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ABOUT THIS DOCUMENT

This is the Defence PFAS Management Area Plan (PMAP) for Army Aviation Centre Oakey.

This PMAP sets out a plan for Defence to manage the elevated risks of PFAS contamination on and
emanating from the Army Aviation Centre Oakey, as identified in:

· the Environmental Site Assessment (ESA) for AACO (AECOM, 2017a);
· the Human Health Risk Assessment for AACO (AECOM, 2017b);
· the Ecological Risk Assessment for AACO (AECOM, 2018a); and
· the ESA for the Brymaroo satellite site (AECOM, 2018b)

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

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

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

The PFAS Management Area Plan (PMAP) for Army Aviation Centre Oakey (AACO, the Site) is a
roadmap detailing the management measures to address soil and water contamination concerns and
potential risks resulting from per- and poly-fluoroalkyl substances (PFAS) on and from the Defence
estate. This document sets out to describe the management actions undertaken so far and map out
future management actions.

Background

The Site was constructed in 1943, initially as a training facility and overflow aircraft maintenance
depot for RAAF Base Amberley. The Site currently operates as the Army’s helicopter training school
for pilots and aviation technicians and is also home to a Republic of Singapore Airforce helicopter
squadron.

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

PFAS is highly soluble and mobile, and able to rapidly leach through soils or disperse in waterways,
travelling long distances, as well as being able to permeate some solid surfaces. It is very chemically
and biologically stable, being resistant to breakdown and evaporation, as well as being
environmentally persistent and bio-accumulative. PFAS has been found across and beyond the Base
spread via groundwater and surface water into the community.

Lands surrounding the Base are used for agricultural and recreational activities, residential and rural
residential settlements.

Management Area

The term ‘Management Area’ in this PMAP refers to the combined are of the Base and the Oakey
Management Area designated in Human Health Risk Assessment Report. There is a wide range of
land uses and activities that have the potential for people to interact with PFAS impacted water or soil
within the Management Area.

Environmental investigations undertaken by Defence have showed that the migration of PFAS from
the Base has and is continuing to impact groundwater that has been used by the community for a
range of uses, including drinking water. Before the investigations were concluded, Defence initiated a
number of interim response management actions to control the risk of exposure to the community
(such as the supply of drinking water), and to start addressing the PFAS contamination on the Base
that was contributing to the migration of PFAS beyond the Base (such as removing sediment from
drains and the use of water treatment plants). While some actions have concluded, others are current
and have been assessed for continued implementation and transition to this PMAP.

Identification of Source Areas & Risk

This PMAP sets out a plan for Defence to manage elevated risks associated with PFAS
contamination on and emanating from the Base, as identified in:
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· the Environmental Site Assessment (ESA) for AACO (AECOM, 2017a);
· the Human Health Risk Assessment (HHRA) for AACO (AECOM, 2017b);
· the Ecological Risk Assessment (ERA) for AACO (AECOM, 2018a); and
· the ESA for the Brymaroo satellite site (AECOM, 2018b)

Based on the Environmental Site Assessment report (AECOM 2017a) the following source areas
were prioritised for action under the PMAP.

· the former fire training ground
· the former fire station and foam training area
· the former fuel compound and hot refuel area
· AFFF settling tank (C59 tank)
· AFFF settling tank (S11) and AFFF storage tank (S12)
· current fire training area (area D20)
· AFFF storage and decanting area (area D2)
· Hot refuel area and AFFF settling tank (A83)

Based on the HHRA report the greatest contributors to exposure risk are predominantly linked to the
migration of PFAS in surface and groundwaters and subsequent direct or indirect human exposure. In
particular, the following exposure pathways were identified as potentially having an elevated risk for
human receptors:

· Drinking groundwater with PFAS concentrations above drinking water guidelines (or use in
cooking)

· Incidental ingestion of groundwater  (indoor domestic use)
· Incidental ingestion of groundwater (outdoor domestic use)
· Consumption of eggs from backyard poultry
· Consumption of home grown green leafy vegetables
· Consumption of home grown red meat and/or offal
· Consumption of home grown milk
· Consumption of fish from Oakey Creek
· Ingestion of environmental media

The management responses described in this PMAP have therefore been focussed on addressing
these key pathways in association with the above prioritised source areas.

Based on the Ecological Risk Assessment report (AECOM, 2018a), the following exposures pathways
were identified as potentially having an elevated risk for ecological receptors:

· Bioaccumulation of PFAS into aquatic organisms
· Bioaccumulation of PFAS into terrestrial organisms.
· Bioaccumulation and trophic transfer in aquatic and terrestrial food webs

Source areas contribution to Human Health and Ecological risks
Not all source areas are contributing equivalent PFAS discharge off-base that are contributing to
human health and ecological risks.

The following source areas contain 80% of the estimated PFAS soil volume on Oakey:
· Former Fire Training Area
· Former Fire Station

The following source areas contain 81% of the estimated PFOS groundwater discharge at Oakey:
· Former Fire Station
· Former Fuel Compound & Hot Refuel Area
· AFFF Settling Tank & Storage Tank (S11 & S12)
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Identification and analysis of management options

This PMAP also documents the options development and assessment process, and the rationale for
the proposed response actions to manage identified risks and prioritised source areas. In managing
the risks associated with PFAS contamination on the Defence estate, Defence currently prioritises two
sets of actions:

· implementing practicable solutions to prevent or minimise the migration of PFAS beyond the
Base through either:

o reducing the mass of the PFAS contamination source, and/or
o preventing or minimising the migration of significant PFAS contamination from the

source to people or other sensitive receptors, and
· working to protect the community’s exposure to PFAS while management actions addressing

source areas and/or migration pathways are underway.

Following are the recommended PMAP response actions.

1. PMAP Base Response Actions

It is recommended that RAPs are prepared for the following source areas:

a. Former Fire Training Area (RAP currently in preparation)

b. Former Fire Station

c. Current Fire Training Area together with AFFF Settling Tank (C59)

d. Former Fuel Compound & Hot Refuel Area.

e. AFFF Settling Tank & Storage Tank (S11 & S12)

If groundwater contamination management is not addressed explicitly in the above RAPs then a
separate RAP for site-wide groundwater management may be prepared following a review of the
effectiveness of the current pump and treat strategy (See Section 2 below).

2. Further investigations (FI) of PMAP Base Response Action

a. FI-1 Former Fire Station - It is recommended that further investigations should take place to
ascertain the quantity of PFAS soil that was removed during the ATC Tower project and to
support the development of a RAP for this source zone.

b. FI-2 Surface Pathway Study - It is recommended that further investigations should take place
to assess the need and practicability of managing PFAS transport from the base via surface
water drainage, including assessment of OMP results.  This should consider all source areas
holistically including the impact remediation actions proposed by individual RAPs will have on
this pathway.

c. F1-3 Groundwater Review - It is recommended that the effectiveness of the existing pump
and treat systems is reviewed to determine if the current approach is compatible with the
remedial strategies as outlined in the RAPs.

3. Response actions currently underway or being planned for the community

The followings actions should continue:

a. Ongoing community engagement and reinforcement of Government precautionary advice
regarding domestic use of groundwater, using groundwater to water home grown produce,
and recreational use of Oakey Creek.
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b. Payment of water bills and water access charges for properties connected to town water by
Defence.

c. Installation of new rainwater tanks or upgrades to existing rainwater tanks to properties
unable to be connected to town water.

d. Investigation of using point of entry technology/filters for properties not connected to town
water.

Ongoing Monitoring Plan

The Management Area ongoing monitoring plan will provide information on changes in PFAS
contamination originating from the Base to inform risk management decisions by Defence and
Queensland government agencies to protect human health and the environment. The OMP also
includes the satellite site of Brymaroo.

Under the OMP, sampling campaigns will occur twice a year, a comprehensive sampling event at the
end of the wet season and a targeted sampling event at the end of the dry season.

Information from implementation of the OMP will be shared with relevant Queensland government
authorities and made publicly available including:

· 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 made in response to incoming data over the implementation period.

In particular, Defence will keep the community informed regarding changes in contamination
concentrations and what the changes mean in terms of risk to the community via the Defence website
and ongoing community engagement (via key community briefings, community liaison).

The effectiveness of current management strategies will be regularly assessed based on the results
of the OMP sampling, and the program of forward works updated to achieve the most effective
outcomes. Specific reviews and updates may be triggered in the event of monitoring indicating
unexpected changes in PFAS distribution or concentrations, changes to legislation or guidance
documents such as the PFAS National Environment Management Plan (2018) (NEMP), or availability
of new remediation technologies.

PMAP Review and Update

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

BOM Bureau of Meteorology

DNRME Department of Natural Resources, Mines and Energy

DSI Detailed site investigation as identified in section 1.1.1

ESA Environmental Site Assessment

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 1.1.3

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

Ongoing Monitoring Plan
(OMP)

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

On-site On-Site

PFAS NEMP PFAS National Environmental Management Framework (January 2018)
developed cooperatively between Australian jurisdictions
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Primary source area An original source of PFAS contamination, generally on-site, for
example, a fire-fighting training ground

Primary implementation
period

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

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

PWC Public works committee, 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 [date]

Risk assessment(s) The HHERA, HHRA and/or ERA described in section 1.55

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

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 Army Aviation Centre Oakey (AACO, ‘the Site’) and surrounding areas, consistent
with the PFAS National Environmental Management Plan (NEMP) (HEPA, 2018) and State
jurisdictional requirements, as relevant. The PMAP also incorporates Brymaroo, a satellite site to
AACO that is currently used for training in emergency landings and fire hazard training and is located
approximately 22 km northwest of AACO and 3.5 km southwest of the Brymaroo township.

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 further 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. Limiting the community from exposure while management actions addressing source areas
and/or migration pathways are underway.

1.2 Application

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

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

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

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

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

The Queensland Government has been consulted in the development of this document.

1.3 Background

1.3.1 PFAS and its use

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

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

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

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

1.3.2 The nature of PFAS

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

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

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

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

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

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

1.4 Policy context

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

1 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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1.4.1 PFAS National Environmental Management Plan

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

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

1.4.2 Defence estate and environmental management

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

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

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

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

risks.

1.4.3 PFAS Response Management Strategy

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

PFAS Management
Area Plan (PMAP)
template and
guidance

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

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.

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

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

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

Figure 1: Defence PFAS response management and implementation map

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

1.5 Scope

To inform risk identification and weighting for the management area, the PMAP relies on:

· the Environmental Site Assessment (ESA) for AACO (AECOM, 2017a);

· the Human Health Risk Assessment (HHRA) for AACO (AECOM, 2017b);

· the Ecological Risk Assessment (ERA) for AACO (AECOM, 2018a); and

· the ESA for the Brymaroo satellite site (AECOM, 2018b)

.



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

5

The key parameters for the PMAP are set out below.

Management
Area

Army Aviation Centre Oakey
Management Zone 1: this zone is located immediately to the south and southwest
of the Base. It has the highest PFOS+PFHxS concentrations in groundwater in the
Management Area given its closer proximity to the Base and potential downwards
migration of PFAS from surface water in drainage channels 1 and 2.
Management Zone 2: this zone is located further to the south and southwest of the
Base. It has higher PFOS+PFHxS concentrations in groundwater in comparison
with Management Zone 3 as a result of a combination of impacted groundwater
flowing to the south and west from the Base together with downwards migration of
PFAS-impacted surface water from the drains leaving the Base.
Management Zone 3: located outside Management Zone 1 and Zone 2 and within
the remainder of the Management Area. PFAS was not detected by the laboratory
in the majority of groundwater samples collected from groundwater monitoring wells
in this Management Zone.
Figure F8 from the HHRA (AECOM, 2017b) illustrates the management zones and
is included in Appendix G.

Issue/risk
identification

Sourced from the HHRA (AECOM, 2017b) and ecological risk assessment (ERA)
(AECOM b2018a) and identified as ‘elevated’ risk or equivalent.
Human Health
Drinking groundwater with detectable PFAS or using it in cooking (Management
Zones 1, 2 and 3)
Unintentionally ingesting groundwater when used indoors for showering or
bathing or outdoors for filling swimming pools and children’s wading pools, and
sprinkler play (Management Zones 1 and 2)
Eating home grown leafy green vegetables (Management Zones 1 and 2)
Eating home grown red meat and/or offal (Management Zones 1 and 2)
Eating eggs from backyard poultry (Management Zones 1 and 2)
Eating fish from Oakey Creek (Management Zones 1, 2 and 3)
Drinking home grown milk (Management Zones 1 and 2)

Ecological
The following exposure pathways were identified during the ERA to have the
potential to pose an unacceptable risk to ecological receptors (native plants and
animals):
Ingestion of environmental media (sediment, surface water and soil)
Bioaccumulation of PFAS into aquatic organisms
Bioaccumulation of PFAS into terrestrial organisms
Bioaccumulation and trophic transfer in aquatic and terrestrial food webs

Issue/risk
range

A PMAP addresses the range of elevated risks identified in a DSI and the risk
assessment, but excludes WHS PFAS exposure risks within the Management Area.
They are appropriately managed by the relevant contractor in accordance with
applicable work, health and safety legislation.
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Remediation
technology
status

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

For the Brymaroo Satellite Site:

·  No complete exposure pathways have been identified for on-Site or off-Site human health
receptors, assuming that occupational controls are in place to protect Defence workers from
exposure to potentially contaminated soil and the groundwater beneath the Site continues to not
be used for drinking or irrigation purposes.

· A potentially complete exposure pathway has been identified for on-Site ecological receptors
(terrestrial ecosystems), where there could be uptake of PFAS in the food chain from
contamination in the soil (in hotspots around the hot refuel area) to invertebrates and
subsequently to insectivorous birds and small insectivorous mammals.  However, it is considered
that the PFAS concentrations detected in soil are unlikely to present unacceptable risks to
secondary consumers.  Note that this conclusion is based on a limited number of sample
locations.  No complete exposure pathway has been identified for aquatic receptors.

· Ongoing monitoring of groundwater beneath the Brymaroo Site is required to establish the longer
term trends in PFAS concentrations and to understand the potential for future changes in the
magnitude and distribution of the contamination due to ongoing migration from the source areas.

· The Brymaroo Satellite Site is addressed in the Ongoing Monitoring Plan in Appendix F.
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1.6 Key response factors

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

· whether an option is proportional to risks

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

· views of the jurisdictional regulator and
other stakeholders

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

· site specific issues (including migration,
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

· consideration of environmental, health and
other relevant legislation.

· Absence of a current receptor does not
mean that future uses of water or resources
are not considered

· Site specific issues (e.g. migration, cross-contamination, and remobilisation and any
presence of other co-occurring contaminants or precursor PFAS)

· Consideration of environmental, health and other relevant legislation.

· Absence of a current receptor does not mean that future uses of water or resources are not
considered.

· Site specific issues (including migration, cross-contamination, and remobilisation and any
presence of other co-occurring contaminants or precursor PFAS.

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.

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 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.

Some interim response actions will be in progress or in the mid-point of approval processes at the
commencement of this PMAP, having been transitioned from IRM actions (see section 2.7). Other
actions under the PMAP will be subject to Defence approval and procurement processes, including
where relevant, the processes of the Parliamentary Standing Committee on Public Works Committee
(PWC) processes. Implementation timeframes will be subject to the factors set out in section 7.2.

1.7.1 Approvals

a) Higher value public works

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

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

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

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

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

b) Site Selection Board

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

The question as to whether a regional or full review is required will be determined in accordance with
Defence Estate Quality Management System (DEQMS) guidance.5

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.

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

The outcomes of the procurement processes will inform the detailed project implementation timelines.
The PMAP is divided into two implementation periods:

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

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

· monitoring, leachate management, and maintenance of stockpiles
· monitoring of the Management Area for PFAS
· operation of remediation technologies (e.g. a water treatment plant), as required; and
· 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 based on the following assumptions:

· The state of knowledge presented within the ESA (AECOM, 2017a) and HHRA (AECOM,
2017b), and the 2018 ERA (AECOM, 2018a), including:

- Historical use of AFFF

- PFAS results (on and off-Site)

- Conceptual site model

- Community surveys.

· Proposed management / remediation options are based on the technology available for
management / remediation of PFAS at the time of writing this document.

· The understanding of infrastructure developments at the time of this report.

· Access to private properties will be granted, where required.
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· Availability of the proven technologies:

- Management and remedial technologies summarised in the PFAS NEMP

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

- Technologies that are not considered economically viable or feasible for use at AACO have
been excluded (as recommended in PFAS NEMP).
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Figure 2: Defence PFAS management process and indicative timeline
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2 PROFILE OF THE MANAGEMENT AREA

2.1 Management Area description

The Management Area includes AACO and three Management Zones, as described in Section 1.5 and
shown on Figure F8 (from the HHRA report, AECOM 2017b2017b) in Appendix G.

Table 2-1 summarises the number of lots and the number of properties in each management zone.

Zone No of Lots No of properties*
Management Zone 1 224 152
Management Zone 2 641 372
Management Zone 3 1523 1089
Total 2388 1613

Note: * The numbers of properties are based on information provided by Colliers to Defence in 2017

The number of residents in the Management Area is approximately 4000, based on 2016 census data,
which indicates the average number of people per household in Oakey is 2.6.

The extent of the Management Zones may change following review of data collected during ongoing
monitoring.

2.2.1 AACO

AACO occupies an area of 850 hectares and is located on alluvial floodplains approximately 2 km north-
east of the Oakey township.  The Site is currently used by the Defence Force for Army Aviation, and has
maintained a role as a military facility since the Site’s inception in 1943.

The northern part of the Site is the airfield, while the southern part of the Site comprises support services,
buildings and infrastructure.  Approximately 290 hectares of the Site are leased for agriculture (western
portion of the Site).

The Site is bounded by Corfe Road, Oakey Cooyar Road, Wilthorne Kelvinhaugh Road and Oakey
Kelvinhaugh Road.  The main access point to the Site is via Beale Street and Orr Road.  The Warrego
Highway and Western Railway Line are located approximately 3 km and 1 km to the south of the Site.

2.2.2 Areas surrounding AACO

The surrounding landuse to the west, north and east is predominantly made up of rural allotments which
are utilised for a range of pastoral and agricultural purposes (principally for grain cropping and limited
livestock production). Some residential allotments are located immediately adjacent to the southern
perimeter of the Site. The nearby township of Oakey comprises residential, light industrial and
business/commercial zoned areas. As noted in section 1.5, Brymaroo Satellite Site is addressed in the
Ongoing Monitoring Plan in Appendix F.

2.2 Management Area setting

2.2.1  Regional Meteorology

Based on the Bureau of Meteorology (BOM) Oakey Aero station #41359 dataset and the Oakey scientific
information for land-owners (SILO) rainfall dataset, the average annual rainfall, from 1970 to 2015, is
633 mm/year. The wettest months occur during summer with relatively dry winter months.
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Long-term Oakey SILO datasets (1970 to 2015) shows average evaporation peaks at 216 mm/month in
December and January and is lowest at 69.2 mm/month in June.

Potential evapotranspiration peaks at 170 mm/month in December and is lowest at 56.3 mm/month in
June. The higher evaporation compared to rainfall indicates a negative climate balance across the Oakey
area.

The ESA report (AECOM, 2017a) includes the following detail on wind direction:

The wind rose shows that the prevailing wind direction was from the east, approximately 32% of the time.
The next most common wind directions were from the west (15%), south-west (14%), north-east (9%),
south-east (8%) and north-west (7%).

2.2.2  Topography

The Site is located on a relatively flat alluvial plain. The regional topography slopes to the west and
south-west in the direction of the Oakey and Condamine Floodplains. The elevation of the Site is
approximately 400 metres above Australian Height Datum (mAHD).  On-Site, inclines have been
constructed to grade the drainage system away from the runways. The Site drains to the south via a
series of unlined drains discharging into Oakey Creek.

2.2.3  Geology

Tectonically, the Site and surrounds are situated within the central eastern part of the Clarence-Moreton
Basin, which contains sediments of the Late Triassic to Late Jurassic age. The sediments comprise
sandstone, siltstone, mudstone, and coal. The Walloon Coal Measures is the uppermost formation of the
Clarence-Moreton Basin. Uncomfortably overlying the Clarence-Moreton Basin are extensive areas of
unconsolidated younger alluvial sediments such as the Oakey Creek Alluvium and Main Range
Volcanics.  Table 2-2 indicates the geological stratigraphy beneath the Site.

Table 2-2.  Stratigraphy (source: AECOM, 2016)

Period Unit Lithology Geological basin Hydrogeological
basin

Cenozoic
(Quaternary)

Oakey Creek
Alluvium

Gravel, sand, silt and clay

Cenozoic
(Tertiary)

Main Range
Volcanics

Alkali-olivine basalt, minor
tuff, sandstone and
mudstone

Mesozoic
(Jurassic)

Walloon Coal
Measures

Thin-bedded, claystone,
shale, siltstone, lithic and
sublithic to feldspathic
arenites, coal seams and
partings, and minor
limestone

Clarence-
Moreton Basin

Great Artesian
Basin

2.2.4  Hydrogeology

The main receiving aquifer beneath the Site is the Oakey Creek Alluvium aquifer, the base of which is at
least 50 metres below ground surface (mbgs).

Groundwater within the Quaternary-aged alluvium is managed by the Queensland Department of Natural
Resources, Mines and Energy (DNRME) under the Oakey Creek Groundwater Management Unit. The
DNRME groundwater database indicates that the aquifer is used for irrigation, domestic purposes;
livestock watering and edible gardens, and historically, for intermittent potable water via town water
supply bores during extreme dry periods.
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The Oakey Creek Alluvium consists of fluvial stream over bank deposits interbedded with discontinuous
sequences of sand, silt, gravel and clay. Overall, the aquifer grainsize tends to coarsen with depth. The
base of the aquifer consists of coarse grained continuous basal gravel (i.e. lower alluvium) that is
underlain by a clayey horizon, which partially confines the lower basal sands and gravels from the
underlying Main Range Volcanics or Walloon Coal Measures. This layer is a combination of low
permeability basal alluvial clays of the Oakey Creek Alluvium and the Main Range Volcanics or the
weathered upper part of the Walloon Coal Measures.

The available data indicates that groundwater occurs in the Oakey Creek Alluvium both as perched
aquifers and as a more laterally extensive basal aquifer. As the alluvium consists of meandering
discontinuous sequences of gravel, sands, silts and clays, the capacity of the alluvium to store and
transmit groundwater is variable both vertically and laterally across its extent. These aquifers are
unconfined to semi-confined in nature.

2.2.5  Hydrology

Stormwater flow on the Site is principally from kerb and channel, piped systems, overland flow and open
drains. All of the Site’s drainage lines are ephemeral. The Site’s stormwater drainage network consists of
approximately 23 km of pipe typically ranging in diameter between 300 mm and 1,200 mm, and
approximately 33 km of unlined open drainage lines. Stormwater infrastructure at the Site dates back to
the 1970s (AECOM, 2017a).

The hydrology of the Site is split between two major catchments:

· Doctor Creek catchment – stormwater runoff in the northern part of the airfield is captured and
diverted to Doctor Creek, which is a tributary of Oakey Creek and discharges into Oakey Creek,
approximately 14 km downstream from the Site

· Oakey Creek catchment – all operational areas of the Site are located within the Oakey Creek
catchment; therefore, all flows entering the stormwater drainage system are directed via the
four main drains towards Oakey Creek, located approximately 1 km to the south of the Site.

The four main drainage channels are:

· West Drain (drainage channel 1): extends from the south-west corner of the airfield, running in a
southerly direction, merging with the central drain before discharging to Oakey Creek

· Central Drain (drainage channel 2): aligned parallel to Orr Road, running in a south-westerly
direction from the airfield across the Site and merging with the west drain before discharging to
Oakey Creek

· East Drain (drainage channel 3): aligned parallel to Swartz Road, running south from the south-
east corner of the airfield across the Site and discharging to Oakey Creek. A portion of
stormwater flows from East Drain into a private farm dam, located about 800 m south of the
Site. Overflow from the dam returns into the East Drain and discharges into Oakey Creek
(AECOM, 2015)

· Eastern Boundary Drain (drainage channel 4): aligned parallel with the eastern Site boundary,
running in a southerly direction from the airfield and discharging to Oakey Creek.

A weir on Oakey Creek creates a semi-permanent water body that receives and retains runoff from the
surface water drains discharging from the Site.

Figure F47 from the ESA report (AECOM, 2017a) shows the main drainage channels on the Site and is
included in Appendix G.

2.2.6  Flora and Fauna

A desktop review of sensitive ecological receptors was conducted by AECOM (2015a). The Oakey area
is heavily modified and largely denuded of remnant vegetation, with the majority of the landscape cleared
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and the Oakey Creek corridor largely consisting of landscaped parkland. Remnant vegetation identified
was limited to disturbed poplar box (Eucalyptus populnea) woodland located at the Site and scattered
within paddocks and road reserves. A number of ecological receptors in the form of potential terrestrial,
avian and aquatic food chains were identified based on available habitat, including:

· modified pasture and grazing land which could be consumed by domestic livestock;

· livestock;

· riparian and terrestrial vegetation associated with ephemeral waterways, drainage lines and
wetlands, which have the potential to support a diversity of food chains with significant
interactions between terrestrial and aquatic systems;

· remnant woodland, parkland, roadside vegetation and residential gardens, which have the
potential to support a range of flora and fauna; and

· fish species and other aquatic biota.

In addition, higher order piscivorous (fish eating) birds and raptors are considered potential receptors.

Oakey Creek is ephemeral and for much of the year is made up of a number of discrete pools with no
obvious flow, although some pools may be permanent and fishable. No records of threatened aquatic
organisms were identified during the desktop assessment. The Murray cod (Maccullochella peelii peelii)
and silver perch (Bidyanus bidyanus) were considered to be present due to anecdotal evidence including
past stocking events. Queensland Department of Agriculture and Fisheries (DAF) (in AECOM 2016) has
confirmed that both Murray cod and silver perch occur within Oakey Creek. These species are listed as
threatened species under the Environment Protection and Biodiversity Conservation Act 1999. Sections
of Oakey Creek have reportedly been stocked regularly with Murray cod, golden perch and silver perch
since the late 1980s to enhance local recreational fishing opportunities.

2.3 Management Area scale

The scale of the Management Area is rated as ‘very large’ in accordance with Table 2-3 below.

Table 2-3 Scale of Management Area

Characteristics Consequences

Very
Large

· High number of identified risks
· Multiple areas of contamination, both on-Site and

off-Site
· hydrogeological profile facilitates rapid migration

of contamination
· large impacted community

- PMAP complex
- Development / implementation

timeframe: highly extended

Large · Medium number of identified risks
· Multiple contaminated areas, on-Site and off-Site
· Medium-sized impacted community

- PMAP moderately complex
- Development / implementation

timeframe: extended

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

and off-Site

- PMAP simplified
- Development / implementation

timeframe: medium

Small · Small number of identified risks
· Contamination currently confined to isolated

locations on-Site
· Potential risk of contamination to a small number

of sensitive receptors

- Basic PMAP
- Development / implementation

timeframe: medium
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2.4 Extent of contamination

PFAS was first identified in the groundwater at the Site during an environmental investigation in 2010.
Environmental studies conducted between 2010 and 2017 have identified that soil, sediment, terrestrial
biota, aquatic biota, surface water and groundwater on- and off-Site have been impacted by PFAS. A
summary of the overall findings of these previous investigations, as presented in 2017 Environmental Site
Assessment report (AECOM, 2017a) is provided in the subsections below.

The legacy use of PFAS-containing AFFF for fire training and emergency response activities has created
a legacy of contamination. It is inferred that PFAS (including PFOS and PFOA) has leached into and
accumulated in surface soils, and impregnated concrete and other pavements in the areas where they
have been used. Areas affected include AFFF storage and handling areas, fire training areas, former fire
stations and locations where AFFF has been used for emergency response actions, such has foaming
the runway in advance of a damaged aircraft landing.
Concentrations of PFAS in groundwater are highest on-Site, near potential source areas, with impacted
groundwater extending off-Site to the south, southwest and west. Figures F31 and F32 in Appendix G
show the approximate extent of PFOS+PFHxS impact in the Oakey Creek Alluvium aquifer on- and off-
Site, based on groundwater samples collected between January and June 2017 from monitoring wells
and residential bores.
The primary source areas considered to have the highest relative contribution to PFAS contamination on
Site are:

· the former fire training ground

· the former fire station and foam training area

· the former fuel compound and hot refuel area

· AFFF settling tank (C59 tank)

· AFFF settling tank (S11) and AFFF storage tank (S12)

Source areas are discussed in more detail in section 4.1.

The summary discussion presented below focusses on PFOS and PFHxS as these compounds generally
made up the largest percentage of the PFAS detected in the samples analysed.  More detail on the
analytical results for other PFAS compounds is in the ESA report (AECOM, 2017a).

2.4.1  PFAS concentrations in groundwater on-Site

PFAS has migrated in groundwater in the Oakey Creek Alluvium towards the west and extends beyond
the western Site boundary.  PFAS has also migrated from the area of the off-Site drainage channels to
the west.  The affected area extends approximately 4.5 km off-Site to the south-west.

The PFAS concentrations in groundwater were highest in the upper zone of the Oakey Creek Alluvium
aquifer (i.e. at the top of the groundwater table at approximately 14 m below ground surface).
Contaminant movement has been potentially influenced by:

· groundwater pumping from bores drawing from the Oakey Creek Alluvium aquifer;
· migration of PFAS in surface water along southerly orientated unlined drains and Oakey Creek;

and
· infiltration to groundwater and mobilisation of PFAS along Oakey Creek during periods of flow

and recharge from the stream flow into the groundwater system at considerable distance
downstream from Site.

Figure F13 in Appendix G presents an interpretation of PFAS in groundwater in the Management Area.
Key points to note in relation to PFAS concentrations in groundwater that are relevant to the
consideration of management actions in this report are summarised below (from AECOM, 2017a):
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· There is widespread PFAS contamination in groundwater within the Oakey Creek Alluvium
aquifer principally across the built up areas on-Site, with locally high concentrations close to
potential primary source areas.

· The area approximately 1 km to the south and west of the Site (in the vicinity of the area where
drains 1 and 2 meet Oakey Creek) is also an area of higher PFAS concentrations in
groundwater.  Concentrations of PFAS in this area generally range from 10-50 µg/L, as shown
on Figure F13 in Appendix G.

· There are no clear ‘plumes’ of PFAS contaminated groundwater on-Site, with monitoring well
samples containing high PFAS concentrations adjacent to wells containing relatively low
concentrations. The uneven contaminant distribution is considered to be controlled by a
combination of different processes including the transport of PFAS in surface water off-Site, the
geological and hydrogeological properties of the heterogeneous stratum and the effects of
groundwater extraction, on- and off-Site.

2.4.2  PFAS concentrations in soil on-Site

Historical soil data from the period 2010 to 2016 have been combined with the results of the 2017
investigation to show the distribution of PFOS across the Site. PFOS has been consistently analysed
during the current and historical investigations and this contaminant is generally present at higher
concentrations compared to other PFAS. Appendix G shows all results in the depth interval 0.0 to
0.5 mbgs.

PFOS has been consistently detected in near-surface soil (<0.5 mbgs) at all locations sampled across the
Site. High PFOS concentrations are also present in the 0.5–2.0 mbgs depth interval, with very high
concentrations in the vicinity of several potential primary source areas including the former fire training
ground and former fire station and foam training area in B3. Below 2.0 mbgs, PFOS concentrations in soil
are much lower (at the locations sampled) (AECOM, 2017a).

2.4.3  Groundwater and surface water interaction

Figure F47 in Appendix G presents the interpreted extent of PFOS + PFHxS in groundwater and surface
water on and off Site.

The local groundwater table is around 7 metres below the base of Oakey Creek, and therefore Oakey
Creek is a ‘losing system’. This means some water from Oakey Creek migrates downwards into the
underlying groundwater. The assessment also found that PFAS impacts near the Site’s southern
boundary are likely to be related to surface water transport of PFAS along stormwater drains to Oakey
Creek.  PFAS in groundwater then flows to the west, which is the regional groundwater flow direction. It is
noted that historically, on- and off-Site groundwater pumping has potentially influenced contaminant
migration in the aquifer as well as potentially creating secondary contamination of soil, sediment, surface
water and groundwater where it is discharged and via irrigation return flow. (AECOM, 2017a).

Regional and local flood modelling results suggest it is unlikely that PFAS impacted sediments will be
mobilised from the Site. Under the local flood modelling scenario, PFAS has the potential to be
transferred from impacted surface soils to stormwater as it passes over the soil (AECOM, 2017a).
Investigation of the main drainage channels flowing off the Site included sampling of sediment and soil
and leaching tests. PFAS contaminants are present in sediment and in underlying soil along drainage
channels 1, 2 and 3.  The drainage lines represent both an ongoing secondary source of PFAS
contamination on- and off-Site and a preferential pathway for migration of contamination from the Site.

Extensive surface water sampling has been undertaken in all creeks proximal to the Site.  Adequate
characterisation data have been collected from Oakey Creek to infer the current distribution of
contamination along the creek. The highest PFAS concentrations were detected at sampling locations
downstream of the outfalls of drainage channels 1, 2 and 3.  The drainage channels act as a secondary
source of contamination to the underlying groundwater, as well as a preferential pathway for the
migration of contamination from the Site into surface water.
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PFAS has not been detected in surface water and sediment samples collected from Doctor Creek,
located to the northwest of the Site.

2.4.4  Potential Risks to the Walloon Coal Measures of the Great Artesian Basin

The 2017 ESA (AECOM, 2017a) assessed the potential risk to the Walloon Coal Measures, which is part
of the Great Artesian Basin. The Walloon Coal Measures is a deeper aquifer than the Oakey Creek
Alluvium. Groundwater samples collected from the Oakey Creek Alluvium have reported detections of
PFAS. The investigation found that the risk of PFAS migrating into the Walloon Coal Measures was
limited due to a number of factors, including:

· there are only limited areas within the Management Area where the Oakey Creek Alluvium
aquifer is in contact with (i.e. directly overlies) the Walloon Coal Measures;

· there is limited high-volume extraction of groundwater from the Walloon Coal Measures,
compared to the overlying Oakey Creek Alluvium and therefore a lower potential for PFAS to be
‘drawn’ into the Walloon Coal Measures;

· where bores are screened across both the Oakey Creek Alluvium and Walloon Coal Measures,
the extracted groundwater will be mostly from the Oakey Creek Alluvium as it has a higher yield
potential;

· little or no faulting or fracturing has been identified in the Oakey Creek Alluvium. Faults or
fractures in the rocks beneath the Management Area can potentially act as a preferential
pathway for the movement of PFAS;

· the areas with higher PFAS concentrations in groundwater in the Oakey Creek Alluvium are
within zones of lower groundwater flow (clay-rich alluvium), which minimises the movement of
PFAS downwards through Oakey Creek Alluvium.

2.4.5  Other PFAS sources

The 2017 ESA (AECOM, 2017a) investigated other potential sources of PFAS outside of the Base,
including the following:

· former landfill site on Lorrimer Street

· use of PFAS-impacted water for irrigation

· areas inundated by PFAS-impacted flood waters.

Based on groundwater analytical results, the former landfill is considered to be a secondary source of
PFAS. The affected area around the former landfill is limited, possibly due to the lower permeability of the
Oakey Creek Alluvium in this area.

It is considered that PFAS-impacted water used for irrigation could be contributing to the PFAS in the
underlying groundwater.  However, as seepage of PFAS-impacted surface water to the underlying aquifer
from farm dams and drains also occurs in the Management Area, the relative contribution of all these
processes to PFAS in the underlying groundwater is unclear.

Available groundwater data indicate a possible correlation between the areas that have been historically
flooded and the extent of PFAS within the Oakey Creek Alluvium. The rate at which PFAS-impacted flood
water could infiltrate to the underlying groundwater is controlled by a number of factors, including
variability in the permeability of surface soils and sediments and the velocity of the flood waters. During a
flood event, the coarse material is expected to be deposited on or immediately adjacent to Oakey Creek
and finer grained sediments are transported further with the flood water.

2.4.6 Migration pathways

Key migration pathways currently or historically relevant to the various source areas are discussed below.
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· Discharge of AFFF to the ground surface, with leaching to groundwater driven by rainfall
infiltration.  Lateral and vertical migration of groundwater, under the influence of groundwater
flow and PFAS dispersion.

· Leaching of PFAS from soil, sediment and concrete structures / pavements to groundwater.

· Surface water runoff to the three main drains on-Site, with migration of surface water both
laterally (into Oakey Creek then into groundwater) and vertically (into groundwater).  The
network of drainage channels on-Site and off-Site covers many kilometres and there is a large
surface area covered by these shallow drains that has been in contact with surface water runoff
following rainfall events. The 2017 Environmental Investigations report (AECOM, 2017)
concludes that after precipitation events, elevated concentrations of PFAS are transported
along all three drainage channels, in particular along drainage channel 3.

· PFAS impacted groundwater historically used on-Site and off-Site for irrigation.

2.4.7  Groundwater Model

A groundwater flow and contaminant transport model was initially developed in 2016 (AECOM, 2016).
The groundwater model was refined during the 2017 ESA and has subsequently been refined to
incorporate calibration assuming heterogeneous aquifer parameters.  The predictive modelling suggests
that without remediation or management, the PFAS concentrations will continue to migrate from the Site
towards the west for the duration of the model (2115).  The 2115 projection estimated the area of
groundwater containing PFOS concentrations greater than 0.01 µg/L to extend approximately 8 km east
to west and 3 km north to south of the Site boundary.  For comparison, the interpretative distribution of
PFOS+PFHxS above 0.07 µg/L (drinking water guideline level) in groundwater in 2017 extended
approximately 3.75 km from east to west and 6.75 km north to south (see Figure F47 in Appendix G)
(sourced from AECOM, 2017a).

More detail on the groundwater model is provided in the ESA report (AECOM, 2017a), including
Appendix J of the 2017 ESA report.

The groundwater model is a tool which estimates the future migration of PFAS contaminated
groundwater (based on a range of assumptions).  The model can be used to assess where contaminated
groundwater might migrate to in the future and assist with decisions related to the locations of monitoring
wells. The model can also be re-run with different assumptions to try to simulate the potential impact of
management actions.

2.5 Groundwater use

2.5.1  On-Site groundwater use

Historically, groundwater at the Site was extracted from the lower zone of the Oakey Creek Alluvium
aquifer for the following activities (AECOM, 2017a):

· municipal water supply for drinking water and domestic uses (historically supplied from
Toowoomba Regional Council (TRC) wells on-Site between 1960s and 1997)

· aircraft cleaning

· dust suppression

· fire-fighting training

· domestic use

· irrigation

· filling the Site’s swimming pool.

Groundwater abstraction at the Site was halted in January 2013.
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The Site has been supplied with reticulated water from the Mt Kynoch Water Treatment Plant via the
Oakey/Toowoomba pipeline since the construction of the pipeline in 1997. Prior to 1997, groundwater
was used for all purposes on the Site, including drinking water (AECOM, 2015a), although anecdotal
evidence suggests that the groundwater was not widely used for drinking because it was unpalatable. In
1997, the Site switched to town water supply for all water uses except irrigation, aircraft washing (only
demineralised water), fire training and filling of the swimming pool. Use of groundwater to fill the Site’s
swimming pool ceased in 2012.

2.5.2  Off-Site groundwater use

Groundwater is or has historically been extracted from private and public bores for uses including:

· municipal supply (historically between 1960s and 2012)

· domestic purposes (cooking, showering, laundry, filling swimming pools)

· irrigation of crops

· watering of livestock and domestic pets

· recreational purposes (household swimming pools and irrigation of community and school
sporting fields and parks)

· commercial purposes (industry, hospital, mines, etc.).

2.6 Relevant legislation and government policy

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

The PFAS NEMP provides the guiding framework for the management of PFAS. For further information,
see: http://www.epa.vic.gov.au/PFAS_NMP.

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

· Environmental Protection Act, 1994 (Qld);

- Specifies obligations to meet general environmental duty to prevent environmental harm under
the Environmental Protection Act 1994. Relevant provisions include:

§ Prescribing certain activities that must not be carried out without obtaining an
environmental authority, including various waste transport, storage, treatment and disposal
activities

§ Obtaining permits to transport and dispose of contaminated soil

§ Requirements for site investigation documents and site management plans that deal with
contaminated land

§ Registers of contaminated land in Queensland

§ fulfilling the general environmental duty (section 319)

§ duty to notify environmental harm (section 320 to 320G)

§ causing serious environmental harm (section 437) or material environmental harm (section
438)

§ causing environmental nuisance (section 440)

§ depositing a prescribed water contaminant (section 440ZG) and

§ releasing a prescribed contaminant into the environment (section 442)
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· Water Act, 2000 (Qld);

- Provides a definition of what is considered a watercourse

· Environmental Protection Regulation, 2008 (Qld);

- Lists environmentally relevant activities for which an environmental authority must be
obtained (schedule 2)

- Lists regulated waste, including PFAS which is an organohalogen (schedule 7)

- Outlines considerations for a release of water, other than stormwater, to surface water
(section 56)

- Defines Prescribed water contaminants (section 77; schedule 9)

· Environmental Protection (Water) Policy. 2009;

- Prescribes additional protected environmental values for waters throughout Queensland,
noting that “waters” is defined to include surface water and ground water and the bed and
banks of waters.

- Prescribes management approaches for any contaminant that may affect a water (see s.
13) and for achieving water quality objectives.

- Defines management levels and water quality objectives for specified river basins in
Queensland.

- Prescribes additional protected environmental values for waters throughout Queensland,
noting that ‘waters’ is defined to include surface water and ground water and the bed and
banks of the waters (section 6).

- Prescribes management approaches for any contaminant that may affect water (section
13) and for achieving water quality objectives (section 14).

· Waste Reduction and Recycling Act, 2011

- Includes provisions about waste management including end of waste codes and waste
approvals for some PFAS affected wastes e.g. biosolids.

· Queensland Water Quality Guidelines, 2009 (and revisions thereof);

· Monitoring and Sampling Manual: Environmental Protection (Water) Policy. Brisbane:
Department of Environment and Science Government, 2018, Queensland Department of
Environment and Science;

· Queensland Auditor Handbook for Contaminated Land; Module 1 – 6 – Queensland
Department of Environment and Science (2018);

· Queensland Work Health and Safety Act 2011

· Department of Environment and Heritage Protection (2016) Operational Policy: Environmental
Management of Firefighting Foam

· Model Operating Conditions, Environmentally Relevant Activity (ERA) 60 Waste Disposal -
Queensland Department of Environment and Science (2019)

· Waste Reduction and Recycling Act 2011

Includes provisions for 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 – Engineered Stockpile Facility Performance Specification

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

· Defence PMAP Template and Guidance 2018

2.7 Interim response management actions

Interim response management (IRM) actions are actions in accordance with the Interim Response
Management (IRM) Guideline, or preceding that guideline, to provide for necessary avoidance or
mitigation of risks prior to the completion of the DSI and/or risk assessments. While some actions have
concluded, others are current and have been assessed for continued implementation and transition to
this PMAP.

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

The following IRM actions have been assessed for continued implementation and a recommendation has
been made to continue or terminate those actions:

Table 2-4 IRM Actions

IRM ACTION RECOMMENDATION
Continue / Terminate REASON

1. Drain remediation Completed To reduce migration of PFAS
through surface water by removal of
PFAS affected surface soil and
sediment in drains

2. Water Treatment Plants Underway To reduce PFAS Mass and
migration of PFAS through
groundwater and surface water.

3. Town Water Connections Completed To replace bore water use at
individual premises that previously
sourced impacted groundwater for
drinking purposes.

4. Rainwater Tanks Installation Underway Plans are underway to upgrade or
install new rainwater tanks to the
properties unable to be connected
to town water with tank water
supply ongoing for selected
properties.

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

2.8 Stakeholders

2.8.1 Stakeholder Groups

The AACO Environmental Investigation Project is complex impacting and involving a large number of
stakeholders. Table 2-3 provides a high level summary of the project’s key stakeholder groups:
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Table 2-5 AACO Stakeholder Groups

Stakeholder Group Details

Residents and landowners within the
Management Area (MA)

Includes current and former residents and land
owners.

Residents and landowners adjacent to the MA Includes current and former residents and land
owners

Businesses within the MA Includes current and former businesses, such as:

- Primary producers

- Investors and developers

- Small business owners

Businesses adjacent to the MA Including current and former businesses, such as:

- Primary producers

- Investors and developers

- Small business owners

Community groups Community groups including:

- Community facilities and services

- Schools and child care agencies

- Sporting clubs and associations

Defence personnel Current and former personnel

Commonwealth government agencies - Department of the Environment and
Energy

- Department of Health

- Department of Human Services

- Department of Agriculture and Water
Resources

State government agencies - QLD Department of Environment and
Science

- QLD Department of Agriculture and
Fisheries

- QLD Department of Health

- QLD Department of Natural Resources,
Mines and Energy

Toowoomba City Council
Politicians and elected representatives - Local, State and Federal

representatives

Media - Local, State and National news
including print, radio and television

General public - Surrounding communities

- Greater Toowoomba area

- Australia
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2.8.2 Stakeholder Engagement Actions

Defence has proactively collaborated with Commonwealth, State and local authorities to conduct the
AACO Environmental Investigation and continues to work with communities to respond to PFAS
contamination. The AACO Environmental Investigation Project Stakeholder and Community Engagement
Plan is the strategic document through which stakeholders are consulted. To date engagement has been
focused on providing timely and accurate information to:

· support stakeholders understanding of the contamination issue and investigation

· obtain information about and access to land within and surrounding the Management Area

· communicate how stakeholders can participate in the investigation or obtain further information

· understand if and how individuals, groups or agencies may have been impacted

· understand and respond to key concerns, questions and requests

· communicate the outcomes of the investigation and detail the next steps.

Table 2-6 provides an overview of the key stakeholder engagement activities employed on the AACO
Environmental Investigation Project to date.

Table 2-6 Stakeholder Engagement

Communication and engagement activities Timing

Project communication channels established:
· hotline (freecall 1800 number)
· email address
· web page

September 2013
Ongoing since project inception

Water use and community survey Survey 1 (‘water use survey’) – first distributed on
7 August 2014
Survey 2 (‘community survey’) -   first distributed on
25 February 2016
Survey 3 (‘data gap community survey’) - first
distributed on 21 February 2017

Letter box drops Ongoing throughout the investigation to
communicate key messages and updates across all
listed stakeholders.Bulk email

Letters Targeted and bulk communication with specific
stakeholders and groups

Project updates, factsheets and flyers Ongoing throughout the investigation and following
the completion of key project phases/milestones.Community information and walk-in sessions

(detail presented in Table 2-5 below)
Government briefings and presentations

Base Liaison Officers

Key stakeholder briefings

Stakeholder meetings
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Table 2-7 Community Information Sessions

Date Type Purpose
15-16 October 2018 Community walk-in session ERA and GME Reports (2018),

Response management activities
6-7 December 2017 Community information session

and 2 x community walk-in
sessions

ESA and HHRA Reports (2017)

5 April 2017 Community walk-in session Sensitivity Assessment Report

9 November 2016 2 x community walk-in sessions Preliminary ERA Report (2016)

18 October 2016 2 x community walk-in sessions Event led by Health, supported by
Defence – Food Standards
Australia New Zealand (FSANZ),
Epidemiological Study and blood
testing

5-6 September 2016 Community information session
and 2 x community walk-in
sessions

HHRA Report (2016)

27-28 July 2016 Community information session
and 2 x community walk-in
sessions

ESA Report (2016)

25 February 2016 Community walk-in session Project update / Assistant Minister
for Defence (AMINDEF) Oakey
visit

4 December 2015 Community information session Project update – Stage 2C interim
update

25 August 2015 Community information session Project update – Announce
Stage 2C activities (mid-2015 to
mid-2016)

2 December 2014 Stakeholder roundtable and
community information session

Project update – Results from
2014 sampling

29 July 2014 Community information session Project introduction – advise
community about off-Site
detections, precautionary advice
and commencement of detailed
environmental investigation

10 December 2013 On-Site community information
session

Update Site neighbours and key
stakeholders about investigation
findings and commencement of
off-Site sampling

13 December 2012 On-Site community information
session

Advise neighbours and key
stakeholders about detections of
PFAS on-Site and upcoming
sampling
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Ongoing Stakeholder Engagement

Defence will continue to inform stakeholders of the Oakey PFAS management actions through:

· Maintaining project communication channels; project information line, e-mail address, and
webpage.

· Community information sessions on the outcomes of the OMP annual reporting.
· Newsletter updates to residents on the Oakey Community database.
· Regular liaison with the Queensland Government through forums such as the PFAS Technical

Working Group.

Ongoing Stakeholder participation will occur in the manner detailed in the following table.

Table 0-8 Relevant stakeholders

Stakeholder
participation

Activity Engagement Stakeholders

Engage Work directly with
stakeholders throughout
the process to ensure
that concerns and
aspirations are
consistently understood
and considered.

We will work with you to
ensure your concerns
and issues are directly
reflected in the
alternatives developed
and look to you for direct
advice in formulating
solutions. We will
incorporate your advice
and recommendations
into decisions as much as
possible.

� Impacted community in the
Management Areas

� Qld PFAS Technical Working
Group

� Qld Department of Health
� Qld Department of Environment

& Science
� Qld Department of Agriculture

and Fisheries
� Qld Department of Natural

Resources, Mines & Energy
� Department of Environment and

Energy (Cth)
� Department of Health (Cth)

Consult Obtain feedback on
alternatives, solutions
and/or decisions.

We will keep you
informed, listen to and
acknowledge your
concerns and provide
feedback on how your
input influenced the
decision.

� Toowoomba Regional Council
� AACO
� Chamber of Commerce

Inform Provide the stakeholder
with balanced and
objective information to
assist them in
understanding the
impacts, alternatives,
opportunities and/or
solutions.

We will keep you
informed.

� General public
� Local and state media
� Local Indigenous Groups
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3 PMAP METHODOLOGY AND APPROACH

3.1 Overview of approach

This PMAP conforms to the PFAS National Environmental Management Plan and State jurisdictional
requirements, as relevant.

The Queensland Government and the Site’s Technical Adviser have reviewed the draft PMAP and their
comments taken into consideration in the PMAP’s development.

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

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

3.2 Identify risks and consequences (Chapter 4)

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

3.3 Prepare Ongoing Monitoring Plan (Chapter 5)

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

3.4 Develop risk management options (Section 6.1)

Management option/s were identified to address each of the risks identified in Section 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 (impacted community and jurisdictional regulator)
· IRM actions undertaken or continuing in the Management Area
· IRM or PMAP actions undertaken or considered by Defence on other properties

The management options include

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

· IRM actions recommended under section 2.7 for continued implementation are included as
options for further assessment.

· Community-level options for further assessment.

Identifying information for each option includes the objective and a description of how the objective
contributes to managing the identified risk.
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3.5 Detailed options analysis (Section 6.2)

For each risk, the following analysis was undertaken:

A. Cost / effectiveness / impact analysis

1 Cost range estimate
2 Effectiveness rating
3 Implementation period / timeframe
4 Potential impacts
5 Estimated net environmental benefit

B. Risk-based analysis

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

C. Defence implications

12 Defence capability
13 Project fit
14 Scalability

D. Stakeholder impacts, views and consents

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

E. Comparative analysis

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

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

3.6 Integrated options analysis (Section 6.3)

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

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

Defence property.

Where these synergies have been found, they are presented as an integrated package addressing the
relevant sets of risks.

3.7 Recommendations Analysis

The recommended set of PMAP response actions for each identified risk are based on the comparative
analysis and the integrated analysis set out in Section 6.
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4 IDENTIFIED RISKS AND CONSEQUENCES

4.1 Source / pathway / receptor analysis

Figure F49 from the 2017 ESA report illustrates the conceptual site model and is included below.

The Environmental Site Assessment, December 2017 (AECOM, 2017a) lists the following activities on or
near the Site that are considered to have resulted in PFAS impacts on soil, sediment, surface water
and/or groundwater.

4.1.1 Primary Source Areas

The following activities on-Site are considered to have resulted in the release of PFAS into the
environment:

· historical fire-fighting training at the former fire training ground

· historical fire-fighting training at the former fire station and foam training area

· fire-fighting training at the current AFFF storage and decanting area

· AFFF use associated with fuel spills at the former fuel compound and refuelling point in F1

· AFFF use associated with fuel spills at the hot fuel area concrete pads in A2

· discharge of spent AFFF into recovery tanks at C1, S1 and A2

· release of AFFF during dispersed sporadic AFFF discharge events or responses to incidents.

Figure F3 from the ESA report (AECOM, 2017a) shows the locations of these source areas on-Site and is
included in Appendix G.

Appendix H presents a summary of key primary source areas, including a description of the area, history
of the activities in the area, soil and groundwater samples collected and results, the inferred extent of
contamination, objectives for management / remediation and associated constraints.

Based on the concentrations of PFAS detected in soil and groundwater samples, the relative contribution
of the primary source areas to PFAS contamination is summarised in Table 4-1. Refer to Appendix H for
additional detail.

PFOS Soil Mass estimations based on groundwater concentration data. The calculation using
groundwater data will not take into account the mass of PFOS which has leached from surface soils to
surface water pathways (i.e. drainage channels).  This is likely to have been a significant pathway for the
Former Fire Training Area and other source areas where AFFF was released to surface soils.  For
subsurface sources such as USTs, the groundwater pathway is likely to be the most significant.

The PFOS groundwater flux is based on the back calibration of the source input locations and rates that
were presented in Section 5.3 of the AGE Groundwater Model Report (v07, April 2018).
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Table 4-1: Summary of relative contribution of Primary Source Areas

Primary
source
area

Max. Soil
PFAS
(mg/kg)

Max.
Ground-
water
PFOS +
PFHxS
(µg/L)

Soil
Volume
(m3)

Assumptions / Limitations
for estimation of soil
volume

PFOS
Soil
Mass
(kg)

PFOS
Flux
Ground
-water
kg/year

Former fire
training
area

43

(PFOS +
PFHxS;
2 mbgs)

81 7,200 • A RAP is being prepared for
this source area that has
undertaken additional
sampling works and can
supply more accurate
estimate.

5.55 0.14

Former fire
station

6.9

(PFOS +
PFHxS;
1.0 mbgs)

1301 1,200 • The area was redeveloped
in 2018 and  soil excavation /
remediation was undertaken
at that time that would have
removed PFAS contaminated
soil.

•   Soil data is based on 67
samples collected from 20
locations

49.09 1.20

AFFF
settling tank
(C59 tank)

0.7

(PFOS;0.5
mbgs)

176 390 •  Estimated soil volume has
been adjusted for volume of
the tank

•  UST about 10m in
diameter and 8m deep

•  Potential area of impacted
soil estimated to extend 2m
outside

•  Estimated volume has
been adjusted for volume of
tank

•  Soil data is based on 54
samples from 12 locations

1.69 0.07

Current fire
training
facility
(Asset D20)

0.03

(PFOS: 0.5
mbgs)

40 520 •  Estimated soil volume has
been adjusted for volume of
concrete (assumed to be 70
m diameter and 0.5m thick).

• Soil data based on 15
samples from four locations

0.20 0.01

AFFF
storage and
decanting
area (area
D2)

9.7

(PFOS: 0.5
mbgs)

16 260 • Grassed area east of AFFF
storage area

• Soil data  based on 13
samples from 4 locations

1.47 0.09
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Primary
source
area

Max. Soil
PFAS
(mg/kg)

Max.
Ground-
water
PFOS +
PFHxS
(µg/L)

Soil
Volume
(m3)

Assumptions / Limitations
for estimation of soil
volume

PFOS
Soil
Mass
(kg)

PFOS
Flux
Ground
-water
kg/year

Former fuel
compound
and hot
refuel area

0.6

(PFOS +
PFHxS;
0.5 mbgs)

71 180 •  AFFF was sprayed on the
fuel compound.

•  Fuel compound is 12 x 10
m in size. Potential area of
impact assumed to extend
2m beyond fuel compound

•  Soil data is based on 11
samples from three locations

10.05 0.25

AFFF
settling tank
(S11) and
AFFF
storage
tank (S12)

0.08

(PFOS +
PFHxS;
12 mbgs)

144 650 • Size of the two USTs are
not known  and estimated to
be 4 m deep.

• Soil data is based on 21
samples from three locations

12.76 0.53

Hot refuel
area and
AFFF
settling tank
(A83)

1.0

(PFOS +
PFHxS;
0.5 mbgs)

31 110 · Estimated area around
the UST only (not the hot
refuel area). Size of
UST is not known and
estimated to be 4 m deep

· Soil data is based on 24
samples collected from
six locations

4.73 0.17
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4.1.2  Secondary Sources

Secondary source areas (media which have been impacted with PFAS due to the previously identified
primary sources, and which have the potential to lead to further migration of PFAS or exposure of
receptors)
- Contaminated groundwater and surface water
- Concrete infrastructure that has been in contact with AFFF
- Surface soil where AFFF was discharged to ground or accumulated due to surface flow
- Unsaturated zone soil beneath potential primary source zones
- Sediment and soil along the drainage channel network

Secondary source areas off-Site potentially include:
- The former trade waste system (including the former waste water treatment plant location to the

south of the former landfill along Lorrimer Street);
- Sediment within Oakey Creek downstream of the discharge points of the drainage channels;

and
- Farm dams which were filled with PFAS impacted groundwater,

4.1.3  Nature and Extent of PFAS Contamination

An overview of PFAS contamination in the Management Area is presented below, sourced from the
Environmental Site Assessment, December 2017 (AECOM, 2017a).

Groundwater: The interpreted extent of PFAS impacted groundwater is based on shallow and deep
monitoring well data as well as residential bore data. The maximum concentration of PFOS + PFHxS on-
Site was detected in a groundwater sample collected from well MWB3-A (1301 µg/L), which is located
close to the former fire station and foam training area. The maximum concentration of PFOS + PFHxS
off-Site was 26.3 µg/L in the sample from well GW34, which is located approximately 1 km to the south of
the western portion of the southern Site boundary.

Surface water: The maximum PFOS+PFHxS concentration detected in samples from Oakey Creek was,
located at sampling location SW18 (0.82 µg/L) was located approximately 100 m downstream of the
confluence of drainage channels 1 and 2. No PFAS impact was detected above the limit of reporting for
samples from Doctor Creek.
Stormwater: The maximum PFOS+PFHxS concentration in stormwater samples to date is 4.5 µg/L,
detected in a sample (SW66) collected from drainage channel 1 at the Site boundary. The maximum
PFOA concentration of 11.7 µg/L was detected in a sample (SW21) collected from the drainage channel
3 adjacent to the current AFFF storage and decanting area.

Sediment: The maximum concentration of PFOS in the sediment samples was 0.03 mg/kg at two
locations along Oakey Creek. One of the locations was close to and downstream of the discharge point of
drainage channels 1 and 2 (location SED62), the other location was upstream of the discharge point of
drainage channels 1 and 2 (location SED65).

4.1.4  Potential Human Receptors

Potential human receptors have been identified in the HHRA (AECOM, 2017) as follows:

· residents within the Management Area  (including adults, children and infants).

· recreational users of publicly accessible areas including playing fields and local waterways
within the Management Area.

· commercial (agricultural) workers at the properties within the Management Area.

· on-Site personnel who work at the Site. This is considered to encompass all personnel who
undertake training or other operational works at the Site facility. However, for the purposes of
the HHRA, it was assumed that relevant Site personnel use personal protective equipment
(PPE) during application of foams and fire training exercises and, therefore, occupational
exposure from these activities was not considered as part of the HHRA.
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· on-Site intrusive (e.g. involving excavation of soil, etc.) maintenance workers who may conduct
infrequent maintenance works on underground services, or non-intrusive maintenance activities
at the Site (i.e. personnel who maintain the gardens and grassed areas at the Site). These
maintenance workers were not been quantitatively assessed in the HHRA because it is
assumed that potential exposure pathways for these workers can be managed by Defence
specifying minimum requirements for inclusion in health and safety plans relating to intrusive
works on the Site.

· visitors to the Site who stay for a short period and are not frequently present at the Site (e.g.
people who attend training, or short-term contractors). Infrequent visitors to the Site were not
assessed quantitatively in the HHRA because it is assumed that the assessment of full-time
Site workers is also protective of infrequent visitors.

4.1.5  Potential Ecological Receptors

Potential ecological receptors have been identified in the ERA (AECOM, 2017) and include terrestrial and
aquatic ecological receptors. A summary of linkages between sources, exposure pathways and receptors
is presented in Appendix C.

4.1.6  Exposure Pathways – Human Receptors

The exposure pathways for human receptors have been identified in the HHRA (AECOM, 2017) as
follows:

· residential – activities that typically occur within the boundaries of a residential property, such
as eating, drinking, bathing, cleaning, gardening, backyard recreation including swimming in
pools and pet care.

· recreational – activities that typically occur in association with publicly accessible recreation
areas, such as sport at playing fields and boating, fishing (including consumption of fish that are
caught) and swimming in local waterways.

· commercial agriculture workers – activities that an employee at a commercial agricultural
enterprise may undertake during a work day such as irrigation, animal care, land management
(e.g. cultivation or excavation of soils). In addition, it is considered likely that where a
commercial worker is employed for farm related purposes that they and their families (including
children) would consume produce from the farm.

· on-Site commercial worker – incidental exposure to soils by an office worker at the Site, either
during outdoor activities or movement of dust indoors. It is assumed that the assessment of full-
time Site workers is also protective of infrequent visitors.

4.1.7  Exposure Pathways – Ecological Receptors

The exposure pathways for ecological receptors have been identified in the ERA (AECOM, 2018a) as
follows:

· Incidental ingestion of PFAS adhered to soil (animals – invertebrates and vertebrates)

· Uptake and bioaccumulation of PFAS from soil (plants)

· Ingestion of dissolved PFAS in freshwater sources (animals – drinking water sources).

· Ingestion of PFAS bioaccumulated in food sources (animals – invertebrates and vertebrates).

· Incidental ingestion of PFAS adhered to sediment (animals – invertebrates and vertebrates).

· Uptake and bioaccumulation of PFAS from sediment pore water and/or surface water (all
aquatic organisms).

· Ingestion of PFAS bioaccumulated in food sources (animals – invertebrates and vertebrates).
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4.2 Risk listing and consequences

Table 4-2 summarises the risks that were considered to be elevated in the HHRA and ERA reports, along with an assessment of the nature, immediacy, severity and extent of the risk.

Table 4-2 Risk Listing and Consequences

RISK ID
NATURE OF RISK
(RECEPTOR) POTENTIAL CONSEQUENCE IF RISK IS REALISED

SOURCE AND EXTENT OF RISK

PRIMARY SOURCE
AREAS6

SECONDARY SOURCE
AREAS ON-SITE7 MIGRATION PATHWAYS

R01 - Drinking groundwater with
PFAS concentrations above
drinking water guidelines (or use
in cooking)

Human health -
residents.

Potential for
elevated exposure
to occur

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

If the concentrations of PFAS in groundwater exceed the
drinking water guideline, residents who drink this groundwater
may exceed 10% of the tolerable daily intake (TDI)8 for PFAS
from this pathway alone. Cumulative exposure via additional
pathways may exceed the TDI.

Former fire
training area

Former fire station

AFFF settling tank
(C59 tank)

Current fire
training facility
(Asset D20)

AFFF storage and
decanting area
(area D2)

Former fuel
compound and
hot refuel area

AFFF settling tank
(S11) and AFFF
storage tank
(S12)

Hot refuel area
and AFFF settling
tank (A83)

• PFAS impacted
groundwater and surface
water

• Concrete infrastructure
that has been in contact
with AFFF

•Surface soil where AFFF
was discharged to ground
or accumulated due to
surface flow

•Unsaturated zone soil
beneath potential source
zones

•Sediment and soil along
the drainage channel
network

Migration pathways currently or historically relevant to the various source areas are
discussed below.

-  Discharge of AFFF to the ground surface, with leaching to groundwater
driven by rainfall infiltration.  Lateral and vertical migration of groundwater,
under the influence of groundwater flow and PFAS dispersion.  This
migration pathway is relevant to the former fire training area, the former
fire station and the former fuel compound / hot refuel area, where AFFF
was discharged directly to ground.

- Leaching of PFAS from soil, sediment and concrete structures /
pavements to groundwater.  This migration pathway is considered to be
relevant to all primary and secondary source areas.

- Surface water runoff to the three main drains on-Site, with migration of
surface water both laterally (into Oakey Creek then into groundwater) and
vertically (into groundwater).  This migration pathway is relevant to the
former fire training area in particular, but is also relevant to the current fire
training facility, AFFF storage and decanting facility and secondary
sources including concrete infrastructure that has been in contact with
AFFF, surface soil where AFFF was discharged to surface).

- PFAS impacted groundwater historically used for irrigation.   This
migration pathway is considered to be relevant to all primary and
secondary source areas.

Groundwater and surface water migration pathways relative to source areas are
illustrated in Figure F50 of the 2017 ESA report, included in Appendix G.

R02 - Incidental ingestion of
groundwater  (indoor domestic
use)

Human health -
residents.

Potential for
elevated exposure
to occur

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

Exposure may exceed the TDI.
R03 - Incidental ingestion of
groundwater (outdoor domestic
use)

R04 - Consumption of eggs from
backyard poultry

Human health -
residents.

Potential for
elevated exposure
to occur

Potential impact to human health from ingestion of home-
grown food containing PFAS.

Exposure may exceed the TDI.

R05 - Consumption of home
grown green leafy vegetables

Human health -
residents.

Potential for
elevated exposure
to occur

Potential impact to human health from ingestion of home-
grown food containing PFAS.

Exposure may exceed the TDI.

R06 - Consumption of home
grown red meat and/or offal

Human health -
residents.

Potential for
elevated exposure
to occur

Potential impact to human health from ingestion of home-
grown food containing PFAS.

Exposure may exceed the TDI.

6 Refer to Appendix H for more detail on source areas
7 Excludes some off-Site secondary sources, as listed in Section 4.1.2 eg. the off-Site landfill, farm dams and potential off-Site fire training areas.
8 Exposure below the TDI is expected to be associated with no adverse health effects. There is no consistent evidence that exposure to PFAS at concentrations above the TDI will cause any specific illnesses in humans, including cancer. However, as a precaution, the Australian Government Department of Health recommends that human exposure to these chemicals should be minimised
whilst the potential effects of these substances on human health continues to be researched.
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RISK ID
NATURE OF RISK
(RECEPTOR) POTENTIAL CONSEQUENCE IF RISK IS REALISED

SOURCE AND EXTENT OF RISK

PRIMARY SOURCE
AREAS6

SECONDARY SOURCE
AREAS ON-SITE7 MIGRATION PATHWAYS

R07 - Consumption of home
grown milk

Human health -
residents.

Potential for
elevated exposure
to occur

Potential impact to human health from ingestion of home-
grown food containing PFAS.

Exposure may exceed the TDI.

Former fire
training area

Former fire station

AFFF settling tank
(C59 tank)

Current fire
training facility
(Asset D20)

AFFF storage and
decanting area
(area D2)

Former fuel
compound and
hot refuel area

AFFF settling tank
(S11) and AFFF
storage tank
(S12)

Hot refuel area
and AFFF settling
tank (A83)

•Concrete infrastructure
that has been in contact
with AFFF

•Surface soil where AFFF
was discharged to surface

•Unsaturated zone soil
beneath potential source
zones

•Sediment and soil along
the drainage channel
network

Migration pathways currently or historically relevant to the various source areas are
discussed below.

- Direct infiltration of AFFF to groundwater and lateral and vertical
migration, under the influence of groundwater flow and PFAS dispersion.
This migration pathway is relevant to the former fire training area, the
former fire station and the former fuel compound / hot refuel area, where
AFFF was discharged directly to ground.

- Leaching from soil, sediment and concrete structures / pavements to
groundwater.  This migration pathway is considered to be relevant to all
primary and secondary source areas.

- Surface water runoff to the three main drains on-Site, with migration of
surface water both laterally (into Oakey Creek then into groundwater) and
vertically (into groundwater).  Adsorption of PFAS into soil/sediment in the
drains and leaching into groundwater / surface water.  This migration
pathway is relevant to the former fire training area in particular, but is also
relevant to the current fire training facility, AFFF storage and decanting
facility and secondary sources including concrete infrastructure that has
been in contact with AFFF, surface soil where AFFF was discharged to
surface).

- PFAS impacted groundwater historically used for irrigation.   This
migration pathway is considered to be relevant to all primary and
secondary source areas.

Groundwater and surface water migration pathways relative to source areas are
illustrated in Figure F50 of the 2017 ESA report, included in Appendix G.

R08 - Consumption of fish from
Oakey Creek

Human health -
residents.

Potential for
elevated exposure
to occur

Potential impact to human health from ingestion of fish
containing PFAS.

Exposure may exceed the TDI.

R09 - Ingestion of environmental
media

Ecological –
Elevated risk via
long term exposure

Potential impact to local ecological populations from ingestion
of PFAS-impacted soil, sediment and surface water.

R10 - Bioaccumulation of PFAS
into aquatic organisms

Ecological –
Elevated risk via
long term exposure

Potential impact to local aquatic ecological populations from
bioaccumulation of PFAS from sediment, surface water and
via the food chain.

R11 - Bioaccumulation of PFAS
into terrestrial organisms.

Ecological –
Elevated risk via
long term exposure

Potential impact to local terrestrial ecological populations from
bioaccumulation of PFAS from soil, water and via the food
chain.

R12 - Bioaccumulation and
trophic transfer in aquatic and
terrestrial food webs

Ecological –
Elevated risk via
long term exposure

Potential impact to local ecological populations from
bioaccumulation of PFAS via the food chain.
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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. The OMP also includes the satellite site of Brymaroo.

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 the Base to inform risk management decisions by Defence and Queensland Government
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 evidence-base to undertake biota sampling.

· 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 including sampling of biota. This includes biota that may be
consumed by the public, particularly fish and other aquatic life from Oakey Creek.

· re-assessment of one or more remediation or containment actions.

· additional remediation or containment actions.

· changing risk management actions at receptor level (e.g.  provision or cessation of
alternative drinking water supplies).

· changes to Queensland Government advice on types of exposure-minimisation behaviours
(e.g., consumption of home produce or aquatic biota).

· changes to Queensland Government advice on boundaries of a designated management
area and the management zones within.

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

5.1.3 Related documentation

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

The following will be shared with relevant Queensland Government 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 cover:

· The primary implementation period of the PMAP and continue after the response
management has ended.

· The extended implementation period to the extent required by specific characteristics of the
Management Area and the behaviour of the plume, measured against specific data trends.

5.4 OMP review

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

6.1 Options identification and analysis

The management options feasibility assessment approach broadly comprises:

1. Technology screening - identification and screening assessment of potential technologies that
have the capability to manage soil/ sediment and groundwater impacted by PFAS. The preferred
technologies are developed into potential management options for further evaluation.

2. Detailed feasibility assessment:

a. Detailed evaluation of each management option; and

b. A comparative assessment of the management options.

This management option assessment approach is consistent with:

· Defence’s guiding principles presented in section 1.6.

· United States (US) of America Federal Remediation Technologies Roundtable (US FRTR)
technology screening matrix (http://www.frtr.gov/matrix2/section3/table3_2.pdf, accessed
May 2018)

· ITRC Publication Remediation Technologies and Methods for Per- and Polyfluoroalkyl
Substances (PFAS), ITRC March 2018.

· PFAS National Environment Management Plan, Australian and New Zealand Heads of EPA
(HEPA).

Method

The identification of potentially feasible technologies was conducted and consistent with the US FRTR
technology screening matrix, the principles of Hazard Control and Defence’s PMAP approach,
whereby hazard elimination is most preferred and administrative controls and use of protective
equipment is least preferred. This is presented diagrammatically below:
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This approach is consistent with Defence’s approach to the PMAP; i.e. prioritising source
management as preferred to pathway The preferred hierarchy of treatment and remediation options in
the NEMP (HEPA, 2018) has also been taken into account, i.e;

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

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

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

Screening of management options

The summary screening assessment of soil/sediment and groundwater technologies is presented in
Appendix E, separated in soil/sediment treatments (Table E1-1), and surface water and groundwater
treatments (Table E1-2)).

Screening of potential technologies identified the following technologies for option development.

Soil/ Sediments:
· Excavation and off-Site disposal;
· Excavation or in-situ management of impacted materials using a stabilisation/immobilisation

amendment;
· In-situ management of impacted materials via capping;
· Excavation and on-Site containment in an engineered facility (repository containment).

Surface Water and Groundwater:

· Ex-situ treatment of groundwater and surface water: groundwater / surface water is extracted via
a series of wells or trenches (‘French drains’), with ex situ treatment of effluent at a water
treatment plant. Treated water could be managed via reinjection or discharge; and

· Hydraulic containment.

It is noted that only technologies that are at completed proof of concept stage and have been
validated ready for field application are included for detailed consideration.

The relative benefits of these options and their applicability to the Oakey Site is discussed in more
detail in the following sections.

6.1.2 Options identification

The management options considered for source, pathway and receptors at the Oakey Site are
summarised in Table 6-1, taking into account the results of the screening assessment as outlined in
Section 6.1.1.  The ‘do nothing’ option was also considered, as it provides the ‘base case’ against
which other options are assessed.

These options would need to undergo feasibility assessment for project development, with
consideration given to issues such as:
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· Additional data required to fully assess the option e.g. to define the volume of soil / concrete
to be excavated, the available stabilisation products and their relative effectiveness;

· Geotechnical constraints for options such as on-Site encapsulation along with appropriate
design of landfill cells;

· Hydrogeological studies may be required to inform the potential diversion of drainage
channels and appropriate locations for the construction of detention basins.

· Selection of appropriate groundwater remediation technology would require detailed studies
to assess likely effectiveness of the various options available.  A detailed description of the
various groundwater remediation technologies available and the likely relative effectiveness
of these is beyond the scope of this document.



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

41

Table 6-1  Options Considered in the PMAP

Source / pathway / receptor Remediation / management options9 Option
No.

Already commenced as
an interim action?

Source areas – soil Primary sources with inferred significant contribution to PFAS contamination (refer
to section 4.1.1):

· the former fire training ground
· the former fire station and foam training area
· the former fuel compound and hot refuel area
· AFFF settling tank (C59 tank)
· AFFF settling tank (S11) and AFFF storage tank (S12)

Primary sources with inferred moderate contribution to PFAS contamination:

· current fire training area (area D20)
· AFFF storage and decanting area (area D2)
· Hot refuel area and AFFF settling tank (A83)

Secondary sources on-Site:

• Contaminated groundwater and surface water

• Concrete infrastructure that has been in contact with AFFF

• Surface soil where AFFF was discharged to surface

• Unsaturated zone soil beneath potential source zones

• Sediment and soil along the drainage channel network

In-situ soil treatment, including solidification / stabilisation to reduce or prevent further PFAS
leaching to surface water or groundwater.

SS-1 No

Excavate selected areas of PFAS impacted soil, sediment or concrete for disposal to an
appropriately designed containment cell on-Site to reduce or prevent further PFAS leaching to
surface water or groundwater.

SS-2 Yes (drains only)

Excavate selected areas of PFAS impacted soil, sediment or concrete for disposal to an off-Site
landfill to reduce or prevent further PFAS leaching to surface water or groundwater.

SS-3 No

Cap / contain PFAS impacted soil at source areas to reduce or prevent leaching of PFAS to
groundwater or surface water.

SS-4 No

Removal of AFFF recovery tanks at source areas at Area A1 and S1 SS-5 No

Treat concrete to reduce leaching of PFAS to groundwater or surface water. SS-6 No

Source areas –
groundwater

PFAS impacted groundwater on Site, from direct infiltration of PFAS and/or leaching of PFAS
from soil / concrete sources listed above

Groundwater treatment on-Site: (pump and treat) (sorption / ion exchange, reverse osmosis and
nano membrane filtration, electrochemical oxidation) in areas of elevated PFAS concentrations to
reduce PFAS mass present and reduce or prevent potential for further migration in groundwater.

(ECT2 treatment plant already commissioned and OPEC treatment plant in commissioning phase)

GS-1 Yes

Pathways Migration of PFAS impacted surface water off-Site via drains Diversion of stormwater away from drains to prevent migration off-Site, construction of detention
basins for collection of stormwater and subsequent treatment to reduce or prevent migration of
PFAS to groundwater or off-Site.

P-1 No

Diversion of surface water from impacted areas or separate clean runoff (e.g. from roofs and
unaffected areas) from PFAS impacted runoff to improve efficiency of other treatment strategies.

P-2 No

Migration of contaminated surface water from drains to groundwater Line drains with low permeability liner to reduce or prevent migration of PFAS to groundwater or
surface water off-Site.

P-3 No

Leaching of PFAS from sediment in drains to soil and groundwater Contain / treat sediment on-Site or treat / dispose off-Site to reduce migration PFAS from sediment
in drains to soil and groundwater on- and off-Site.

P-4 Yes

Migration of PFAS contaminated groundwater off-Site Reduce / prevent plume migration via hydraulic containment of PFAS contaminated groundwater
i.e., installation of sub-surface barriers (vertically installed walls or excavated trenches near the
perimeter of shallow water impacts), to affect hydraulic gradients or direct flow within the shallow

P-5 No

9 More detail on the treatment options is presented in Appendix E1 and E2.
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Source / pathway / receptor Remediation / management options9 Option
No.

Already commenced as
an interim action?

system so that flow occurs laterally to drains / sumps / walls for extraction; and/or reduce/retard
lateral flow.

Migration of contaminated surface water from drains to groundwater off-Site Groundwater treatment off-Site: (pump and treat) (sorption / ion exchange, reverse osmosis and
nano membrane filtration, electrochemical oxidation) in areas of elevated PFAS concentrations to
reduce PFAS mass present and reduce or prevent potential for further migration in groundwater.

GS-2 No

Receptors Community using groundwater for domestic use and/or to water home grown produce Ongoing community engagement and reinforcement of Government precautionary advice R-1 Yes

Alternative water supply – town or tank water R-2 Yes

Recreational users of the Oakey Creek Ongoing community engagement and reinforcement of Government precautionary advice R-3 Yes
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6.2 Comparative Analysis of Options

Based on the results of the detailed analysis conducted in Appendix E and the preferred management
options are detailed in Table 6-2, along with more detail on the rationale for selection of these options.
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Table 6-2 Comparative analysis of options

Response
Type

Area Preferred options to reduce risk Discussion10

Source
management

Primary source areas:

- Historical fire training
ground
- Former fire station

SS-3 – excavation and off-Site
disposal of contaminated soil
or
SS-4 – cap / contain PFAS impacted
soil at source areas

combined with

GS-1 – ex-situ groundwater
remediation on-Site

And for the historical fire training
ground:

P-1 – diversion of stormwater away
from drains to prevent offsite migration
of PFAS impacted stormwater, and
collection in detention basins for
treatment

These two source areas have the highest PFAS results in near surface
soils across the Site.

The preferred options to address these two source areas are excavation
and off-Site disposal of soil (SS-3) or capping of PFAS impacted soil
(SS-4), combined with ex-situ groundwater remediation on-Site (GS-1)

Factors for consideration in comparing SS-3 and SS-4 options include:
o Off-Site removal of the material also reduces the need for

ongoing monitoring, which would be required for the cap and
contain options

o Contaminated soil in one of these source areas (the former fire
station) has already been remediated as part of Site
development works

o PFAS contaminated soil at the historical fire training ground is in
an area of the Site that is accessible for excavation works

o At the time of writing, landfills were available within a reasonable
distance from the Site.

o At the time of writing, it is considered likely that the soil in these
source areas would be accepted for landfill disposal.  Capping /
containment of the impacted material may be a preferable
option if landfill disposal requirements change.

Other in-situ or ex-situ soil treatment methods could also be screened for
technical and economic feasibility (SS-1 or SS-2).

-Defence is currently planning to remove PFAS impacted soil at and

10 Refer to Appendix H for more detail on the primary source areas and Appendix E for more detail on the management options
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Response
Type

Area Preferred options to reduce risk Discussion10

around the former fire training area. Testing of soil will be undertaken to
define the excavation zone in order to most effectively reduce the overall
mass of PFAS in the area. The excavated soil will be stockpiled for off-
Site disposal and subsequent treatment at an approved licensed facility.

-Since September 2017 a water treatment plant has been operating in
the vicinity of the former fire station (GS-1).

-diversion of stormwater from the historical fire training ground away from
drains (P-1) is also recommended.  In particular, drain 1 is located in
close proximity to the former fire training area.  The former fire station is
located within approximately 400m of both drains 2 and 3, but there are
likely to be smaller localised drains closer to this area which connect to
drains 2 and 3.

(P-1 is discussed in more detail in the pathway management section
below).

Primary source areas:

- Current fire training
area
- AFFF storage and
decanting area
- Former fuel
compound and hot
refuel area

Secondary sources on-
Site   •  Contaminated
groundwater and
surface water

• Concrete
infrastructure that has
been in contact with
AFFF

GS-1 – ex-situ groundwater
remediation on-Site

P-1 - diversion of stormwater away
from drains to prevent offsite migration
of PFAS impacted stormwater,  and
collection in detention basins for
treatment

combined with consideration of

P-2 – diversion of surface water from
impacted areas and/or separate clean
runoff from PFAS runoff

P-5 – hydraulic containment /

Soil remediation is not considered to be a preferred option for these
source areas as PFAS results in soil at these areas are similar to PFAS
results for soil across the Site.  PFAS is present in near surface soils
across the Site due to the historical use of groundwater for irrigation and
dust suppression.  Remediation of the surface soils across the Site is
impractical so surface soils will continue to present an ongoing source of
PFAS contamination in surface water runoff.  Therefore, excavation of
discrete areas would not be anticipated to have a significant benefit.

The preferred remediation options to address PFAS contamination
associated with these source areas therefore focus on addressing
groundwater and surface water contamination associated with these
sources by treating groundwater and surface water on-Site (GS-1 and P-
1).

A groundwater treatment plant for the current fire training area is
currently being commissioned. Consideration has been given to design
the treatment technology to treat ‘hotspots’ of low yield groundwater with
high concentrations of PFAS i.e. focus on PFAS mass reduction rather
than treating large volumes of groundwater.  Limitations around
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Response
Type

Area Preferred options to reduce risk Discussion10

• Surface soil where
AFFF was discharged
to surface

• Unsaturated zone soil
beneath potential
source zones

• Sediment and soil
along the drainage
channel network

reinjection of treated water are being investigated (experience on
reinjection of water for the ECT2 treatment plant indicated that the
reinjection capacity was limited due to the geology of the site).

DES has confirmed that direct discharge of the treated water into surface
drains as a water management solution will most likely result in the
NEMP ecological guidelines for 99% species protection being applied as
the water leaving site will enter the Oakey Creek system.  DES
recommends undertaking a specific risk assessment prior to Defence
going down this path.

Given the dispersed nature of groundwater contamination at the Site,
implementation of hydraulic containment measures to reduce migration
of contamination groundwater off-Site are considered worthy of further
consideration as part of an overall management strategy to address
groundwater remediation at the Site. (Option P-5). The economic
feasibility and practicality of this option would need to be carefully
considered given the depth to groundwater (approximately 8 to 15 m).

These three source areas are in close proximity to drain 3, therefore
remediation options to address the migration of surface water are also
recommended, including:

- P-1: diversion of stormwater away from drains (more detail
provided in the pathway management section below)

- P-2: separation of PFAS contaminated runoff from clean runoff.

- AFFF settling tank
(C59)

P-2 – diversion of surface water from
impacted areas and/or separate clean
runoff from PFAS runoff

A summary of issues associated with the removal of the C59 tank was
prepared by AECOM in a letter dated 21 September 2018.

The letter concludes that ‘the engineering assessment indicates the
removal of Tank C59 would be difficult due to the following reasons:
• The proximity of Tank C59 to the buildings foundations of
Building C02 means that the removal of Tank C59 is likely to undermine
Building C02.  In addition, excavation and associated activities (such as
the driving of piles) and the movement of heavy vehicles and plant have
the potential to damage Building C02.
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Response
Type

Area Preferred options to reduce risk Discussion10

• The proximity of underground services and other infrastructure
(e.g. Tank 60) means that such infrastructure is likely to be undermined
during the removal of Tank C59.

• Site considerations such as the potential to damage the façade
of Building C02 will influence the excavation support methods that can be
applied during any tank removal activities.

• The rerouting or isolation of services would be a necessary step
to facilitate excavations.

It is recommended that a review of the integrity of the services and the
bitumen sealing is completed to identify potential locations of water
seepage to the subsurface.

Preventing infiltrating water from contacting PFAS-impacted road base
soils would minimise the potential for leaching of residual PFAS
contamination in soil to the underlying groundwater.

- AFFF settling tank
and storage tank (S11,
S12)

SS-6 – removal of AFFF recovery
tanks at S1

combined with

GS-1 – ex-situ groundwater
remediation

SS-3 – excavation and off-Site
disposal of contaminated soil

Removal of tanks at area S1 would need to take into account logistics
related to the RSAF (Royal Singapore Armed Forces) compound:

- The AFFF settling tank and storage tank are located near
active hangars and therefore management actions would need
to minimise disruption to operations in these areas

- Approvals and notifications would be required for works in the
RSAF compound.

- Hot refuel area and
AFFF settling tank
(A83)

SS-6 – removal of AFFF recovery
tanks at Areas A1

combined with

The hot refuel area and AFFF settling tank perform an important function
for the Site and therefore works will require approval and coordination
with Base Command.  The area is located airside and will require
appropriate approvals and notifications to conduct any works in the area.
An air safety officer would be required to supervise contractors.
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Response
Type

Area Preferred options to reduce risk Discussion10

GS-1 – ex-situ groundwater
remediation

SS-3 – excavation and off-Site
disposal of contaminated soil

Sampling data in vicinity of the tank at Area A2 (hot refuel area) indicates
this tank may be a lower priority for remediation.

Pathway
management Migration of PFAS

impacted surface water
off-Site via drains

Migration of
contaminated surface
water from drains to
groundwater

Leaching of PFAS from
sediment in drains to
soil and groundwater

P4 – contain / treat sediment from
drains on-Site or treat / dispose
sediment off-Site

P-1 – diversion of stormwater away
from drains to prevent offsite migration
of PFAS impacted stormwater,
construction of detention basins for
collection of stormwater and
subsequent treatment

Excavation of sediment from drains 1, 2 and 3 has already been
undertaken.  Almost two kilometres of open drains were excavated and
the waste material disposed off-Site to an authorised waste disposal
facility. Sediment from the drains was removed in order to reduce the
migration of PFAS in surface water off-Site. In addition, the maintenance
removes the build-up of vegetation, improving drain functionality.

The preferred option to reduce future migration of PFAS contaminated
surface water via the drains is the diversion of PFAS impacted
stormwater away from drains for collection in detention basins and
subsequent treatment.

Data collected during the environmental site assessments has indicated
that the three main drains on-Site present a pathway for PFAS
contamination surface water to migrate off-Site to Oakey Creek, and
subsequently to groundwater (as Oakey Creek is a losing creek).

Surface water data collected from drains 1 to 4 indicates that drains 1, 2
and 3 are most likely to present migration pathways for PFAS.

Surface water collected in detention ponds could be diverted to on-Site
groundwater treatment plants or allowed to evaporate (depending on the
volume of water).   Hydraulic studies would be required to assist with
design of the retention ponds.

This option has been recommended for the following reasons:
- The drains are considered to present an ongoing migration

pathway for PFAS to migrate off-Site
- PFAS is present in near surface soils across the Site due to the

historical use of groundwater for irrigation and dust
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Response
Type

Area Preferred options to reduce risk Discussion10

suppression.  Remediation of the surface soils across the Site
is impractical so surface soils will continue to present an
ongoing source of PFAS contamination in surface water runoff.

- Construction of detention basins is considered a relatively low
complexity and relatively low cost task.  Treatment of the
collected water could (subject to feasibility testing and
consideration of the treatment plant’s operational constraints)
be undertaken by the on-Site groundwater treatment plant so
would not incur additional cost.

Migration of PFAS
contaminated
groundwater off-Site

GS-1 - ex-situ groundwater
remediation

Combined with consideration of

P-5 – hydraulic containment

Refer to discussion for primary source areas above.

Migration of
contaminated surface
water from drains off-
Site to groundwater off-
Site

GS-2 – groundwater treatment off-Site

Or potentially pumping from off-Site
and

GS-1 – groundwater treatment on-Site
(i.e. pump groundwater from off-Site to
an on-Site treatment plant)

As noted in section 2.4.1, the area approximately 1 km to the south and
west of the Site (in the vicinity of the area where drains 1 and 2 meet
Oakey Creek) is also an area of higher PFAS concentrations in
groundwater.  Concentrations of PFAS in this area generally range from
10-50 µg/L

The concentrations of PFAS in groundwater off-Site to the south-west of
the Site are considered high enough to warrant consideration of
groundwater treatment via a treatment plant off-Site, or potentially
extraction of contaminated groundwater off-Site for on-Site treatment.
Additionally, targeting off-Site groundwater for treatment would reduce
the timeframe between groundwater treatment and a reduction in PFAS
concentrations in groundwater at the location of the receptors.

Engagement with landowners and Toowoomba Regional Council would
be required regarding the siting of a potential groundwater treatment
plant off-Site.
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Area Preferred options to reduce risk Discussion10

Defence has engaged CSIRO to provide specialist advice and scientific
research to address data gaps and uncertainties in Defence’s current
knowledge that are associated with the management of PFAS across the
Defence estate. This includes research into effective and efficient
groundwater treatment with an anticipated outcome the production of a
detailed model for PFAS transport in groundwater resulting from
historical AFFF practices at AACO.  This model is expected to produce
information that will enable better predictions of whether treating
groundwater at AACO will be beneficial for reducing risks to receptors
identified in the risk assessments, and if so, over what timeframes
changes to risks would be expected to occur.  This research program is
expected be concluded within a two year period, and outcomes may be
used to refine updates to the AACO PMAP and future management
actions.

Receptor
management

Off-Site residential
users of groundwater

R1 - Ongoing community engagement
and reinforcement of Government
precautionary advice regarding
domestic use of groundwater and /or
using groundwater to water home
grown produce

R2 - Alternative water supply – town
or tank water

Community engagement activities (R1) have been undertaken by
Defence since 2013, including:
- a 1800 number for community enquiries;
-the provision of alternative water supply (generally in the form of
rainwater tank refills);
-undertaking sampling as requested by the community
-community walk in sessions; and
-preparation of fact sheets.

Town water connections (R2) completed for all but 26 properties.  Plans
are underway to upgrade or install new rainwater tanks to the properties
unable to be connected to town water with tank water supply ongoing for
selected properties.

Defence is also considering point of entry technology/filters for properties
not connected to town water.

Off-Site recreational
users of Oakey Creek

R3 - Ongoing community engagement
and reinforcement of Government
precautionary advice regarding
recreational use of Oakey Creek.

Already commenced.
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6.3 Integrated Options Analysis Outcomes

Table 6-3 describes the recommended source management and pathway management options for
each prioritised source area based on the outcomes of the integrated options analysis. It is important
to note that the implementation of risk management options will not immediately negate some risks
(i.e. following implementation of source or pathway management options, it is likely to take some time
until off-Base PFAS concentrations reduce to acceptable levels), however, it is anticipated that off-
Base PFAS concentrations and associated potential risks will progressively reduce with time.

Implementation of the ongoing management plan will allow assessment of the progress of
management / management options in reducing PFAS concentrations on- and off-Site and therefore
assessment of progress in reducing risks.

Source areas contribution to Human Health and Ecological risks

Not all source areas are contributing equivalent PFAS discharge off-base that are contributing to
human health and ecological risks. Investigation data from Table 4-1 Summary of relative
contribution of source areas has been used to identify source areas with potential significant
contribution to offsite human health and ecological risks are described below.

Investigation Data Criteria Source Areas of Significance
Max. PFOS + PFHxS
Groundwater concentration >
70 ug/L

· Former Fire Training Area
· Former Fire Station
· AFFF Settling Tank (C59)
· Former Fuel Compound & Hot Refuel Area
· AFFF Settling Tank & Storage Tank (S11 & S12)

PFOS Groundwater Flux >
10% · Former Fire Station

· Former Fuel Compound & Hot Refuel Area
· AFFF Settling Tank & Storage Tank (S11 & S12)

Max. PFOS soil > 40 mg/kg · Former Fire Training Area

PFOS soil volume > 10% · Former Fire Training Area
· Former Fire Station

PFOS soil mass > 10% · Former Fire Station
· Former Fuel Compound & Hot Refuel Area
· AFFF Settling Tank & Storage Tank (S11 & S12)

The following source areas contain 80% of the estimated PFOS impacted soil volume on Oakey:

· Former Fire Training Area
· Former Fire Station

The following source areas are responsible for 81% of the estimated PFOS groundwater discharge at
Oakey:

· Former Fire Station
· Former Fuel Compound & Hot Refuel Area
· AFFF Settling Tank & Storage Tank (S11 & S12)
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The above information has been used to assist in distinguishing response options for source areas for
the integration options analysis.,

Table 6-3 Integrated Options Analysis

Response
Type

Identified options to reduce
risks

Benefits

Former Fire Training Area
Source
Management

SS-3 – excavation and off-Site
disposal of contaminated soil
or
SS-4 – capping of PFAS impacted
soil at the former fire training area

Reduces PFAS mass at source that has:
·  Largest PFAS soil volume onsite of 7,200

m3 or 69% of total on Base.
· Highest PFOS + PFHxS soil concentration

43 mg/kg that is 1-2 orders of magnitude
higher than other primary source areas.

· Significant contribution to PFAS
contamination and offsite health and
ecological risks.

Note: A Remediation Action Plan (RAP) is
currently being developed to determine the
most efficient and effective remedial strategies
for this source area.

Recommendation; The development of the
RAP for soil remediation continues.

Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

· Reduces PFAS surface water movement
from source area in close proximity to
drains that are pathways for PFAS
movement offsite.

Recommendation; OMP results will be used to
inform future needs and strategies for
remedial actions at this source zone.

Former Fire Station
Source
Management

GS-1 – ex-situ groundwater
remediation on-Site

Combined with

SS-3 – excavation and off-Site
disposal of contaminated soil
or
SS-4 – capping of PFAS impacted
soil at the former fire training area

Reduces PFAS mass at source that has:
· Significant contribution to PFAS

contamination and offsite health and
ecological risks.

· High PFOS + PFHxS concentrations in
soil (6.9 mg/kg) and groundwater (1301
ug/L).

· PFOS groundwater flux 1.20 kg/year.
· 49% of total PFOS groundwater flux from

primary source areas.
· PFOS soil mass 49.09 kg or 57% of total

on Base.

Note: The area was redeveloped in 2018 and
soil excavation/remediation was undertaken at
that time that would have removed PFAS
contaminated soil. The quantity of PFAS soil
mass remaining is not known.

Recommendation; Further investigations
should take place to ascertain the quantity of
PFAS soil that was removed during the Air
Traffic Control (ATC) Tower reconstruction
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Response
Type

Identified options to reduce
risks

Benefits

project and whether the risk from the
remaining PFAS soil mass needs to be
managed.

Note; Since September 2017, a water
treatment plant (ECT2) has been operating in
the vicinity of the former fire station to pump
and treat the groundwater. Combining this site
with ex-situ remediation at an additional 2
other sites (Former fuel compound & hot
refuel area + AFFF settling tank & AFFF
storage tank) would treat 81% of the PFOS
groundwater flux at Oakey.

Recommendation; A RAP is prepared to
determine the most efficient and effective
remedial strategies for this source area.

Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

· Mitigates surface water transporting PFAS
into drains that discharges off-Base.

Recommendation; OMP results will be used to
inform future needs and strategies for
remedial actions at this source zone.

Current Fire Training Area
Source
Management

GS-1 – groundwater remediation
(a new treatment plant near the
current fire training area has been
commissioned)

Soil remediation is not considered to be a
preferred option for this source areas as PFAS
results in soil are similar to PFAS results for
soil across the site. Consequently, the soils
will continue to present an ongoing source of
PFAS contamination in surface water runoff.
Therefore, excavation of discrete areas would
not be anticipated to have a significant benefit.

Accordingly, the preferred remediation options
are to focus on addressing groundwater and
surface water contamination associated with
these source areas. These options would
potentially reduce onsite and offsite human
health risks and ecological risks.

Note; Groundwater treatment plant (OPEC)
has been installed in the vicinity of the fire
training area.  The water treatment plant is
treating water from this location and the AFFF
storage C59 tank (C1) area.

The PFOS groundwater flux of 0.01 kg/year is
lowest of all source areas; less than 1% of
total groundwater flux on Base.

Recommendation; A RAP is prepared to
determine the most efficient and effective
remedial strategies for this source area.  The
RAP may re-examine the benefits of treating
groundwater from this source area as it has
the lowest PFOS groundwater flux of all
primary source areas.
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Response
Type

Identified options to reduce
risks

Benefits

Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

This source areas is in close proximity to drain
3. Mitigates surface water transporting PFAS
into drains that discharges off-Base.

However, the PFAS soil mass at this location
is <1% of the total PFOS soil mass.
Accordingly, it is not considered a priority for
pathway management for surface water
contamination.

Recommendation; OMP results will be used to
inform future needs and strategies for
remedial actions at this source zone.

AFFF Settling Tank (C59)
Source
Management

GS-1 – ex-situ groundwater
remediation on-Site

Reduces PFAS mass at source area that has:
· High PFOS + PFHxS concentrations in

groundwater of 176 µg/L. Maximum
concentration in soil 0.7 mg/kg (PFOS +
PFHxS);

· PFOS soil mass of 1.69 kg
· PFOS groundwater flux 0.07 kg/year

High PFAS groundwater concentration make
this source area a significant contributor to
PFAS contamination and offsite human health
and ecological risks.

Note; Two extraction wells have been installed
in the vicinity of Tank C59 to collect and treat
groundwater using the OPEC treatment plant
located south of the Current Fire Training
area. This site has a relatively low PFOS
groundwater flux but does have high
groundwater PFOS concentration.

Recommendation; That the RAP for the
current fire training area includes this source
zone as well, to ensure the locations of any
extraction wells for the OPEC water treatment
are appropriately considered.

Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

Preventing infiltrating water through bitumen
sealing from contacting PFAS-impacted road
base soils would minimise the potential for
leaching of residual PFAS contamination in
soil to the underlying groundwater.

Recommendation; OMP results will be used to
inform future needs and strategies for
remedial actions at this source zone.

Former Fuel Compound & Hot Refuelling Area
Source
Management

GS-1 – ex-situ groundwater
remediation on-Site

Reduces PFAS mass at source area that has:
· Significant contribution to PFAS

contamination and offsite health and
ecological risks.

· High PFOS +PFHxS concentration in
groundwater of 71 µg/L.
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Response
Type

Identified options to reduce
risks

Benefits

· PFOS groundwater flux 0.25 kg/year that
contributes 10% of total PFOS
groundwater flux.

· PFOS soil mass of 12% of total on Base.
· Groundwater with elevated PFAS

concentrations within the immediate
vicinity of the fuel bund and hot refuel
area.

Recommendation; A RAP is prepared to
determine the most efficient and effective
remedial strategies for this source area.

Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

Reduces PFAS surface water movement from
source area in close proximity to drains that
are pathways for PFAS movement offsite.

Recommendation; OMP results will be used to
inform future needs and strategies for
remedial actions at this source zone.

AFFF Settling Tank & Storage Tank (S11 & S12)
Source
Management

GS-1 – ex-situ groundwater
remediation on-Site

SS-5; removal of AFFF recovery
tanks at Areas A1 and S1

SS-3; excavation and offsite
disposal

Reduces PFAS mass at source area that has:
· Significant contribution to PFAS

contamination and offsite health and
ecological risks.

·  Groundwater with elevated
concentrations of PFAS within the
immediate vicinity and down gradient of
the AFFF settling tank.

· High PFOS + PFHxS concentrations in
groundwater of 144 µg/L.

·  PFOS groundwater flux 0.53 kg/year, or
22% of total PFOS groundwater flux at
Oakey.

· PFAS soil mass 12.76 kg or 15% of total
soil mass.

Note; Ex-situ groundwater remediation would
result in 81% of PFOS groundwater flux being
treated when combined with two other sites;
Former Fire Station and Former Fuel
Compound & Hot Refuel Area

.
Note, Removal of tanks would need to take
into account logistics related to the RSAF
(Royal Singapore Armed Forces) compound.

Recommendation; A RAP is prepared to
determine the most efficient and effective
remedial strategies for this source area that
takes into account the RSAF compound
operational requirements.

Hot Refuel Area & AFFF Settling Tank (A83)
Source
Management

GS-1 – ex-situ groundwater
remediation on-Site

Removal of AFFF recovery tanks
at A1 and S1

Reduces PFAS mass at source area that has:
· Groundwater with elevated concentrations

of PFAS within the immediate vicinity and
down gradient of the area.

· Maximum concentration of PFOS +
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Response
Type

Identified options to reduce
risks

Benefits

SS-3; excavation and offsite
disposal of contaminated soil

PFHxS in groundwater in nearby wells is
31 µg/L.

·  PFOS groundwater flux 0.17 kg/year.
Contributes 7% of total groundwater flux.

·  Maximum concentration in soil is 1.0
mg/kg (PFOS + PFHxS);

· PFOS soil mass 4.73 kg or 6% of the total
PFOS soil mass.

· Lines and pipes connecting hot fuel pads
to the spent AFFF tank remain potential
sources of PFAS due to possible leakage.

Recommendation; The site is not considered a
priority for remediation at this time due to the
relatively lower PFAS soil mass and
groundwater flux and the operational
constraints; important refuelling area for the
Base.

OMP results will be used to inform future
needs and strategies for remedial actions at
this source zone

AFFF Storage & Decanting Area
Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

· Localised PFAS impacts in soil associated
with training activities and/or spillages on
the grassed area to the north-east of the
storage facility.

· Relatively low PFAS contribution. PFOS
soil mass and groundwater flux both less
than 1% of total soil mass and
groundwater flux on Base.

Recommendation; OMP results will be used to
inform future needs and strategies for
remedial actions at this source zone.

On-site Drains
Pathway
Management

P-1 & P-2; Diversion of
stormwater away from drains and
diversion of stormwater from
impacted areas.

Reduces PFAS load in surface water moving
off-Base.
· Major pathway for PFAS movement

offsite.
·  Need to prevent re-contamination of

drains where remedial works during 2017
removed approximately 1200m3 of PFAS
contaminated sediment.

Recommendation; Potential strategies for
base-wide surface water management
response action is further investigated, with
consideration of the outcomes of remediation
actions for specific source zones.

As for the individual source zones, OMP
results will be used to inform future needs and
strategies for remedial actions.
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7 CONCLUSIONS

7.1 Recommended PMAP response actions

The DSI and risk assessments identified 12 elevated risks (as presented in Table 4-2) potentially
affecting both on- and off-Site receptors. Off-Site migration of PFAS from on-Site source areas has
occurred in both surface water and groundwater. This means that the elevated risks need to be
mitigated using a combination of source management, pathway management and receptor
management.

The PFAS response program prioritises:

a. the implementation of evidence based and practicable solutions to effectively prevent or
minimise the migration of PFAS beyond the Defence property boundary through:

i. materially reducing the mass of PFAS contamination source; and/or
ii. blocking or diverting the migration pathway of the contamination from the

source to a receptor; and
b. actions to prevent the community from exposure while management actions addressing

source areas and/or migrations pathways are underway.

A number of response actions have already been implemented and others are currently in the
planning stage. Following are the recommended PMAP response actions.

4. PMAP Base Response Actions

It is recommended that RAPs are prepared for the following source areas:

a. Former Fire Training Area (RAP currently in preparation)
b. Former Fire Station
c. Current Fire Training Area together with AFFF Settling Tank (C59)
d. Former Fuel Compound & Hot Refuel Area.
e. AFFF Settling Tank & Storage Tank (S11 & S12)

If groundwater contamination management is not addressed explicitly in the above RAPs then a
separate RAP for site-wide groundwater management may be prepared following a review of the
effectiveness of the current pump and treat strategy (See Section 2 below).

5. Further investigations (FI) of PMAP Base Response Action

a. FI-1 Former Fire Station - It is recommended that further investigations should take place to
ascertain the quantity of PFAS soil that was removed during the ATC Tower project and to
support the development of a RAP for this source zone.

b. FI-2 Surface Pathway Study - It is recommended that further investigations should take place
to assess the need and practicability of managing PFAS transport from the base via surface
water drainage, including assessment of OMP results.  This should consider all source areas
holistically including the impact remediation actions proposed by individual RAPs will have on
this pathway.

c. F1-3 Groundwater Review - It is recommended that the effectiveness of the existing pump
and treat systems is reviewed to determine if the current approach is compatible with the
remedial strategies as outlined in the RAPs.
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6. Response actions currently underway or being planned for the community

The followings actions should continue:

a. Ongoing community engagement and reinforcement of Government precautionary advice
regarding domestic use of groundwater, using groundwater to water home grown produce,
and recreational use of Oakey Creek.

b. Payment of water bills and water access charges for properties connected to town water by
Defence.

c. Installation of new rainwater tanks or upgrades to existing rainwater tanks to properties
unable to be connected to town water.

d. Investigation of using point of entry technology/filters for properties not connected to town
water.

7.2 PMAP Implementation

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

Priority for PFAS migration
and human health

Priority accorded under the Defence PFAS Response
Management Strategy to implementing practicable solutions to
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:
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· 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.

7.2.2 Response timeframes

Implementation timeframes for identified response actions are shown below.

Table 7-2 Response timeframes

Response
Type

Response Action Timeframe Applies to

Source
Management

SS 3; excavation and off-site
disposal of contaminated soil or
SS-4; capping of PFAS impacted
soil

Short term;
1-12
months;

Former Fire Training Area - RAP
currently being developed.

Source
Management

GS-1; ex-situ groundwater
remediation onsite, targeting source
areas

Medium
term, 1-3
years

AFFF Settling Tank & Storage
Tank (S11 & S12)

Former Fuel Compound & Hot
Refuel Area
Former Fire Station
- ECT2 water treatment plant
implemented
Current Fire Training Area
 - OEPC water  treatment plant
implemented
AFFF Settling Tank (C59)
- developing extraction wells for
OPEC water treatment plant.

Source
Management

SS-6; removal of AFFF recovery
tanks, and
SS-3; excavation and off-site
disposal of contaminated soil

Medium
term, 1-3
years

AFFF Settling Tank & Storage
Tank (S11 & S12).

Pathway
Management

P-1 & P-2; Diversion of stormwater
away from drains and diversion of
stormwater from impacted areas.

Medium
term, 1-3
years.

- Source areas
- On-site drains

Receptor
Management

R-1; Ongoing community
engagement of Government
precautionary advice regarding
domestic use of groundwater and/or
using groundwater for home grown
produce.

Implemented
and ongoing.

Residential users of groundwater.

R-2; Alternative water supply – town
or tank water

Implemented
and ongoing.

Residential users of groundwater.

R-3; Ongoing community
engagement & reinforcement of
Government precautionary advice
regarding recreational use of Oakey
Creek.

Implemented
and ongoing

Recreational users of Oakey
Creek.
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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 Ongoing Monitoring Plan.

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

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

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

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

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

· changes to water supply options available to land owners and residents in the area
surrounding the Site.

· progress in risk management and remediation activities that may require realignment or
further calibration.

· new scientific findings that update the knowledge or assumptions underlying the PMAP or
specific PMAP response actions.

· any other new information that has the potential to impact positively or negatively 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 Queensland government agencies and the Toowoomba
Regional Council.
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APPENDIX A: Regulatory and policy analysis

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

A1 Commonwealth legislation, policy and standards

A1.1 Outline

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

Commonwealth legislation

· Environment Protection and Biodiversity Conservation Act 1999: The overarching
Commonwealth environmental and heritage legislation governing Defence activities is the
Environment Protection and Biodiversity Conservation Act 1999 (‘EPBC Act’). Defence is required
to comply with the EPBC Act and thereby contribute to the protection of the environment.

Under the EPBC Act, if Defence undertakes an action that has, will have or is likely to have, a
significant impact on the environment it must be referred to the Department of Environment &
Energy (DoEE) for consideration and possible approval. Referral to the DoEE may be triggered
under the EPBC Act by potential project impacts on matters of national environmental
significance.

In particular, Defence has to comply with Section 28 (Protection of the Environment from
Commonwealth Actions) under Part 3, Division 2 of the EPBC Act.

· National Environment Protection (Assessment of Site Contamination) Measure 1999
Amended April 2013
The National Environmental Protection (Assessment of Site Contamination (ASC)) Measure
(NEPM 1999 was amended in April 2013). The ASC NEPM provides clear guidance on the
assessment and remediation of contaminated sites, investigation levels, laboratory analysis
procedures, human health and ecological risk assessment methodology, risk communication and
community consultation and health and safety issues related to site assessment and remediation.
Schedule A of the amended ASC NEPM identifies the tiered process to be followed in the
assessment of site contamination, namely: preliminary investigation, detailed investigation and
risk assessment. Schedule B of amended ASC NEPM provides detailed guidance for data
collection, sample design and reporting. The 2013 amendment to Schedule B of the ASC NEPM
includes more detailed and specific guidance on site assessment and human health and
ecological risk assessment. The amended ASC NEPM also requires consideration and
assessment of ecological risk at all contaminated sites.   The methodology used by AECOM
followed the tiered process presented in the NEPM.

Commonwealth whole-of-government policy, standards and guidance

· PFAS National Environmental Management Plan, 2018
In January 2018, a PFAS National Environmental Management Plan (NEMP) was issued by the
Heads of the Environmental Protection Agencies (HEPA, 2018).  This document provides a
nationally consistent practical risk based framework for the assessment and management of
PFAS contamination.  The plan provides guidance on the sampling of material potentially
contaminated with PFAS, sets out health and environmental guideline values for use in site
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investigations in Australia and provides guidance on a range of other issues including the reuse of
PFAS contaminated materials, treatment and remediation and landfill disposal.
· The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC,

2000).

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

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 – Engineered Stockpile Facility Performance Specification

· Defence PFAS Response Management Strategy 2018

· Defence Interim Response Management Guidelines 2018

· Defence PMAP Template and Guidance 2018

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

The Defence PFAS Framework (DoD, 2018) needs to be considered for soil management:

PFOS+PFHxS ≤ 0.14 mg/kg re-use on-Base (Category 3).
PFOS+PFHxS ≥ 0.14 – 20 mg/kg does not preclude re-use on-Base (Category 2).
PFOS+PFHxS ≥ 20 mg/kg must be temporarily stockpiled (Category 1).
PFOS+PFHxS > 50 mg/kg must be set aside for destruction if soil cannot be treated to a
Category 3 (Category 1).

The interim soil guidelines in the PFAS NEMP should be considered in relation to potential indirect
exposure of terrestrial ecological receptors to soil; taking into account the conclusions of the
Ecological Risk Assessment (AECOM, 2018):

PFOS ≤ 0.01 mg/kg

A2 State/Territory Legislation and Policy

A2.1 Outline

Environmental Protection Act 1994

The Environmental Protection Act 1994 is administered and enforced by the Department of
Environment and Science (DES) (formerly Department of Environment and Heritage Protection)). The
objective of the act is to protect Queensland’s environment while allowing for development that
improves the total quality of life, both now and in the future, in a way that maintains the ecological
processes on which life depends. The act sets out a program or procedure tool used to identify and
protect multiple components of the environment that subsequently controls the activities of
businesses and individuals. The act forms a general duty of care for all to avoid harm to the
environment.
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Environmental Protection Policy (Water) 2009

The principal legislative basis for water quality management in Queensland is the Environmental
Protection (Water) Policy (EPP), 2009, which identifies a process for identifying environmental values
of waterways and establishing corresponding water quality objectives to protect identified
environmental values. Oakey Creek is within the Upper Oakey Creek sub-catchment and the following
draft environmental values for the Upper Oakey Creek sub-catchment have been identified by
Condamine Alliance (2017):

· Aquatic ecosystems

· Irrigation

· Farm supply (e.g. fruit washing, milking sheds, intensive livestock yards)

· Stock watering

· Human consumption (e.g. of wild or stocked fish)

· Visual appreciation

· Drinking water

· Cultural, spiritual and ceremonial values.

Condamine Alliance (2017) has not scheduled environmental values/water quality objectives for
Oakey Creek, therefore the default values in section 6 of the Policy apply.. In the absence of specific
objectives, Condamine Alliance (2017) identifies technical water quality guidelines such as the
Queensland Water Quality Guidelines (DERM 2009) and Australian and New Zealand Guidelines for
Fresh and Marine Water Quality (ANZECC and ARMCANZ 2000) as providing default water quality
objectives for the protection of ecological receptors. The guideline screening values for drinking water
and recreational activities published in the Department of Health (2017) guidance and Australian
Drinking Water Guidelines (NHRMC 2016), are considered to provide suitable water quality objectives
for the protection of human health.

Work Health and Safety Action 2011

In 2011, Australia embarked on significant reformation of the National Work Health and Safety (WHS)
Strategy. The process commenced in 2002 with the Workplace Relations Ministers’ Council, the
Australian Council of Trade Unions and the Australian Chamber of Commerce and Industry endorsing
the current National OHS Strategy 2012-2022 (Safe Work Australia, 2011) to provide a framework of
national activities to improve the health and safety of workers in Australia.  The WHS Act also
provides protection for the general public so that their health and safety is not placed at risk by work
activities.

Defence operates within the Commonwealth WHS jurisdiction however, due to the nature of its
business and operations there may be legislative touch points from time to time with State and
Territory legislative requirements. The model WHS legislative framework consists of the WHS Act,
WHS Regulation (both being statutory instruments), supported by advisory Codes of Practice. In
addition to these National Codes of Practice, regulatory compliance may also be demonstrated by
following technical or industry standards (such as the Australian Standards) where they provide a
standard of work health and safety equivalent to, or higher than, the Code of Practice.

Department of Environment and Heritage Protection (2016) Operational Policy: Environmental
Management of Fire Fighting Foam

This policy outlines the Department of Environment and Heritage Protection’s requirements and
expectations for the handling, transport, storage, use, release, waste treatment, disposal and
environmental protection measures relevant to the use of firefighting foam.
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The policy includes a requirement to withdraw foams containing PFOS greater 10 mg/kg in
concentrates or PFOA at greater than 50 mg/kg in concentrates from service.

A3 Planning Instruments or environmental permitting/licence controls

A3.1 Outline

Planning Act 2016

The Planning Act 2016 provides for the making of the documents that guide all strategic planning and
development throughout the state.  The primary document is the planning scheme, which
is created by a local government, taking into account the aspirations of their communities and the
state’s interests. Each scheme specifies the levels of assessment for all defined land uses, and the
assessment requirements for each. The local planning scheme categorises what land-use and
development proposals need to obtain an approval from council and what proposals do not need an
approval. https://dsdmipprd.blob.core.windows.net/general/NewPlanningSystem_v4.pdf

The Planning Act 2016 also sets out a process for the assessment of land-use and development
applications. Most applications are assessed by local Government.  In some cases the State may
become involved via the State Assessment and Referral Agency (SARA).
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APPENDIX B: Interim response management analysis

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

Description Eg: provision of a water treatment plant for a period of [x]

Objective Eg: provide a total [x capacity] drinking water to [x]
households in [x].

Describe the risk that is being
managed

Eg: Town water supply is sourced from groundwater that is
PFAS-impacted. This option provides an alternative safe
drinking supply to the impacted community
If this is an identified risk for the purposes of the PMAP?

The extent to which this option
met the objective

Eg: provides the impacted community with 100% of average
drinking water requirements. Supplemental supplies may
have to be sourced in periods of seasonal peak demand.

Supplementary /
complementary options

Whether this IRM action was supported by a supplementary
IRM action [e.g. supplemental bottled water in periods of
seasonal peak demand] required to cover 100% of drinking
water risk.

Effectiveness / sustainability
assessment

The degree to which the objective has been met.

Continued implementation
recommendation

Recommended / not recommended
Based on meeting an identified risk and the assessment of
effectiveness by the relevant Project Director.

IRM ACTION
RECOMMENDATION
Continue / Terminate

REASON

1. Drain remediation Completed

2. Water Treatment Plants Underway To reduce PFAS Mass and
migration of PFAS through
groundwater and surface water

3.Town Water Connections Underway To replace bore water use at
individual premises that previously
sourced impacted groundwater for
drinking purposes
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IRM-01 – Drain remediation

Description Excavation of PFAS impacted sediment from open drains
on-Site.

Objective Reduce the exposure of the surface runoff to PFAS, which
will in turn reduce the migration of PFAS from the Base to
the surrounding environment.

Describe the risk that is being
managed

Reduce migration of PFAS from sediment in drains to soil
and groundwater on- and off-Site.

The extent to which this option
met the objective

Supplementary /
complementary options

Effectiveness / sustainability
assessment

Continued implementation
recommendation

IRM-02 – ECT2 Groundwater Treatment Plant

Description Treatment of groundwater discharging from eastern
boundary of Base into Moors Drain (on-Site).

Objective PFAS mass reduction; reduce the concentration of PFAS in
groundwater migrating off-Site
Treat water to reduce PFAS concentrations to below the
levels of the adopted screening criteria (drinking water
levels).

Describe the risks that are
being managed

Reduce migration of PFAS contaminated groundwater
offsite.

The extent to which this option
met the objective

Supplementary /
complementary options

Effectiveness / sustainability
assessment

Continued implementation
recommendation
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IRM-02 – Town Water Connections

Description Provision of town water connections to properties that
previously relied solely on rainwater and/or groundwater for
domestic water supply.

Objective To reduce exposure of Oakey residents to PFAS by
providing an alternative water supply to groundwater.

Describe the risks that are
being managed

Reduces exposure of the Oakey community to PFAS in
groundwater.

The extent to which this option
met the objective

Supplementary /
complementary options

Effectiveness / sustainability
assessment The Toowoomba Regional Council completed the

connection of 36 properties to town water.

Continued implementation
recommendation
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APPENDIX C Source – pathway – receptor analysis

This information is a combination of table 10-1 in the ESA (AECOM, 2017a) and table 35 from the HHRA (AECOM, 2017b).

Primary source Secondary
sources Exposure pathways Receptor

Exposure
pathway

complete?

Source-
pathway-
receptor

linkages related
to risks listed in

Table 4-211

On-Site areas where firefighting
retardants / suppression foams
(primarily AFFF) have been
discharged or spilt to the
environment.

Off-Site areas where AFFF material
has been discharged or spilt to the
environment (e.g. the former landfill,
the waste water treatment plant and
areas used for firefighting training by
non-Defence personnel).

PFAS soaks into soil and / or

PFAS in
shallow soil
(<2.0 m)

Dermal contact with and incidental
ingestion of surface soil

Residents and workers
in the management area

ü

PFAS in
groundwater

Human health: ingestion of
groundwater containing detectable
concentrations of PFAS used as a
source of drinking water supply.

Residents in the
management area

(ü)

Historically
complete

Managed via
precautionary
messaging

R01

11 Green shading indicates that the source / pathway / receptor linkage is not associated with elevated risk as per the HHRA and ERA reports.
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Primary source Secondary
sources Exposure pathways Receptor

Exposure
pathway

complete?

Source-
pathway-
receptor

linkages related
to risks listed in

Table 4-211

infrastructure from where it can be
eroded as sediment or leached by
rainwater or flood water and migrate
to groundwater, or dissolved in
surface water runoff and potentially
transported to affect other media.

Human health: incidental ingestion
of groundwater containing
detectable concentrations of PFAS
used for indoor domestic activities.

Residents in the
management area

(ü) R02

Human health: Dermal contact with
groundwater containing detectable
concentrations of PFAS used for
indoor and outdoor domestic
activities.

Residents in the
management area

(ü)

Incidental ingestion of groundwater
containing detectable
concentrations of PFAS when used
outdoors for filling swimming pools and
children’s wading pools; and sprinkler
play

Residents in the
management area

(ü) R03

Incidental ingestion of groundwater
containing detectable
concentrations of PFAS used for
outdoor domestic and recreational
activities not listed above (e.g.
irrigation of gardens, washing
animals or vehicles).

Residents in the
management area

(ü)

PFAS in
surface water

Consumption of home grown milk Recreational Complete

Human health: Direct contact with
surface water (on- and off-Site)

Recreational, ecosystem Complete
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Primary source Secondary
sources Exposure pathways Receptor

Exposure
pathway

complete?

Source-
pathway-
receptor

linkages related
to risks listed in

Table 4-211

Ecological (on- and off-Site) Ecosystem (on- and off-
Site)

Complete R09
R10
R11
R12

PFAS in
sediment

Human health: Incidental ingestion
of sediment on-Site.

Commercial/industrial Complete

Human health: Direct contact with
sediment on-Site.

Commercial/industrial Complete

Ecological (on- and off-Site). Ecosystem (on- and off-
Site)

Complete R09
R10
R11
R12

Human health: Incidental ingestion
of sediment off-Site, impacted by
surface water or groundwater
(extracted via bore).

Residential Complete

Human health: Direct contact with
sediment on- and off-Site impacted
by groundwater (extracted via bore)
or surface water

Commercial/industrial,
residential

Complete

PFAS in pore
water in creek
sediments

Human health: Incidental ingestion
of surface water (on- and off-Site).

Commercial/industrial,
residential

Complete

Human health: Direct contact with
surface water (on- and off-Site)

Recreational, ecosystem Complete

Ecological (on- and off-Site) Ecosystem (on- and off-
Site)

Complete R09
R10
R11
R12
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Primary source Secondary
sources Exposure pathways Receptor

Exposure
pathway

complete?

Source-
pathway-
receptor

linkages related
to risks listed in

Table 4-211

Home grown
produce

Consumption of eggs from backyard
poultry

Residents in the
management area

(ü) R04

Consumption of home grown green
leafy vegetables

Residents in the
management area

(ü) R05

Consumption of home grown red meat
and/or offal

Residents in the
management area

(ü) R06

Ecological (on- and off-Site). Ecosystem (on- and off-
Site)

Complete R09
R10
R11
R12

Aquatic biota Human health: Ingestion of fish
from Oakey Creek

Residential, recreational Complete R08

Human health: Ingestion of other
aquatic organisms (including
yabbies, shrimps and mussels)
from Oakey Creek

Residential, recreational Complete

Ecological (on- and off-Site). Ecosystem (on- and off-
Site)

Complete R10
R12

Notes:
a. It is noted that this exposure pathway is currently being mitigated by supply of drinking water by Defence. However, it has been reported that the Toowoomba Regional Council (TRC)

previously extracted groundwater from near the Site to supplement the town water supply. AECOM understands that TRC no longer extracts groundwater from the Oakey area for use in the
domestic supply (TRC, 2014) and thus this exposure pathway is not considered to be currently complete.

ü = Pathway considered to be potentially complete for this receptor.
(ü) = Pathway considered to be potentially complete for this receptor; however, management measures are currently in place to reduce the potential for exposure via this pathway. Management
measures include precautions to minimise exposure recommended by Queensland Government (consistent with the 2016 HHRA and 2017 HHRA Addendum), and provision of an alternative water
supply to eligible stakeholders by Defence.
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APPENDIX D Options analysis criteria

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

Cost / effectiveness / impact analysis

1 Cost range
estimate

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

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

Category 1 PWC approval required
above $15 million.12

>  $13,000,000

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

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

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

Category 4 Community level actions13 < $500,000

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

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

2 Effectiveness
rating

Assign an effectiveness rating in accordance with the following criteria:

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

High with
supplementary
option

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

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

Medium with
supplementary
option

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

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

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

3 Implementation
period /
timeframe

Designate an indicative timeframe for implementation:

Primary implementation period

- Short term: 1-12 months from the date of the PMAP
- Medium term: 1-3 years

Extended implementation period

- Long term: beyond 3 years.

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

4 Potential
impacts

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

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

5 Estimated net
environmental
benefit

Whether the impacted environment as a whole would experience a net
benefit. Rate as negative / marginal / moderate / significant.  Factors
considered in this assessment include:

- potential for impacting ecosystem health
- potential for impacting sensitive species
- reduction in PFAS fate and transport from contaminated soil
- whether PFAS contamination is removed from Site or not.
- Whether ongoing monitoring would be required
- PFAS mass reduction.

Risk-based analysis

6 Proportion of
action to risk

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

7 Best-practice
status

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

8 Verification
status

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

9 Technology
assessment

Where an option involves a remediation technology:
- infrastructure and energy requirements
- ability to construct and operating technology
- reliability of technology
- ability to monitor effectiveness
- ability to obtain any necessary approvals



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

- availability of services and materials

10 Risks and
mitigation

List primary, secondary14 and residual15 risks of implementation and
associated mitigation options, such as:

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

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

- impact on existing infrastructure (including bores)
- potential social and economic impacts (e.g. land use or

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

11 Key
Dependencies

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

Defence implications

12 Defence
capability

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

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

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

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

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

16 Owner /
occupier
consents and
views

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

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

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

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

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

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

Part E3 constitutes the detailed options analysis for the identified risks.

Part E4 provides the detailed a comparative analysis of the options for each identified risk.
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E1 PFAS remediation options screening16

E1.1 Solids (Soil/Sediment)1

Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

In-Situ Treatment - solids

Bioremediation

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

Most applicable to saturated media.

Not applicable to
PFAS.

- - - - No

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

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

Chemical Oxidation or Reduction

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

Most applicable to saturated media.

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

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

Significant chemical
volumes and multiple
applications would be
required.

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

12 to 24
months for
application

- No

Soil Flushing

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

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

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

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

No

Soil Vapour Extraction

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

Not applicable to
PFAS – non- or low
volatility

No
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Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

Adsorption - In-situ
Stabilisation/Immobilisation

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

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

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

Solidification is not
applicable to PFAS.

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

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

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

Affects asset
access

No

Ex-Situ Treatment - solids

Excavation and Off-site Disposal

Commonly available soil treatment
approach for categorised materials.

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

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

Excavation and
dewatering/drying of
materials is
technically feasible.

Several landfills are
located within two
hours of the Site
which are licensed to
accept PFAS
contaminated soil.

Dependent on disposal
options selected

High

(Largely due to
disposal costs
and transport)

Less than 12
months

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

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

Significantly
disruptive to
operations.

Yes
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Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

Bioremediation

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

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

Not applicable for
PFAS

No

Adsorption - Solidification/
Stabilisation/ Immobilisation

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

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

A combination of soil mixing with
selective additives
(stabilisation/binding) has been

Applicable Applicable.

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

Moderate 12+ months.

Validation of
stabilisation
may take 6
months.

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

Significant chemical
use would be required.

Significant
disruption to
operations

Yes – not likely as a
stand-along solution
but potential to be
coupled with off-site
disposal, on-site
retention or as part of
in-situ management
options
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Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

applied to PFAS impacted
soils/sediments on a relatively
small scale successfully in
Australia. Potential additives
(stabilisation/binding) include
activated carbon, modified clay or
combined clay and activated
carbon (e.g. RemBind or
MatCARE).

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

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

Chemical Oxidation or Reduction

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

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

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

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

Applicable.

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

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

Moderate to high
(largely due to
high chemical
costs)

12+ months
with material
handling on-
site

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

Significant chemical use
would be required.

Some
disruption to
operations

No
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Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

Soil Washing / Chemical
Extraction

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

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

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

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

Likely to have
limited capability for
clay rich soils.

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

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

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

12+ months
with material
handling on-
site

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

No

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

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

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

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

- - - - - No

High- Temperature Thermal Not proven for PFAS - - - - - No
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Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

Desorption (on or off-site)

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

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

(+1,100oC required
for destruction
and/or long
residence time, with
vapour stream
treatment required)

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

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

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

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

Applicable Only feasible for
PFAS at high
temperatures.

Off gas treatment
required.

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

Very high
(due to
treatment
costs)

4 to 5 years. High energy use and
consideration for
potential destruction by-
products and
incomplete combustion
products is required.

Significant
disruption to
operations

No

Other - solids
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Description Technical
applicability Lifecycle costs Relative

cost Timeframe
Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

In-situ management

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

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

Applicable

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

Applicable Low Depends on
project
staging and
auditor.

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

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

Yes

On-site containment in an
engineered facility

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

Applicable

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

Requires suitable
location for the
facility.

Applicable Low Depends on
project
staging and
auditor.

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

Depending
upon source
area, low to
significant
disruption to
operations

Yes
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E1.2 Waters (Surface water and groundwater)

Description Technical
applicability

Lifecycle costs Cost
effectiven
ess
(relative
cost)

Timeframe Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

In-Situ Treatment - water

Bioremediation

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

Not applicable to
PFAS.

- - - - No

Chemical Injection

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

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

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

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

Significant chemical
volumes would be
required.

High
(largely due to
chemical costs
and
application)

12 to 24
months

In-situ treatment is
considered high on
EPA’s waste hierarchy.

Some
disruption to
operations

No

Air Sparging

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

Not applicable to
PFAS – non- or low
volatility.

- - - -- - No

Thermal Treatment

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

Not applicable to
PFAS.

- - - - - No

Monitored Natural Attenuation

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

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

- - - - - No
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Description Technical
applicability

Lifecycle costs Cost
effectiven
ess
(relative
cost)

Timeframe Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

contaminants in soil or groundwater.

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

Permeable Reactive Barriers

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

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

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

Potentially applicable
as a component of an
overall strategy.

However, no full scale
application for PFAS
identified in Australia
or globally.

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

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

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

Long
term
operation

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

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

Yes – as part of an
overall strategy
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Description Technical
applicability

Lifecycle costs Cost
effectiven
ess
(relative
cost)

Timeframe Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

Ex-Situ Treatment - water

Groundwater extraction

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

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

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

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

Requires water
treatment (See
below).

Applicable as a component
of an
overall management
strategy.

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

1+ years,
long term
operation

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

Low to some
disruption to
operations.

Yes

Excavation and/or dewatering

For shallow groundwater, bulk
excavation and dewatering, or just
dewatering, of these materials will
remove the groundwater migration
pathway. Pore water would be captured
and treated ex situ at a water treatment
plant. Treated water could be managed
via reinjection or discharge.
Excavated soil (where bulk excavation
and dewatering) would be subject to
disposal to an off-site landfill or on-site
containment cell or in situ management
(see above for soils/sediment). If
materials are left in situ, cover would be
required to minimise recharge of the fill
materials.

Applicable Requires water
treatment (See
below).

Applicable as a
component of an overall
management strategy.

Low to moderate 6 to 12
months.

Disposal considered
energy intensive and low
on EPA’s waste
hierarchy.

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

Not applicable at
Oakey – groundwater
is not shallow

Extracted groundwater treatment Applicable Applicable Moderate See for See for above options Little Yes, but only as part
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Description Technical
applicability

Lifecycle costs Cost
effectiven
ess
(relative
cost)

Timeframe Social and
environmental
values

Impact –
Defence
capability /
service
delivery

Further
consideration

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

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

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

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

Treated water could be managed via
reinjection or discharge.

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

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

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

above
options

disruption to
operations

of an overall
management
alternative.
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Other - water

Hydraulic containment

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

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

· Reduce and retard lateral shallow
groundwater flow.

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

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

Applicable Applicable

Requires
water
treatment
(See above).

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

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

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

Yes, but only as
part of an
overall
management
alternative.
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E2 Options listing

Based on the screening of options in E1 above, management options considered for the Oakey site
are listed below.  A more detail analysis is provided in section E3 below.

Option Type Option
ID

Description of the management option

Source areas –
soil

SS-1 In-situ soil treatment, including solidification / stabilisation to reduce or prevent further
PFAS leaching to surface water or groundwater.

SS-2 Excavate selected areas of PFAS impacted soil, sediment or concrete for disposal to an
appropriately designed containment cell on-Site to reduce or prevent further PFAS
leaching to surface water or groundwater.

SS-3 Excavate selected areas of PFAS impacted soil, sediment or concrete for disposal to an
off-Site landfill to reduce or prevent further PFAS leaching to surface water or
groundwater.

SS-4 Cap / contain PFAS impacted soil at source areas to reduce or prevent leaching of PFAS
to groundwater or surface water.

SS-5 Removal of AFFF recovery tanks at source areas at Area A1, S1 and C1

SS-6 Treat concrete to reduce leaching of PFAS to groundwater or surface water.

Source areas –
groundwater

GS-1 Groundwater treatment on-Site: (pump and treat) (sorption / ion exchange, reverse
osmosis and nano membrane filtration, electrochemical oxidation) in areas of elevated
PFAS concentrations to reduce PFAS mass present and reduce or prevent potential for
further migration in groundwater.

(ECT2 treatment plant already commissioned and OPEC treatment plant currently being
commissioned)

GS-2 Groundwater treatment off-Site: (pump and treat) (sorption / ion exchange, reverse
osmosis and nano membrane filtration, electrochemical oxidation) in areas of elevated
PFAS concentrations to reduce PFAS mass present and reduce or prevent potential for
further migration in groundwater.

Pathways P-1 Diversion of stormwater away from drains to prevent migration off-Site, construction of
detention basins for collection of stormwater and subsequent treatment to reduce or
prevent migration of PFAS to groundwater or off-Site.

P-2 Diversion of surface water from impacted areas or separate clean runoff (e.g. from roofs
and unaffected areas) from PFAS impacted runoff to improve efficiency of other treatment
strategies.

P-3 Line drains with low permeability liner to reduce or prevent migration of PFAS to
groundwater or surface water off-Site.

P-4 Contain / treat sediment on-Site or treat / dispose off-Site to reduce migration PFAS from
sediment in drains to soil and groundwater on- and off-Site.

P-5 Reduce / prevent plume migration via hydraulic containment of PFAS contaminated
groundwater, permeable reactive barrier or in-situ treatment e.g. plume stop.

Receptors R-1 Ongoing community engagement and reinforcement of QLD government
precautionary advice to minimise exposure to PFAS by not using groundwater for
domestic purposes.

R-2 Alternative water supply – town or tank water

R-3 Ongoing community engagement and reinforcement of Government precautionary advice
for recreational use of Oakey Creek.
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E3 Detailed Options Analysis

SS-1 In-situ soil treatment

No # SS-1
Title (functional) In-situ soil treatment of soil at primary and secondary PFAS

source areas, including solidification / stabilisation.

Description Treatment of soil to stabilise / immobilise PFAS to prevent
soil from leaching to groundwater or surface water.

Objective Treatment of PFAS contaminated soil from key source
areas to reduce leaching of PFAS into groundwater and
surface water, and therefore reduce the mass of PFAS in
groundwater and surface water.

How this objective contributes
to managing the identified risk

A reduction in future leaching of PFAS to groundwater will
reduce the mass load of PFAS in groundwater and will
reduce the potential exposure for human or ecological
receptors to elevated concentrations of PFAS.

·
The extent to which this option
is expected to meet the
objective

Expected to contribute to meeting the objective of reducing
PFAS mass load in groundwater.  The extent that this can
be achieved will be related to volume and concentration of
PFAS impacted soil that is treated.
The treatment of PFAS in soil will be required in conjunction
with groundwater treatment to assist with meeting the
objectives.
Operational, access and logistical constraints are
anticipated, in particular where infrastructure /buildings are
present.
Aligns with remediation / management hierarchy – i.e.
remediation / management of source areas is preferred over
pathways or receptors.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the source and the pathway of PFAS
contamination, by immobilising the PFAS in the soil and
thereby preventing it from leaching/migrating to groundwater
and surface water.

Supplementary /
complementary options

GS-1 - Groundwater treatment

Cost / effectiveness / impact analysis - SS-1 In-situ soil treatment
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1 Cost range
estimate

Category 3

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

2 Effectiveness
rating

High with supplementary option

The option, together with a supplementary option, is likely to achieve
progress towards meeting the objectives or meet a ‘best available’
standard at the areas treated. It is noted that there may be uncertainty
about effectiveness of stabilisation over long time scales and with
changes in soil chemistry.

3 Implementation
period /
timeframe

Primary implementation period

- Medium term: 1-3 years from the date of the PMAP.  Note that
the anticipated timeframe for a reduction in PFAS concentrations
at the location of receptors is difficult to estimate and would be
dependent on a number of factors, including how many other
management actions are implemented.

4 Potential
impacts

Environmental:

- Environmental impacts are considered to be low – no transport of
material off-Site, no removal of vegetation required.

Socio-economic:

- Improve community confidence in using the land and water.
- Contribute to improvement of Defence and community

relationships.
- Positive community message for management of a source area.

5 Estimated net
environmental
benefit

Moderate

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- Moderate to significant reduction in PFAS fate and transport from

contaminated soil
- PFAS contamination is not removed from Site.
- Ongoing groundwater monitoring would be required to reduce the

risk of leaching of PFAS from the treated soil matrix.
- No PFAS mass reduction.

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the
likelihood and scale of the risk.

Considered impacts:

- Logistics over a short period of time 1 to 12 months. Depending
on volume to be treated.

- Airside works will be required.
- Truck movements.
- Dust management.
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7 Best-practice
status

Treatment of soil is one of a range of possible management actions for
management of PFAS impacted soil.  Other options, such as cap and
contain (option SS-5), could be considered.  Additionally, the long term
stability of the treated soil matrix is not known.

8 Verification
status

Treatment of soil, in particular the stabilisation/solidification trials
(AECOM, 2017c) at the Base indicated the approach is feasible.

9 Technology
assessment

Infrastructure and energy requirements
- Plant and equipment required to undertake the soil treatment

works.
- Following completion, no further energy is required.
- Monitoring required as a separate task.

Reliability of technology
- Stabilisation / solidification trials at Base indicated the technology

is feasible.
Ability to monitor effectiveness

- Leachate testing of treated material together with groundwater
monitoring can be completed.

Ability to obtain any necessary approvals
- On-Site works subject to ECC.
- No approval from QLD regulators required, however it is

expected that engagement with the QLD Government would
continue during implementation of remediation / management
activities.

Availability of services and materials
- A range of appropriate contractors and treatment materials are

currently available.
10 Risks and

mitigation
Secondary risks:

- The immobilisation technology does not destroy or reduce
contaminants

Residual risks:
- Existing PFAS impacted groundwater not addressed by this

action.
- PFAS will remain in soil at the Base. The long-term stability of

the treated matrix is not known.
11 Key

Dependencies
Groundwater treatment will also be required.

Defence implications

12 Defence
capability

Relatively low impact to Base operations (different at each source area).

Consideration needs to be given to the need to work airside for the source
area at the former fire training area.

13 Project fit The treatment option is feasible and could be considered at other Defence
Bases or Sites.

14 Scalability This option can be readily scaled up or down as required.  The treatment
of a number of source areas could be progressed at the same time,
depending on accessibility.

Stakeholder impacts, views and consents
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15 Jurisdictional
regulator/s

No external approvals required.

16 Owner /
occupier
consents and
views

AACO

17 Community No community impacts identified in relation to this management option.
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SS-2 Excavate soil for storage in on-Site containment cell

P-4 Excavate sediment for storage in on-Site containment cell

No # SS-2
Title (functional) Excavate soil (with or without treatment) from source areas

for storage in on-Site containment cell.
·

Description Removal of PFAS impacted soil from selected areas for
storage in an appropriately designed containment cell
located on-Site.  The excavation will be backfilled with clean
soil.
The soil can be treated (SS-2) or stabilised (SS-1) before
placement in cell for medium to long-term storage.  This
would further reduce leaching potential from cell and could
enable construction of a cell to a less onerous standard.

Objective Removal of PFAS contaminated soil from key source areas
to reduce leaching of PFAS into groundwater and surface
water, and therefore reduce the mass of PFAS in
groundwater and surface water.  The containment cell would
be designed to prevent leaching of PFAS and secondary
impacts to groundwater.

How this objective contributes
to managing the identified risk

A reduction in the mass load of PFAS in groundwater will
reduce the potential exposure for human or ecological
receptors to elevated concentrations of PFAS.

·
The extent to which this option
is expected to meet the
objective

Expected to contribute to meeting the objective of reducing
PFAS mass load in groundwater.  The extent that this can
be achieved will be related to volume of PFAS impacted soil
that is removed.
Additionally, the treatment of PFAS in groundwater will be
required in conjunction with soil excavation to assist with
meeting the objectives.
Operational, access and logistical constraints are
anticipated.

· The current fire training area is operational.
· The former fire training area is airside.

Aligns with remediation / management hierarchy – i.e.
remediation / management of source areas is preferred over
management of pathways or receptors.
It is noted that this option is lower in the NEMP preferred
hierarchy of treatment and remediation options than options
that involve destruction or removal of the contamination.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period

This option addresses the source and the pathway of PFAS
contamination, by removing PFAS mass in the soil and
thereby preventing further leaching / migration to
groundwater and surface water.  This option does not
address existing groundwater / surface water contamination.
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requirements
Supplementary /
complementary options

SS-1: In-situ soil treatment

SS-2: Ex-situ soil treatment

SS-8: Excavation of PFAS impacted concrete

GS-1 - Groundwater treatment

Cost / effectiveness / impact analysis - SS-3 Excavate soil for storage in on-Site containment
cell

1 Cost range
estimate

Category 2

Medium works notification to PWC required above $2 million

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

2 Effectiveness
rating

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

3 Implementation
period /
timeframe

Primary implementation period

Medium term: 1-3 years from the date of the PMAP

Note that the anticipated timeframe for a reduction in PFAS
concentrations at the location of receptors is difficult to estimate and
would be dependent on a number of factors, including how many other
management actions are implemented.

4 Potential
impacts

Environmental:

- On-Site containment cell will need to be constructed.  Availability
of space may be a constraint.

- Management of PFAS impacted soil.
- Low environmental significance in most source areas.

Socio-economic:

- Removal of PFAS from environment will result in an improvement
of land and water quality.

- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships.

Positive community message for management of a source area.
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5 Estimated net
environmental
benefit

Moderate

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- Moderate to significant reduction in PFAS fate and transport from

contaminated soil
- PFAS contamination is not removed from Site.
- Ongoing groundwater monitoring would be required to reduce the

risk of leaching of PFAS from the containment cell.
- No PFAS mass reduction.

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the
likelihood and scale of the risk.

Considered impacts:

- Space required for cell area.
- Truck movements.
- Reinstate excavation with clean soil.
- Airside work will require Base approval / permits.

7 Best-practice
status

Excavation of impacted soil is one of many management actions for
management of PFAS impacted soil.  Other options such as cap and
contain (SS-5), could also be considered.

8 Verification
status

Treatment of soil, in particular stabilisation/solidification trials at the Base
indicated the approach is feasible prior to placement in an on-Site
containment cell.

9 Technology
assessment

Infrastructure and energy requirements
- Plant and equipment required to undertake the soil treatment

works.
- Following completion, no further energy is required.
- Monitoring required as a separate task.

Reliability of technology
- The placement of the treated soil in an appropriately designed

containment cell is a proven technology for isolating the
contaminant from the environment.

Ability to monitor effectiveness
- Leachate testing of treated material together with groundwater

monitoring can be completed.
Ability to obtain any necessary approvals

- No approval from regulators required.
- On-Site permits and approvals required for the excavation,

treatment and construction of containment cell.
- Notification to and feedback from QLD agencies will be

undertaken.
Availability of services and materials

- Numerous contractors and treatment materials available.
10 Risks and

mitigation
Secondary risks:

- The immobilisation technology does not destroy or reduce
contaminants, further management of solidified / stabilised



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

material will be required, if not placed back in the excavation.
- Design of appropriate area (e.g. containment cell, on-Site landfill)

on the Base to dispose the treated material.  Ongoing
management of on-Site containment cell / landfill.

- Management of dust during excavation and transport to avoid
remobilisation of PFAS contamination.

- Numerous groundwater wells will be destroyed during
excavation.

Residual risks:
- PFAS impacted groundwater not addressed by this action.
- PFAS will remain at the Base. The long term stability of the

treated matrix is not known.

11 Key
Dependencies

GS-1 - Groundwater treatment.

Defence implications

12 Defence
capability

Low impact to Base operations and capability.

13 Project fit

14 Scalability This option can be readily scaled up or down as required.  The treatment
can be completed ex-situ, and a number of source areas could be
progressed at the same time, depending on accessibility.

The limitation will be the size of the containment cell that may be
permissible at the Base for the storage of large volumes of soil.

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

No external approvals required.  However, notification to and feedback
from QLD agencies will be undertaken.

16 Owner /
occupier
consents and
views

AACO

17 Community No community impacts identified in relation to this management option.



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

SS-3 Excavate PFAS impacted soil, sediment or concrete from source areas
for disposal to an off-Site landfill

P-4 Excavate sediment for disposal to an off-Site landfill

No # SS-3
Title (functional) Excavate PFAS impacted soil, concrete or sediment from

source areas for disposal to an off-Site landfill
Description Removal of PFAS impacted soil from selected areas for

storage in an appropriately designed landfill off-Site.  The
excavation will be backfilled with clean soil.

Objective Removal of PFAS contaminated soil from key source areas
to reduce leaching of PFAS into groundwater and surface
water, and therefore reduce the mass of PFAS in
groundwater and surface water.

How this objective contributes
to managing the identified risk

A reduction in the mass load of PFAS in groundwater will
reduce the potential exposure for human or ecological
receptors to elevated concentrations of PFAS.

·
The extent to which this option
is expected to meet the
objective

Expected to contribute to meeting the objective of reducing
PFAS mass load in groundwater.  The extent that this can
be achieved will be related to volume of PFAS impacted soil
that is removed.
Additionally, the treatment of PFAS in groundwater will be
required in conjunction with soil excavation to assist with
meeting the objectives.
Operational, access and logistical constraints are
anticipated.

· The current fire training area is operational.
· The former fire training area is airside.

Aligns with remediation / management hierarchy – i.e.
remediation / management of source areas is preferred over
management of pathways or receptors

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the source and the pathway of PFAS
contamination, by removing PFAS mass in the soil and
thereby preventing it from leaching / migrating to
groundwater and surface water.

Supplementary /
complementary options

SS-1: In-situ soil treatment
SS-2: Ex-situ soil treatment
SS-8: Excavation of PFAS impacted concrete
GS-1 - Groundwater treatment
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Cost / effectiveness / impact analysis - SS-3 Excavate soil for storage in on-Site containment
cell

1 Cost range
estimate

Category 2

Medium works notification to PWC required above $2 million

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

2 Effectiveness
rating

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

3 Implementation
period /
timeframe

Primary implementation period

Medium term: 1-3 years from the date of the PMAP

Note that the anticipated timeframe for a reduction in PFAS
concentrations at the location of receptors is difficult to estimate and
would be dependent on a number of factors, including how many other
management actions are implemented.

4 Potential
impacts

Environmental:

- Management of PFAS impacted soil.
- Low environmental significance in most source areas.

Socio-economic:

- Removal of PFAS from environment will result in an improvement
of land and water quality.

- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships.

Positive community message for management of a source area.

5 Estimated net
environmental
benefit

Significant

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- Significant reduction in PFAS fate and transport from

contaminated soil
- PFAS contamination is removed from Site.
- No PFAS mass reduction.

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the
likelihood and scale of the risk.

Considered impacts:

- Truck movements.
- Reinstate excavation with clean soil.
- Airside work will require Base approval / permits.
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7 Best-practice
status

Excavation of impacted soil is one of many management actions for
management of PFAS impacted soil.  Other options such as cap and
contain (SS-5), could also be considered.

8 Verification
status

-

9 Technology
assessment

Infrastructure and energy requirements
- Plant and equipment required
- Following completion, no further energy is required.

Ability to obtain any necessary approvals
- No approval from regulators required.
- On-Site permits and approvals required for the excavation
- Notification to and feedback from QLD agencies will be

undertaken.
Availability of services and materials

- Numerous contractors and treatment materials available.
10 Risks and

mitigation
Secondary risks:

- Management of dust during excavation and transport to avoid
remobilisation of PFAS contamination.

- Numerous groundwater wells will be destroyed during
excavation.

Residual risks:
- PFAS impacted groundwater not addressed by this action.

11 Key
Dependencies

GS-1 - Groundwater treatment.

Defence implications

12 Defence
capability

Low impact to Base operations and capability.

13 Project fit

14 Scalability This option can be readily scaled up or down as required.  The treatment
can be completed ex-situ, and a number of source areas could be
progressed at the same time, depending on accessibility.

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

No external approvals required.  However, notification to and feedback
from QLD agencies will be undertaken.

16 Owner /
occupier
consents and
views

AACO

17 Community No community impacts identified in relation to this management option.
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SS-4 Cap / contain PFAS impacted soil at source areas

P-4: Contain PFAS impacted sediment on-Site

No # SS-4
Title (functional) Cap / contain area of PFAS impacted soil.

Description Placement of a capping layer over soil profile to reduce
leaching and migration of PFAS into surface water and
groundwater.

Objective Reduce leaching of PFAS into groundwater and surface
water, and therefore reduce the mass of PFAS in
groundwater and surface water.

How this objective contributes
to managing the identified risk

A reduction in the mass load of PFAS in groundwater will
reduce the potential exposure for human or ecological
receptors to elevated concentrations of PFAS.

The extent to which this option
is expected to meet the
objective

Expected to contribute to meeting the objective of reducing
PFAS mass load in groundwater, although likely less
effective than soil treatment options.  The PFAS will remain
in situ.  The extent that this can be achieved will need to be
supplemented with groundwater treatment.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the pathway of PFAS soil
contamination, by reducing leaching / migrating to
groundwater and surface water.

PFAS will remain in soil profile.

Supplementary /
complementary options

Option GS-1 - Groundwater treatment

Cost / effectiveness / impact analysis - SS-4 Cap / contain area of PFAS impacted soil

1 Cost range
estimate

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

2 Effectiveness
rating

Medium with supplementary option

The option, together with a supplementary option, is projected to make
significant progress towards meeting its objectives
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3 Implementation
period /
timeframe

Primary implementation period

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

- Note that the anticipated timeframe for a reduction in PFAS
concentrations at the location of receptors is difficult to estimate
and would be dependent on a number of factors, including how
many other management actions are implemented.

4 Potential
impacts

Environmental:

- PFAS impact remains in soil.
- Low environmental significance of source areas.

Socio-economic:

- No operation / maintenance costs following implementation.
- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships.

5 Estimated net
environmental
benefit

Moderate

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- Moderate reduction in PFAS fate and transport from

contaminated soil
- PFAS contamination is not removed from Site.
- Ongoing groundwater monitoring would be required to reduce the

risk of leaching of PFAS from the containment cell.
- No PFAS mass reduction.

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the likelihood
and scale of the risk.

Considered impacts:

- Logistics over a short period of time 1 to 12 months. Depends on
the area to be capped.

- Truck movements.
- Airside work will require Base approval / permits.

7 Best-practice
status

Capping of impacted soil is one of many management actions for
management of PFAS impacted soil.  Other options such as excavation for
treatment could be considered.

8 Verification
status

Capping of soil to prevent leaching and migration has been successfully
implemented at contaminated sites.

The success of the option will need to be monitored given the shallow
depth to groundwater, and the likely interaction of groundwater with
overlying impacted soil.

9 Technology
assessment

Infrastructure and energy requirements
- Plant and equipment required to complete capping works.
- Following completion, no further energy is required.
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- Monitoring required as a separate task.
Reliability of technology

- Capping of contaminants is a proven technology to prevent
leaching / migration of contaminants from the soil profile.

Ability to monitor effectiveness
- groundwater and surface water monitoring can be completed.

Ability to obtain any necessary approvals
- No approval from regulators required.
- On-Site permits and approvals required for the construction of

capping.
- Notification to and feedback from QLD agencies will be

undertaken.
Availability of services and materials

- Numerous contractors and treatment materials available.
10 Risks and

mitigation
Secondary risks:

- The capping / containment approach does not destroy or reduce
contaminants.  Ongoing monitoring required.

- Groundwater wells could be destroyed by the capping layer.
Residual risks:

- PFAS impacted groundwater not addressed by this action.
- PFAS will remain at the Base.
- The shallow depth to groundwater may interact with the soil

beneath the capping layer.
11 Key

Dependencie
s

GS-1 - Groundwater treatment.

Defence implications

12 Defence
capability

Low impact to Base operations and capability.

13 Project fit

14 Scalability This option can be readily scaled up or down as required.
Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

No external approvals required.  However, notification to and feedback
from QLD agencies will be undertaken.

16 Owner /
occupier
consents and
views

AACO

17 Community No community impacts identified in relation to this management option.
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GS-1 Groundwater treatment on-Site

GS-2  Groundwater treatment off-Site

No # GS-1, GS-2

Title (functional) Installation of water treatment plant targeting elevated PFAS
impact.  The following areas have been considered:

- Current Fire Training Area (currently being
considered)

- Off-Site

Description Remediation of PFAS contaminated groundwater.

Objective Reduce PFAS mass in groundwater from key source areas
and areas where elevated PFAS concentrations have been
detected, both on-Site and off-Site.

How this objective contributes
to managing the identified risk

A reduction in the mass load of PFAS in groundwater will
reduce the potential for human or ecological receptors to be
exposed to elevated concentrations of PFAS.

The extent to which this option
is expected to meet the
objective

Water treatment plants at the Base have successfully
removed PFAS from the environment.
The extent that this is able to be achieved will be related to
volume and concentration of PFAS impacted groundwater
able to be extracted from the ground, the treatment
technology adopted and the ability of the treated water to be
reinjected.  Operational, access and logistical constraints
are anticipated, both on-Site and off-Site.

It is noted that the area of PFAS impacted aquifer is very
large, and any treatment would typically seek to reduce the
mass of PFAS present at a specific location, or PFAS flux
through a limited area.  Complete treatment of the PFAS
plume is currently not considered to be a realistic goal.

Aligns with remediation / management hierarchy – i.e.
remediation / management of areas with elevated PFAS
concentrations.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the source and pathway of PFAS
contamination.

Supplementary /
complementary options

SS-1 Excavation on PFAS impacted soil.

Implementation of Ongoing Monitoring Plan to monitor the
success or effectiveness of the treatment.
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Cost / effectiveness / impact analysis – GS-1 Groundwater treatment

1 Cost range
estimate

Category 1

Project approval required above $15 million > $13,000,000

2 Effectiveness
rating

High with supplementary option The option, together with a
supplementary option (including SS01 to remove further leaching of
PFAS from source areas),  is projected to meet all its objectives or meet
a ‘best available’ standard

3 Implementation
period /
timeframe

Primary implementation period

- Medium term: 1-3 years  for on-Site
Construction / commissioning / commencement of operations.

- Long term :  beyond 5 years
Operational phase

4 Potential
impacts

Environmental:
- Truck movements associated with construction

Socio-economic:
- Removal of PFAS from environment will result in an improvement

of land and water quality.
- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships
- Positive community message for management of a source area

5 Estimated net
environmental
benefit

High

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- High reduction in fate and transport of PFAS contaminated

groundwater
- PFAS mass reduction is achieved

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the likelihood
and scale of the risk.

This management action is anticipated to have a moderate impact on
logistics on Base in the short term, largely related to construction works
(connection of services etc.), earthworks and truck movements.

7 Best-practice
status

This action is considered ‘best-practice’ as it involves removal of PFAS
from the environment for destruction.

8 Verification
status

Verified by operation of existing treatment plants on-Site (assuming same
technology is implemented).

9 Technology Infrastructure and energy requirements
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assessment - Treatment plant and equipment required to be provided by a
contractor.

- Following completion of treatment, no further energy is required.
- Monitoring required as a separate task.

Reliability of technology
- Technology has been used successfully at the Base for removal of

PFAS from the environment.
Ability to monitor effectiveness

- Ongoing monitoring will be implemented to measure success /
effectiveness of the technology.

- Monitoring of existing wells and wells installed as part of the
treatment works

Ability to obtain any necessary approvals
- No approval from regulators required for treatment on the Base.

Notification to and feedback from QLD agencies should be
undertaken.

- Development consent may be required for off-Site locations.
- Groundwater extraction licence may be required for off-Site

locations.
Availability of services and materials

- Numerous contractors and treatment options available.
10 Risks and

mitigation
Secondary risks:

- Consideration of groundwater characteristics (including
groundwater modelling) to enable optimal treatment.

- Management of treated water.  Potential for irrigation or discharge
to sewer, any reinjection to the aquifer would be managed in
conjunction with advice from DNRM.

- Management of waste generated during treatment.
Residual risks:

- PFAS impacted soil and infrastructure not addressed by this
action.

11 Key
Dependencie
s

SS-1 – Soil treatment.

Defence implications

12 Defence
capability

Low impact to Base operations and capability.

13 Project fit The technology is currently used at the Base, and is being considered for
other Defence Bases / Sites.

14 Scalability This option can be readily scaled up or down as required.
The treatment can be completed on a number of source areas, depending
on accessibility.

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

On-Site: No external approvals required.  However, notification to and
feedback from QLD agencies will be undertaken.

Off-Site: QLD agencies, Toowoomba Regional Council
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16 Owner /
occupier
consents and
views

On-Site: AACO

Off-Site: Property lease, access agreements

17 Community No community impacts identified in relation to this management option.
The treatment of groundwater will be viewed as a positive outcome, by the
community.
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P-1 Diversion of surface water from impacted areas

No # P-1

Title (functional) Diversion of surface water from impacted areas
Description Separation of clean runoff (e.g. from roofs and unaffected

areas) from PFAS impacted runoff to improve efficiency of
other treatment strategies.  This would include the
implementation of:

- Diversion of surface water away from impacted soils
or drains to reduce migration off-Site.

- The drains with elevated PFAS can be diverted
towards newly constructed detention basins and/or
towards treatment plant(s).

Objective Reduce PFAS mass in surface water leaving the Base from
key source areas and areas where elevated PFAS
concentrations have been detected by reducing the volume
of clean surface water mixing with PFAS impacted surface
water.

How this objective contributes
to managing the identified risk

A reduction in the mass load of PFAS in surface water by
improving the efficiency of other treatment strategies will
reduce the potential for human or ecological receptors to be
exposed to elevated concentrations of PFAS.

The risk the selected option addresses:
· R04, R05, R07, R08, R09 Human health

(consumption of eggs, locally grown
vegetables, beef, milk, locally sourced
finfish).

· R06 Human health (incidental ingestion of
surface water).

· R10, R11, R12, R13 Ecological (ingestion
of environmental media, bioaccumulation in
aquatic and terrestrial organisms, aquatic
and terrestrial food webs).

The extent to which this option
is expected to meet the
objective

Challenge will be to design a system for collecting and
diverting surface water during a rainfall event – this may
involve managing relatively high volumes of water in the
short term.

Partly aligns with remediation / management hierarchy – i.e.
remediation / management of pathways is preferred over
receptors, but source area remediation is preferred over
pathways.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the pathway of PFAS contamination.

Supplementary /
complementary options

GS-1 Groundwater treatment.
SS-1 Soil treatment
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Cost / effectiveness / impact analysis – P-1 Diversion of surface water from impacted areas

1 Cost range
estimate

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

2 Effectiveness
rating

Medium with supplementary option

The option, together with a supplementary option (including SS-1 to
remove further leaching of PFAS from source areas and GS-2
groundwater treatment), is projected to make significant progress
towards meeting its objectives

3 Implementation
period /
timeframe

Primary implementation period

- Short term: 1-12 months from the date of the PMAP
- Note that the anticipated timeframe for a reduction in PFAS

concentrations at the location of receptors is difficult to estimate
and would be dependent on a number of factors, including how
many other management actions are implemented.

4 Potential
impacts

Environmental:
- Truck movements associated with drain diversion works.
- Impact on local ecosystem (biota – fauna and flora).

Socio-economic:
- Minimising the transport of PFAS will result in an improvement of

land and water quality.
- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships

5 Estimated net
environmental
benefit

 Significant

(groundwater treatment and source area soil management also required
to achieve net environmental benefit)

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- Significant reduction in fate and transport from PFAS impacted

soil / surface water
- No PFAS mass reduction

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the likelihood
and scale of the risk.

This management action is anticipated to have a moderate impact on
logistics on Base in the short term, largely related to construction works
associated with installation of drains, piping, regrading, earthworks and
truck movements.
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7 Best-practice
status

This action is one of many management actions for management of water
to minimise cross contamination.

This action would be considered as ‘best-practice’ as it would prevent large
volumes of clean water interacting with PFAS impacted water.

8 Verification
status

Verified by actions such as rainwater harvesting programs, drain
diversions, detention basin constructions to separate clean water for
beneficial re-use or prevent cross-contamination.

9 Technology
assessment

Infrastructure and energy requirements
- Potential for drainage work, installation of run-off capture systems.
- Low energy required following implementation.

Reliability of technology
- Run-off management has been used successfully at the Base and

other sites.
- Low reliability during heavy rainfall due to flooding potential.

Ability to monitor effectiveness
- Ongoing monitoring will be implemented to measure success /

effectiveness.
- Monitoring of surface water network.

Ability to obtain any necessary approvals
- No approval from regulators required.

Availability of services and materials
- Numerous contractors and run-off management options available.

10 Risks and
mitigation

Secondary risks:
- Ongoing management of drains and detention basins.
- Management of sediment, surface and erosion during

implementation.
Residual risks:

- PFAS impacted groundwater, surface water or sediment not
addressed by this action.

11 Key
Dependencie
s

SS-1: Soil treatment.

Defence implications

12 Defence
capability

Low impact to Base operations and capability.

13 Project fit The run-off management can be easily implemented to separate clean and
PFAS impacted runoff.

14 Scalability This option can be readily scaled up or down as required.
The management of run-off can be completed on a number of areas at the
Base, depending on accessibility.

Stakeholder impacts, views and consents
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15 Jurisdictional
regulator/s

No external approvals required.

16 Owner /
occupier
consents and
views

AACO

17 Community No community impacts identified in relation to this management option.
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P-3 Line drains

No # P-3

Title (functional) Line drains / detention basins with a low permeability liner.
Description Lining of drains to prevent PFAS impacted surface water

from migrating vertically into soil and (ultimately)
groundwater on- and off-Site.

Objective Prevent PFAS impacted surface water in drains from
migrating to groundwater or to Oakey Creek

How this objective contributes
to managing the identified risk

Reduce the mass of PFAS in groundwater and surface
water to which human or ecological receptors could be
exposed.

The extent to which this option
is expected to meet the
objective

Challenge will be to design a system for collecting and
diverting surface water during a rainfall event – this may
involve managing relatively high volumes of water in the
short term.

Partly aligns with remediation / management hierarchy – i.e.
remediation / management of pathways is preferred over
receptors, but source area remediation is preferred over
pathways.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the contamination migration pathway.

Supplementary /
complementary options

P-1: Separation of clean run-off from PFAS impacted run-off
GS-1: Groundwater treatment
SS-1: Soil treatment
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Cost / effectiveness / impact analysis –P-3  Line drains / detention basins

1 Cost range
estimate

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

2 Effectiveness
rating

Medium with supplementary option

The option, together with a supplementary option (including SS-1 to
remove further leaching of PFAS from source areas and GS-2
groundwater treatment), is projected to make significant progress
towards meeting its objectives

3 Implementation
period /
timeframe

Primary implementation period

- Short term: 1-12 months from the date of the PMAP
- Note that the anticipated timeframe for a reduction in PFAS

concentrations at the location of receptors is difficult to estimate
and would be dependent on a number of factors, including how
many other management actions are implemented.

4 Potential
impacts

Environmental:
- Truck movements associated with construction.
- Impact on local ecosystem (biota – fauna and flora).

Socio-economic:
- Minimising the transport of PFAS will result in an improvement of

land and water quality.
- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships.

5 Estimated net
environmental
benefit

Marginal

- Moderate to high potential for impacting ecosystem health by
lining drains

- Low potential for impacting sensitive species
- Low to moderate reduction in fate and transport from PFAS

contaminated groundwater
- No PFAS mass reduction

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the likelihood
and scale of the risk.

This management action is anticipated to have a moderate impact on
logistics on Base in the short term, largely related to construction works,
earthworks and truck movements.

7 Best-practice
status

Drain / detention basin lining is one of many management actions for
management of PFAS impacted sediment/soil in drains.

Although this action does not involve destruction of PFAS, it does reduce
the mass of PFAS interaction between surface water and groundwater.
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8 Verification
status

The ability of the system to operate efficiently during rain events would
need to be verified

9 Technology
assessment

Infrastructure and energy requirements
- Low energy required following implementation.

Reliability of technology
- Likely to have low reliability during heavy rainfall where flooding

occurs.
Ability to monitor effectiveness

- Ongoing monitoring will be implemented to measure success /
effectiveness.

- Monitoring of surface water network.
Ability to obtain any necessary approvals

- No approval from regulators required.
Availability of services and materials

- Numerous contractors and materials available.

10 Risks and
mitigation

Secondary risks:
- Ongoing management of lining.
- Management of sediment and erosion during implementation.

Residual risks:
- PFAS impacted surface water or groundwater not addressed by

this action.

11 Key
Dependencie
s

P-1: Separation of clean run-off from PFAS impacted run-off
P-2: Surface water treatment
GS-1: Groundwater treatment
SS-1: Soil treatment

Defence implications

12 Defence
capability

Low impact to Base operations.

Drainage channel diversion or dewatering may be required to line drains /
detention basins

13 Project fit The technology can be easily implemented at the Base.

14 Scalability This option can be readily scaled up or down as required.

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

No external approvals required.

16 Owner /
occupier
consents and
views

AACO

17 Community No community impacts identified in relation to this management option.
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P-5 Reduce / prevent PFAS plume migration by hydraulic containment

No # P-5

Title (functional) Implementation of technology to reduce / prevent PFAS
plume migrating from high concentration source areas or
off-Site.

Description
- Hydraulic containment of PFAS contaminated

groundwater.  Implementation could include
interception bores linked to treatment and re-
injection etc.

Objective Reduce or prevent PFAS mass in groundwater from
migrating off-Site.

How this objective contributes
to managing the identified risk

A reduction in the mass load of PFAS in groundwater will
reduce the potential for human or ecological receptors to be
exposed to elevated concentrations of PFAS.

The extent to which this option
is expected to meet the
objective

The logistics associated with installing across large
groundwater plume boundary will be problematic for an
active airfield, and technical issues (e.g. flooding) would
need to be considered.
Aligns with remediation / management hierarchy – i.e.
remediation / management of areas with elevated PFAS
concentrations.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the migration pathway of PFAS
contamination.

Supplementary /
complementary options

SS-1 Excavation on PFAS impacted soil.
GS-1 Groundwater treatment

Implementation of Ongoing Monitoring Plan to monitor the
success or effectiveness of the treatment.
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Cost / effectiveness / impact analysis – P-5 Reduce / prevent PFAS plume migration

1 Cost range
estimate

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

2 Effectiveness
rating

High with supplementary option

The option, together with a supplementary options (including SS-1 and
GS-1, soil and groundwater treatment), is projected to meet all its
objectives or meet a ‘best available’ standard.

3 Implementation
period /
timeframe

Primary implementation period

- Medium term: 1-3 years  for on Base
Construction / commissioning / commencement of operations.

- Long term :  beyond 3 years
Operational phase

4 Potential
impacts

Environmental:
- Truck movements associated with construction
- Reduce or preventing PFAS migration to the off-Site environment

will result in an improvement of land and water quality.

Socio-economic:
- Improve community confidence in using the land and water.
- Strengthen Defence and community relationships
- Positive community message for management of PFAS migration

5 Estimated net
environmental
benefit

Moderate

- Low potential for impacting ecosystem health
- Low potential for impacting sensitive species
- Low to moderate reduction in fate and transport from PFAS

contaminated groundwater
- No PFAS mass reduction

Risk-based analysis

6 Proportion of
action to risk

The scale and cost of the action is considered proportional to the likelihood
and scale of the risk.

The technology would require a combination permeable reactive barrier
and cut-barrier / hydraulic containment technology to achieve efficiencies.
Given the shallow groundwater, potential for flooding and the large
boundary of the Base, the net benefits are not expected to be immediate.

This management action is anticipated to have a moderate impact on
logistics on Base in the short term, largely related to construction works
(related to installation of the barrier), earthworks and truck movements.

7 Best-practice
status

Although this action does not involve destruction of PFAS, it does reduce /
prevent the mass of PFAS migrating off-Site.
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8 Verification
status

The ability of the technology to operate efficiently across large
groundwater plume boundary will need to be verified, together with
verification of operation during heavy rain resulting in flooding.

9 Technology
assessment

Infrastructure and energy requirements
- Plant and equipment required to be provided by a contractor.
- Following installation of permeable reactive barrier / hydraulic

containment, no further energy is required.
- Monitoring required as a separate task.

Reliability of technology
- Reliability of technology would need to be assessed on a small

scale, given the complex groundwater / surface water interactions,
and flooding potential.

Ability to monitor effectiveness
- Ongoing monitoring will be implemented to measure success /

effectiveness of the technology.
- Monitoring of existing wells and wells installed as part of the works

Ability to obtain any necessary approvals
- No approval from regulators required for treatment, if the barrier

and hydraulic containment is installed on the Base.  Notification to
and feedback from QLD agencies should be undertaken.

- Development consent may be required for off-Site locations.
Availability of services and materials

- Numerous contractors and treatment options available.
10 Risks and

mitigation
Secondary risks:

- Consideration of groundwater characteristics (including
groundwater modelling) to enable optimal placement of the
hydraulic containment.

- Ongoing monitoring of hydraulic containment.
- Management of soil during implementation.

Residual risks:
- PFAS impacted soil and groundwater in source areas not

addressed by this action.
- The technology to be implemented for large groundwater plume

boundary will be problematic for an active airfield.
- PFAS may outlast the engineered structure.

11 Key
Dependencie
s

GS-1 – Groundwater treatment
SS-1 – Soil treatment.

Defence implications

12 Defence
capability

Low impact to Base operations and capability.

13 Project fit Hydraulic containment technology would prevent further contaminant
migration, but would likely need to be considered alongside another
technology (e.g. permeable reactive barrier) to manage the contaminant
that remains in-situ and the flow of groundwater around the barrier. This
technology would have limitations during flood events.
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14 Scalability This option can be readily scaled up or down as required.
However, given the logistics associated with installing across large
groundwater plume boundary will be problematic for an active airfield.

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

On-Site: No external approvals required.  However, notification to and
feedback from QLD agencies will be undertaken.

Off-Site: DNRM, TRC
16 Owner /

occupier
consents and
views

On-Site: AACO

Off-Site: Property lease, access agreements

17 Community No community impacts identified in relation to this management option.
The ability to reduce / prevent PFAS migration from Base to off-Site
environment will be viewed as a positive outcome, by the community.
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R-1 Ongoing community engagement on using groundwater for domestic
purposes

R-3 Ongoing community engagement on recreational use of Oakey Creek

No # R-1, R-3

Title (functional) Ongoing community engagement and reinforcement of QLD
government precautionary advice to minimise exposure to
PFAS by not using groundwater for domestic purposes

Description Provide up to date information relating to PFAS advice via
factsheets and community announcements.

Objective Prevent the community from potentially being exposed to
elevated concentrations of PFAS via ongoing community
engagement.

How this objective contributes
to managing the identified risk

Reduce the potential for the community to be exposed to
PFAS via ingestion (including incidental ingestion) of PFAS
impacted groundwater.

The extent to which this option
is expected to meet the
objective

There has been extensive engagement with the community
since 2014.  Community engagement has successfully led
to changes in the way the community in the management
area uses groundwater.

Whether the option addresses
- source,
- pathway
- receptor, and/or
- extended

implementation period
requirements

This option addresses the receptor of the contamination.

Supplementary /
complementary options

GS-1: Groundwater treatment
SS-1: Soil treatment
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Cost / effectiveness / impact analysis –R-1  Ongoing community engagement on community
using groundwater for domestic purposes and R5- Ongoing community engagement on
recreational users of Oakey Creek

1 Cost range
estimate

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

2 Effectiveness
rating

Medium with supplementary option

The option, together with a supplementary options (including SS-1 and
GS-1, soil and groundwater treatment), is projected to make significant
progress towards meeting its objectives.

3 Implementation
period /
timeframe

Primary implementation period

- Currently: ongoing engagement, implemented over the past two
years.

- Long term:  to continue following implementation of PMAP and
ongoing monitoring plan.

4 Potential
impacts

Environmental:
- PFAS impact remains in soil / groundwater.
- Ongoing engagement required during PMAP implementation and

ongoing monitoring.

Socio-economic:
- Continue to improve community awareness of PFAS impacted

groundwater and alternative options (e.g. use of tank water,
connection to town water, supply of bottled water)

- Prevent community use of PFAS impacted groundwater for
domestic purposes.

- Strengthen Defence and community relationships.

5 Estimated net
environmental
benefit

No net benefit to environment.

- No impact to ecosystem health
- No impact to sensitive species
- No reduction in fate and transport from PFAS contaminated

groundwater
- No PFAS mass reduction

Risk-based analysis

6 Proportion of
action to risk

There has been extensive engagement with the community since 2014,
engagement has successfully led to changes in the way the community in
the management area uses groundwater.

Ongoing community engagement and reinforcement of Queensland
government precautionary advice will be required to minimise exposure to
PFAS by not using groundwater for domestic purposes.

This management action is anticipated to have no impact on logistics on
Base, largely related to community engagement.
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7 Best-practice
status

Ongoing community engagement is considered ‘best-practice’ as it
involves up-to date advice to the community on precautionary advice.

Although this action does not involve destruction of PFAS, it does reduce
exposure to PFAS impacted groundwater.

8 Verification
status

Community engagement has been successfully implemented at AACO. Its
continued success will depend on ongoing engagement to ensure the
community is informed of new findings or changes to precautionary advice.

9 Technology
assessment

N/A

10 Risks and
mitigation

Potential ongoing landuse impacts.
- Ongoing community engagement.

Residual risks:
- PFAS impacted surface water or groundwater not addressed by

this action.

11 Key
Dependencie
s

GS-1: Groundwater treatment
SS-1: Soil treatment

Defence implications

12 Defence
capability

Low impact to Base operations.

13 Project fit The community engagement process has been implemented at the Base
and other Defence Bases / Sites.

14 Scalability This option can be readily scaled up or down as required.

Stakeholder impacts, views and consents

15 Jurisdictional
regulator/s

No external approvals required.
However, updates to precautionary advice from QLD agencies and / or
federal government will be communicated to the community.

16 Owner /
occupier
consents and
views

Individual landowners.

17 Community The community within the Management Area have been informed of the
precautionary advice related to ingestion of PFAS impacted groundwater,
via factsheets, environmental reports, Town Hall sessions and Community
Walk In Sessions.
Ongoing community engagement will be required.



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

APPENDIX F Ongoing monitoring plan



ARMY AVIATION CENTRE OAKEY 

PFAS ONGOING MONITORING PLAN 

               July 2019 



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 

2 

Contents 
Glossary 5 
1.0 Introduction 1 

1.1 Background 1 
1.2 The Site and AFFF Use 2 
1.3 Management Area 2 
1.4 Objective 2 
1.5 Purpose 3 
1.6 Risk Management Decisions 3 
1.7 Related Documentation 3 
1.8 Timeframe 3 
1.9 Stakeholder Communication 3 
1.10 Sources of Information 4 
1.11 Roles and Responsibilities 5 
1.12 Document Review 5 

2.0 Scope 6 
3.0 Previous Investigations 7 

3.1 AACO 7 
3.1.1 Environmental Investigations 7 
3.1.2 Groundwater model 8 
3.1.3 Conceptual Site Model 8 
3.1.4 Risk Assessment 9 

3.2 Brymaroo 10 
4.0 Regulatory Requirements 14 

4.1 Environment Protection and Biodiversity Conservation Act 1999: 14 
4.2 Queensland Environmental Protection Policy 14 
4.3 Australian Contaminated Land Guidance Documents 14 
4.4 Work Health and Safety Act, 2011 15 
4.5 Defence Environmental Strategies 15 

5.0 Data Quality Objectives 16 
5.1 Step 1 – State the Problem 16 
5.2 Step 2 – Identify the Goal of the Study 17 
5.3 Step 3 – Identify Information Inputs 17 
5.4 Step 4 – Define the Boundaries of the Study 17 
5.5 Step 5 – Develop the Analytical Approach 17 

5.5.1 Precision 18 
5.5.2 Accuracy (Bias) 18 
5.5.3 Representativeness 18 
5.5.4 Completeness 19 
5.5.5 Comparability 19 

5.6 Step 6 – Specify Performance or Acceptance Criteria 19 
5.7 Step 7 – Optimise the Design for Obtaining Data 20 

6.0 Detailed Sampling and Analysis Plan 21 
6.1 Key Elements of the OMP 21 
6.2 Sample Media, Analysis and Frequency 21 

6.2.1 Media 21 
6.2.2 Sample Analysis 22 
6.2.3 Frequency of Monitoring 22 

6.3 Groundwater Sampling 22 
6.3.1 Rationale for Groundwater Sample Locations 22 
6.3.2 Groundwater Sampling Methodology, Schedule and Sampling 

Locations 24 
6.4 Surface Water (Creek) Sampling 27 

6.4.1 Rationale for Surface Water Sample Locations 27 
6.5 Surface Water (Drainage Channel) Sampling 28 

6.5.1 Surface Water Sampling Method, Schedule and Sampling Locations 28 



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 

3 

6.1 Sediment Sampling 28
6.1.1 Rationale for Sediment Sample Locations 28
6.1.2 Sediment Sampling Method, Schedule and Location 29

7.0 Implementation of the OMP 30
7.1 Responsibilities 30
7.2 Health, Safety, Environmental and Security Management 30

7.2.1 Suitably experienced and qualified personnel 30
7.2.2 Health and safety management 30
7.2.3 Emergency contacts 31
7.2.4 Environmental management 31
7.2.5 Security requirements, access approvals and community engagement 31

7.3 Sample Methodologies 32
7.3.1 General PFAS sampling guidance 32
7.3.2 Groundwater 33
7.3.3 Groundwater sampling 33
7.3.4 Surface water sampling 33
7.3.5 Sample transport and analytical laboratory 34

7.4 Sample Nomenclature and Labelling 34
7.5 Equipment Required for Sampling and Calibration 35
7.6 Quality Assurance/Quality Control Sampling 35

7.6.1 Quality Assurance / Quality Control Sample Nomenclature 35
7.7 Analytical Suite and Laboratory Analysis Methods 36
7.8 Fieldwork Documentation 37

7.8.1 Field notes 37
7.8.2 Chain of custody forms 38
7.8.3 Sampling documentation 38
7.8.4 Calibration records 38
7.8.5 Laboratory reports 38

8.0 Data Management, Performance Measures and Reporting 40
8.1 Data Management 40

8.1.1 Field data capture and recording 40
8.1.2 Transferring analytical results into ESdat 40
8.1.4 Data validation process 40

8.2 Performance Measures 40
8.3 Reporting Format and Frequency 42

8.3.1 Interim escalation report 42
8.3.2 Factual monitoring 42
8.3.3 Interpretative reporting 43
8.3.4 Recommendations letter 43
8.3.5 Residential results letters 43
8.3.7 OMP Review and Applicability 44

8.4 Assessment Criteria 45
8.4.1 Reporting quality control data 45

9.0 References 47

 Appendix A
Management Area A

 Appendix B
Sampling Locations B

                                                                     
List of Tables in Text

Table 1 2017 ESA Findings 7
Table 2 Conceptual site model 11
Table 3 The seven step process 16
Table 4 Rationale for Groundwater Monitoring 23



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 
 
 

 

4 
 

Table 5 Groundwater Sampling Methodology and Schedule 24 
Table 6 Summary of Groundwater Sample Locations 25 
Table 7 Surface Water Sampling Methodology and Schedule 27 
Table 8 Surface Water (Creek) Sampling Details 27 
Table 9 Surface Water Sampling Methodology and Schedule 28 
Table 10 Surface Water (Drainage Channel) Sampling Details 28 
Table 11 Scope of Responsibilities for Implementation of the OMP 30 
Table 12 Off-Site Emergency Contact Details 31 
Table 13 Sample Nomenclature 34 
Table 14 Sampling Equipment 35 
Table 15 QA/QC Sample Nomenclature 35 
Table 16 Sample Analytical Suite for PFAS 36 
Table 17 Laboratory Limits of Reporting 37 
Table 18 Trigger levels and responses 41 
Table 19 Monitoring Report Type and Frequency 44 
Table 20 Summary of Adopted Screening Criteria 45 
 

 



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 
 
 

 

5 
 

Glossary 
Glossary 
AACO Army Aviation Centre Oakey 

AFFF Aqueous film forming foam 

ASC NEPM Assessment of Site Contamination National Environment Protection Measure 
1999 (as amended 2013) 

COC Chain of custody 

CSM Conceptual site model 
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DO Dissolved oxygen 

DQI Data quality indicator 

DQO Data quality objective 

EC Electrical conductivity 

ECC Environmental Clearance Certificate 
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OEH Office of Environment and Heritage 

OMP Ongoing Monitoring Plan 
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PFHxS Perfluorohexanesulfonic acid 
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Glossary 
SAQP Sampling analysis and quality plan 

SWMS Safe work method statement 

2016 Stage 2C EI 2016 Stage 2C Environmental Investigation 

2017 Stage 2C EI 2017 Stage 2C Environmental Investigation 
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TRH Total recoverable hydrocarbons 
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URS URS Australia Pty Ltd 

US EPA US Environmental Protection Agency 

VOC Volatile organic compounds 

WHS Work Health and Safety 
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1.0 Introduction  

1.1 Background 

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

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

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

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

1.1.1 The nature of PFAS 

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

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

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

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

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

• Some PFAS (including PFOS and PFOA) are environmentally persistent and bioaccumulate. 
This means that some plants may be susceptible to PFAS, uptaking it 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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1.2 The Site and AFFF Use 
The Site was constructed in 1943, initially as a training facility and overflow aircraft maintenance depot 
for RAAF Base Amberley. The Site currently operates as the Army’s helicopter training school for 
pilots and aviation technicians and is also home to a Republic of Singapore Airforce helicopter 
squadron.  

Previous environmental investigations targeting the assessment of PFAS contamination have been 
conducted at the Site. Key objectives of the 2015 Stage 2B Environmental Investigation (EI), 2016 
Stage 2C EI and 2017 Stage 2C EI were to characterise the nature and extent of environmental 
impacts from the historical use of aqueous film forming foam (AFFF) containing PFOS and PFOA. It is 
noted that initial investigations of potential contamination resulting from historical use of AFFF were 
based on PFOS and PFOA as the primary contaminants of concern. Subsequently a broader range of 
PFAS compounds (including PFHxS) have been investigated based on increasing understanding of 
PFAS toxicology and current Australian guidance, and from developments in commercial PFAS 
analytical services. 

The Brymaroo site is approximately 266 hectares in size and is used for training in emergency 
landings and fire hazard training.  AFFF containers are present for use in emergencies.  No known 
training exercises using AFFF are known.   The key objective of an environmental investigation 
conducted between 2016 and 2018 was to characterise potential environmental impacts from the 
historical use of AFFF. 

1.3 Management Area 
The Management Area was established in 2017 and comprises three zones (refer to Appendix A): 

• Management Zone 1: this zone is located immediately to the south and southwest of the Site. It 
has the highest perfluorooctanesulfonic acid (PFOS) + perfluorohexanesulfonic acid (PFHxS) 
concentrations in groundwater in the Management Area given its closer proximity to the Site and 
potential downwards migration of PFAS from surface water in drainage channels 1 and 2. 

• Management Zone 2: this zone is located further to the south and southwest of the Site. It has 
higher PFOS+PFHxS concentrations in groundwater in comparison with Management Zone 3 as a 
result of a combination of impacted groundwater flowing to the south and west from the Site 
together with downwards migration of PFAS-impacted surface water from the drains leaving the 
Site.  

• Management Zone 3: located outside Management Zone 1 and Zone 2 and within the remainder 
of the Management Area. PFAS was not detected by the laboratory in the majority of groundwater 
samples collected from groundwater monitoring bores in this Management Zone. 

Defence has issued precautionary advice for residents within each management zone. 

1.4 Objective 
The objective of implementing an OMP is to provide information on changes in the location and 
concentrations of PFAS contamination in groundwater and surface water in the Management Area.  
The data are required in order to inform risk management decisions by Defence and the Queensland 
Government to protect human health and the environment. 

Groundwater and surface water monitoring will be conducted in two six monthly monitoring events, an 
annual comprehensive event at the end of the wet season and a targeted event at the end of the dry 
season. 

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. 
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1.5 Purpose 
The OMP will provide data on changes in the distribution and concentration of PFAS in selected 
environmental media and enable assessment of results against appropriate guideline values to 
provide: 

1) An evidence base for ongoing risk management of PFAS contamination to protect human 
health and environment. 

2) Indications of trends in PFAS concentrations to assist evaluating the progress of 
management measures, and/or identification that additional management of PFAS 
distribution is changing and that additional management may be warranted. Maintaining 
accurate maps of the distribution of PFAS in groundwater and the layout of the management 
zones that provide precautionary advice.   

1.6 Risk Management Decisions 
The monitored changes in PFAS concentrations in data collected as part of the OMP may inform a 
number of risk-management decisions including: 

• additional investigations  

• re-assessment of one or more remediation / management actions 

• additional remediation or containment actions 

• changing risk management actions at receptor level (e.g.  provision or cessation of alternative 
drinking water supplies) 

• changes to Queensland Government advice on types of exposure-minimisation behaviours (e.g., 
consumption of home produce or aquatic biota) 

• changes to Queensland Government advice on boundaries of a designated management area and 
the management zones within 

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

1.7 Related Documentation 
The OMP forms a standard component of the PMAP.  Specific remediation action plans for the 
Management Area will contain specific on-going monitoring actions to assess and validate the 
effectiveness of that remediation plan. 

1.8 Timeframe 
The OMP will cover the primary implementation period of the PMAP, and continue after the response 
management (i.e. remediation activities) has ended. This is the timeframe over which PMAP 
remediation actions (or other short-medium term actions) have been completed. 

The OMP will also cover the extended implementation period to the extent required by specific 
characteristics of the Management Area and behaviour of the plume. 

The timing of the monitoring events is discussed in Section 6.0. 

1.9 Stakeholder Communication 
The following will be shared with the Queensland Government 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. 
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An implementation process for stakeholder communication has been developed to identify the 
responsibility and accountability of the team involved in the implementation of the OMP, see 
Section 1.11. 

1.10 Sources of Information 
The development of this OMP is principally based on national guidance documents and the technical 
findings of the 2016 and 2017 Stage 2C EIs. These are identified below: 

Standards and Guidance Documents for PFAS Monitoring 

• Heads of Environmental Protection Agency (HEPA), 2018 PFAS National Environmental 
Management Plan (NEMP), January 2018. 

• National Environment Protection Council (NEPC)’s National Environment Protection (Assessment 
of Site Contamination) Measure (NEPM) 2013 Schedule B1, Guideline on Investigation Levels for 
Soil and Groundwater and Schedule B2 Guideline on Site Characterisation 

• United States Environmental Protection Agency (US EPA) Guidance on Systematic Planning 
Using the Data Quality Objectives Process (EPA QA/G-4 : EPA/240/B-06/001), February 2006 

• Australian Standard for Water Quality Sampling (AS5567: 1998) 

• New South Wales Environmental Protection Agency, 2016. Incoming water standards for aquatic 
ecosystem protection: PFOS and PFOA 

• New South Wales, Office of Environment and Heritage (OEH), 2017. PFAS Screening Criteria 
(May 2017) Draft 

• Western Australia Department of Environment and Regulation (DoER), 2017. Interim Guideline 
on the Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) 
Contaminated Sites. Government of Western Australia 

• Department of Health (February 2017) – Final Health Based Guidelines Values (HBGV) for PFAS 
for use in site investigations in Australia 

• enHealth Statement: Interim national guideline on human health reference values for per- and 
poly-fluoroalkyl substances for use in site investigations in Australia (June 2016).  

Technical Reports 

• AECOM 2016a, Stage 2C Environmental Site Assessment (ESA), Army Aviation Centre, Oakey, 
60438981 Final. 26 July 2016 

• AECOM 2016b, Stage 2C Environmental Investigation- Human Health Risk Assessment, Army, 
Aviation Centre, Oakey, 60438981 Final. 01 September 2016 

• AECOM 2016c, Stage 2C Environmental Investigation- Preliminary Ecological Risk Assessment, 
(ERA) Army, Aviation Centre, Oakey, 60438981 Final. 01 November 2016 

• AECOM 2017a, Environmental Site Assessment- December 2017, Army Aviation Centre Oakey 
Stage 2C Environmental Investigation, 60533675, Rev 0 Final, 4 December 2017 

• AECOM 2017b, Human Health Risk Assessment – December 2017, Army Aviation Centre Oakey 
Stage 2C Environmental Investigation, 60533675, Rev 0 Final, 4 December 2017 

• AECOM 2018a, Ecological Risk Assessment, Army Aviation Centre Oakey Stage 2C 
Environmental Investigation, 60533675, Rev 0 Final, October 2018 

• AECOM, 2018b, Groundwater and Surface Water Monitoring Event July 2017 and May 2018, 
Army Aviation Centre Oakey Stage 2C Environmental Investigation, 60533675, Rev 0 Final, 8 
October 2018 

• AECOM, 2018c, Environmental Site Assessment, Brymaroo Satellite Site, AACO Stage 2C 
Environmental Investigation, 60533675, Rev 0 Final, 27 June 2018. 
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• AECOM, 2019a, Groundwater and Surface Water Monitoring Event October / November 2018, 
Army Aviation Centre Oakey Stage 2C Environmental Investigation, 60533675, Rev A Draft, 11 
January 2019. 

1.11 Roles and Responsibilities  
This OMP will be implemented by Defence, and Defence is responsible for ensuring that appropriately 
qualified environmental consultants are engaged to carry out the works specified by the OMP. 

In addition, the environmental consultant is responsible for ensuring that their activities do not breach 
the requirements detailed in this OMP and follow standard Site security and safety protocols. The 
environmental consultant is also responsible for uploading the monitoring data to the relevant Defence 
database. 

The Regional Environment & Sustainability Officer is responsible for reviewing and approving the 
permits required for the works under the OMP. 

Further information on the responsibilities of the implementing team is provided in Section 7.0. 

1.12 Document Review  

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

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

This document will be reviewed and updated in accordance with the strategy detailed in Section 5.  
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2.0 Scope 
The scope of work activities for this OMP included the following: 

• Summarising the current, overall findings of environmental investigations and risk assessments at 
the Site and the current Conceptual Site Model (Section 3.0) 

• Identifying the regulatory requirements and contaminated land guidance documents (Section 4.0) 

• Establishing the Data Quality Objectives for the OMP (see Section 5.0) 

• Development of a detailed sampling and analysis quality plan (see Section 6.0) including 
identification of the sample media, contaminants, locations and frequency of monitoring 

• Identifying the requirements and processes for implementing the OMP (see Section 7.0).  This 
includes: 

- Health and safety and security requirements 

- Access requirements for sample locations 

- Descriptions of the sample methodologies to be used during the sampling 

- Identification of the sample equipment and calibration requirements 

- Identification of approach to quality assurance  

- Details of the laboratory analysis and limits for reporting 

- Sample nomenclature details 

- Fieldwork documentation 

• Defining the approach to data management and reporting (see Section 8.0) 

- Data management requirements including uploading to the Defence data management 
system, 

- Thresholds for notification 

- Reporting requirements including types of report, content and frequency 

- Summary of the current assessment criteria 

- OMP review schedule and update. 
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3.0 Previous Investigations  

3.1 AACO 
3.1.1 Environmental Investigations 
PFAS was first identified in the groundwater at the Site during an environmental investigation in 2010 
and first detected in groundwater off-Site in 2013. Environmental studies conducted between 2010 and 
2017 have identified that soil, sediment, terrestrial biota, aquatic biota, surface water and groundwater 
on- and off-Site have been impacted by PFAS. A summary of the overall findings of these previous 
investigations, as presented in 2017 Environmental Site Assessment report (AECOM, 2017a), is 
provided in Table 1 below. 
Table 1 2017 ESA Findings 

Objective Key Findings 

Groundwater and 
Surface Water 
Interactions 

Concentrations of PFAS in groundwater are highest on-Site, near potential 
source areas, with impacted groundwater extending off-Base to the south, 
southwest and west. The local groundwater table is around seven metres 
below the base of Oakey Creek, and therefore Oakey Creek is a ‘losing 
system’. This means some water from Oakey Creek migrates downwards 
into the underlying groundwater. The assessment also found that PFAS 
impacts near the Base’s southern boundary are likely to be related to surface 
water transport of PFAS along stormwater drains to Oakey Creek. PFAS in 
groundwater then flows to the west, which is the regional groundwater flow 
direction. 

Characterisation of 
Potential on-Site 
Sources 

A more detailed investigation of the PFAS source areas identified on-Site in 
the 2016 ESA was conducted. The 2017 investigation has improved 
understanding of the extent of elevated PFAS concentrations in soil at the 
former fire training ground. A site-wide groundwater monitoring event was 
conducted and identified locally elevated PFAS groundwater concentrations 
close to all potential sources of PFAS. The understanding of PFAS sources 
is an important part of developing future remediation and management 
strategies. 

Potential Risks to the 
Walloon Coal 
Measures of the Great 
Artesian Basin 

The 2017 ESA assessed the potential risk to the Walloon Coal Measures, 
which is part of the Great Artesian Basin. The Walloon Coal Measures is a 
deeper aquifer than the Oakey Creek Alluvium. Groundwater samples 
collected from the Oakey Creek Alluvium have reported detections of PFAS. 
The investigation found that the risk of PFAS migrating into the Walloon Coal 
Measures was limited due to a number of factors, including: 

• There are limited areas within the Investigation Area where the Oakey 
Creek Alluvium aquifer is in contact with (i.e. directly overlies) the 
Walloon Coal Measures  

• There is limited high-volume extraction of groundwater from the Walloon 
Coal Measures, compared to the overlying Oakey Creek Alluvium and 
therefore a lower potential for PFAS to be ‘drawn’ into the Walloon Coal 
Measures  

• Little or no faulting or fracturing has been identified in the Oakey Creek 
Alluvium. Faults or fractures in the rocks beneath the Investigation Area 
can potentially act as a preferential pathway for the movement of PFAS. 

Other PFAS Sources The 2017 ESA investigated other potential sources of PFAS outside of the 
Site, including the following: 

• The former landfill site on Lorrimer Street 
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Objective Key Findings 

• The use of PFAS-impacted water for irrigation 

• Vertical migration of PFAS-impacted water in dams and drains 

• Areas inundated by PFAS-impacted flood waters. 

Based on groundwater analytical results, the former landfill is considered to 
be a secondary source of PFAS. The affected area around the former landfill 
is limited, possibly due to the lower permeability of the Oakey Creek Alluvium 
in this area. It is considered that PFAS-impacted water used for irrigation 
could be contributing to the PFAS in the underlying groundwater. However, 
as seepage of PFAS-impacted surface water to the underlying aquifer from 
farm dams and drains also occurs in the Investigation Area, the relative 
contribution of all these processes to PFAS in the underlying groundwater is 
unclear. There is a possible correlation between the areas historically flooded 
and elevated concentrations of PFAS in the underlying groundwater. The 
degree to which PFAS-impacted flood waters could infiltrate to the underlying 
groundwater table is influenced by the soil type at the ground surface and the 
time it takes for flood waters to recede. Flood waters could move through 
sandy surface soils more easily than through clay-rich surface soils. If flood 
waters recede slowly, there is more time for the PFAS impacted water to 
infiltrate to the underlying groundwater table. 

Analysing for other 
PFAS 

All soil, water and sediment samples collected during the 2017 ESA were 
analysed for an extended PFAS suite of 28 compounds. The investigation 
confirmed that the dominant types of PFAS present were PFOS and PFHxS. 

 

3.1.2 Groundwater model  
The groundwater model developed for the 2015 Stage 2C EI was refined during the 2017 Stage 2C EI 
(AECOM, 2017a).  PFOS plume migration, using a conservative approach of continuous contaminant 
sources in uniform permeable sediments, is predicted to continue in a westerly direction within the 
groundwater. This modelling allowed for the assessment of contaminant sources and plume shape, 
which is similar to the field measurements and observations.  Adding heterogeneity to the alluvial 
aquifer has improved the matching of the observed concentrations at the edge of the plume.   

The predictive modelling suggests that without remediation or management, the PFAS concentrations 
will continue to migrate from the Site towards the west for the duration of the model (2115).  The 2115 
projection estimated the area of groundwater containing PFOS concentrations greater than 0.01 µg/L 
to extend approximately 8 km east to west and 3 km north to south. 

3.1.3 Conceptual Site Model 
A general CSM, summarising the linkages between sources, exposure pathways and receptors is 
presented in Table 2, which is sourced from the 2017 ESA (AECOM, 2017a).  More detailed 
descriptions of exposure pathways are presented in the human health risk assessment (AECOM 
2017b) and the ecological risk assessment (AECOM, 2017c). 

The main sources at the Site are summarised below, refer to (AECOM, 2017a) for further information. 

• Depleting source areas (i.e. potential PFAS source associated with historical Site operations) 

- Former fire training ground area in Area North 

- Former fire station and foam training area in Area B3 

Former fuel compound and hot refuelling point in Area F1 

• Active source areas (i.e. potential PFAS source associated with current Site operations) 

- Hot refuel area in Area A2 

- Spent AFFF recovery underground storage tank in Area A2 
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- Spent AFFF recovery underground storage tank in Area S1 

- Spent AFFF recovery underground storage tank in Area C1 

- AFFF storage and decanting areas in Area D2 

- Current fire training ground in Area D2 

3.1.4 Risk Assessment 
The 2017 HHRA (AECOM 2017b) separately assessed potential PFAS exposure in each of the three 
Management Zones. “Typical” and “upper range” exposure scenarios were modelled for each 
Management Zone. Typical scenarios are intended to represent the average person in Oakey, based 
on average duration/ frequency of activities reported in community surveys or Australian statistical 
data. Upper range scenarios are considered to only apply to a small number of people in the 
community. Both scenarios were coupled with maximum concentrations of PFAS in groundwater, soil, 
sediment, surface water and selected home grown produce in each Management Zone to provide an 
overall conservative estimate of PFAS exposure. The highest levels of PFAS exposure are associated 
with the pathways that Queensland Health has previously advised should be avoided or minimised.  

The most effective way for all people in the Management Area to minimise future PFAS exposure is to 
follow Queensland Health advice to not drink groundwater.  

The 2017 HHRA (AECOM 2017b) also identifies which other aspects of the general precautionary 
advice published by Queensland Health should be followed by people in each Management Zone to 
most effectively minimise future PFAS exposure, as discussed below.  

3.1.4.1 Activities with Elevated PFAS Exposure  
In some parts of the Management Area, elevated exposure to PFAS in comparison to the tolerable 
daily intake (TDI) may occur under specific circumstances, for example if a person is exposed to 
elevated levels of PFAS in multiple ways. The highest levels of PFAS exposure in each Management 
Zone are associated with the activities shown with a dot in the table below. Queensland Health has 
previously advised that for residents living in or near an area contaminated by PFAS these activities 
should be avoided or minimised. 

The potential exposures to PFAS through the following activities are considered to be elevated (i.e. 
approach or exceed the TDI): 

 Management 
Zones 

1 2 3 

Drinking groundwater or using it in cooking    

Unintentionally ingesting groundwater when used indoors for showering or 
bathing or outdoors for filling swimming pools and children’s wading pools, and 
sprinkler play 

   

Eating home grown leafy green vegetables     

Eating home grown red meat and/or offal     

Eating eggs from backyard poultry  

Where exposure to PFAS-impacted groundwater, soil or feed can be prevented, it 
is estimated that PFAS would reduce to less than the laboratory limit of reporting 
(LOR) in eggs after 100 days 

   

Eating fish from Oakey Creek    

Drinking home grown milk     
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3.1.4.2 Key activities with Low and Acceptable PFAS Exposure  
Some of the key activities that have been identified to present a low potential risk to residents from 
exposure to PFAS are listed below: 

 Management Zones 

1 2 3 

Eating home grown fruit, or eating yabbies from Oakey Creek  Low and acceptable 

Unintentionally ingesting groundwater used for household cleaning, laundry, 
washing vehicles or washing pets 

Low and acceptable 

Unintentionally ingesting soil or sediment during domestic or recreational 
activities 

Low and acceptable 

Unintentionally ingesting surface water or skin contact with surface water 
during recreational activities such as swimming, boating or fishing 

Low and acceptable 

Skin contact with soil, sediment, groundwater or surface water during 
domestic, work or recreational activities 

Low and acceptable 

Inhaling dust as a result of outdoor activities (e.g. lawn mowing) or dust tracked 
back into the home or workplace 

Low and acceptable 

 

3.2 Brymaroo 
Three phases of intrusive investigation were conducted at Brymaroo between 2015 and 2018.   
Collectively, the phases have included a site walkover, drilling of 27 shallow soil bores, installation of 
twelve groundwater monitoring bores and completion of three groundwater monitoring events. A total 
of 123 soil samples, one drain sediment sample, 31 groundwater samples and one rainwater tank 
sample have been analysed for contaminants of potential concern. 

The results of the investigation indicated the presence of PFAS in soil, drain sediment and 
groundwater in the vicinity of the infrastructure area in the southern portion of the Site, which is likely 
to derive from the use of AFFF during past activities and practices.  The groundwater results indicated 
limited migration of PFAS in groundwater from the operational area at the Site.  There is no indication 
that the PFAS is migrating in groundwater across the Site boundary.  It is noted that the PFAS 
groundwater results indicate that the contamination is historical and the potential for future 
transformation of precursor compounds is considered low.  

No complete exposure pathways have been identified for on-Site or off-Site human health receptors,  
assuming that occupational controls are in place to protect workers from exposure to potentially  
contaminated soil and the groundwater beneath the Site is not used for drinking or irrigation purposes. 

A potentially complete exposure pathway has been identified for on-Site ecological receptors 
(terrestrial ecosystems), where there could be uptake of PFAS in the food chain from contamination in 
the soil (in hotspots around the hot refuel area) to invertebrates and subsequently to invertivorous 
birds and small invertivorous mammals.  However, it is considered that the PFAS concentrations 
detected in soil are unlikely to present unacceptable risks to secondary consumers.  Note that this 
conclusion is based on a limited number of sample locations.  No complete exposure pathway was 
identified for aquatic receptors.    
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Table 2 Conceptual site model 

Primary source Environmental 
Fate Transport mechanisms Exposure pathways 

Exposed population 
characterisation / 

receptor 
Linkages 

On-Site areas where 
firefighting retardants / 
suppression foams 
(primarily AFFF) have 
been discharged or spilt 
to the environment. 
 
Off-Site areas where 
AFFF material has been 
discharged or spilt to 
the environment (e.g. 
the former landfill, the 
waste water treatment 
plant and areas used 
for firefighting training 
by non-Defence 
personnel). 
 
PFAS soaks into soil 
and / or infrastructure 
from where it can be 
eroded as sediment or 
leached by rainwater or 
flood water and migrate 
to groundwater, or 
dissolved in surface 
water runoff and 
potentially transported 
to affect other media. 

PFAS in shallow 
soil (<2.0 m) 

Water erosion 
 
Excavation and re-location 
of soil during construction 
activities 

Human health: Incidental 
ingestion of soil on-Site 

Commercial/industrial  Complete 

Human health: Direct contact 
with soil on-Site 

Commercial/industrial Complete 

Ecological On-Site ecosystem Complete 

PFAS in 
groundwater 

Groundwater transport in 
aquifer followed by 
extraction and use for 
recreational and domestic 
uses and irrigation 

Human health: Direct 
ingestion of groundwater (on- 
and off-Site) 

Commercial/industrial, 
residential 

Incomplete 

Human health: Incidental 
ingestion of groundwater (on- 
and off-Site) 

Commercial/industrial, 
residential 

Complete 

Human health: Direct contact 
of groundwater (on- and off-
Site) 

Commercial/industrial, 
residential 

Complete 

PFAS in surface 
water 

Surface water transport; in 
drains and on ground 
surface on and off-Site. 
Transport into Oakey 
Creek 

Human health: Incidental 
ingestion of surface water (on- 
and off-Site) 

Recreational Complete 

Human health: Direct contact 
with surface water (on- and 
off-Site) 

Recreational, 
ecosystem 

Complete 

Ecological (on- and off-Site) Ecosystem (on- and off-
Site) 

Complete 
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Primary source Environmental 
Fate Transport mechanisms Exposure pathways 

Exposed population 
characterisation / 

receptor 
Linkages 

 Infiltration to groundwater 
followed by extraction and 
use for drinking water, 
recreational uses and 
irrigation. 

Human health: Direct contact 
with groundwater (on- and off-
Site). 

Commercial/industrial, 
residential 

Complete 

PFAS in sediment Dispersion via surface 
water or via drain 
maintenance activities. 

Human health: Incidental 
ingestion of sediment on-Site. 

Commercial/industrial  Complete 

Human health: Direct contact 
of sediment on-Site. 

Commercial/industrial Complete 

Ecological (on- and off-Site). Ecosystem (on- and off-
Site) 

Complete 

Human health: Incidental 
ingestion of sediment off-Site, 
impacted by surface water or 
groundwater (extracted via 
bore). 

Residential Complete 

Human health: Direct contact 
of sediment on- and off-Site 
impacted by groundwater 
(extracted via bore) or surface 
water 

Commercial/industrial, 
residential 

Complete 

On-Site areas where 
firefighting retardants / 
suppression foams 
(primarily AFFF) have 
been discharged or spilt 
to the environment. 

PFAS in pore 
water in creek 
sediments 

Surface water transport off-
Site into Oakey Creek. 

Human health: Incidental 
ingestion of surface water (on- 
and off-Site). 

Commercial/industrial, 
residential 

Complete 

Human health: Direct contact 
with surface water (on- and 
off-Site) 

Recreational, 
ecosystem 

Complete 

Ecological (on- and off-Site) Ecosystem (on- and off-
Site) 

Complete 
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Primary source Environmental 
Fate Transport mechanisms Exposure pathways 

Exposed population 
characterisation / 

receptor 
Linkages 

Terrestrial biota Harvesting Human health: Ingestion of 
terrestrial organisms (including 
fruit and vegetables, chicken 
eggs) 

Residential Complete 

Ecological (on- and off-Site). Ecosystem (on- and off-
Site) 

Complete 

Aquatic biota Harvesting Human health: Ingestion of 
aquatic organisms (including 
fish and yabbies, shrimps and 
mussels) 

Residential, 
recreational 

Complete 

Ecological (on- and off-Site). Ecosystem (on- and off-
Site) 

Complete 

 



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 
 

 
 

14 
 

4.0 Regulatory Requirements  

4.1 Environment Protection and Biodiversity Conservation Act 1999:  
The overarching Commonwealth environmental and heritage legislation governing Defence activities is 
the Environment Protection and Biodiversity Conservation Act 1999 (‘EPBC Act’). Defence is required 
to comply with the EPBC Act and thereby contribute to the protection of the environment.  Under the 
EPBC Act, if Defence undertakes an action that has, will have or is likely to have a significant impact 
on the environment it must be referred to the Department of Environment (DoE) for consideration and 
possible approval. Referral to the DoE may be triggered under the EPBC Act by potential project 
impacts on matters of national environmental significance.  In particular, Defence has to comply with 
Section 28 (Protection of the environment from Commonwealth actions) under Part 3, Division 2 of the 
EPBC Act. 

4.2 Queensland Environmental Protection Policy 
The principal legislative basis for water quality management in Queensland is the Environmental 
Protection (Water) Policy (EPP), 2009, which identifies a process for identifying environmental values 
of waterways and establishing corresponding water quality objectives to protect identified 
environmental values. The Upper Oakey Creek is within the Condamine catchment and the following 
draft environmental values for the Upper Oakey Creek have been identified by Condamine Alliance 
(2017):  

• Aquatic ecosystems 

• Irrigation 

• Farm supply 

• Stock watering 

• Human consumption of wild biota 

• Visual appreciation (no contact with water) 

• Drinking water 

• Cultural and spiritual. 

Condamine Alliance (2017) has not scheduled environmental values/water quality objectives for the 
Upper Oakey Creek and it is noted that the main COPCs identified on-Site (PFAS) are not prescribed 
within the water quality objectives. In the absence of specific objectives, Condamine Alliance (2017) 
identifies technical water quality guidelines such as the Queensland Water Quality Guidelines (DERM 
2009) and Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and 
ARMCANZ 2000) as providing default water quality objectives for the protection of ecological 
receptors. The guideline screening values for drinking water and recreational activities published in the 
Department of Health (2017) guidance and Australian Drinking Water Guidelines (NHRMC 2016), are 
considered to provide suitable water quality objectives for the protection of human health. 

4.3 Australian Contaminated Land Guidance Documents 
NEMP 2018 
The Heads of EPAs Australia and New Zealand (HEPA) PFAS National Environmental Management 
Plan (NEMP) 2018 has been developed to provide a practical, risk-based framework for the 
environmental regulation of PFAS contaminated sites and to help governments, industry and the 
community identify, monitor and respond to PFAS contamination.   

The NEMP includes information on communication and engagement, PFAS monitoring and 
assessment, evaluation of sites for contamination, and prioritising where action needs to occur and 
environmental levels that indicate the need for action. 
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NEPM (1999, amended 2013) 
The National Environmental Protection (Assessment of Site Contamination (ASC)) Measure (NEPM) 
1999, amended in April 2013 provides clear guidance on the assessment and remediation of 
contaminated sites, investigation levels, laboratory analysis procedures, human health and ecological 
risk assessment methodology, risk communication and community consultation and health and safety 
issues related to site assessment and remediation.  

Schedule A of the amended ASC NEPM identifies the tiered process to be followed in the assessment 
of site contamination, namely: preliminary investigation, detailed investigation and risk assessment. 
Schedule B of amended ASC NEPM provides detailed guidance for data collection, sample design 
and reporting.  

The 2013 amendment to Schedule B of the ASC NEPM includes more detailed and specific guidance 
on site assessment and human health and ecological risk assessment. The amended ASC NEPM also 
requires consideration and assessment of ecological risk at all contaminated sites.  The methodology 
for this OMP follows the tiered process presented in the NEPM. 

4.4 Work Health and Safety Act, 2011 
All work undertaken for the OMP should be in compliance with the Work Health and Safety Act (WHS), 
2011 which provides a framework to protect the health, safety and welfare of all workers at work and 
all other people (such as the general public) who might be affected by the work.   

The WHS Act places the primary health and safety duty on a person conducting a business or 
undertaking who must ensure, so far as is reasonably practicable, the health and safety of workers at 
the workplace.  The WHS Act also sets out the requirements for incident notification; consultation with 
workers; issue resolution; inspector powers and functions and offences and penalties. 

4.5 Defence Environmental Strategies 
This OMP is aligned with the Defence Environmental Strategy, which includes the following aims: 

• Defence Strategic Aim No. 2 – Defence will understand and manage its environmental impacts. 

• Defence Strategic Aim No. 3 – Defence will minimise future pollution risks and manage existing 
contamination risks. 
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5.0 Data Quality Objectives 
The Assessment of Site Contamination National Environmental Protection Measure 1999 (as 
amended 2013) (ASC NEPM, 2013) (Schedule B 2 Guideline on-Site Characterisation) specifies that 
the nature and quality of the data produced in an investigation will be determined by the data quality 
objectives (DQOs). As referenced by the ASC NEPM (2013), the DQO process is detailed in the 
United States Environmental Protection Agency (US EPA, 2006) Guidance on Systematic Planning 
Using the Data Quality Objectives Process (EPA QA/G-4 : EPA/240/B-06/001), February 2006.  

This seven-step process is summarised in Table 3. 

Table 3 The seven step process 

Step Data Quality Objectives 

1 State the problem – Define the problem that necessitates the study, identify the planning team, 
examine budget, schedule. 

2 Identify the goal of the study – State how environmental data will be used in meeting objectives and 
solving the problem, identify study questions, define alternative outcomes. 

3 Identify information inputs – Identify data and information needed to answer study questions. 

4 Define the boundaries of the study – Specify the target population and characteristics of interest, 
define spatial and temporal limits, scale of inference. 

5 Develop the analytic approach – Define the parameter of interest, specify the type of inference, and 
develop the logic for drawing conclusions from findings. 

6 Specify performance or acceptance criteria – Develop performance criteria for new data being 
collected or acceptable criteria for existing data being considered for use. 

7 Develop the plan for obtaining data – Select the resource-effective sampling and analysis plan that 
meets the performance criteria.  

 

5.1 Step 1 – State the Problem 
Defence and Queensland Government require up-to-date data to enable informed risk management 
decisions to protect human health and the environment, given that elevated concentrations of PFAS 
have been identified in environmental media.  

The data collected by implementing this OMP will provide a detailed dataset that can be used to assist 
with assessment of temporal changes in PFAS concentrations in groundwater and surface water on- 
and off-Site.  This will facilitate refinement of the CSM, allow update of the human health and 
ecological risk assessment and inform management decisions by Defence, if required.  The data will 
allow tracking of the outcomes of the groundwater model and if necessary, assist in recalibration of the 
model. 

The OMP will cover the primary implementation period of the PMAP, and continue after the response 
management has ended. This is the timeframe over which PMAP remediation actions (or other short-
medium term actions) have been completed, and the monitoring following this period will be assessed. 

The OMP will also cover the extended implementation period to the extent required by specific 
characteristics of the Management Area and behaviour of the plume, measured against specified data 
trends. 
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5.2 Step 2 – Identify the Goal of the Study 
The goal of the study is to establish a systematic routine groundwater and surface water sampling and 
analysis program to provide current information on the distribution of PFAS contaminants of potential 
concern in groundwater and surface water in the Management Area. 

Defence and State agencies will utilise the information gathered as part of the implementation of the 
OMP to establish whether management strategies are required to manage potential risks associated 
with PFAS. Maintenance of the health and safety of project workers, community members and 
environmental protection will be a priority during the monitoring program.   

The key issues are: 

1. What is the optimum monitoring bore network and surface water locations that can be sampled to 
meet the objectives of the OMP? 

2. What is analytical suite for each bore / sampling point? 

3. What frequency of sampling required? 

4. Are the laboratory Limits of Reporting (LOR) appropriate for the objectives of the investigation? 

5. Are the reported concentrations similar, greater than or less than those previously reported? 

6. Are the concentration trends increasing, decreasing or stable?  

7. If the concentrations of contaminants are found to be outside of an acceptable range (based on 
performance measures presented in Section 8.2), what actions should be implemented? 

8. Are the data reliable and adequate to enable informed decisions to be made by Defence / State 
agencies?  

9. Is the approach scientifically suitable and defensible? 

5.3 Step 3 – Identify Information Inputs 
To allow assessment of the data against the study goal listed in step 2 above, the following inputs will 
be considered: 

• PFAS results from the previous environmental investigations. 

• Previous data collected during the residential sampling program, where permission to use this 
data has been granted by landowners. 

• Groundwater and surface water data collected and analysed for PFAS, during future monitoring 
events. 

• The Management Area boundary (see Figure F2). 

5.4 Step 4 – Define the Boundaries of the Study 
The spatial and temporal boundaries that apply for data collection are detailed below and will influence 
the decision making process for ongoing monitoring. 

• The spatial boundary for data collection and decision making is the Management Area and the 
area of the Site (boundaries for the Management Area and Site are shown in Figure F2) 

• The sampling completed as part of the OMP will be limited to groundwater and surface water, at 
the frequencies defined in Section 6.0 

• The monitoring will be long term (beyond 3 years) 

5.5 Step 5 – Develop the Analytical Approach 
The decision rules can be defined as: 
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• Analytical selection; all samples will be analysed for the standard PFAS suite. (Note that the suite 
may change if the NEMP or Queensland regulatory instruments are modified.) 

• Analytical method selection for PFAS is based on achieving appropriate laboratory LOR in the 
water samples to be analysed. 

• Sample locations have been selected with the objective of monitoring PFAS trends (temporal and 
seasonal), providing early warning of changes in the migration of PFAS in the Management Area 
in surface water and groundwater, to provide information on the progress of remediation 
measures and to assist with refinement of Management Area boundary over time, as required. 

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

• If PFAS concentrations are reported above the laboratory LOR, where it was previously less than 
the LOR, then it will be considered whether resampling to validate the detections will be required. 

• If PFAS concentrations exceed trigger levels then it will be considered whether further 
assessment is required (see Section 8.2).  Review of the OMP sampling locations may also be 
undertaken.  

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

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

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

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

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

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

5.5.1 Precision 
Suitable criteria and/or performance indicators for assessment of precision include: 

• Performance of intra-laboratory duplicate sample sets through calculation of relative percentage 
differences (RPDs). 

• Performance of inter-laboratory duplicate sample sets through calculation of RPDs. 

• The RPDs will be assessed as acceptable if less than or equal to 30% as per the NEPM 
Schedule B3. Where the results shows greater than 30% difference a review of the cause will be 
conducted (NEPM, 2013). It is noted that RPDs that exceed this range may be considered 
acceptable where: 

- Results are less than 10 times the LOR (no limit) and 

- Results are less than 20 times the LOR and the RPD is less than 50%.  

5.5.2 Accuracy (Bias) 
The closeness of the reported data to the “true” value is assessed through review of performance of: 

• Method blanks, which are analysed for the analytes targeted in the primary samples. 

• Matrix spikes and surrogate recoveries. 

• Laboratory control samples. 

5.5.3 Representativeness 
To ensure the data produced by the laboratory is representative of conditions encountered in the field, 
the following steps should be taken by the laboratory and subsequently reviewed by Consultant: 
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• Blank samples should be run in parallel with field samples to confirm there are no unacceptable 
instances of laboratory cross contamination. 

• Review of RPD values for field and laboratory duplicates. 

• The appropriateness of collection methodologies, handling, storage and preservation techniques 
should be assessed to ensure/confirm there was minimal opportunity for sample interference. 

5.5.4 Completeness 
In validating the degree of completeness of the analytical data sets acquired during the program the 
following should be considered: 

• Whether standard operating procedures for sampling protocols have been adhered to. 

• Copies of all custody of custody documentation are reviewed and presented. 

It can therefore be considered whether the proportion of “usable data” generated in the data collection 
activities is sufficient for the purposes of assessing the problem as stated in Step 1 above. 

5.5.5 Comparability 
Given that assessment data can comprise several data sets from separate sampling episodes, issues 
of comparability between data sets are reduced through adherence to SOPs and regulator endorsed 
or made guidelines and standards on each data gathering activity.   

In addition, the data should be collected by experienced field staff and National Association of Testing 
Authorities (NATA) accredited laboratories, approved for use by Defence, should be employed in all 
laboratory programs for the analysis of different media. 

5.6 Step 6 – Specify Performance or Acceptance Criteria 
Specific limits for the works included in the OMP are in accordance with the appropriate guidance 
made or endorsed by state and national regulations, appropriate indicators of data quality, and 
standard procedures for field sampling and handling. 

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

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

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

• Sampling errors may occur when the sampling program does not adequately detect the variability 
of a contaminant from point to point across the site. To address this, the OMP outlines minimum 
numbers of samples proposed to be collected from each media. 

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

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

- Proposed groundwater well locations are damaged or destroyed and therefore cannot be 
sampled 

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

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

- Some of the data are proposed to be collected from landholder bores, which are not 
purpose-built for groundwater monitoring. In some cases, there is limited information on the 
bore construction, and the likely presence of dedicated pumps may prevent groundwater 



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 
 

 
 

20 
 

depths being accurately recorded while also preventing groundwater being sampled using 
low flow techniques 

• Measurement errors can occur during sample collection, handling, preparation, analysis and data 
reduction. To address this the following measures are proposed: 

- Collection of sufficient sample mass to facilitate analysis reported to standard laboratory 
detections limits. Collection of insufficient sample mass may result in raised detection limits. 

- Field staff to follow a standard procedure when collecting samples, including 
decontamination of tools and use of appropriate sample containers and preservation 
methods. 

- Laboratories to follow a standard procedure when preparing samples for analysis and 
undertaking analysis. 

- Laboratories to report quality assurance/ quality control data for comparison with the DQIs 
established for the OMP. 

5.7 Step 7 – Optimise the Design for Obtaining Data 
The methodology presented in this OMP is designed to meet the objectives described in Section 1.4 
to achieve the nominated DQOs.  

Optimisation of the data collection process will be achieved by: 

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

• Conducting sampling according to Australian Standards for the type of sampling being conducted 
(i.e. groundwater monitoring well sampling versus landholder bore water sampling). These 
standards are as follows: 

- Standards Australia (AS/NZS5667.11–1998) Water Quality – Sampling, part 11: Guidance 
on sampling of groundwater 

- Standards Australia (AS/NZS5667.11–1998) Water Quality – Sampling, part 6: Guidance on 
sampling of rivers and streams 

- Standards Australia (AS 4482.2-1999) Guide to the sampling and investigation of potentially 
contaminated soil, Part 2: Volatile Substances 

- Standards Australia (AS 4482.1-2005) Guide to the sampling and investigation of potentially 
contaminated soil. Part 1: Non-volatile and semi-volatile compounds 

• Basing the sampling upon a CSM developed using the information available at the 
implementation of the OMP.  Updating the CSM as new data becomes available in the course of 
the implementation of the OMP, as required. 

If the objectives of the OMP are not being met, the sampling design and approach will be reviewed 
and amended, as required. For example interpretative reporting of the data may identify that the 
distribution of PFAS in groundwater has changed requiring modification to the monitoring network or 
increasing trends are identified, which requires a different frequency of sampling.   
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6.0 Detailed Sampling and Analysis Plan 

6.1 Key Elements of the OMP 
The key elements of the OMP are identified below: 

• Six monthly groundwater and surface water sampling to capture seasonal variations, including 
gauging of all Defence owned groundwater monitoring bores off-Site.  This includes: 

- An Annual comprehensive sampling and analysis event for the first of the biannual 
groundwater and surface water sampling events timed to occur at the end of the wet season 
in March / April.  

- A Targeted sampling and analysis event for the second of the biannual groundwater and 
surface water sampling events timed to occur at the end of the dry season in September / 
October to target key monitoring bores. 

The rationale for these elements are summarised below: 

• The sub-tropical setting of the Site means there are two distinct seasons; wet and dry. It is 
considered that relatively higher contamination concentrations may occur in groundwater and 
surface water systems during the wet season due to the effects of higher infiltration rates through 
the unsaturated zone which may mobilise contaminants.  Monitoring in March / April will capture 
changes to groundwater concentrations.   

• Historically, the main monitoring events have been timed to occur at the end of the wet season 
with relatively large numbers of bores sampled in 2014, 2016, 2017 and 2018.  Future monitoring 
events timed to occur at the end of the wet season will allow long-term trend analysis to be 
conducted. 

• A targeted monitoring event occurring at the end of the dry season will allow understanding of 
groundwater changes at discrete locations considered to be of importance for understanding 
trends (for example bores close to source areas, site boundaries and creek systems), or locations 
with higher sensitivity (bores with concentrations close to screening criteria, areas with fewer 
monitoring locations). 

The detailed sampling and analysis plan is set out in the following subsections. 

6.2 Sample Media, Analysis and Frequency 
6.2.1 Media 
The media to be sampled as part of the OMP will be: 

• Groundwater from selected groundwater monitoring bores and residential bores. 

• Surface water from selected locations. 

6.2.1.1 Groundwater 
Groundwater samples will be collected from across the Management Area, as described in 
Section 6.3, including the following locations: 

• On-Site from monitoring bores up- and down-hydraulic gradient of PFAS source areas in the 
Oakey Creek Alluvium aquifer 

• Off-Site: south of the Site from monitoring bores down-hydraulic gradient of drainage channels and 
Oakey Creek in the Oakey Creek Alluvium aquifer 

• Off-Site: south-west of the Site from monitoring bores up- and down- hydraulic gradient of the 
landfill in the Oakey Creek Alluvium aquifer 

• Off-Site: west of the Site in monitoring bores screened in the Oakey Creek Alluvium aquifer 
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• Off-Site: within underlying aquifer units (Main Range Volcanics and Walloon Coal Measures) at 
locations the south, southwest and west of the Site. 

At Brymaroo, groundwater samples will be collected from bores across the Property which monitor 
Mains Range Volcanics aquifer. 

6.2.1.2 Surface Water and Sediment 
Co-located surface water and sediment samples will be collected from the creeks and drainage 
channels from within the Management Area, as described in Section 6.4, including the following 
locations: 

• Oakey Creek: 

- Upstream of the outfall of the drainage channels 

- Downstream of the outfall of each of the drainage channels 1 to 3 

- Downstream prior to the confluence of Westbrook Creek 

- Downstream following the confluence of Westbrook Creek 

• Doctor Creek.  This creek, which is located on-Site and within the Management Area, has been 
included to provide early warning of the migration of PFAS into this creek.   

• Westbrook Creek.  This creek, which is located within the Management Area, has been included to 
identify if there is a source of PFAS entering the Oakey Creek from the Westbrook Creek 

• Drainage channel 1 on-Site and off-Site  

• Drainage channel 2 on-Site and off-Site  

• Drainage channel 3 on-Site and off-Site  

Surface water samples collected from the drainage channels will need to be timed to occur following a 
rainfall event of sufficient significance to generate flow in the drainage channels.  This will require the 
implementing contractor to monitor rainfall during the periods that the seasonal sampling events are 
planned to occur. 

6.2.2 Sample Analysis 
The monitoring will only target PFAS, therefore all samples will be analysed for extended PFAS suite.  
The PFAS standard suite is defined in Section 7.7.  

Additionally, groundwater and surface water samples will also be analysed for major ions including 
chloride, sulfate, bicarbonate, carbonate, calcium, magnesium, sodium and potassium. 

6.2.3 Frequency of Monitoring 
Groundwater and surface water sampling from across the Management Area will be performed on a 
six monthly basis. This includes: 

• Annual comprehensive sampling and analysis event timed to occur at the end of the wet season 
(March / April).  

• Targeted sampling and analysis event timed to occur at the end of the dry season (September / 
October) to target key locations. 

6.3 Groundwater Sampling 
6.3.1 Rationale for Groundwater Sample Locations 
Groundwater monitoring will be undertaken on selected monitoring bores and residential bores both 
on- and off-Site.  The OMP will monitor water quality in the Oakey Creek Alluvium aquifer and 
underling Main Range Volcanics and Walloon Coal Measures aquifers.    

The rationale for monitoring well selection for each area is summarised in Table 4 below.  The 
locations to be monitored are provided in Table 5.  The locations are also provided on Figures F1 and 
F2 in Appendix B. Brymaroo sampling locations are shown in Figure F4 in Appendix B.  
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Table 4 Rationale for Groundwater Monitoring 

Area Rationale 
On-Site 
 

• Monitor spatial and temporal variations in PFAS concentrations in 
groundwater concentrations up, down and cross-gradient of source areas 

• Assess if groundwater PFAS concentrations in bores down-gradient of the 
source areas change in response to management measures over time 

Off-Site: south of 
Site down-
hydraulic gradient 
of drainage 
channels and 
Oakey Creek 
 

• Monitor spatial and temporal variations in PFAS concentration in the 
groundwater down-gradient of drainage channels and Oakey Creek 

• Assess if groundwater PFAS concentrations in bores to the south of the Site 
change in response to management measures over time 

• Continue to monitor groundwater bores with existing temporal datasets to 
assist with better understanding of temporal patterns in PFAS concentrations 

• Monitor groundwater adjacent to Oakey Creek to assess PFAS migrating from 
the drainage channels and Oakey Creek to groundwater 

• Monitor groundwater parallel and perpendicular to the PFAS plume to assist 
with understanding concentrations changes in these alignments. 

Off-Site: south-
west of the Site 
up- and down- 
hydraulic gradient 
of the landfill in 
the Oakey Creek 
Alluvium aquifer 

• Monitor spatial and temporal variations in PFAS concentration in the 
groundwater up- and down gradient of the landfill 

• Assess if groundwater PFAS concentrations in bores to the south-west of the 
Site change in response to management measures over time 

• Monitor groundwater parallel and perpendicular to the PFAS plume to assist 
with understanding concentrations changes in these alignments. 

Off-Site: west and 
south-west of the 
Site in the Oakey 
Creek Alluvium 
aquifer 

 

• Monitor potential changes in PFAS concentrations at the plume margins to the 
west and south west of the Site to refine model predictions  

• Assess if groundwater PFAS concentrations in bores to the west and south-
west of the Site change in response to management measures over time 

• To provide an indication if additional management measures are required for 
groundwater users outside the current area of PFAS contamination in 
groundwater 

• Continue to monitor groundwater bores with existing temporal datasets to 
assist with better understanding of temporal patterns in PFAS concentrations 

• Monitor groundwater parallel and perpendicular to the PFAS plume to assist 
with understanding concentrations changes in these alignments. 

Off-Site: within 
underlying aquifer 
units (Main 
Range Volcanics 
and Walloon Coal 
Measures) at 
locations the 
south, southwest 
and west of the 
Site. 

• Monitor groundwater PFAS concentrations in underlying aquifers to assess 
potential vertical migration of PFAS into underlying aquifers at vulnerable 
locations, including areas where bores have been constructed to previous 
standards, irrigation return flow and flooding 

• Monitor potential changes in PFAS concentrations to provide up to date 
information to users of the underlying aquifer and to refine model predictions  

• Continue to monitor groundwater bores with existing temporal datasets to 
assist with better understanding of temporal patterns in PFAS concentrations. 

Brymaroo • Monitor spatial and temporal variations in PFAS concentration in groundwater  
• Continue to monitor groundwater bores with existing temporal datasets to 

assist with better understanding of temporal patterns in PFAS concentrations. 
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6.3.2 Groundwater Sampling Methodology, Schedule and Sampling Locations 
Table 5 Groundwater Sampling Methodology and Schedule 

Item Details 
Groundwater 
gauging 

The depth to groundwater will be measured in each monitoring bore prior to 
collection of groundwater samples.  
Additionally, during the annual sampling event the depth to groundwater should 
be recorded at all sampling locations prior to groundwater sampling to enable 
assessment of groundwater flow direction.  

Sample 
Collection 
Methodology 

Groundwater Monitoring in Shallower Bores in Oakey Creek Alluvium / Main 
Range Volcanics 
The low flow groundwater sampling methodology should be adopted for all bores 
where depth to groundwater is less than 50 metres below ground surface (mbgs). 
Where the depth to groundwater is greater than 50 mbgs, no purge sampling 
using HydraSleeves should be used. See Section 7.3. 
Groundwater Monitoring in Deeper Bores installed in Main Range Volcanics 
and Walloon Coal Measures 
No purge groundwater sampling methodology using HydraSleeves. 
Residential Bores 
Bore water samples will be collected by placing the laboratory provided sample 
bottle beneath the tap outlet and the tap slowly opened to collect the “first flush” of 
water. 

QA/QC Samples 
to be Collected 

Field quality assurance / quality control QA/QC samples are to include intra-
laboratory duplicate and inter-laboratory duplicate samples (i.e. splits) and rinsate 
samples. Duplicate samples are to be collected at a minimum frequency of 1 in 10 
primary samples. Rinsate samples are to be collected at a rate of one sample per 
fieldwork day by pouring laboratory supplied PFAS-free deionised water over the 
decontaminated sampling equipment. 

Field Parameters Temperature, electrical conductivity (EC), dissolved oxygen (DO), redox potential 
(Eh), pH and observations of water quality will be recorded for all samples. 

Sample Analysis PFAS suite by standard analysis using the standard levels of detection. 

Sampling 
Schedule 

The monitoring at AACO will include two monitoring events, as detailed below:  
Annual: 120 monitoring bores have been selected for the annual monitoring 
round. This includes 34 bores on-Site, 13 bores at Brymaroo and 73 bores off-
Site. 
Targeted: 34 on-Site bores and 19 off-Site bores will be monitored during the 
targeted round. 
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Table 6 Summary of Groundwater Sample Locations  

Location Round  Bores 
No of bores 

Annual Targeted 

On-Site 

On-Site 
Source 
Area 
bores 
(Oakey 
Creek 
Alluvium) 

Fire training area in North A, T MWN-J, MWN-K 2 2 

Former fire station in B3 A, T MW201, MW202, MW203, MW204, MW205 5 5 

AFFF Storage Area / D20 
appliance testing area A, T MWD2-A, MWD2-E, MWC2-I, MWC2-K 4 4 

AFFF recovery tank in F1 
/ hot refuel area A, T MWF1-B, MWF1-C, MW-F1-H 3 3 

AFFF recovery tank in A2 
/ hot refuel area A, T MWA2-D, MWA2-E 2 2 

AFFF recovery tank in S1  A, T MWS1-B, MWS1-D 2 2 

AFFF Settling tank in C1 A, T MWC1-C, MWC2-L, MWC1-H, MWC2-A, MWC3-I 5 5 

On-Site Boundary Bores (Oakey Creek 
Alluvium) A, T MWG1-A-LA, MWG1-C-LA, MWA4-B-UA, MWA5-A-UA, MWB5-A, MWB5-B, 

MWA4-A, MWE-J, MWN-D, MWN-I, MWA1-B 11 11 

Off-Site 

Off-Site Background Bores (to east/ 
southeast of Site) A MWO-F-AL, MWO-N-AL 2 0 

South of Site and down gradient of 
drainage channels and Oakey Creek A MWO-H-AL, MWO-H-UA, MWO-I-AL, MWO-M-AL, MWO-X-AL, MWO-Y-AL, 

GW20, GW27, GW32, GW34, GW37, GW31, GW91, RN147352 14 0 

Up and down gradient of landfill A MWO-O-AL, MWO-P-AL, MWO-Q-AL 3 0 

West and southwest of Site 

A 

MWO-A-LA, MWO-B-UA, MWO-D-UA, MWO-E-UA, MWO-G-AL, MWO-J-AL, 
MWO-K-AL, MWO-L-AL, MWO-R-AL, MWO-T-AL, MWO-Z-AL 

GW03, GW21, GW38, GW46, GW56, GW84, BORE5, BORE6, BORE7, 
RN107547, RN43659, RN107119, RN44070, RN48068, RN83214, RN83362, 

29 0 
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Location Round  Bores 
No of bores 

Annual Targeted 

RN86696, RN21997 

T 
MWO-A-LA, MWO-B-UA, MWO-D-UA, MWO-E-UA, BORE5, BORE6, BORE7, 
GW21, MWO-X-WCM, GW03, GW38, GW46, GW56, GW84, RN107547, 
RN83362, RN86696, RN21997 

0 18 

Underlying aquifers (to south, south-
west and west of Site) A,T 

MWO-W-AL, MWO-I-MRV, MWO-K-MRV, MWO-V-MRV, MWO-H-WCM, MWO-J-
WCM, MWO-V-WCM, MWO-W-WCM, MWO-X-WCM, MWO-Y-WCM, MWO-Z-
WCM 

11 1** 

Bores on properties without 
townswater connections A 

GW03, GW04, GW06, GW11, GW19, GW23, GW29, GW45, GW63, GW64, 
GW100, RN36426, RN21897, RN35185, RN43659, RN48068, RN44070, 
RN64455, RN83214, RN83362,  

14* 0 

Brymaroo 

On-Site Bores A MW-E, MW-F, MW-G, MW-H, MW-I, MW-J, MW-K, MW-L, MW-R, MW-S, MW-T, 
MW-U, MW-V 13 0 

Notes:  Residential bores are in italics, A = Annual, T = Targeted         

* This total excludes 6 bores that are duplicated- these are highlighted in bold. 

** MWO-H-WCM 

Note some of the ‘bores on properties without townswater connections’ are on properties where the resident has historically 
declined sampling.  As these properties do not have access to reticulated water and may use groundwater for water supply, 
regular monitoring is scheduled to allow the completion of assessments of the risk to human health. 
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6.4 Surface Water (Creek) Sampling 
6.4.1 Rationale for Surface Water Sample Locations 
The surface water (creek) monitoring locations have been selected to maintain consistency with the 
monitoring completed during the 2017 Stage 2C EI. The locations have been previously sampled 
several times, and continued monitoring will provide additional data to assess temporal variability. 
Surface water samples to be collected from drainage channels are summarised in Section 6.5. 
 
Annual surface water monitoring will be undertaken at the selected 11 locations.   

6.4.2 Surface Water Sampling Method, Schedule and Sampling Locations 
Table 7 presents the surface water sampling and analysis plan.  The locations of these surface water 
sampling locations are shown on Figure F3 in Appendix B. 
Table 7 Surface Water Sampling Methodology and Schedule 

Item Details 

Sample 
Collection 
Methodology 

Samples to be collected from immediately below the water surface to minimise 
collection of sediment or floating materials in the samples. At each location, a 
new, laboratory supplied container should be lowered into the water with the 
cap immediately applied once the container is full. See Section 7.3. 

QA/QC Samples 
to be Collected 

Field QA/QC samples are to include intra-laboratory duplicate and inter-
laboratory duplicate samples (i.e. splits) and rinsate samples. Duplicate 
samples are to be collected at a minimum frequency of 1 in 10 primary 
samples. Rinsate samples are to be collected at a rate of one sample per 
fieldwork day by pouring laboratory supplied PFAS free deionised water over 
the decontaminated sampling equipment. 

Field Parameters Temperature, EC, DO, Eh, pH and observations of water quality will be 
recorded for all samples. 

Sample Analysis PFAS extended suite using standard or trace levels of detection. 
Sampling 
Schedule 

The monitoring will include annual monitoring events at the selected 11 
locations. 

 
Table 8 below provides the surface water locations. 
Table 8 Surface Water (Creek) Sampling Details 

Location Sampling Locations No of 
samples Round 

Oakey Creek upstream of 
drainage channel 3 outfall SW32, SW40 2 Annual 

Oakey Creek (downstream of 
confluence with Westbrook 
Creek (includes weir)) 

SW10, SW11, SW12, SW13, 
SW14 5 Annual 

Oakey Creek (downstream 
confluence with Westbrook 
Creek) 

SW04, SW59 2 Annual 

Doctor Creek SW43 1 Annual 
Westbrook Creek SW87 1 Annual 

Total  11  
 



PFAS ONGOING MONITORING PLAN – ARMY AVIATION CENTRE OAKEY 
 

 
 

28 
 

6.5 Surface Water (Drainage Channel) Sampling 
The surface water (drainage channel) monitoring locations have been selected to maintain 
consistency with the monitoring completed during the 2017 Stage 2C EI. The locations have been 
previously sampled several times, and continued monitoring will provide additional data to assess 
temporal variability.  
 
Annual surface water monitoring will be undertaken at the selected 11 locations.   

6.5.1 Surface Water Sampling Method, Schedule and Sampling Locations 
Table 9 presents the surface water sampling and analysis plan.  The locations of these surface water 
sampling locations are shown on Figure F3 in Appendix B. 
Table 9 Surface Water Sampling Methodology and Schedule 

Item Details 

Sample 
Collection 
Methodology 

Samples to be collected from immediately below the water surface to minimise 
collection of sediment or floating materials in the samples. At each location, a 
new, laboratory supplied container should be lowered into the water with the 
cap immediately applied once the container is full. See Section 7.3. 

QA/QC Samples 
to be Collected 

Field QA/QC samples are to include intra-laboratory duplicate and inter-
laboratory duplicate samples (i.e. splits) and rinsate samples. Duplicate 
samples are to be collected at a minimum frequency of 1 in 10 primary 
samples. Rinsate samples are to be collected at a rate of one sample per 
fieldwork day by pouring laboratory supplied PFAS free deionised water over 
the decontaminated sampling equipment. 

Field Parameters Temperature, electrical conductivity, dissolved oxygen, redox potential; pH and 
observations of water quality will be recorded for all samples. 

Sample Analysis PFAS extended suite using the standard levels of detection. 
Sampling 
Schedule 

The monitoring will include annual monitoring events at the selected 11 
locations. 

 
Table 10 below provides the surface water locations.  The locations of these surface water sampling 
locations are shown on Figure F3, Appendix B. 
Table 10 Surface Water (Drainage Channel) Sampling Details 

Location Sampling Locations No of 
samples Round 

Drainage Channel 1 (On-Site) SW65, SW66 2 Annual 
Drainage Channel 1 (Off-Site) SW26 1 Annual 

Drainage Channel 2 (On-Site) SW24, SW25 2 Annual 

Drainage Channel 2 (Off-Site) SW09, SW27 2 Annual 

Drainage Channel 3 (On-Site) SW19, SW21, SW63 3 Annual 

Drainage Channel 3 (Off-Site) SW57 1 Annual 

Total 11  
 

6.1 Sediment Sampling 
6.1.1 Rationale for Sediment Sample Locations 
Sediment sampling will be undertaken at the locations where surface water samples are collected.  
The sediment sampling locations have been selected to maintain consistency with the sampling 
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completed during the 2017 Stage 2C EI.  These locations have been sampled on several occasions, 
and therefore continued monitoring will provide additional information regarding temporal variability.  
Annual sediment monitoring will be undertaken at the selected locations. Surface water and sediment 
sample results will also provide information regarding potential impact of PFAS on aquatic biota.   

6.1.2 Sediment Sampling Method, Schedule and Location 
Table 11 below provides the sediment sampling method and schedule with the sediment locations 
identified in Table 12. 
Table 11 Sediment Sampling Methodology and Schedule 

Item Details 

Sample 
Collection 
Methodology 

Samples representative of potentially deposited sediments to be collected from 
within the water body if possible. At each location, a new laboratory supplied 
container should be used for each sample. 

QA/QC Samples 
to be Collected 

Field QA/QC samples are to include intra-laboratory duplicate and inter-laboratory 
duplicate samples (i.e. splits) and rinsate samples. Duplicate samples are to be 
collected at a minimum frequency of 1 in 10 primary samples. Rinsate samples 
are to be collected at a rate of one sample per fieldwork day by pouring laboratory 
supplied deionised water over the decontaminated sampling equipment. 

Sample Analysis PFAS extended suite using the standard levels of detection 
Sampling 
Schedule 

The monitoring will include annual monitoring at 22 locations. 

 
Table 12 Sediment Sampling Locations 

Location Sampling Locations No of 
samples Round 

Oakey Creek upstream of 
drainage channel 3 outfall SED32, SED40 2 Annual 

Oakey Creek (downstream of 
confluence with Westbrook 
Creek (includes weir)) 

SED37, SED36, SED105, 
SED102, SED02 5 Annual 

Oakey Creek (downstream 
confluence with Westbrook 
Creek) 

SED38, SED45 2 Annual 

Doctor Creek SED07 1 Annual 
Westbrook Creek SED70 1 Annual 
Drainage Channel 1 (On-
Site) SED106, SED22 2 Annual 

Drainage Channel 1 (Off-
Site) SED15 1 Annual 

Drainage Channel 2 (On-
Site) SED24, SED10 2 Annual 

Drainage Channel 2 (Off-
Site) SED13, SED11 2 Annual 

Drainage Channel 3 (On-
Site) SED16, SED25, SED107 3 Annual 

Drainage Channel 3 (Off-
Site) SED17 1 Annual 

Total  22  
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7.0 Implementation of the OMP 

7.1 Responsibilities 
The table below summaries the responsibilities for the implementation of the OMP. 
Table 13 Scope of Responsibilities for Implementation of the OMP 

Responsibility The Consultant appointed to conduct the monitoring will be responsible for 
the collection of the data in accordance with the detailed requirements of 
this OMP. 

Accountability Defence and the EMOS contractor on the Site will be accountable for the 
delivery of the program in accordance with the objectives and purpose 
defined in this OMP. 

Consult Defence and its technical representatives will be responsible for reviewing 
the completed report and completing consultations with regulatory bodies 
in Queensland. 

Inform Defence will be responsible for keeping stakeholders (including the 
community) informed and up-to-date on the implementation, findings, and 
changes to the OMP. 

 

7.2 Health, Safety, Environmental and Security Management 
7.2.1 Suitably experienced and qualified personnel 
All fieldwork should be conducted by appropriately experienced (minimum 1 year) and qualified 
personnel, who are adequately trained in the completion of all sampling activities, the use of all 
equipment required and community engagement.  

7.2.2 Health and safety management 
A project-specific Health and Safety Plan (HSP) will be required for all field related activities 
associated with the OMP. The implementation of the OMP must be undertaken in conjunction with the 
project specific HSP, as well as standard operating procedures (SOP) associated with field related 
sampling activities. A task-specific Safe Work Method Statement (SWMS) must be undertaken for all 
routine activities. The SWMS are expected to include the following activities: 

• Collection of groundwater samples from groundwater monitoring bores and residential bores 

• Collection of surface water samples from creeks and drainage channels. 

7.2.2.1 PPE 
All fieldworks should be conducted using the personal protective equipment (PPE) identified within the 
HSP.  As a minimum, this is expected to include: 

• Sun hat 

• Sleeved shirt and long trousers 

• Steel toe capped boots 

• Protective glasses / sunglasses 

• Gloves 

All PPE should be in accordance with guidance on sampling protocols described in Section 7.3.1 to 
prevent cross-contamination by PPE. 

7.2.2.2 Training 
As a minimum, staff conducting the fieldworks should have the following training: 
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• HAZWOPER (hazardous waste operations and emergency response) 

• First Aid. 

7.2.3 Emergency contacts 
7.2.3.1 On Site 
For emergencies on-Site (at AACO and Brymaroo), the following contact numbers should be used: 

• Operations – 07 4577 7136 

• Air traffic control – 07 4577 7222 

7.2.3.2 Off-Site 
For emergencies off-Site, the emergency contact numbers in Table 14 should be used: 
Table 14 Off-Site Emergency Contact Details 

Off-Site Contact Contact Number 
Emergency services (police, fire or ambulance services) 
 
For serious or life threating situations. 

 000 

Oakey State Emergency Services 07 4592 5230 

Electricity (e.g. fallen power lines) – Ergon Energy 
Power outages – Ergon Energy 

13 16 70 
13 22 96 

Water – Toowoomba Regional Council 131 872 

Poisons Information Centre 131 126 

National Security Hotline  1800 123 400 

Queensland government pollution hotline (water contamination 
that could cause serious environmental harm) 

1300 130 372 

 

7.2.4 Environmental management 
An Environmental Management Plan (EMP) will be developed for the monitoring program. The 
purpose of the EMP is to protect the surrounding environment from the field activities by managing soil 
or groundwater waste appropriately and minimising the spread of weeds. 

7.2.5 Security requirements, access approvals and community engagement 
7.2.5.1 Security clearance requirements 
All staff implementing fieldwork for the OMP will have baseline security clearance as a minimum. 

All staff implementing fieldwork on-Site should hold a valid security pass issued by the Site Pass 
Office allowing either escorted or unescorted access to the Site.  Access requirements will include 
viewing of the Site induction video and be an Australian Citizen. 

7.2.5.2 Access approvals 
Works undertaken at AACO and Brymaroo requires the following access permissions / permits: 

• Environmental Clearance Certificate (ECC) 

• Environmental Management Plan (EMP) 

Additionally, works undertaken at airside locations as defined by Base Support will require the 
following permissions / permits: 

• Method of Working Plan (MOWP) (airside work) 

• Work Safety Officer (WSO). 
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All fieldworks conducted have to be completed within the authorised dates identified in the ECC and
MOWP.

7.2.5.3 Community engagement
Staff implementing fieldwork for residential bores off-Site should be appropriately trained in the
project’s community engagement protocols.

Sampling on third party, privately owned properties, will only be conducted following sign-off by the
access consent form by the landholder.  Sampling should not be undertaken unless this access form
has been executed.

Access consent forms and any other relevant information regarding interactions with community
stakeholders will be recorded in a communication database set up for the monitoring program.

7.3 Sample Methodologies
7.3.1 General PFAS sampling guidance
Sampling should be implemented in accordance with the sampling guidance provided in the NEMP
(HEPA 2018) and guidance provided in Western Australia’s Department of Environmental Regulation
(WA DER, 2017). The recommendations described should be implemented during the OMP, they
include:

• All field clothing to be washed a minimum of six times after purchase before using at the site.

• Avoid sampling during rain if possible; polyethylene rain gear (e.g. disposable LDPE), vinyl, or
polyvinyl chloride (PVC) clothing are acceptable.

• Use polypropylene or HDPE sample containers. Glass containers with lined lids are not suitable
for PFAS analysis.

• Decontamination of sampling equipment must avoid the use of detergents unless they have been
confirmed to be PFAS-free. Use tap water (tested to ensure it is PFAS free) or deionised water
instead.

• Avoid using equipment (such as pumping equipment, water meters, etc.) containing Teflon®
unless it has been confirmed not to impact water quality.

• Prior to sampling, any personnel handling decontaminated equipment that directly contacts bore
water must wash their hands with soap and rinse thoroughly in tap water before donning a clean,
new pair of disposable nitrile gloves.

• Equipment recommended for obtaining groundwater samples includes low-flow peristaltic pumps
using silicone or HDPE tubing or polypropylene HydraSleeves (or similar products). Consumable
sampling equipment must not be reused.

• Use polypropylene or HDPE sample containers. Glass containers with lined lids are not suitable
for PFAS analysis.

• Equipment that contacts soil, sediment, or surface water must not contain or be coated with
Teflon® unless the Teflon® is internal to the equipment and does not contact the external
environment.  Teflon®-coated materials and aluminium foil may not come into contact with the
sample.

• Prior to sample collection, any personnel handling decontaminated soil, sediment, or surface water
sampling equipment that directly contacts the environmental media to be sampled must wash their
hands with soap and rinse thoroughly in tap water before donning a clean, new pair of disposable
nitrile gloves.

• Surface water must be collected by inserting a sampling container (polypropylene or HDPE) with
the opening pointing down to avoid the collection of surface films.

• Drilling fluids that contain PFAS must not be used.

• During sample processing and storage, minimise the exposure of the sample to light
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• Chemical or gel-based coolant products (e.g. BlueIce®) to maintain samples at 4 °C following 
sample collection is not recommended. If in doubt, use trip blanks to determine if there is any 
cross contamination. 

7.3.2 Groundwater 
7.3.2.1 Depth to groundwater 
The depth to groundwater should be measured in each monitoring well prior to collection of 
groundwater samples. Additionally, during the annual sampling event the depth to groundwater should 
be recorded at all sampling locations prior to groundwater sampling to enable assessment of 
groundwater flow direction.  

7.3.3 Groundwater sampling 
7.3.3.1 Sampling groundwater monitoring bores 
Groundwater sampling from dedicated groundwater monitoring bores should be conducted using a 
combination of low flow sampling techniques (i.e bladder pump) and no purge sampling using 
HydraSleeves, consistent with sampling methods used in previous investigations (i.e. 2016 (AECOM, 
2016) and 2017 Stage 2C EIs (AECOM 2017a)). 

Bores monitored on-Site should be initially tested for volatile hydrocarbons using a photoionisation 
detector.   

Groundwater quality parameters (temperature, pH, EC, DO and ORP) shall be measured in the field 
and recorded immediately to demonstrate conditions of the groundwater in the bore, which is either:  

• Representative of the groundwater conditions in the targeted aquifer (low-flow sampling on 
monitoring bores); or 

• Representative of the groundwater being used by the landholders (groundwater abstraction 
bores).  

Purging of the bores will continue until the field parameters demonstrate that field quality parameters 
have stabilised.  Parameters will be considered stable when consecutive readings over four minutes 
are recorded within: 
 
• ± 10% for dissolved oxygen  

• ± 3% for electrical conductivity 

• ± 0.05 for pH 

• ± 10mv for redox potential 

Groundwater collected for sample analysis should be collected in the appropriate laboratory supplied 
sample containers for the specific analysis to be conducted (as recommended by the laboratories). 

For intra-laboratory and inter-laboratory samples (duplicate and triplicate sampling), the sampling 
personnel should attempt to reduce potential heterogeneity in the water collected by alternating 
between primary and intra / inter-laboratory bottles during sampling to allow mixing. All groundwater 
samples should be placed in eskies containing ice in double bags in polyethylene immediately after 
sampling. 

7.3.3.2 Sampling groundwater abstraction bores 
Groundwater samples collected from landholder bores will be collected directly from the bore outlet 
point by using the existing pump dedicated to each specific groundwater abstraction bore.  
Groundwater quality parameters (temperature, pH, EC, DO and redox potential) will be measured in 
the field prior to sample collection to demonstrate conditions of the groundwater in the bore.  

7.3.4 Surface water sampling  
The surface water sample collection method employed is dependent on the nature of the location (i.e. 
creek location or open channel drain location, and the depth of water to be sampled).  The sample 
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methodology should be in accordance with Australian Standard for Water Quality Sampling (AS5567: 
1998). 

At creek locations, surface water samples should be collected using a sampling pole to retrieve water 
from near the water surface, and towards the centre of the creek (where possible with consideration to 
hazards associated with working near a water body). This is to ensure the sample collected is 
representative of water moving through the creek.  If the creek location is a shallow ephemeral pool 
and the creek bank gradient allows easy access, the sample should be collected into the sample bottle 
by a gloved hand. Care should be taken to ensure the water column at the sampling location is not 
agitated during sampling. 

At open channel drain locations and pools where water is shallow and the gradient of the drain allows 
easy access, the surface water sample should be collected into the sample bottle by a gloved hand. If 
a far reach is required to obtain the sample (i.e. from below a drainage culvert), a sampling pole with 
sampling container attachment should be used to retrieve water from near the water surface. Care 
should be taken to ensure the water column at the sampling location is not agitated during sampling. 
At each sample location, field personnel will note the creek/water body morphology, soil type and 
nature of surface water flow. Surface water samples should be collected in appropriate laboratory 
provided sample bottles. 

7.3.5 Sample transport and analytical laboratory 
Sample containers should be placed in a cooler with ice and kept, if possible, at approximately 4°C 
during transit to the laboratory. Prior to sampling, assessment of the analytical holding times shall be 
made and the sampling planned accordingly to ensure that holding times are not breached or 
minimised. Samples should be transported directly to the laboratory for analytical testing under 
standard chain of custody procedures.  

The chain of custody should contain all sampling information including project details and contact 
details, sample identity, date of collection, sample media, number of bottles, analysis required, 
turnaround time and be signed off by the consigner and, on receipt at the laboratory, the receiver. 

Primary and duplicate groundwater samples and associated QA/QC samples should be analysed by a 
NATA accredited laboratory for the analytes being investigated. This is to ensure consistency with 
previous investigations. 

Triplicate (inter-laboratory) samples should be analysed by a NATA accredited laboratory for the 
analytes being investigated, with the same limits of reporting used as the primary laboratory. 

7.4 Sample Nomenclature and Labelling 
Sample nomenclature should be in accordance with Defence Contamination Directive #7 (Department 
of Defence, 2012).  The following table outlines the sample nomenclature for each type of sample. In 
general, the identification will be the Site identification number (e.g. 0207), followed by the sample 
location (e.g. MW01, SW11), and followed by the date in YYMMDD format. (see Section 7.6.1). 
Table 15 Sample Nomenclature 

Sample Type Location (example) Example ID 

Groundwater monitoring bore (on-site) MWA1-A 0207_MWA1-A_180101 

Groundwater monitoring bore (off-Site) MWO-W-WCM 0207_MWO-W-WCM_180101 

Residential bore RN52999 0207_RN52999_180101 

Surface water SW01 0207_SW01_180101 
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7.5 Equipment Required for Sampling and Calibration 
The following equipment should be used by field personnel during the fieldwork. 
Table 16 Sampling Equipment 

Equipment Item Reason for Equipment Use 
Sampling Pole Collection of surface water samples 
Brush, Bucket and Deionised 
Water 

Decontaminate of the equipment between sample collections 

Interface Probe To measure the stabilised water level in the monitoring bores. 

Photoionisation Detector (PID) To be used on-Site for the detection of volatile organic compounds 
(VOCs) in bores and protection of field personnel.  The Site 
continues to use high volumes of petroleum hydrocarbons as part of 
operations and areas of the Site are known to be impacted with 
hydrocarbons in groundwater. 

Water Quality Meter Collection of field water quality parameters for each water sample. 
Parameters include: temperature, pH, EC, DO, ORP 

Submersible low-flow bladder 
pump or HydraSleeves 

Collection of groundwater samples 

 

The water quality meter should be calibrated each day prior to the commencement of field activities 
with relevant buffer solutions, including pH and electrical conductivity.  

The calibration will be in accordance with manufacturers’ instructions or NATA publication “General 
Requirements for Registration: Supplementary Requirement: Chemical Testing (NATA 1993) and 
Technical Note N0. 19 (NATA 1994)”. Where satisfactory calibration cannot be achieved, the water 
quality data should not be used for interpretative purposes. 

A PID will be used for screening VOCs in groundwater monitoring bores during on-Site monitoring. 
The PID should be calibrated each day prior to the commencement of field activities with 100 parts per 
million (ppm) isobutylene.  Calibration details should be recorded on field sheets. 

7.6 Quality Assurance/Quality Control Sampling 
7.6.1 Quality Assurance / Quality Control Sample Nomenclature 
The following table outlines the sample nomenclature for each type of QA/QC sample, which is in 
accordance with the Defence Contamination Directive #7 (Department of Defence, 2012). In general, 
the identification will be the Site identification number (e.g. 0207), followed by the QC number (e.g. 
QC100, QC200), and followed by the date in DDMMYY format. 
Table 17 QA/QC Sample Nomenclature 

Sample Type QC Series Example ID 

Duplicate QC1xx 0207_QC100_180101 

Triplicate QC2xx 0207_QC200_180101 

Rinsate QC3xx 0207_QC300_180101 
 

To ensure QA/QC sample information is correctly documented, a QA/QC Sample Register will be 
required to document: 

• Date of sample collection; 

• Name of person the sample was collected by; 

• QA/QC sample number (e.g. QC100); 
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• QA/QC sample type (i.e. duplicate, inter-laboratory duplicate, rinsate, trip blank, field blank); 

• Parent (or Primary) sample ID; 

• Sample matrix (e.g. water); and 

• Analysing laboratory name (e.g. ALS). 

7.7 Analytical Suite and Laboratory Analysis Methods 
All media sampled shall be analysed for the standard PFAS suite identified in Table 18 below. 
Table 18 Sample Analytical Suite for PFAS 

PFAS Group Compound CAS No. 

Perfluoroalkyl 
Sulfonic Acids 

Perfluorobutane sulfonic acid (PFBS) 375-73-5 

Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 

Perfluorohexane sulfonic acid (PFHxS) 355-46-4 

Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 

Perfluorooctane sulfonic acid (PFOS) 1763-23-1 

Perfluorodecane sulfonic acid (PFDS) 335-77-3 

Perfluoroalkyl 
Carboxylic Acids 

Perfluorobutanoic acid (PFBA) 375-22-4 

Perfluoropentanoic acid (PFPeA) 2706-90-3 

Perfluorohexanoic acid (PFHxA) 307-24-4 

Perfluoroheptanoic acid (PFHpA) 375-85-9 

Perfluorooctanoic acid (PFOA) 335-67-1 

Perfluorononanoic acid (PFNA) 375-95-1 

Perfluorodecanoic acid (PFDA) 335-76-2 

Perfluoroundecanoic acid (PFUnDA) 2058-94-8 

Perfluorododecanoic acid (PFDoDA) 307-55-1 

Perfluorotridecanoic acid (PFTrDA) 72629-94-8 

Perfluorotetradecanoic acid (PFTeDA) 376-06-7 

Perfluoroalkyl 
Sulfonamides 

Perfluorooctane sulphonamide (FOSA) 754-94-6 

N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 

N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 

N-Methyl perfluorooctane sulfonamidoethanol (MeFOSE) 2448-09-7 

N-Ethyl perfluorooctane sulfonamidoethanol (EtFOSE) 1691-99-2 

N-Methyl perfluorooctane sulfonamidoacetic acid (MeFOSAA) 2355-31-9 

N-Ethyl perfluorooctane sulfonamidoacetic acid (EtFOSAA) 2991-50-6 

(n:2) 
Fluorotelomer 
Sulfonic Acids 

4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 

6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 

8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 

10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 
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The current standard laboratory limits of reporting (LOR) are described in Table 19 below. 
Table 19 Laboratory Limits of Reporting 

Sample Media Parameter Technique/Method 
Reference LOR* 

Groundwater Standard PFAS Suite LC/MS-MS 0.002 – 0.1 µg/L 
Surface Water Supertrace PFAS Suite LC/MS-MS 0.0003 – 0.001 µg/L 
Sediment Standard PFAS Suite LC/MS-MS 0.0002 – 0.001 mg/kg 

Notes: LC/MS-MS = Liquid chromatography–mass spectrometry, GC = Gas chromatography 

*LOR for Australian Laboratory Services (ALS) 
 

7.8 Fieldwork Documentation 
7.8.1 Field notes 
Field notes should be maintained to record all field sampling events and include observations made at 
each sample location and community interactions where relevant. Field notes should include 
information specific to the sample media as follows: 

7.8.1.1 Field Records – groundwater sampling 
At each sampling location for groundwater the field records will include the minimum of the following 
information: 

• Sampling time, date and the name of the sampler 

• Weather conditions 

• Sample collection method 

• Presence of light non-aqueous phase liquid 

• Field screening (turbidity, colour, odour etc.) 

• The geo-coordinates for each sample location and location of quality control (e.g. duplicate and 
triplicate) sample collection points (where needed) 

• Water quality meter calibration records and parameters 

• Sample equipment decontamination procedures where non-disposable sampling equipment is 
utilised. 

7.8.1.2 Field records – surface water sampling 
At each sampling location for groundwater the field records will include the minimum of the following 
information: 

• Sampling time, date and the name of the sampler 

• Weather conditions 

• Sample collection method 

• Presence of light non-aqueous phase liquid 

• Field screening (turbidity, colour, odour etc.) 

• The geo-coordinates for each sample location and location of quality control (e.g. duplicate and 
triplicate) sample collection points (where needed) 

• Water quality meter calibration records and parameters  

• Sample equipment decontamination procedures where non-disposable sampling equipment is 
utilised. 
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7.8.2 Chain of custody forms 
A chain of custody (CoC) form shall be completed, documenting the sample identification number and 
analytes. The CoC documents the chain of events from sample collection to delivery at the laboratory 
and provides a traceable account of sample handling. The CoC form shall be signed by both the 
sample collector and the receiving laboratory. 

The CoC form shall include the following information: 

• Job number (Note: Name of site is not listed for confidentiality of project) 

• Date and time of sample collection 

• Sample ID 

• Type of containers 

• Name of sampler 

• Laboratory to be used 

• Analyses required 

• Any comments 

• Signatures of the sampler and laboratory receiver. 

Upon receipt of the original documents accompanying the samples at the laboratory, the laboratory 
shall provide a sample receipt document (noting temperature of samples upon receipt, analyses 
required and any non-conformances) and return the signed CoC form to confirm analyses to be 
performed. 

7.8.3 Sampling documentation 
Field sampling sheets will be completed for each location and will include the following information (as 
appropriate for the media being sampled): 

• Name of sampler 

• Sample location 

• Date /time of monitoring/ sampling 

• Sampling method 

• Observations of the sampled media  

• Information provided by landholders on water use etc. 

7.8.4 Calibration records 
Records of all equipment calibration shall be kept and included in the reports documenting sampling 
undertaken for the OMP. 

7.8.5 Laboratory reports 
Laboratory reports should be issued in accordance with the requirements of NATA endorsement and 
will include the following information appended within the baseline report: 

• The sample receipt notifications (detailing samples have been received in adequate condition and 
within the maximum hold times) 

• The test results for the samples 

• The test results for the laboratory’s in-house duplicates 

• The test results for the laboratory’s in-house surrogate and matrix spike recovery determinations 

• The extraction (where applicable) and analysis dates which would be used to determine 
compliance with the permitted holding times. 
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Copies of the analytical laboratory reports should be included in the reports documenting sampling 
undertaken for the OMP. 

7.9 Waste Management 
The minor volume of water that will be generated during purging of groundwater from bores will be 
transferred to the appropriate storage containers on-Site (e.g. IBC or equivalent) for future treatment 
or disposal by Defence.  
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8.0 Data Management, Performance Measures and 
Reporting 

8.1 Data Management 
All data collected during the implementation of the OMP (including groundwater elevations, field 
parameter results, and analytical results) must be imported into an ‘ESdat’ database in accordance 
with Defence requirements.  This program allows QA checks for consistency for completeness, 
sampling issues and laboratory data issues and enables automated exceedance checks for screening 
criteria or control levels. 

8.1.1 Field data capture and recording 
Data captured in the field should be processed to ensure data are transferred into an electronic format 
suitable for uploading into ESdat using the relevant import templates.   

Hand written notes such as sampling fieldsheets, quality sample registers, daily activity reports should 
be scanned and stored in an electronic folder, which can be retrieved and consulted if required. 

8.1.2 Transferring analytical results into ESdat 
Analytical laboratory reports should be reported in the ESdat electronic lab data format file (version 2e) 
to enable direct transfer of files from the laboratory in a format which allows checking and direction 
import into ESdat.  The files include a header file, a sample file, chemistry results file.  The version 2e 
file is compatible with all current implementations of ESdat. 

8.1.3 ESdat Format Requirements and Uploading to Database 
ESdat format files will be uploaded to the DERP ESdat database by the laboratory, and will be 
uploaded by the Consultant for data validation. A sample register will be maintained to track all 
laboratory data received and uploaded. 

ESdat format files will require specific naming conventions for file names and for the sample data 
being reported. The naming conventions are based on the requirements of the National DERP ESdat 
database and include: 

• Laboratory files must be named with the Database Project ID as a prefix i.e “NSW_0908_PFAS.” 
followed by the laboratory work order number, the revision number and file type e.g. 
“NSW_0908_PFAS.ESxxxxxxx_0.Chemistry2e.CSV” 

• The header file must also contain the Database Project ID as the “Project_ID” 

• Samples must be named using DCD#7 (Defence 2012) sample nomenclature as described in 
Section 7.4. 

8.1.4 Data validation process  
Following import of analytical reports into ESdat, the results should be validated to ensure conformity 
with sample nomenclature conventions and any other issues.  A quality assurance report should be 
implemented to understand if there are any data validation non-conformances. 

Following data validation any required corrective actions will be recorded in the sample register and 
applied to both the Consultant’s Defence ESdat database and the DERP ESdat database. 

8.2 Performance Measures  
A critical step in establishing an effective monitoring program is to identify performance measures 
against which the environmental impact of PFAS can be assessed. Once these have been 
established, an action plan is necessary to describe the measures taken if pre-defined compliance 
levels are exceeded. 

Performance measures designed to monitor the environmental impacts to groundwater and surface 
water have been assigned on the basis of the following definitions: 
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• Assessment criteria: a water quality standard that is identified as being appropriate to a 
contaminant in a water body in order to assess the overall impact on water quality. 

• Baseline: the naturally-occurring level of a contaminant measured up-hydraulic gradient or 
upstream of the Site. The baseline concentration for each contaminant at each location will be 
defined in all monitoring reports. 

• Trigger level: a specific assessment criterion applied to a contaminant to assess whether there 
have been possible adverse trends in environmental monitoring data.  A trigger level is used a 
tool to alert Defence and Regulators of these changes.  The trigger levels and responses are 
described in Table 20. 

Table 20 Trigger levels and responses 

Trigger Response 

First time detection of PFAS in 
groundwater / surface water 

• Request the analytical laboratory reanalyses the sample to 
verify detection 

• Resample location within one month and verify detection 

• Consider increasing frequency of monitoring to include 
monitoring bore/point in the targeted sampling round 

First time exceedance of the 
drinking water guideline in 
groundwater 

• Request the analytical laboratory reanalyses the sample to 
verify exceedance 

• Resample location within one month and verify exceedance 

• Calculate rolling average over the last four most recent sample 
results and compare with the drinking water guideline 

• Consider increasing frequency of monitoring to include 
monitoring bore/point in the targeted sampling round 

First time exceedance in 
groundwater of the groundwater 
exposure point concentration 
(EPC) used in the HHRA for the 
relevant Management Zone as 
shown on Appendix A 

Zone 1 PFOS+PFHxS: 
72.8 µg/L 

Zone 2 PFOS+PFHxS: 
9.93 µg/L 

Zone 3 PFOS+PFHxS: 
0.35 µg/L 

 

• Calculate rolling average over the four most recent sample 
results at the sampling location and compare with EPC 

• Site-specific review of potential exposure pathways to confirm 
whether pathways that may be subject to additional precautions 
are actually occurring 

• If rolling average exceeds EPC and relevant additional 
pathways are complete, undertake a site-specific quantitative 
risk assessment to identify whether additional precautions 
would be suggested and/or consider a change to the boundary 
of the Management Zone. 

First time detection of PFAS in 
surface water 

• Request the analytical laboratory reanalyses the sample to 
verify detection 

• Resample location within one month and verify detection 

• Consider increasing frequency of monitoring to include surface 
water monitoring location in the targeted sampling round 

First time exceedance of the 
recreational water guideline in 
surface water  

• Request the analytical laboratory  reanalyses the sample to 
verify exceedance 

• Resample location within one month and verify exceedance 

• Calculate rolling average over the last four most recent sample 
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Trigger Response 

results and compare with the recreational water guideline 

• Consider increasing frequency of monitoring to include surface 
water monitoring location in the targeted sampling round 

Sediment PFAS concentration 
increase in two consecutive 
sampling events. 

• Request the analytical laboratory to reanalyse the sample to 
verify increase 

• Resample location within one month and verify the increase 

No triggers or acceptable levels 
are exceeded 

• Continue monitoring of the location as per the OMP. 

• Include recommendation for the location in recommendation 
letter, following two years of monitoring (refer to Section 8.3.4). 
The recommendations may include: 

o Decreasing frequency of monitoring. 

o Cease monitoring and / or monitor nearby well. 

8.3 Reporting Format and Frequency 
8.3.1 Interim escalation report 
Following receipt of the preliminary results, an ‘Interim Escalation Report’ will be prepared in the event 
of occurrence of one of the triggers listed in Table 20. 

The Interim Escalation Report will be issued prior to the commencement of the ‘Factual Reporting’ 
(Section 8.3.2) or the ‘Interpretative Reporting’ (Section 8.3.3). 

The ‘Interim Escalation Report’ will comprise of the following: 

• Summary of new results in comparison to historical data 

• Note that the laboratory has confirmed the results 

• Recommendations 

The ‘Interim Escalation Report’ may trigger the need to report to the Queensland Government.  

8.3.2 Factual monitoring 
Factual monitoring reports will be prepared following each monitoring event.  In accordance with 
NEPM (2013) Schedule B2, each report should contain the following information: 

• Introduction, monitoring requirements, scope of work 

• Fieldwork- details of the monitoring carried out.  Non-conformances relative to the OMP and their 
reasons should be identified as well as additions to the program 

• Identification of screening assessment criteria 

• Results and screening assessment with exceedances highlighted.  Summary tables of the results 
should be presented within the text 

• Data validation 

• Summary. 

Appendices to these reports should include figures showing samples monitored and summaries of 
results, copies of field sampling sheets and calibration records and analytical laboratory reports. 

Defence would issue the report to Queensland Government, where required, for example, reports that 
include results from samples collected from State owned land. 
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8.3.3 Interpretative reporting 
An interpretative report should be prepared annually which provides current information on the 
distribution of PFAS contaminants of potential concern in groundwater and surface water in the 
Management Area. 

This should include the following information: 

• Introduction, scope of report, objectives, management of monitoring program 

• Site and environmental setting 

• Summary of the monitoring program, data acquisition and changes compared to OMP 

• Summary interpretation of the program results 

- Groundwater elevation  

- Groundwater quality including evaluation of spatial and short and long term temporal 
changes including graphs showing different areas on-Site and off-Site 

- Surface water quality including evaluation of temporal changes 

- Distribution of groundwater and surface water contamination 

- Evaluation of potential changes due to remediation / management measures 

- Assessment of whether revisions to the Management Area and Management Zones are 
required. 

• Update of the conceptual site model understanding 

• Conclusions. 

The report should be supported by tables, graphs and figures. 

8.3.4 Recommendations letter 
Following completion of the interpretative report (after two years of monitoring), a letter documenting 
recommendations for amendment to the OMP will be prepared to the program for the following 
calendar year and beyond. 

8.3.5 Residential results letters 
Analytical results for samples collected from bores and surface water locations on private properties 
will be reported to the stakeholders by individually prepared letters within eight weeks of completion of 
the monitoring round.  

These results can also be included for consideration in the six monthly and interpretive reporting for 
data that has been approved for use by the residents. 

8.3.6 Reporting Timeframes 
The reporting timeframes are outlined in Table 21, below: 
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Table 21 Monitoring Report Type and Frequency 

Report type  Description 

Interim escalation 
report 

- Prepared following receipt of preliminary results, in the event of 
occurrence of one of the triggers listed in Table 20. 

Factual monitoring 
reports 

- Draft factual monitoring reports will be provided to Defence for 
issue to the QLD government eight weeks after completion of 
each six monthly monitoring event. 

- There would be some limited interpretation in the factual reports 
to note whether or not interim escalation reports were produced 
with summaries of the escalation report findings included. 

- The finalised factual monitoring reports will be placed on Defence 
website. 

Interpretive monitoring 
reports 

- Interpretive reporting will be completed every two years. 

- The finalised interpretive monitoring reports will be placed on 
Defence website. 

Recommendations 
Letter 

- Recommendations letter will be prepared after the two year 
monitoring period.   

Residential Results 
Letters 

- Residential letters will be prepared for each private property 
where samples are collected. 

- Results letters will be issued to residential stakeholders within 
eight weeks of completion of monitoring event. 

 

8.3.7 OMP Review and Applicability 
The OMP has been prepared using current knowledge of the risk posed by contaminants of concern.  
It should be noted that this OMP is only relevant to the current land uses, receptors and current 
Management Area (refer to Section 1.3).  If significant changes are made, this OMP will require 
review to assess its relevance.  

The OMP will be reviewed on an annual basis. The review frequency is based on Management Area 
specific characteristics and the existing trend data. The review frequency may be revised during the 
implementation period as more data becomes available. 

The OMP may need to be updated for the reasons such as: 

• Changes in the spatial distribution of the contamination requiring additional monitoring points to be 
added  

• Changes due to monitoring network to replace destroyed or lost bores, or as a result of landholder 
access permission changes 

• Changes to the relevant legislation 

• Changes to Defence’s management of PFAS contamination 

• Changes in the assessment criteria or control levels.  If new guidelines are issued for existing or 
new contaminants, the OMP would need to be updated to take account of the changes 

• Changes due to ongoing response management work 

• Community requests for regular sampling which are approved by Defence 

• Changes to the frequency of the monitoring to acquire additional data in higher sensitivity areas 

• Following flood or other natural disaster events, which may require additional monitoring post 
event 
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The reports will be reviewed by Defence and technical advisor appointed by Defence. 

8.4 Assessment Criteria 
The principal legislative basis for water quality management in Queensland is the Environmental 
Protection (Water) Policy (EPP), 2009, which identifies a process for identifying environmental values 
of waterways and establishing corresponding water quality objectives to protect identified 
environmental values.  Oakey Creek is within the Condamine Catchment and draft environmental 
values and water quality objectives for the Condamine Catchment have been developed by 
Condamine Alliance (2017).  The environmental investigation report will include assessment of the 
draft applicable environmental values and water quality objectives.  It should be noted that the EPP 
2009 refers to specific water quality objectives for some areas and where no specific guidance is 
provided, guidance will use the hierarchy of water quality guidelines presented in the subsections 
below.  

Sampling results should be assessed against the latest published screening criteria available.  At the 
time of preparing this OMP, a number of guidance documents were available in Australia including: 

• PFAS National Environmental Management Plan (NEMP), (HEPA 2018).  
http://www.epa.vic.gov.au/PFAS_NMP 

• National Environment Protection (Assessment of Site Contamination) Measure 1999, Schedule 
B1, as amended in 2013 (NEPM 2013) 

The adopted PFAS screening criteria to assess the data generated as part of the OMP are presented 
in and are based on the DoH 2017 values only.  
Table 22 Summary of Adopted Screening Criteria 

Media Pathway Chemical Criteria  Comment/reference 
Human receptors 

Water Drinking water − 
groundwater 

PFOS and 
PFHxS 

0.07 µg/L The values presented are from the 
NEMP (HEPA 2018). All groundwater 
results will be compared to these 
criteria. PFOA 0.56 µg/L 

Recreational water 
– surface water 

PFOS and 
PFHxS 

0.7 µg/L  These values presented are from the 
NEMP (HEPA 2018). All groundwater 
results will be compared to these 
criteria. PFOA 5.6 µg/L 

Ecological 

Water Freshwater PFOS  0.00023 µg/L These values presented are from the 
NEMP (HEPA 2018). 

PFOA 19 µg/L 
 

8.4.1 Reporting quality control data 
To provide defensible laboratory data, QA/QC sampling; analysis and reporting needs to be rigorous 
and comprehensive.   

Analytical data validation is the process of assessing whether data are in compliance with method 
requirements and project specifications. The primary objectives of this process are to ensure that data 
of known quality is reported, and to identify if the data can be used to fulfil the overall project 
objectives. 

The data validation guidelines adopted is based upon data validation guidance documents published 
by the United States Environmental Protection Agency (US EPA). These include the US EPA Contract 
Laboratory Program for Organic Data Review, October 1999; US EPA Contract Laboratory Program 
for Inorganic Data Review, July 2002; and the US EPA Guidance on Environmental Data Verification 

http://www.epa.vic.gov.au/PFAS_NMP
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and Data Validation, November 2002. The process involves the checking of analytical procedure 
compliance and an assessment of the accuracy and precision of analytical data from a range of quality 
control measurements, generated from both the field sampling and analytical programs. 

The reports will include summary tables which assess: 

• Holding time compliance tables and field QC sample results 

• Duplicate relative percentage difference compliance tables 

• Laboratory QC compliance tables. 

In addition, the data would be reviewed in the ESdat database system for conformity with QA/QC 
principles and methodologies. Any inconsistencies or inadequacies would be presented within the 
OMP reports. 
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Figure F03: Active and Depleting
Sources of PFAS
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Figure F8: PFHxS and PFOS in
Groundwater in Oakey Creek Alluvium
and Main Range Volcanics
ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
APRIL 2018 GROUNDWATER MONITORING EVENT
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m

1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.
3. Monitoring wells and residential bores have only been
included here if the landholder gave permission. As a
result, not all monitoring wells and residential bores are
depicted on the figure.
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Figure F13: Interpretation of PFAS in
Groundwater in the Management Area
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1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.

Notes

Interp reted PFOS+PFHxS in groundw ater
Concentration Ranges (μg/L) 
based on 2014-2018 data

>50
>10 - 50
>1 - 10
>0.07 - 1
>LOR-0.07

Drainage channel
Watercourse/water body
Drain # 1
Drain # 2
Drain # 2 after confluence with Drain # 1
Drain # 3
Drain # 4
Former Landfill
Management Area
Site Boundary

Disclaimer
This figure has been compiled to provide a visual representation of contoured PFOS_PFHxS
concentration in groundwater samples at selected locatiosn and does not represent the full nature and
extent of water impacts in the area, nor does it represent inferred aquifer conditions. The sampling points
shown show PFOS+PFHxS concentrations as reported between July 2017 and May 2018.
The shading provided on this figure represents the area over which PFOS+PFHxS has been detected a
various concentration intervals (refer to legend) groundwater samples collected between 2014 and 2018.
The figure is not intended to be used for the purpose of understanding the full extent of groundwater
and/or aquifer impacts, but provides a visual indication of potential exposure point concentrations.
This figure should be used for preliminary indicative purposes only and will be subject to change as
additional data are collected.
Notes
Groundwater sampling locations on private properties have only been included where the landholder
gave permission.  As a result, not all groundwater sampling locations are depicted on the figure.

Interpreted groundwater flow direction
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Figure F31: PFOS+PFHxS
Concentrations in Groundwater: On-Site
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uncertainties when interpreting this figure.

1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.

Notes
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Figure F33: PFOS+PFHxS
Concentrations in Groundwater: Off-Site
(Oakey Creek Alluvium)
ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
ENVIRONMENTAL SITE ASSESSMENT REPORT

I 0 500 1,000250
m

1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.
3. Wells monitoring shallow groundwater in Main Range
Volcanics are included in the figure as Main Range
Volcanics and Oakey Creek Alluvium are hydraulically
connected.

Notes

Disclaimer
Results from monitoring wells have only been included
here if the landholder gave permission. As a result, not all
monitoring well samples are depicted on the figure.
Refer to Section 3.5.1 regarding data characteristics and
uncertainties when interpreting this figure.
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Figure F40: PFOS+PFHxS
Concentrations in Surface Water

ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
ENVIRONMENTAL SITE ASSESSMENT REPORT

I 0 500 1,000250
m

1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.
3. Key screening level is DoH (2017) surface water -
recreational of 0.7 µg/L

Notes
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Figure F43:  PFOS concentrations in on-
Site soil between 0.0 and 0.5 mbgs (2010
to 2017 data)
ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
ENVIRONMENTAL SITE ASSESSMENT REPORT

I 0 200 400100
m

1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.
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Figure F47 : Interpreted Extent of PFOS +
PFHxS in Groundwater (Monitoring Wells and
Residential Bores) and Surface Water On-Site
and Off-Site: February to June 2017
ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
ENVIRONMENTAL SITE ASSESSMENT REPORT

I 0 500 1,000250
m

1. <LOR - Less than laboratory limit of reporting
2. Maximum concentration of primary and QC samples
shown for locations where duplicates and triplicates
collected.

Notes

Inte rp re te d PFOS+PFHx S in gro u ndwate r
Co nce ntratio n Range s (μg/L) 
base d o n 2014-2017 data

>50
>10 - 50
>1 - 10
>0.07 - 1
>LOR-0.07

Drainage channel
Watercourse/water body
Drain # 1
Drain # 2
Drain # 2 after confluence with Drain # 1
Drain # 3
Drain # 4
Former Landfill
Investigation Area
Site Boundary

Disclaimer
This figure has been compiled to provide a visual representation of contoured PFOS+PFHxS
concentrations in surface water and groundwater samples at selected locations, and does not represent
the full nature and extent of water impacts in the area, nor does it represent inferred aquifer conditions.
The greatest reported PFOS +PFHxS concentration from the Stage 2C 2017 EI is presented at each
sampling point.
The shading provided on this figure represents the area over which PFOS +PFHxS has been detected at
various concentration intervals (refer to legend) groundwater samples collected between 2014 and 2017.
This figure is not intended to be used for the purpose of understanding the full extent of surface water,
groundwater and/or aquifer impacts, but provides a visual indication of potential exposure point
concentrations.
This figure should be used for preliminary indicative purposes only and will be subject to change as
additional data is collected.
Notes
Surface water and groundwater sampling locations on private properties have only been included where
the landholder gave permission. As a result, not all surface water and groundwater sampling locations are
depicted on the figure.
Refer to Section 3.5.1 regarding data characteristics and uncertainties when interpreting this figure.

Interpreted groundwater flow direction

manescuB
Final



××

×

×

×

× × ×

×

×

×

×
× ×

×

×

×

×

×
××

×

×

De
pth

 (m
bg

s) Depth (mgbs)

Discharge of impacted stormwater
into Oakey Creek

On occasion, flood inundation
events occur potentially tranporting
PFAS in surface soils

Irrigation of fruit and vegetables
using potentially impacted water

Following storm events water
discharge offsite via drainage
network. PFAS transported from
impacted soils via overland flowPrimary On-site Sources

Potential for infiltration of
water from dam to groundwater

and irrigation return flow

Recharge from rainfall

Oakey Creek is a losing
system to groundwater

Leaching of PFAS in sediment and
vertical migration to groundwater

Infiltration and vertical
migration of PFAS to
groundwater

Surface soils across site impacted
with PFAS from historical irrigation

Presence of MRV overlying WCM
provides protection of GAB (WCM)

Potential for vertical flow from
Oakey Creek Alluvium to WCM

Higher concentration of PFAS present
in lower permeable alluvium

Groundwater flow direction
east to west

NORTH SOUTH

Bore
extractionSecondary Off-site

Source (Landfill)

Enhanced flow in coarser material.
Connectivity of these horizons is uncertain

Sediment transport
downstream

PFAS movement and concentration
in groundwater: rates and distances
depend on permeability

Infiltration of PFAS
to groundwater

Potential for multiple aquifers to be 
connected due to poor bore construction

Oakey
Creek

Drainage
ChannelSite Offsite Oakey

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

WCM (sandstone,
siltstone, coal bands.
Aquifer is confined)

MRV (weathered and
fractured basalt)

MRV (weathered and
fractured basalt)

Oakey Creek
Alluvium

(silty clay)

Sandy Lens

Basal Gravel
(depth is variable)

LNAPL

Perched water

Farm dam (filled with
potentially impacted

bore water)

LEGEND
LNAPL

PFAS
PFAS Impact in Soil
PFAS Impact in Groundwater

GEOLOGY
Quaternary

Oakey Creek Alluvium
Transition Zone

Tertiary
Main Range Volcanics (MRV)

Jurassic
Walloon Coal Measures (WCM)

AE
CO

M d
oes

 no
t w

arr
an

t th
e a

ccu
rac

y o
r co

mp
lete

nes
s o

f in
for

ma
tion

 dis
pla

yed
 in 

this
 ma

p a
nd 

any
 pe

rso
n u

sin
g it

 do
es 

so 
at t

he
ir o

wn
 ris

k.  
  A

EC
OM

 sh
all 

bea
r n

o r
esp

ons
ibil

ity 
or 

liab
ility

 for
 an

y e
rro

rs, 
fau

lts,
 de

fec
ts, 

or 
om

iss
ion

s in
 the

 inf
orm

atio
n.

Path: P:\605X\60533675\4. Tech Work Area\4.99 GIS\MXD\ESA_2017\_0207_AACO_P60533675_ESA_FigureF49_ConceptualSiteModel_PFASContamination.mxd

SHEET
N/A

COORDINATE SYSTEM

CLIENT
DEPARTMENT OF DEFENCE

PROJECT

TITLE

A3

Disclaimer Spatial data used under licence from The State of Queensland 2017.
AECOM makes no representations or warranties of any kind, about the accuracy, reliability,
completeness, suitability or fitness for purpose in relation to the map content.

1 of 1

SIZENOT TO SCALE

Figure F49: Conceptual Site Model for
PFAS Contamination at AACO

ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
ENVIRONMENTAL SITE ASSESSMENT REPORT

Disclaimer
Refer to Section 3.5.1 regarding data characteristics and
uncertainties when interpreting this figure.

manescuB
Final



!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

")

")

")

")

")

")

!(

!(

")

!(

D3
#*

DoctorCreek

#

#

#

#

#

#

#

#

#

##

##

##
##

##

##

##

Doctor Creek

We
stb

ro
ok

 C
re

ek

Oa
ke

y C
ree

k

Hamlyn Rd

Federal St
Ja

ne
tzk

iR
d

Cherry St

King
St

Creek St
Cox St

Hass St

Adair St

Co
op

er 
Av

Be
lch

er
St

D elraySt

BridgeSt (Oakey Connection Rd)

Aruma Dr
Jo

se
ph

 St

Cribb St

Ka
tri

na
 St

Ga
yle

 St

De
vo

n P
ark

 R
d

Be
ale

 St

K eo
ng

Rd

Co
ry 

St

Be
rg

ho
fer

 D
r

Cunliffe St

Donely St

Luscombe Av

Guild Av

Langton Cr

Ba
co

ns
 R

d

Orr R
d

Kent St

Lorrimer St
Bl

ak
e R

d (
Oa

ke
y C

oo
ya

r R
d)

Cunningham St

Corfe Rd

Devon Park Boundary Rd

Bridge St

McKenzie Rd

Fourak Rd (Four Ak Rd)

Ke
arn

ey
 R

d
1

1

33

2

5
4

3

4

2

1
2

8

7

6

B
B

B

A

A

A

A

2

1

2

5

4

3

AE
CO

M d
oes

 no
t w

arr
ant

 the
 ac

cur
acy

 or
 co

mp
lete

nes
s o

f in
for

ma
tion

 dis
pla

yed
 in 

this
 ma

p a
nd 

any
 pe

rso
n u

sin
g it

 do
es 

so 
at t

hei
r o

wn
 ris

k.  
  A

EC
OM

 sh
all 

bea
r n

o r
esp

ons
ibil

ity 
or 

liab
ility

 for
 an

y e
rro

rs, 
fau

lts,
 de

fec
ts, 

or 
om

iss
ion

s in
 the

 inf
orm

atio
n.

LEGEND

D3
Potential area used for historical 
firefighting training

#* Former Waste Water Treatment Plant
Drainage channel
Watercourse/water body
Flow in creek
Surface flow into / along drainage channel
Groundwater flow
Irrigation using groundwater
Sediment transport
Flood January 2011 (limited extent)
Former Landfill
Site Boundary

Path: P:\605X\60533675\4. Tech Work Area\4.99 GIS\MXD\ESA_2017\Draft_versionC\_0207_AACO_P60533675_ESA_FigureF50_ConceptualSiteModel_InPlan.mxd

SHEET
GDA 1994 MGA Zone 56

COORDINATE SYSTEM

CLIENT
DEPARTMENT OF DEFENCE

PROJECT

TITLE

A3

Disclaimer Spatial data used under licence from The State of Queensland 2017.
AECOM makes no representations or warranties of any kind, about the accuracy, reliability,
completeness, suitability or fitness for purpose in relation to the map content.

1 of 1

SIZESCALE

1:30,000

Figure F50: Conceptual Site Model (in
Plan)

ARMY AVIATION CENTRE OAKEY (AACO) 
STAGE 2C 2017 ENVIRONMENTAL INVESTIGATION
ENVIRONMENTAL SITE ASSESSMENT REPORT

I 0 500 1,000250
m

No surface water 
PFAS impacts 
upstream of 

drainage chanel 3

No surface water
PFAS impacts in

Doctor Creek

'-3
#*4

¬«1
®)2

Drain Lines
'-3
®)2
¬«1

#*4

RECEPTORS (not shown)
- Residents
- Recreational users
- Commercial workers
- Site personnel
- Intrusive maintenance workers
- Terrestrial and aquatic ecosystem

Groundwater in southern portion
of Oakey potentially affected by
secondary sources

SURFACE  WATER  PATHWAYS
Following storms, surface water runoff transports
PFAS to drains.
Transport of PFAS in stormwater along drains to
Oakey Creek.
Transport of PFAS in Oakey Creek.
Physical transport of PFAS in sediment in Oakey
Creek.
Confluence of Westbrook and Oakey Creek
dilutes water in Oakey Creek.
Flood innundation events can transport PFAS.
(Extent of flood in January 2011  - limited extent)

¬«1

¬«2

¬«3

¬«4

¬«5

¬«6

Disclaimer
Refer to Section 3.5.1 regarding data characteristics and
uncertainties when interpreting this figure.

GROUNDWATER  PATHWAYS
PFAS released to surface and subsurface soils.
Vertical migration of PFAS to groundwater.
Migration of PFAS with groundwater flow from
east to the west.
Deposition of sediment containing PFAS in drain /
creek. Vertical migration to groundwater.
Loss of water containing PFAS from surface
drains / Oakey Creek to groundwater via vertical
infiltration.
Where Walloon Coal Measures is present at
shallow depth and not protected by Main Range
Volcanics potential for vertical flow into Walloon
Coal Measures (natural and induced).
Local irrigation of groundwater containing PFAS.
Vertical flow at bores screened across multiple
aquifers.
Potential irrigation return flow (at farm dams).

¬«1

¬«2

¬«3

¬«4

¬«5

¬«6

¬«7

¬«8

SOURCES
Primary on-site PFAS sources
Secondary off-site PFAS sources

")A

")B #

manescuB
Final



PFAS MANAGEMENT AREA PLAN – ARMY AVIATION CENTRE OAKEY

APPENDIX H Site Summary Sheets



Former Fire Training Area – Depleting Source # 3

Site Description
The fire training area was formerly located northwest of the
control tower in the western part of the airfield.  The Area was
decommissioned in 1997 and is currently a grassed open area.

Location Plan

Monitoring Well Location Plan
Site History Summary
Historical fire-fighting training was carried out at the former fire training area using 3M Lightwater™
between 1977 and 1997 (AECOM 2015).  The training involved extinguishing fires by discharging
AFFF solution directly onto the fire. Training was carried out on a daily basis with larger training events
scheduled each month.

The former fire training area consisted of a concrete lined fire pit with a large mock-up, a valve pit, an
underground storage tank, which was connected to the fire pit, and two concrete slabs.  Prior to 1991
the fire pit was unlined.  Following training the waste liquid was released to a nearby drain.

The fire training area was decommissioned and remediated for petroleum hydrocarbons in 1997
(Thiess 1997).  Hydrocarbon-contaminated soil was excavated and landfarmed with in-situ validation of
soils for petroleum hydrocarbons and metals.

The historical investigations that targeted the former fire training area for PFAS are as follows:

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Data gap analysis which included a targeted investigation of soil and groundwater

samples from the former fire training area.
· AECOM (2016): The investigation included collection of a small number of soil samples during

installation of a groundwater monitoring well (MWN-H-LA) in the area of the former fire training
area.

· AECOM (2015): This was a PFAS Background Review and Source Study, which included
information about the historical practices at the former fire training area.

· Coffey (2011): The investigation included the collection of a small number of shallow soil samples
from the area of the former fire training area

Investigations performed for PFAS
Soil
· 6 soil samples were collected from 2 soil boreholes (Coffey 2011)
· 5 soil samples were collected from 1 soil borehole (AECOM 2016)
· 65 soil samples were collected from 17 soil boreholes (AECOM 2017)
Groundwater
· 1 groundwater samples (AECOM 2016)
· 3 groundwater samples (AECOM 2017)
· 2 groundwater samples (AECOM 2018)



Investigation Findings
Groundwater
· The maximum concentration of PFHxS and PFOS detected was 53.4 µg/L in sample location

MWN-J, located near the former fire training area in May 2018.  PFHxS+PFOS concentrations in
the other two monitoring wells ranged between 2.2 µg/L and 13.5 µg/L.

Soil
· PFAS detected in soil, primarily in the 0 to 2.5 below ground surface (mbgs) depth interval.

Highest PFHxS+PFOS concentration was 43.0 mg/kg in a sample collected from 2.0 m depth.

Justification for Management
· The former fire training area was used for approximately 20 years for fire training purposes.
· Significant volume of AFFF (potentially containing PFAS) was released into the area.
· The fire pit was unlined for 14 years with waste liquid released to the nearby drain.
· Soil and groundwater contain residual PFAS impacts.
· The soil in the area is a source of PFAS via leaching to groundwater and surface water drainage

channels.

Objectives of Management / Remediation
The objective of management/remediation for the former fire training area include:
1. PFAS mass removal from soil and groundwater.
2. Revegetation, restoration of ground cover, sediment/erosion control, improvement of ecosystem

values.
3.  Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The former fire training area is located airside near a runway and taxiway.

Management options will need to consider constraints associated with airside activities.  The
works, including plant and equipment will require approval from Base command.

· Future development: Defence is not aware of future developments in the area.
· Access: The former fire training area is located airside, therefore a Method of Working Plan

(MOWP) is required.



Former Fire Station – Depleting Source #2

Site Description
The former fire station is located immediately to the east of the
control tower in the central portion of the Base.  There was a
grassed, unsealed area to the rear (the south) of the fire station
where appliance testing and other activities were conducted.  The
fire station was demolished in 2005 and the area partially
redeveloped with a new building constructed.

Location Plan

Monitoring Well  Location Plan

Site History Summary
· Historical appliance testing, training and cleaning were carried out at the former fire station

between 1977 and 2005 using 3M Lightwater™. Activities included the following:
- Monitors on the fire trucks were tested daily at the grassed area to the south of the fire

station.  Drive tests were also conducted on a daily basis which involved spraying AFFF for 20
to 30 seconds.

- AFFF was also discharged to ground during handline training with up to 10 L per day.
- Rubber-lined hoses were scrubbed with AFFF in the grassed area and the hoses were also

flushed.
- Foam was also sprayed to ground in the grassed area on celebratory occasions.

· Spent foam in the grassed area was allowed to drain to ground or stormwater.
· The fire station was demolished in 2005 and replaced with the B73 (SAA flying training complex).
· At the time of preparing this PMAP, the open area to the south of the former fire station (whether

AFFF was discharged) is being redeveloped.  A new control tower is being built.

Historical investigations that targeted the former fire station are as follows:

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Groundwater monitoring of bores in the vicinity of the former fire station
· AECOM (2016): Remediation feasibility study of soils in the area of the former fire station.  Five

new groundwater monitoring bores were installed.
· AECOM (2016): Groundwater monitoring of bores in the vicinity of the former fire station
· AECOM (2015): This was a PFAS Background Review and Source Study, which included

historical information about the practices at the former fire station.
· Coffey (2011): The investigation included installation of two groundwater monitoring bores in the

area of the former fire station.

Investigations performed
Soil

· 5 Soil samples were collected from 2 soil bores (Coffey 2011)
· 65 Soil samples were collected from 18 soil bores (AECOM 2016)



Former Fire Station – Depleting Source #2
Groundwater

· 5 groundwater samples (AECOM 2018)
· 4 groundwater samples (AECOM 2016)
· 2 groundwater samples (AECOM 2017)
· 5 groundwater samples (AECOM 2018)

Investigation Findings
Groundwater

· Based on results from seven monitoring wells around this area, the maximum concentration of
PFHxS+PFOS detected was 965 µg/L in sample location MW204 (AECOM 2018).  PFHxS+PFOS
concentrations ranged between 4.25 µg/L and 853 µg/l (MWB3-B) in the six other wells around
and downgradient of the former fire station.

Soil
· PFAS has been detected in soil samples collected from this area with maximum concentrations

present at approximately 1.0 mbgs.  The highest PFHxS+PFOS concentration of 6.9 mg/kg was
detected in a sample collected at 1.0 mbgs at BH218.

Justification for Management
· The former fire station (B4A) area is considered a primary source of PFAS
· Significant volumes of AFFF (potentially containing PFAS) were released into the area
· Soil and groundwater contain elevated concentrations of PFAS.

Objectives of Management / Remediation
The objective of management/remediation for the former fire station (B4A) include:
1. PFAS mass removal from soil and groundwater
2. Implement remediation actions which do not significantly interrupt base operational activities in this

critical area of the base (i.e. control tower)
3. Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The area of the former fire station has previously undergone redevelopment

and the remaining open accessible areas are currently (in 2018) being redeveloped.  Management
options will need to consider ongoing operations.  The works, including plant and equipment will
require approval from relevant base departments.

· Future development: The area is currently being redeveloped as described above.
· Access: Due to the high density of buildings in the area of the former fire station (B4A), there may

be limited access for soil remediation.  Areas with groundwater impacts will be accessible.



AFFF Settling Tank (Tank C59) – Active Source  #4

Site Description
Tank C59 is located to the south of aircraft hangars C1 and C2 in
the central eastern portion of the Site.  It is a large reinforced in-
ground concrete structure with three access openings located
adjacent to the southern wall of hanger C2. The UST is a gravity
fed collection and storage tank for spent AFFF released from the
fire suppression systems in hangers C1, C2 and D31. Runoff from
fire training facility (D20) also drains to the UST. The capacity of
the UST is 400,000 L.

Location Plan

Monitoring Well  Location Plan

Site History Summary
It is understood that the tank was constructed in the early 1990s.  Seepage into the tank was identified
during an inspection in 2009 (Interlara, 2009). The seepage was from a small inlet pipe which had a
damaged seal, which was subsequently repaired. The integrity of the tank was tested in about 2012
and the results of this testing indicated that the tank was not seeping (AECOM 2015).

The tank’s contents are periodically removed by a licensed waste contractor, with disposal at a
hazardous waste facility.  There have been multiple waste contractors providing this service.

The tank would have been exposed to both 3M Lightwater and Ansulite AFFF impacted liquids.

Historical investigations that targeted the C59 tank are as follows:

· AECOM (2018b): Soil sampling close to C59.
· AECOM (2018a): Groundwater sampling at monitoring wells.
· AECOM (2017): Groundwater monitoring of bores in the vicinity of the AFFF settling tank
· AECOM (2015): This was a PFAS Background Review and Source Study, which included historical

information about the practices at the former fire station.
· Coffey (2011): Soil sampling and groundwater monitoring of bores in the vicinity of the AFFF

settling tank
· URS (2010): Soil sampling and installation of groundwater monitoring bores around the AFFF

settling tank.
· Interlara (2009): Inspection of Tank C59 as part of an investigation into a leak of petroleum

hydrocarbons from Tank C60.

Investigations performed
Soil

· 24 soil samples from 4 soil bores (AECOM, 2018b)
· 18 soil samples from 5 soil bores (Coffey, 2011)
· 12 soil samples from 3 soil bores (URS, 2010)

Groundwater

· 2 groundwater samples (AECOM, 2018a)
· 3 groundwater samples (AECOM, 2017)



AFFF Settling Tank (Tank C59) – Active Source  #4
· 4 groundwater samples (AECOM, 2016)
· 1 groundwater sample (AECOM, 2014)
· 5 groundwater samples (Coffey, 2011)
· 3 groundwater samples (URS 2010)

Investigation Findings
Soil
· The historical soil dataset includes 54 soil samples from 12 bore locations.  The dataset indicates

that near surface samples (0.5 mbgs) had the maximum concentrations detected with up to
0.74 mg/kg PFOS detected.

Groundwater
· The maximum concentration of PFOS detected was 176 µg/L in MWC1-B in 2010.  This bore (and

four other nearby bores) have not been monitored for PFAS due to the presence of light non-
aqueous phase liquid. In April 2018 groundwater from a monitoring bore up-gradient of the tank
(MWC1-C) had 58 µg/L PFHxS+PFOS, while groundwater from a bore down-gradient of the tank
(MWC1-H) had 67 µg/L PFHxS+PFOS.

Justification for Management
· The C59 tank has handled very large volumes of waste water containing PFAS over its operational

history and leakages over time may have resulted in PFAS detections in soil and groundwater.
· Soils contain detections of PFAS while groundwater has significant PFAS concentrations.
· Ongoing use of the tank will require periodic integrity testing.

Objectives of Management / Remediation
The objective of management/remediation for Tank C59 includes:
1. PFAS mass removal from soil and groundwater.

2. Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The capacity of the tank needs to be maintained as it is currently connected

to provide drainage to three hangars and the fire training facility.
· Future development: Defence is not aware of future developments in the area.
· Access: The tank is located along one of the main access routes to the airside area.



Fire Training Facility (Asset D20) – Active Source # 6

Site Description
The current fire training facility is located in the southern portion
of Area D2 in the central eastern portion of the Site. The facility is
a purpose built concrete lined fire training ground which has been
historically utilised for firefighting training and periodic appliance
testing. Area D2 also includes the current fire station occupied by
the emergency response team.

Location Plan

Monitoring Well  Location Plan

Site History Summary
This facility is considered to be an active source area (AECOM 2017) due to the potential for AFFF to
be discharged from the facility.  The fire training facility was built in 2005.  It was reported in AECOM
(2015) that testing results of the pavement forming the base of the fire training facility indicate that the
concrete has been impregnated with PFAS which can leach under neutral conditions (AECOM, 2015).
Tender monitors were tested once a week at the fire training ground with the release of the AFFF
diverted via wastewater to the Spent AFFF Recovery Tank C59 (in Area C1). It was estimated that
since 2005, approximately 62,000 to 72,000 L of primarily Ansulite AFFF concentrate has been
discharged over the lifetime of the facility (AECOM 2015). This discharge was mainly for monitor and
line testing as well as weekly training drills. Water only training is assumed to have commenced after
2010 (AECOM, 2015).

Historical investigations that targeted the Fire Training Facility are as follows:

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Installation and sampling of groundwater monitoring wells and completion of soil

bores in the vicinity of the Fire Training Facility.
· AECOM (2015): This was a PFAS Background Review and Source Study, which included

historical information about the practices at the Fire Training Facility and surrounds.
· URS (2010): Installation of groundwater monitoring wells near the western boundary of Area D2.

Investigations performed
Soil

· 15 samples collected from 4 soil bores (AECOM 2017)

Groundwater

· Installation of 1 new monitoring well (MWD2-A) and collection of 4 groundwater samples from
down-gradient monitoring wells (AECOM 2017)

· Installation of 3 monitoring wells (MWC2-K, MWC2-L, MWC2-L) and collection of 3 groundwater
samples (URS, 2010)



Fire Training Facility (Asset D20) – Active Source # 6
Sediment & Surface Water

· One sediment and one surface water sample (SED25 / SW21) collected from Drain 3 immediately
west of the facility (AECOM 2016).

Investigation Findings
Soil

· There has been limited soil sampling from the soil profile surrounding the fire training facility.
PFAS was detected in soil at all four soil bore locations in 2017.  The highest PFOS concentration
of 0.0345 mg/kg was in a sample collected at 0.5 m depth in BH-D2-C located on the north east
corner of the concrete current fire training pad.

Groundwater

· PFAS was detected in groundwater from all four monitoring wells near the facility with
concentrations of PFOS above 10 µg/L with the exception of location MWC2-M (AECOM, 2017).
The maximum concentration of PFOS detected was 25.8 µg/L in March 2017 at MWC2-L, located
approximately 30m west of the facility.

Surface Water

· A single surface water sample collected from Drain 3 immediately west of the facility in 2016 had
concentrations of 0.56 µg/L PFOS and 15.5 µg/L PFOA.

Sediment

· A single sediment sample collected from Drain 3 immediately west of the facility in 2016 had
concentrations of 3.68 mg/kg PFOS and 1.05 mg/kg PFOA.

Justification for Management
· There is evidence that the fire training facility is a primary source of PFAS impact to soil and

groundwater due to potential leakage or spillage of PFAS impacted water.
· Soil samples contain detections of PFAS while groundwater has PFAS concentrations that

significantly exceeded the health and ecological screening levels in the NEMP (HEPA, 2018).

Objectives of Management / Remediation
The objective of management/remediation for the fire training facility include:
1. PFAS mass removal from soil and groundwater.

2.  Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The facility is an active fire training facility and management or remediation

actions would need to be implemented in manner that minimises disruption to training activities
and firefighting capabilities at the base.

· Future development: Defence is not aware of future developments in the area.
· Access: The area is accessible via existing road ways (i.e. Swartz Drive) and not located airside.

Any mobile plant and heavy equipment will require approval from Base Command.



AFFF Storage and Decanting Area (Active Source #5)

Site Description
The AFFF storage and decanting area is located in the north of
Area D2 in the central eastern portion of the Site. The facility
includes the current fire station which is utilised by the emergency
response team. The facility is located approximately 100 m north
of the current fire training facility.

Location Plan

Monitoring Well  Location Plan

Site History Summary
The facility has been used as an AFFF storage and decanting area since the early 2000’s. In 2015,
stocks of Ansulite were stored in 200 L drums and 20 L containers (AECOM, 2015). The facility has
been identified as a potential source of PFAS. There is some evidence that limited fire training
activities with AFFF on the grassed area adjacent to the current fire station occurred (URS, 2010).
There was no investigation of PFAS in soil or groundwater around this potential source area prior to
2017.

Historical investigations that targeted the AFFF storage and decanting area are as follows:

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Installation and sampling of a groundwater monitoring well and completion of soil

bores in the vicinity of the AFFF Storage and Decanting Area.
· AECOM (2015): This was a PFAS Background Review and Source Study, which included

historical information about the practices at the AFFF Storage and Decanting Area.

Investigations performed
Soil

· 13 soil samples were collected from four soil bores (AECOM, 2017)

Groundwater

· 1 groundwater sample collected (AECOM, 2018)
· 1 monitoring well installation and 1 groundwater sample collected (AECOM, 2017)

Investigation Findings
Soil
· In February 2017, PFAS was detected in soils from each of the four soil bore locations with PFAS

detected above the laboratory LOR in 11 out of 13 soil samples (AECOM, 2017).
· The maximum PFOS concentration was 9.67 mg/kg at 0.5 mbgs in BHD2-H with concentrations in

all other soil samples were typically less than 0.1 mg/kg. PFAS concentrations were more elevated
in the shallow soils sampled from 0.5m compared to deeper samples from 2-3 mbgs.

· One sample from 0.5 mbgs in BHD2-H was analysed for the leachate concentration (ASLP)
returning a concentration of 782 µg/L PFOS + PFHxS (AECOM, 2017).



AFFF Storage and Decanting Area (Active Source #5)
Groundwater

· A single monitoring well installed and sampled in March 2017 had a PFOS+PFHxS concentration
of 16.1 µg/L. This well is located approximately 15 m down hydraulic gradient of the storage area.

Justification for Management
· The storage area is considered a potential source of PFAS impact in soil and groundwater.
· There is evidence of localised impacts in soil associated with training activities and / or spillage on

the grassed area to the north east of the storage facility.
· Groundwater was impacted with PFAS immediately down hydraulic gradient of the storage facility.

Objectives of Management / Remediation
The objective of management/remediation at the Current AFFF Storage and Decanting Area include:
1. PFAS mass removal from soil and / or groundwater.

2. Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: Management actions would need to minimise disruptions to ongoing use of

the storage area and current fire station which are critical for emergency response team activities.
· Future development: Defence is not aware of future developments in the area.
· Access: The area is accessible via existing road ways (i.e. Swartz Drive) and not located airside.

Any mobile plant and heavy equipment will require approval from Base Command.



Former Fuel Compound and Hot Refuel Area (Depleting
Source #1)

Site Description
The former fuel farm and hot refuel area is located north of the
eastern extent of the aircraft apron.  The former fuel farm used to
be the bulk storage area for aviation fuel.  The fuel farm was
decommissioned in 1992, following the establishment of the
current bulk fuel farm in area A1.  All that remains of the former
facility is the damaged concrete bund from the above ground
storage tanks.  A hot refuel area was present to the southwest of
the former fuel farm.

Location Plan

Monitoring Well  Location Plan

Site History Summary
The desk study (AECOM, 2015) reported that there was anecdotal evidence that AFFF was regularly
sprayed on the former fuel farm.  Discharge of AFFF potentially occurred at the hot refuelling area
when it was operational.

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Soil sampling, installation of groundwater monitoring bore and groundwater

sampling.
· AECOM (2015): This was a PFAS Background Review and Source Study, which included

historical information about the practices at the former fuel farm.
· Coffey (2011): Installation of groundwater monitoring bores.  No analysis of samples for PFAS
· URS (2010): Soil sampling and installation of groundwater monitoring bores

Investigations performed
Soil

· 11 soil samples were collected from 3 soil boreholes (AECOM 2017)
· 2 soil bores drilled and 2 monitoring wells installed but no samples were analysed for PFAS

(Coffey 2011)
· 6 soil samples were collected from 2 soil boreholes (URS 2010)

Groundwater

· 2 groundwater samples (AECOM 2018)
· 4 groundwater samples (AECOM 2017)
· 2 groundwater samples (URS 2010)

Investigation Findings
Soil
· During investigations in 2010 and 2017, PFAS was detected above the laboratory LOR in shallow

soils in 14 of 17 samples.  The maximum PFHxS+PFOS concentration was 0.62 mg/kg at BHF1-J
at 0.5m, located adjacent to the former fuel compound.



Former Fuel Compound and Hot Refuel Area (Depleting
Source #1)

Groundwater
· Six samples from four monitoring well locations have been sampled from 2011 – 2017 in the

vicinity of the former fuel compound and hot refuel area.   PFAS has been detected above the
laboratory LOR at all four locations.

· The maximum concentration of PFHxS+PFOS was 28.6 µg/L at sample location MWF1-C, located
immediately west of the former fuel compound and 70.6 µg/L at sample location MWF1-H, located
adjacent to the former hot refuel area.

Justification for Management
· The soil around the former fuel farm and hot refuel area is considered a secondary source of

PFAS impact to groundwater.  The concrete bund to the former fuel compound and concrete pad
of the hot refuel area could also be secondary sources of PFAS contamination.

· An unknown volume of AFFF (potentially containing PFAS) was released into the area.
· Groundwater contains elevated concentrations of PFAS within the immediate vicinity of the fuel

bund and hot refuel area.

Objectives of Management / Remediation
The objective of management/remediation for the former fuel farm and hot refuel area include:
1. PFAS mass removal from soil and / or groundwater.

2.  Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The former fuel farm and hot refuel area is located airside near a runway

and taxiway.  Management options will need to consider constraints associated with airside
activities.  The works, including plant and equipment will require approval from Base command.

· Future development: Defence is not aware of future developments in the area.
· Access: The former fire training area is located airside, therefore a MOWP is required.



AFFF Settling Tank (S11) and AFFF Storage Tank (S12) –
Active Source # 3

Site Description
The AFFF settling and storage tanks are located in the west of
Area S1 which is positioned in the central portion of the Site. Both
tanks are located between two hangars / workshops S2 and S3.
The AFFF settling tank (S11) is located to the east of hangar S3
and the AFFF storage tank (S12) is located to the west of S2.

Location Plan

Monitoring Well  Location Plan

Site History Summary
Area S1 was assigned to the Republic of Singapore Armed forces (RSAF) with facilities constructed in
1998 (Coffey, 2011). The in-ground AFFF settling tank was installed to receive and store AFFF
impacted waste water from deluge operations in hangars S2 and S3. All AFFF waste water from the
hangers is directed to the settling tank, allowed to settle and is then discharged via an above ground
interceptor.

The AFFF storage tank was installed to provide emergency response capabilities to the immediate
area. Chemicals of concern through the use of these facilities include AFFF, Avtur (from a spills),
detergents, hydrocarbon related compounds and battery acid. The spent tank is likely have
encountered both 3M Lightwater and Ansulite AFFF impacted water (AECOM, 2015).

Historical investigations that targeted the spent AFFF recovery tank include the following:

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Installation and sampling of groundwater monitoring wells and completion of a soil

bores in the area.
· AECOM (2015): This was a PFAS Background Review and Source Study, which included

historical information about the practices in this area.
· Coffey (2011): Soils bores, installation of monitoring wells and sampling of groundwater.

Investigations performed
Soil

· 10 soil samples from three soil bores (Coffey, 2011)
· 11 soil samples were collected from two soil boreholes (AECOM, 2017)

Groundwater

· Groundwater sampling of two monitoring wells (MWS1-B and –D),  (AECOM, 2018)
· Installation of three monitoring wells (MWS1-A, B & C) and collection of three groundwater

samples (Coffey, 2011)
· Installation of one monitoring well (MWS1-D) and collection of three groundwater samples

(AECOM, 2017)



AFFF Settling Tank (S11) and AFFF Storage Tank (S12) –
Active Source # 3

Investigation Findings
Soil
· Approximately 21 soil samples from five bore locations collected between 2010 and 2017 have

been analysed to evaluate PFAS in soils near the AFFF settling tank and AFFF storage tank.
· PFAS was detected above the laboratory LOR in 14 soil samples. Where PFAS was detected, the

concentration was low, for example, PFOS was below 0.08 mg/kg in all samples (n=14). The
maximum PFOS concentration was 0.078 mg/kg at 12.0 mbgs (BH-S1-D).

Groundwater

· Five samples from three monitoring well locations were collected between 2011 and 2017. PFAS
was detected above the laboratory LOR in all five samples with PFOS ranging from 0.91 µg/L
(MWS1-A) to 62.1 µg/L (MWS1-D) (AECOM, 2018)

· The maximum PFOS+PFHxS concentrations were found down hydraulic gradient of the AFFF
tanks at MWC1-D with 62.1 µg/L PFOS and 144.1 µg/L PFOS + PFHxS.

Justification for Management
· Spent AFFF has been discharged to the AFFF Settling Tank in Area S1.
· Groundwater contains elevated concentrations of PFAS within the immediate vicinity and down

hydraulic gradient of the AFFF settling tank.

Objectives of Management / Remediation

The objective of management/remediation for the AFFF Settling Tank and Storage Tank areas include:
1. PFAS mass removal from soil and / or groundwater.

2. Monitor and manage the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The AFFF Settling Tank and Storage tank areas are located near active

hangers and therefore management options will need to minimise disruption to operations in these
areas. The works, including plant and equipment will require approval from Base Command.

· Future development: Defence is not aware of future developments in the area.
· Access: The area is located on RSEP land and will require appropriate approvals and notifications

to conduct any works in this area.



Hot Refuel Area and AFFF Settling Tank (A83) (Active
Sources #1 and #2)

Site Description
The hot refuel area and AFFF settling tank are both located in the
north of Area A2 in the central west portion of the Site. The
refuelling area consists of two concrete pads immediately to the
north east of the AFFF settling tank which is installed below the
ground surface.  Underground pipe work is also located in this
area to connect runoff from the pads and the AFFF tank.

Location Plan

Monitoring Well  Location Plan

Site History Summary
In the mid -1990s an in-ground spent AFFF recovery tank was installed to receive and store AFFF
impacted waste water from training and emergency response operations at the hot refuel area
(AECOM 2015). This tank would have encountered both 3M Lightwater and Ansulite AFFF impacted
water from firefighting related to the hot fuel pads. The hot refuel area and the spent AFFF tank are
considered potential primary sources for PFAS due to AFFF use associated with fuel spills at the hot
refuel area concrete pads and possible discharge or leakage from the AFFF tank.

Soil and ground Investigations first identified PFAS impact in this area in 2011 (Coffey 2011).

Historical investigations that targeted the hot refuel area and AFFF settling tank are as follows:

· AECOM (2018): Groundwater sampling at monitoring wells.
· AECOM (2017): Installation and sampling of groundwater monitoring wells and completion of soil

bores in the vicinity of the hot refuel area and AFFF settling tank.
· AECOM (2015): This was a PFAS Background Review and Source Study, which included

historical information about the practices in this area.
· PB (2012): Installation of a groundwater well (MWA2C)
· Coffey (2011): Installation and sampling of three groundwater monitoring wells.
· URS (2010): Installation of groundwater monitoring wells near the western boundary of Area D2.

Investigations performed
Soil

· 24 soil samples were collected from 6 soil bores (AECOM 2017)

Groundwater

· Groundwater monitoring of one wells in 2018 (AECOM 2018)
· Installation of 2 monitoring wells and collection of 2 groundwater samples (Coffey 2011)
· Installation of one monitoring well (PB, 2012).
· Installation of 2 monitoring wells and collection of 7 groundwater samples from 5 monitoring wells

(AECOM 2017).

Investigation Findings
Soil

· Prior to 2017 there had been limited soil sampling completed in this area. PFOS concentrations



Hot Refuel Area and AFFF Settling Tank (A83) (Active
Sources #1 and #2)

were above the laboratory LOR in 18 out of 24 soil samples analysed from six soil bores in
February 2017.

The maximum PFOS concentration was 0.956 mg/kg at 0.5 mbgs close to the AFFF tank (BH-A2-G).
PFOS was typically two orders of magnitude higher at 0.5 mbgs compared to deeper samples at
3 mbgs.

Groundwater

· 12 samples from six monitoring well locations have been collected between 2011 and 2017. PFAS
has been detected above the laboratory LOR in all six wells sampled in this area. The sum of
PFOS and PFHxS typically ranged between 3 and 7 µg/L.

· The maximum PFOS + PFHxS concentration was 20.5 µg/L (MWA1-B) and was sampled at well
approximately 200m down hydraulic gradient of the AFFF tank (AECOM 2017).

Justification for Management
· The hot refuel area and AFFF settling tank (A83) are considered potential primary source areas

due to elevated PFAS concentrations in soil and groundwater in this area.
· There is a history of multiple responses to fuel spills at the hot fuel pads
·  The lines and pipes connecting the hot fuel pads to the Spent AFFF tank remain potential

sources of PFAS due to possible leakage
· Groundwater contains elevated concentrations of PFAS within the immediate vicinity and down

hydraulic gradient of the area.

Objectives of Management / Remediation
The objectives of management/remediation for this area include:
1.   Monitor the source area as part of the PMAP and OMP.

Constraints to Management / Remediation
· Impact to capability: The Current Hot Refuel Area and AFFF Settling Tank  preform an important

function for the RAAF Base  and therefore any works, including plant and equipment, will require
approval and coordination with base command.

· Future development: Defence is not aware of future developments in the area.
· Access: The area is located airside and will require appropriate approvals and notifications to

conduct any works in this area. An air safety officer is likely to be required to supervise contractors.
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