purposes (e.g. Sitzler).

The main features of HEH B include:

HF transmitter

Base administration facilities

Service facilities including vehicle maintenance workshop

Former recreational and living quarters

Waste water treatment plant (WWTP)

Water treatment plant (WTP)

Firefighting services and training areas (current and former)

Landfill areas including Class IV landfill and asbestos landfill

Lease areas for non-military use including Sea Breeze Resort (no longer in active use)

Other activities include former fuel storage and distribution, in above and below ground tanks 
and chemical storage (including paints and solvents)

These features are shown in Figure 2, Appendix A.

At the time of preparing this OMP there were no projected land use changes proposed for the Base.

2.2.8 Current and projected land uses (off-Base)

Table 1 Summary of land use surrounding the Base

Direction HEH Area A

North Vacant crown land (open space)

East Exmouth Gulf

South Exmouth township

West Vacant crown land (open space); Ningaloo Marine Park further to the west

At the time of preparing this document there were no projected land use changes proposed for the 
immediate surrounds of the Base.
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2.3 Extent of contamination

The findings of the DSI (GHD, 2018) and ERA (GHD, 2019) are summarised as follows: 

PFAS was identified in soil, groundwater , surface water and sediment across a wide area at 
genrally low concentrations. Leachable PFAS was also reported in the concrete from the KC 
hardstand and fire station driveway.

The regional groundwater flow is to the east towards the coast; there is a complex pattern of 
minor groundwater mounds and sinks within the main operational area of HEH B.

Groundwater has a low hydraulic gradient (in the order of 0.0003 m/m) and in localised areas 
groundwater flow can be influenced by topography and geological conditions. Dispersive forces 
are noted to likely be of significance in areas of low gradient.

Groundwater discharge is likely to be primarily to coastal waters, although localised 
evaporation forming a groundwater sink and locally hypersaline conditions can occur, for 
example at the backwater lagoon areas north-east and east of the site.

PFAS was detected in surface water east (down gradient) of the site in the backwater lagoon 
area at concentrations exceeding the ecological screening criterion. It appears most likely that 
PFAS in this area has occurred through surface water runoff in drainage channels which 
discharge to the lagoon area, rather than being transported via groundwater. The backwater 
lagoon can overflow to the Gulf during periods of heavy/prolonged rainfall, but this will involve 
high levels of dilution and can be expected to result in undetectable concentrations of PFAS in 
the open waters of the Gulf.

PFAS flux directly from surface water to the Gulf is likely to be low given:

Discharge is likely to be intermittent and dependent of the level of rainfall
Direct discharge from the drainage channel will only be over a relatively narrow zone although 
PFAS may migrate through the action of currents
A significant proportion of the PFAS will not make it to the discharge point but will seep into 
the sandy soils. 

The regional flow of groundwater is towards the coastline, and PFAS was detected at 
monitoring locations east of the site. The results indicate that there is some discharge of PFAS 
contaminated groundwater to the Gulf. This discharge is considered to pose a low risk to the 
aquatic ecosystems of Exmouth Gulf; with key factors being:

The concentrations of PFAS in seepage water in the coastal beach sands are considered to 
be low
The rate of groundwater flow is considered to be low
Overall the rate of mass discharge of PFAS to the Gulf waters is considered to be low.

Groundwater discharging to the Gulf will be subject to tidal mixing and dilution in the beach 
sands, and further dilution upon discharge to the tidal environment due to further tidal mixing. 
Because of this, the concentration of PFAS in the open Gulf waters is expected to be less than 
the level of detection of current analytical methods, and less than the concentrations that would 
result in detectable concentrations in fish and other marine organisms in the open Gulf waters. 

PFAS were not detected in the edible portions of fish caught from the Gulf to the east of the 
Base.
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PFAS concentrations in surface soils were highest in the source areas. The concentrations of 
PFAS did not exceed the screening criteria for protection of human health, and it is concluded 
that the PFAS contamination in soil does not pose a risk to human health. 

It is noted that the wider area surrounding these investigation areas appears to have similar 
ecosystem qualities to those observed within the investigation area, and the investigation area 
represents only a small portion of the local habitat type. The DSI concluded that there is a low 
priority for further investigation; however, there data gaps and uncertainties were identified and 
a Preliminary ERA was completed to address these uncertainties and further characterise the 
ecological risks associated with the presence of PFAS at the Base.

It is likely that the concrete/asphalt of the KC hard stand and the fire station driveway are 
releasing PFAS to sub surface soils and groundwater via leachate.

The findings of the subsequent Preliminary ERA are summarised as follows:

PFAS poses a low risk to lower trophic level terrestrial and marine aquatic organisms across 
the Management Area. 

PFAS poses a low risk with respect to the potential for bioaccumulation in avian food chains 
across the Management Area, including the terrestrial environments of the base and Exmouth 
Gulf. 

PFAS poses a low risk with respect to the potential for bioaccumulation and biomagnification in 
marine mammals. While the PFAS concentrations estimated for fish in the nearshore 
environment of Exmouth Gulf (using beach seepage water PFAS concentrations) marginally 
exceeded the NEMP mammalian wildlife dietary guideline, the low rates of groundwater 
discharge into Exmouth Gulf and the resulting high levels of dilution and dispersion support the 
conclusion that the concentrations in fish will be less than estimated and that PFAS poses a 
low risk with respect to bioaccumulation and biomagnification. 

PFAS poses a low risk to marine turtles that could potentially nest along the beaches of the 
Investigation Area.

2.4 Groundwater use

A borefield, comprising 16 potable water supply bores, is located approximately two to three 
kilometres south west of HEH B. Groundwater is extracted from the Cape Range aquifer and pumped 
via underground pipelines to a water treatment plant which is located at the western corner of the 
HEH B administration area.

Raw groundwater from the borefield is pumped to a 190,000 L capacity raw water storage tank 
at the water treatment plant. 

The tank supplies water directly to the adjacent water treatment plant, where it is passed 
through carbon filters and a reverse osmosis system.

Potable water uses at the Base includes supply to all buildings, facilities and fire hydrants At 
Bundegi Beach, the potable water was observed to be used at the fish cleaning station, a new 
café and in the toilet/shower block.
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2.5 Drivers and constraints

The main driver for the delivery of the OMP is to monitor the status of contamination to identify any 
changes which may adversely effect the risk profile of the Management Area. 

Key constraints impacting upon delivery of the OMP include:

Inclement weather affecting access: The clay/salt pan area is regularly inundated following 
heavy rainfall events. During this time access by vehicle may be limited.

Current limited proven technologies for the treatment and destruction of PFAS.

Current limited Australian contractor capability to implement proven technologies for the 
treatment and destruction of PFAS.

Current restrictions on landfill disposal of PFAS.

Remote location places further restrictions on technologies and landfill potential.

2.6 Communications

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

OMP

Monitoring data collected during the implementation of the OMP.

Decisions made in response to the data collected during implementation of the OMP.

Changes to the OMP in response to incoming data over the implementation period.

2.7 Related Management Actions

As outlined in the overarching PMAP document, no Interim Response Management (IRM) actions 
have been undertaken or are recommended for the Base at this stage.
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3 ONGOING MONITORING PROGRAM
The Management Area ongoing monitoring plan (OMP) monitors changes to the distribution of PFAS 
contamination in various media within the Management Area.

Changes may result from natural effects such as existing transportation trends, changes to 
hydrogeology, or weather events, and anthropogenic effects such as earthmoving activities, specific 
or cumulative impact of remediation or containment actions.

All PMAPs have included an OMP as a mandatory response action. 

3.1 Sampling, Analysis and Quality Plan

A sampling, analysis and quality plan (SAQP) will be developed prior to implementation of the OMP,
using the details outlined in the following sections and supplementing with specific monitoring event 
details where necessary. The document will be prepared by the lead consultant and reviewed by 
Defence prior to commencement of works to ensure consistency with the program in line with any 
changes in documentation, including ongoing review of the OMP and PMAP.

While risks are generally considered low, the ERA indicated that PFAS concentrations in beach 
seepage water marginally exceeded the NEMP mammalian wildlife diet guideline. Given this the main 
focus of the SAQP will be on assessing that risk and therefore, sampling of seepage samples and 
groundwater in the coastal region is considered the main target. Other targets such as sediment and 
surface water will also be assessed to confirm presence and low risk posed by those media.

Details of the SAQP are provided in Appendix B.

3.2 Data Quality Objectives

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

Clarifies the study objective

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

Determines the conditions from which to collect data

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

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

Process Description

Step 1: State the problem

The DSI (GHD, 2018) identified PFAS in groundwater, surface 
water and sediment within the Management Area at 
concentrations exceeding relevant assessment levels. The 
DSI together with the subsequent preliminary ERA (GHD, 
2019) reported that the presence of PFAS on and in the areas 
surrounding the Base were of low risk to receptors.

Current data for the majority of sampling locations is limited to 
one or two sampling events. Whilst the findings of the 
Preliminary ERA (GHD, 2019) recognised that an adverse 
ecological impact is unlikely, a robust dataset is required to 
assess trends in the nature, extent and magnitude of PFAS 
concentrations within sediment, surface water and 
groundwater.

Step 2: Identify the decision/goal 
of the study 

This OMP is aimed at resolving the following broad principal 
study questions:

What are the changes and trends in the nature, extent and 
magnitude of PFAS concentrations in the Management 
Area?

Has the nature, extent and magnitude of PFAS 
concentrations changed significantly to warrant 
reassessment of the level of risk?

Has the nature, extent and magnitude of PFAS 
concentrations changed significantly to warrant refinement 
of any existing management measures?

Step 3: Identify the information 
inputs

The following inputs are required to resolve the principal study 
questions outlined in Step 2: 

PFAS concentrations in groundwater, surface water and 
sediment from previous and future monitoring events

Field data (i.e. groundwater levels, physico-chemical
parameters) on groundwater, surface water and sediment 
from previous and future monitoring events

Appropriate interpretation of the data including trend 
analysis 

Comparison of data sets to relevant endorsed assessment 
levels (refer to Section 6) and previous results.

Step 4: Define the boundaries of 
the study

Ongoing monitoring will generally be undertaken within the 
boundaries of the Management Area (Figure 2, Appendix A) at 
the groundwater, surface water, seepage and sediment 
monitoring locations outlined in Section 3.
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Process Description

Step 5: Develop the analytical 
approach/decision rules

The analytical and field data will be used to assess changes to 
the nature, extent and magnitude of PFAS in surface water, 
sediment and groundwater and to provide supporting data for 
assessment of management actions, where relevant. 

Trends in PFAS concentrations, including an assessment of 
temporal and spatial changes, should be assessed using an 
appropriate statistical analysis approach (e.g. using Mann-
Kendall or similar analysis). 

The analytical data will be compared to the relevant 
assessment levels presented in Section 6 and to the 
concentrations recorded during prior monitoring rounds (i.e. 
during the DSI) to evaluate changes in the risk profile and 
whether revision of the ERA or implemented management 
measures is warranted.

Step 6: Specify performance or 
acceptance criteria

The potential for significant decision errors will be minimised 
by completing a robust data validation (QA/QC) program in 
accordance with the requirements of the OMP (and any 
subsequent SAQPs). Data quality indicators (DQIs) will be 
applied to assess the usability of the data prior to making 
decisions based on precision, accuracy, representativeness, 
comparability and completeness. The ASC NEPM details the 
various metrics that can be used to assess data in terms of 
these DQIs.

Step 7: Develop the plan for 
obtaining data

The OMP provides the guidance for each monitoring event, 
including scope of work, sampling methodologies, monitoring 
locations and PFAS assessment levels. The SAQP should be 
developed in response to the principal study questions 
outlined in Step 2 and to meet the DQOs. 

To maintain the integrity and reliability of data the following 
measures should be adopted:

Field and analytical data are collected in accordance with 
the PFAS NEMP, ASC NEPM and the assessment of 
contaminated sites (DER 2014)

Field personnel should be trained and have sufficient 
experience to complete the fieldwork to an acceptable 
standard, as per the protocols outlined in the SAQP.

Robust field and laboratory quality assurance/quality 
control protocols are adopted, as outlined in Appendix B.

Use laboratories that are NATA accredited for PFAS 
analysis and ensure laboratory LORs are suitable to meet 
the relevant adopted assessment levels, where possible.

3.3 Proposed Monitoring Intervals

All groundwater and surface water /sediment monitoring locations listed in the following sections will 
be sampled every six months for an initial OMP implementation period of three years.

The main sampling events will be undertaken in November and June to record the concentration and 
extent of PFAS and determine any seasonal fluctuations or trends. This monitoring frequency aligns 
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with the climate of the Management Area, which features the highest volume of rainfall typically 
between January and July and lower rainfall between September and December.

An additional wet season sampling event will be undertaken near the start of the wet season in 
January or February. Only surface water and sediment will be obtained in the January/February event 
to attempt to obtain first flush samples. Groundwater will not be sampled.

NOTE – the timing for the wet season sampling in particular will be somewhat based on predicted 
weather reports to improve the chances of being on site when drainage lines contain water.

This groundwater/seepage and surface water/sediment sampling should be conducted concurrently to 
avoid additional mobilisations. Groundwater and seepage sampling, particularly those near the coast, 
must consider tidal periods to ensure spurious elevation data is not used to assess groundwater flow. 
Given the remoteness of the site, one-off opportunistic sampling is not considered feasible. 

Seepage sampling will occur at low, outgoing tides which is considered the optimal condition for 
groundwater discharge.

3.4 Monitoring Locations

Once PFAS distribution has been confirmed, and further data has been obtained from the wells 
installed during the DSI in 2018, the number of sampling locations may be reduced for subsequent 
monitoring events. This will form part of the PMAP and OMP review process as described in 
Section 5.

3.4.1 Groundwater monitoring locations

The network of onsite and offsite groundwater monitoring wells to be utilised for the first year of the 
OMP is shown on Figure 4, Appendix A and are summarised below.

Location type Well ID Rationale

Source – South 0082_B020

0082_B021

0082_BA1

0082_MW103D

0082_MW113

0082_MW115

0082_MW122

0082_MW126

0082_MW135

0082_MW142

0082_MW143

0082_MW144S

Confirmation of overall PFAS 
impact identified in the DSI. 

Assessment of overall changes 
in PFAS concentration in the 
source areas to provide 
temporal data on depletion of 
the source zone.
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Location type Well ID Rationale

Source – North 0082_BB8

0082_MW105S

0082_MW109

0082_MW134

0082_MW145

0082_MW147

0082_MW148S

Confirmation of overall PFAS 
impact identified in the DSI. 

Assessment of overall changes 
in PFAS concentration in the 
source areas to provide 
temporal data on depletion of 
the source zone.

Pathway 1 0082_MW151S

0082_MW152S

0082_MW153S

0082_MW154S

0082_MW137

0082_MW155S

Confirmation of overall PFAS 
impact identified in the DSI. 

Assessment of changes in 
PFAS concentration and 
distribution in the main 
migration pathways. This will 
also allow for early detection of 
significant changes in migration 
so contingencies can be put in 
place.Pathway 2 0082_MW118D

0082_MW133

0082_MW22

Receptor A 0082_MW128

0082_MW129

0082_MW130

0082_MW131

0082_MW132

Confirmation of overall PFAS 
impact identified in the DSI. 

Assessment of changes in 
PFAS concentration and 
distribution in the main aquatic 
receptors.

The locations have been chosen to assess the extent and potential changes in the groundwater 
plumes emanating from the Base and to assess groundwater closer to the inferred discharge areas 
along the coast. The OMP recognises that groundwater contamination is elevated on the Base and 
remains a significant source of PFAS mass that has the potential to migrate offsite. Hence, there is a 
need to monitor groundwater to confirm that the risk posed by groundwater PFAS plumes remain low. 
It is likely that the number of wells will reduce significantly once initial data is obtained. This will be 
discussed with Defence as part of the review process for the OMP (Section 5). 

3.4.2 Seepage water sampling locations

Seepage sample locations for the first year of the OMP are shown in Figure 4, Appendix A. The 
locations have been chosen to assess the inferred groundwater discharge zone along the coast and 
at the point at which the drainage channel discharges in to Exmouth Gulf. Sampling will occur at low 
and outgoing tides which are considerd the optimal conditons for groundwater discharge.
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Location type Location ID Rationale

Receptor C 0082_OTH101

0082_OTH102

0082_OTH103

0082_OTH104

0082_OTH105

0082_OTH106

Assessment of changes in 
PFAS concentration and 
distribution in the main aquatic 
receptors.

3.4.1 Sediment and surface water monitoring locations

Surface water and sediment locations for the first year of the OMP are displayed on Figure 4,
Appendix A and are targeted to the main drainage channel leaving the Base and discharging into 
Exmouth Gulf.

Location type Location ID Rationale

Pathway 2 0082_SW164

0082_SW181

0082_SS165

0082_SS167

0082_SS169

0082_SS171

0082_SS173

0082_SS179

Confirmation of the presence of 
PFAS in the main drainage 
channel from the Base which 
discharges in to Exmouth Gulf.

Receptor B 0082_SW161

0082_SW162

0082_SW163

Confirmation of the presence of 
PFAS in the Backwater 
Lagoon.

The locations shown on Figure 4, Appendix A are for guidance and actual locations will depend on 
conditions at the time of sampling. Priority will be given to areas where surface water has pooled and 
to low lying areas where sediment can accumulate. The sampling plan shown in Figure 4, Appendix A
will be conducted over the first year and locations will then be reviewed annually. This may result in a 
significant reduction in the number of locations or more focus on specific areas. The review of the 
OMP is discussed further in Section 5. 

3.5 Sample Analysis 

All groundwater, surface water and sediment samples (including the quality control samples) should 
be analysed for the full PFAS analytical suite provided in Appendix C, in accordance with the PFAS 
Suite for Defence PFAS Investigation and Management.

The analysis must be undertaken by laboratories that are accredited by the National Association of 
testing Authorities (NATA) for PFAS analysis. All primary and duplicate samples must be analysed 
using a consistent PFAS LOR suitable to meet the relevant adopted assessment levels (refer to 
Section 4.2) where the available analytical methods permit.
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Other analytes for water and sediment samples will include:

Field analysis (surface water and groundwater)

pH

Temperature

Electrical conductivity (EC) – conversion ot TDS

Oxygen Reduction Potential (ORP)

Laboratory Analysis (surface water and groundwater)

Dissolved organic carbon (DOC) 

Total suspended solids (TSS)

Total dissolved solids (TDS)

pH

Major ions and alkalinity and ionic balance

Laboratory Analysis (sediment)

pH

Total organic carbon (TOC) 

EC

Cation exchange capacity (CEC)

Anion exchange capacity (AEC)

TDS and pH are used to assess groundwater quality and have an impact on PFAS solubility. TOC 
can act as a site for adsorption of PFAS and, therefore, is a potentially important attenuation 
mechanism.

The laboratory is required to use NATA accredited methods based on NEPM, US EPA, Table B 15 of 
the US Department of Defence/Department of Energy (US DOD/DoE) and American Society for 
Testing and Materials (ASTM) methods as appropriate.



PFAS ONGOING MONITORING PLAN-NAVAL COMMUNICATION STATION HAROLD E HOLT AREA B

25

4 REPORTING REQUIREMENTS
4.1 Guidance Documents

Adopted screening criteria references national guidance in the form of the PFAS National 
Environmental Management Plan, Defence estate and environmental strategies, and Defence PFAS-
specific strategies and guidance.

Heads of Environmental Protection Authorities Australia and New Zealand (HEPA), PFAS 
Environmental Management Plan, January 2018 (PFAS NEMP)

National Environment Protection Council (NEPC), National Environment Protection 
(Assessment of Contamination) Measures, 1999, as amended in 2013 (ASC NEPM).

4.1.1 PFAS National Environmental Management Plan

The PFAS NEMP provides the guiding framework for the management of PFAS. For further 
information, see: http://www.epa.vic.gov.au/PFAS_NMP.

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

The PFAS Response Management Strategy and the requirements of the OMP template and guidance 
conform to the PFAS NEMP. 

The PFAS NEMP of January 2018 is the most recent PFAS guidance document. It is noted however, 
that a Version 2.0 Consultation Draft of the PFAS NEMP was released in late February 2019 for 
review. Changes in the Version 2.0 document have not been included in this PMAP as they have not 
been reviewed and accepted by industry stakeholders. However, they will be considered for relevance 
when the first annual review of the PMAP is conducted.

4.1.2 ASC NEPM

The ASC NEPM is the national guidance document for the assessment of site contamination in 
Australia. The purpose of the ASC NEPM is to establish a nationally consistent approach for the 
assessment of site contamination to ensure sound environmental management practices are adopted 
by the community, including regulators, site assessors, site contamination consultants, auditors, 
landowners, developers and industry parties.

The desired outcome of the ASC NEPM is to provide adequate protection of human health and the 
environment, where contamination has occurred, through the development of an efficient and 
effective national approach to environmental site assessment.

The ASC NEPM is not specific to PFAS and does not mention PFAS. However, it provides guidance 
on the approach to assessment with is applicable to PFAS as with other contaminants.
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4.2 PFAS Screening Criteria

Assessment of the groundwater and seepage water analytical data will involve a two-tiered approach 
to allow for an assessment of change at individual sample locations and in the average results in a 
setting-specific monitoring zone. These monitoring zones are defined geographically and by a specific 
target aspect of fate and transport linkages i.e. source zones, pathway zones and the receptor zones 
(shown in Figure 5, Appendix A). This approach will allow the OMP to ‘weight’ the relative results for 
an individual location against results for similar locations within the broader zone and assess 
responses to those changes appropriately. In other words, to remove bias from individual sample 
results.

For example, if one groundwater sample in a specific receptor monitoring zone shows a significant 
increase in PFAS but surrounding samples within the monitoring zone do not, then the increasing 
result may not be reflective of the wider area or risk. Rather, it may be a result of other local 
influences. The appropriate response to this increase might therefore be more appropriately based on 
the wider average zone result to avoid unnecessary action.

The assessment criteria is also a two-tiered approach. Individual samples and averages for each 
zone will be initially screened against criteria from the PFAS NEMP developed to protect human 
health and ecosystems and then against a baseline of previous sampling results at the Base. This 
approach is taken to:

Firstly confirm the low risk to human health and ecosystems

To assess the results for increases or decreases over previous results

The assessment of surface water and sediment will involve a Tier 1 assessment against investigation 
criteria to confirm presence or absence of PFAS and to confirm risk levels to human and ecological 
receptors.

The results will allow for an assessment of changes in the risk profile.

4.2.1 Human Health and Ecological Screening criteria

Groundwater and seepage Water 

The assessment levels adopted for groundwater and seepage water in this OMP are based upon the 
PFAS NEMP. This document presents a consolidated set of Australian PFAS assessment levels for 
soil and water that are derived from the following guidelines:

Department of Environment and Energy (2016) Draft Commonwealth Environmental 
Management Guidance on Perfluorooctane (PFOS) and Perfluorooctanoic Acid (PFOA). 
October 2016 (DEE 2016) (Draft). 

Department of Health (2017) Health Based Guidance Values for PFAS for use in Site 
Investigations in Australia (DoH 2017).

Food Standards Australia New Zealand (2017) Australian Guidance Values for Assessing 
Exposure to Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) (FSANZ 
2017).

National Health and Medical Research Council (2011 – updated 2018) National Water Quality 
Management Strategy Australian Drinking Water Guidelines 6 (NHMRC 2011).

New South Wales Office of Environment and Heritage Science (2017) PFAS Screening Criteria 
(NSW OEH 2017).
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For monitoring of groundwater and seepage water , it is proposed to adopt the 99% fresh water 
species protection values presented in the NEMP (HEPA 2018) to account for bioaccumulation within 
aquatic fauna tissue. This criterion is lower than the laboratory level of reporting (LOR) and is 
somewhat impractical. However, the PFAS NEMP allows for the adoption of the laboratory LOR as a 
screening level rather than a quantified measurement. At a minimum, the LOR to be adopted is to be
consistent with the LORs in the DSI (GHD, 2018). 

A summary of the assessment levels adopted for this OMP for water samples are presented in Table 
2. In accordance with the PFAS NEMP 2018, the use of 99% species protection for aquatic 
ecosystems has been applied to account for bioaccumulation and biomagnfication in wildlife.

Table 2 Summary of adopted PFAS NEMP screening criteria for surface water and groundwater

Receptor Exposure scenario PFOS (μg/L) PFOS+PFHxS (μg/L) PFOA (μg/L)

Human 
Health

Recreational water ne 0.7 μg/L 5.6 μg/L

Ecosystems Ecological – fresh 
and marine water for 
99% species 
protection

Laboratory 
LOR

ne 19

ne – not established

Sediment 

It is noted that there are currently no Australian regulatory endorsed assessment levels for risk posed 
to ecology by PFAS in sediment. Most of the time these will be dry and sediment that has 
accumulated in the base of unsealed drainage lines can be assumed to be associated with exposure 
pathways similar to those of in-situ soils. Sediments will therefore be assessed with reference to the 
soil assessment criteria detailed in the PFAS NEMP. Criteria for sediment samples are presented in 
Table 3.

Table 3 Summary of adopted PFAS NEMP screening criteria for sediment

Exposure scenario PFOS (mg/kg) PFOS+PFHxS 
(mg/kg)

PFOA (mg/kg)

Human 
Health

Commercial / 
industrial (on-base 
activities)

ne 20 50

Ecosystems Industrial 
/Commercial –
indirect exposure 
(interim guidelines) 

(on site)

0.14 ne ne

Open space – direct 
exposure (interim 
guidelines)

1 ne 10

ne – not established
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4.2.2 Baseline data

The DSI (GHD, 2018) indicated that risks to human health and ecosystems was generally low and 
acceptable. Therefore, the data gained from the OMP will be used to monitor trends in order to 
assess changes in this risk profile.

It is recognised that many factors influence the concentration of PFAS in the various sampling media, 
including climatic, tidal and anthropogenic influences amongst others. Consequently, it is not 
considered practicable to obtain an identical sample across multiple sampling rounds. For example, 
sediments are transient and are affected by depositional and erosional factors leading to a build-up or 
removal of sediments, respectively. The premise is that grouping of sampling locations allows for a 
more robust approach to establishing a baseline for comparing results between sampling rounds. To 
achieve this, the Management Area has been divided into monitoring zones as described in the 
introduction to Section 4.2, comprising source, pathway and receptor zones. The zones are shown on 
OMP Figure 5, Appendix A.

When assessing changes in concentration from this baseline data, statistical tools such as the 
median/mean (and, if statistical power holds, the 95% UCL) and variance are important to consider 
broader potential implications of PFAS concentrations in the area. The use of mean/median is 
considered appropriate in terms of assessing broad changes over geographical zones. However, they 
must be viewed in terms of the variance of the data as well. If the variance remains similar to that of 
the baseline data, then more confidence can be placed on any change in mean/median. If the
variance increases, any change in the mean/median may be a result of the variance (greater spread) 
in the data which may be due to localised, short-lived events, such as rain events, rather than a 
systematic change in PFAS migration or concentration increase. 

Baseline results for individual locations as well as average concentrations in each of the monitoring
zones are listed in Appendix D.

4.3 Management Response Triggers and Contingencies

The screening criteria discussed in Section 4.2.1 are not clean-up or response levels and an 
exceedance of the nominated screening criteria indicates the need for further assessment (ASC 
NEPM). In order to assess whether a more active response is required to manage changes in PFAS, 
triggers for additional assessment and/or management have been defined in this section. The triggers 
will include contingency actions where they are exceeded.

4.3.1 Source Area

Assuming no further releases from known storages of Ansulite in the source zones, there are no 
triggers proposed for source area results. This is because the PFAS distribution is well established. 
Changes in the receptor PFAS concentrations are considered more significant for the assessment of 
risk.

Defence Estate Pollution Prevention Management Manual (PPMM) Annex 1C sets out monitoring, 
auditing and reporting requirements relating to the use and management of firefighting foams across 
the Defence Estate. If the review of the PPMM indicates a new release of Ansulite or Defence informs
the Environmental Consultant of a release, then additional sampling will be conducted to assess the 
extent of the contamination. Assessment criteria may need to be developed for the fluorotelomers 
associated with Ansulite. 

The monitoring proposed for the source areas is to assess decline in concentrations over time.
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4.3.2 Pathway Triggers and Responses

Pathway triggers are designed to indicate when gross changes in PFAS concentration and / or 
distribution has occurred.

Triggers for pathway assessment include:

Groundwater/Seepage water

PFAS is detected in a groundwater well or seepage location where it was previously not 
detected

Average and/or median PFAS in a monitoring zone has increased by one or more orders of 
magnitude with a corresponding increase in the variance of the data.

Sediment

Average and/or median PFAS in a monitoring zone has increased by one or more orders of 
magnitude

Average and/or median PFAS exceeds assessment criteria

Surface water

Average and/or median PFAS in a monitoring zone has increased by one or more orders of 
magnitude with a corresponding increase in the variance of the data.

Responses

Initial responses to these triggers would involve:

Review of the individual results and average/median results across the monitoring zone 

Conduct a more in depth statistical analysis of the data to assess how stable the system is

Review the CSM to make a qualitative judgement on risk to the receptor. This would include an 
assessment of recent climatic changes and site activities that might influence the results

If the initial responses indicate a potential unacceptable increase in risk, the following responses may 
be implemented:

Resample the locations to confirm the increases. This might also involve inclusion of additional 
locations in the monitoring.

Conduct quantitative risk assessment:

– If the risk assessment does not indicate an increased risk then the monitoring would 
continue as per the OMP.

– If the risk assessment does indicate an increased risk then additional contingencies would 
be implemented, including the potential for additional biota sampling or higher order food 
chain modelling to support further risk assessment and qualify whether the risk profile has 
been adversely affected. The selection of an appropriate response would require revision of 
the PMAP.
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The selection of an appropriate response would be contingent on the level of risk identified in the risk 
assessment. For example, an immediate unacceptable risk to an environmental receptor or human 
health (although considered highly unlikely) would require a stronger response than a slight increase 
in the risk to foraging seabirds. These might include:

Institutional controls to restrict access

Capping or containment of the contaminated media 

Reference to, and amendment of, the PMAP would be required to qualify any response actions.

4.3.3 Receptor Triggers and responses

Receptor triggers are designed to indicate when gross changes in PFAS concentration and / or 
distribution has occurred at the receptor of the Exmouth Gulf shoreline. Triggers for receptor 
assessment include:

Groundwater and seepage water

PFAS is detected in a groundwater well location or seepage sample where it was previously not 
detected

Average and/or median PFAS in a monitoring zone has increased by one or more orders of 
magnitude

Sediment

Average and/or median PFAS in a monitoring zone has increased by one or more orders of 
magnitude

Average and/or median PFAS exceeds assessment criteria

Surface water

PFAS is detected in a surface water samples where it was previously not detected

Average and/or median PFAS in a monitoring zone has increased by one or more orders of 
magnitude

Average and/or median PFAS exceeds assessment criteria

Initial responses to these triggers would involve:

Review of the individual results and average/median results across the monitoring zone 

Review the CSM to make a qualitative judgement on risk to the receptor. This would include an 
assessment of recent climatic changes and site activities that might influence the results

If the initial responses indicate a potential unacceptable increase in risk, the following responses may 
be implemented:

Resample the locations to confirm the increases

Conduct quantitative risk assessment
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– If the risk assessment does not indicate an increased risk, then the monitoring would 
continue as per the OMP

– If the risk assessment does indicate an increased risk, then additional contingencies would 
be implemented, including the potential for additional biota sampling or higher order food 
chain modelling to support further risk assessment and qualify whether the risk profile has 
been adversely affected the selection of an appropriate response would require revision of 
the PMAP.

4.3.4 Sediment and surface water triggers

Triggers have not been developed with respect to the results from the monitoring of surface water and 
sediment because they are intended to identify gross changes in the distribution and extent of PFAS 
contamination across the broader surrounding environment. 

The monitoring of surface water and sediment is not considered pertinent to the ongoing monitoring of 
the risks relating to PFAS in groundwater and seepage water and so if no gross changes are 
identified during the first implementation period of the OMP, consideration should be given to 
removing it from future iterations of the OMP.

4.4 Reporting

4.4.1 Factual Reporting

After each monitoring event, the information and laboratory data collected as part of the works will be 
documented and reported to Defence in a factual report. As a minimum, each factual report should 
contain the following information:

Scope of work completed

Description of sampling methodologies used

Field observations (e.g. condition of monitoring wells, description of purged water) and water
quality parameter measurements

Evaluation of the applicability and currency of the assessment criteria presented in Section 
4.2.1

Review of the suitability of the data for assessment purposes (QA/QC evaluation)

Summary tables presenting gauged groundwater and surface water levels

Presentation of inferred groundwater contours and inferred groundwater flow direction in a 
figure

Summary tables of analytical results in comparison to the screening criteria outlined in Section 
4.2.1 and Management trigger levels outlined in Section 4.3

Graphs showing historical concentrations of PFOS, PFOA and PFOS+PFHxS

Graphs showing total PFAS (NOTE – current laboratory analysis is based on 28 species of 
PFAS. It is possible that laboratories will develop the capability to increase this number and this 
will be considered as this occurs)

Laboratory reports, CoC documentation, field sampling records and other relevant 
documentation
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Assessment of triggers will not be provided in the factual report. If a trigger is exceeded, this will be 
communicated to Defence via more immediate means of communication, such as emails and phone 
calls.

4.4.2 Interpretative Report

The data set will be reviewed at the end of each 12-month monitoring period. An interpretative report 
is to be drafted, including recommendations for any potential changes in the location and frequency of 
sampling. The annual interpretative report should include, as a minimum:

The factual information described in Section 4.3.1.

A discussion of analytical results in relation to the following:

– Tier 1 risk assessment where results are compared to screening criteria as set out in 
Section 4.2.1.

– Trends in PFAS concentrations, including an assessment of temporal changes and/or 
changes to the extent of PFAS impacts. Trends should be assessed using an appropriate 
statistical analysis approach, with a specified level of confidence based upon the number of 
monitoring rounds completed. Trends should be compared against the Baseline data in 
particular, as set out in Section 4.2.2.

– Consideration, based on data trends, as to whether the PMAP should be modified to include 
active management responses

– Assessment of whether changes to the CSM and/or risk assessment are required

Based on the data obtained, the interpretive report should include an assessment of the OMP 
sampling requirements against the triggers outlined in Section 4.3 with a view to establishing 
whether: 

– The number of locations monitored could be reduced, such as where PFAS concentrations 
are stable and are considered to present a low risk to receptors

– Additional monitoring locations are required, including the installation of new monitoring 
wells to provide better understanding of the nature, extent or magnitude of PFAS impacts in 
a particular portion of the Management Area

– The frequency of monitoring should increase or decrease to provide better understanding of 
PFAS concentration fluctuations and potential risks to receptors

– Monitoring of additional media should be included in the OMP. For example, if monitoring of 
surface water demonstrates a trend of increasing PFAS concentrations, or if concentrations 
significantly greater than those recorded in previous investigations are recorded, then the 
requirement to conduct monitoring of aquatic biota should be considered.

The interpretative report will also include a record of any correspondence with Defence in regard to 
trigger exceedances and outcomes, not previously reported in factual reports, should such 
exceedances be reported during the annual monitoring. 

4.4.3 Stakeholder Engagement

Analytical results from each monitoring round will be provided to the relevant State regulator, 
including the annual interpretative report. 
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5 REVIEW AND UPDATE
5.1 Monitoring of Management Measures

Current understanding is that the risk profile of the Management Area is low. The OMP sets out to 
monitor the nature and extent of contamination to identify any changes which may adversely affect 
the current risk profile.

5.2 Triggers for OMP Review

Updates to the OMP may be required for several reasons.

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against selected criteria (outlined in Section 4)
provides an evidence base for targeted and effective risk management of PFAS contamination to 
protect human health and environmental receptors currently impacted by PFAS.

Changes in our understanding of these risks, initiated by triggers outlined in Section 4.3 may inform:

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

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

Additional investigations 

Re-assessment of the risk profile

Implementation of remedial or containment actions

Changing risk management actions at receptor level (e.g. provision or cessation of alternate 
drinking water supplies)

An update to the OMP may also be triggered by policy changes or through stakeholder engagement
activities including: 

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

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

Changes or refinements to the monitoring network, frequency and parameters

Feedback and information received as a result of on-going community consultation

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

Changes to Defence’s strategic approach to managing PFAS contamination.
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5.2.1 Criteria for Cessation of Monitoring

The current risk profile of the site is considered low. At the conclusion of the initial OMP period of 
three years, if the findings of reporting indicate that the risk has not changed and remains low after 
that period, an assessment should be made as to whether the OMP should be re-implemented and 
whether the cessation of monitoring should occur.

In order to cease monitoring, sufficient data should be collected to indicate that:

The risk to foraging mammalian species has decreased or remains stable and acceptable. This 
must consider future developments in the development of international and Australian toxicity 
data and risk criteria that might alter the tolerable daily intakes (TDI)

There is no indication that higher concentrations are likely to develop in sampling media

There is no indication of a higher risk of PFAS migration from onsite sources

All other risks are low

Other indications from external researchers such as indications of a reduction in the toxicity of 
PFAS

The decision to cease monitoring would need to be taken in consultation with Defence and relevant 
regulatory authorities.

5.3 Monitoring Potential Future Risks

Findings from the ongoing monitoring will be used to evaluate whether changes have occurred to the 
risk posed by PFAS contaminated groundwater and surface water across the Management Area. This 
may be achieved through:

Comparison of our current understanding of the nature and extent of PFAS impacts

This may trigger evaluation of the monitoring program and an updated scope of works

Include relevant site-specific considerations, such as potential changes in known 
concentrations within receiving environments or ecological receptors

5.4 Document Review Frequency

The OMP will be reviewed regularly. The review frequency will be based on site specific 
characteristics and the existing data trend available but should be conducted annually as a minimum.
The review frequency may be revised during the implementation period as more data becomes 
available.

The review is to be conducted by the Environmental Consultant. Any comments or recommendations 
for changes to the OMP will be forwarded to Defence for consideration and acceptance.

Based on the current understanding and existing data, this OMP should be implemented for an initial 
three-year period, and subsequently revised if the monitoring reports trigger this change. 

5.4.1 Existing Knowledge

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



PFAS ONGOING MONITORING PLAN-NAVAL COMMUNICATION STATION HAROLD E HOLT AREA B

35

Over the primary implementation period of the PFAS Management Area Plan, Defence will review and 
update (where necessary) the PMAP at intervals of 12 months to ensure that the document is current,
and its recommendations are valid.

The OMP should be subsequently updated in light of the considerations outlined in Section 5 as well 
as reviews and updates to the PMAP to ensure the document is current and its recommendations 
valid.
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APPENDIX A: Figures
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Figure 4

Figure 5

Location Overview 

Site layout  

Source Areas 

Monitoring network 

Monitoring zones 
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APPENDIX B: SAQP Guidance
The objective of the SAQP is to outline the monitoring locations, data quality assurance procedures 
and justify sampling methods and procedures to be used during the monitoring events based on the 
technologies available at the time of monitoring. 

Some text below has been provided for consideration to allow for consistency across the Defence 
program when drafting site specific SAQPs.

Other standard information may be included within the development stage of the SAQP rather than 
within this OMP, such as decontamination procedures, sample identification, preservation, and 
appropriate record keeping.

The SAQP will be a stand-alone document that details, at a minimum, the following: 

Introduction including background and summary of previous investigations

Site setting and conceptual site model

Data Quality Objectives as detailed within the Ongoing Monitoring Plan, and a description of
any inclusions or deviations from the objective or scope

Field work sampling methodology, equipment and laboratory analysis

Waste management

Quality Assurance/Quality Control procedures

Fieldwork Documentation

Laboratory Analysis

Within the SAQP, the primary contaminants of concern are defined as PFAS and referenced in 
Guidance Document E – Standard PFAS Analytical Suite for Detailed Site Investigations (Department 
of Defence, 2018a). 

Other contaminants of potential concern are defined as those listed as non-PFAS compounds and are 
not considered as part of this investigation, unless determined necessary to supplement new and 
existing data.

Laboratory sampling analysis is to be conducted using NATA certified laboratories which will 
implement a quality control plan in accordance with NEPM (1999 as amended 2013).

Sampling Methodology

Sampling and monitoring should be undertaken in accordance with the Heads of EPAs Australia and 
New Zealand (HEPA), 2018, PFAS National Environmental Management Plan and with requirements 
contained in AS5667.11:1998 Water Quality Sampling Part 11: Guidance on Sampling of 
Groundwaters and Schedule B2 of the ASC NEPM (2013).

Groundwater Sampling

Prior to sampling, groundwater wells are to be gauged with an interface water level probe to 
determine depth to water level below top of casing. The location and elevation of groundwater wells is 
to be recorded to inform our current understanding of groundwater flow direction. 
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Groundwater samples will be collected from each well with the method consistent with previous 
investigations to allow for comparison of data for trend analysis and evaluation, such as through either 
a low/high flow pump purging or via a hydrosleeve grab sampler.

Groundwater sampling must consider tidal periods to ensure spurious elevation data is not used to 
assess groundwater flow.

Physical indicators such as the presence (and percentage) of suspended solids, colour, the 
presence/absence and nature of odours and the presence/absence of slicks or sheens on water 
sampled will be recorded on field sheets. Particular notice should be given to the sampling 
methodology of multi-level wells.

Seepage water Sampling

Sampling should be carried out in a two hour period; one hour each side of the low tide. Sampling 
protocol should involve a shallow excavation in the beach sand; just above where inundation by wave 
action is occurring. Sampling equipment should be selected with consideration of the PFAS NEMP. In 
situ water parameters should be measured from water seeping into the excavation using a calibrated 
water quality meter. Water seeping in to the excavation should be purged prior to measuring water 
quality parameters (using a dedicated syringe or jug). Once more water seeps in to the excavation, 
sampling containers should be lowered into the exposed seepage water and filled (sample containers 
were labelled with the “A” suffix). The hole should be emptied once more, allowed to fill, and a second 
sample was collected (labelled with the “B” suffix). Care should be taken to prevent sand from 
entering the sampling containers.

Surface Water Sampling

Surface water samples should be collected in accordance with PFAS NEMP (2018) guidelines. 

Surface water samples should be collected from either mid-way through the water column or 
approximately 0.5 m below the surface (if possible), without disturbing the bottom of the surface water 
body. Samples should be collected without capturing any surface film.

Quality Control and Quality Assurance Processes

Both field and laboratory QA/QC processes should be undertaken in accordance with the most recent 
state or national guidance. 
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APPENDIX C: PFAS Analytical Suite
3

Target analytes

Perfluoroalkane sulfonic acids

Perfluorobutane sulfonic acid (PFBS)

Perfluoropentane sulfonic acid (PFPeS)

Perfluorohexane sulfonic acid (PFHxS)

Perfluoroheptane sulfonic acid (PFHpS)

Perfluorooctane sulfonic acid (PFOS)

Perfluorodecane sulfonic acid (PFDS)

Perfluoroalkyl carboxylic acids

Perfluorobutanoic acid (PFBA)

Perfluoropentanoic acid (PFPeA)

Perfluorohexanoic acid (PFHxA)

Perfluoroheptanoic acid (PFHpA)

Perfluorooctanoic acid (PFOA)

Perfluorononanoic acid (PFNA)

Perfluorodecanoic acid (PFDA)

Perfluoroundecanoic acid (PFUnDA)

Perfluorododecanoic acid (PFDoDA)

Perfluorotridecanoic acid (PFTrDA)

Perfluorotetradecanoic acid (PFTeDA)

Perfluoroalkyl sulfonamides

Perfluorooctane sulfonamide (FOSA)

N-Methyl perfluorooctane sulfonamide (MeFOSA)

N-Ethyl perfluorooctane sulfonamide (EtFOSA)

N-Methyl perfluorooctane sulfonamidoethanol (MeFOSE)

N-Ethyl perfluorooctane sulfonamidoethanol (EtFOSE)

N-Methyl perfluorooctane sulfonamidoacetic acid (MeFOSAA)
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Target analytes

N-Ethyl perfluorooctane sulfonamidoacetic acid (EtFOSAA)

(n:2) Fluorotelomer sulfonic acids

4:2 Fluorotelomer sulfonic acid (4:2 FTS)

6:2 Fluorotelomer sulfonic acid (6:2 FTS)

8:2 Fluorotelomer sulfonic acid (8:2 FTS)

10:2 Fluorotelomer sulfonic acid (10:2 FTS)



PFAS ONGOING MONITORING PLAN-NAVAL COMMUNICATION STATION HAROLD E HOLT AREA B

47

APPENDIX D: Baseline data tables
Table D1 Baseline results for groundwater

Monitoring 
Zone

Description Well IDs Sum of 28 
PFAS 
(μg/L)

Sum of 28 
PFAS -
Average 
(μg/L)

Source -
North

0082_BB8
0082_MW105S
0082_MW109
0082_MW134
0082_MW145
0082_MW147
0082_MW148S

0.138
7.662
13.713
0.161
6.514
0.104
0.093

4.055

Source -
South

0082_B020
0082_B021
0082_BA1
0082_MW103D
0082_MW113
0082_MW115
0082_MW122
0082_MW126
0082_MW135
0082_MW142
0082_MW143
0082_MW144S

22.984
3.530
0.088
16.615
0.509
0.577
5.110
1.213
0.351
20.174
10.789
14.860

8.067

Pathway 1 0082_MW151S
0082_MW152S
0082_MW153S
0082_MW154S
0082_MW137
0082_MW155S

0.086
0.088
0.089
1.2065
0.205
0.086

0.293

Pathway 2 0082_MW118D
0082_MW133
0082_MW22

59.960
0.176
8.210

22.782

Receptor A 0082_MW128
0082_MW129
0082_MW130
0082_MW131
0082_MW132

0.139
0.097
0.405
0.925
0.231 

0.359

Table Notes
Where the reported results <LOR, 0.5 x LOR was adopted in calculations.
Mobilisation 1 and Mobilisation 2 results are included in the calculation of the average
Duplicate results are included in the average calculation
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